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42-IN. SLABBING MILL AT 
SHOTTON. 


Tue scheme of development now in hand at the 
Hawarden Bridge steelworks of Messrs. John 
Summers and Sons, Limited, at Shotton, near 
Chester, was originally envisaged in 1939, when the 
company’s well-known strip mill was first put into 
service. It has proceeded steadily in well-defined 
and planned stages ever since, the main purpose 
being the increase of the capacity for producing steel 
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sheet and wide strip, with continual improvement 
in the technique of the manufacturing processes 
involved. Since 1944, the development scheme has 
proceeded vigorously and much additional new 
plant has been installed, notable among which have 
been extensions to slab-furnace capacity, an addi- 
tional annealing plant, new soaking pits, a four-high 
reversing cold strip mill, 80 in. wide, a four-high 
skin pass mill of the same width, the addition 
of a fourth stand to the 56-in. tandem cold mill, an 
80-in. coil slitting and trimming line, and a 74-in. 
rotary shear line. 

Now a further important step has been made, 
by the installation of a 42 in. by 8 ft. reversing 
slabbing mill with a lift of 61 in., designed to handle 
ultimately a tonnage virtually double that of the 
present Shotton plant. This mill, constructed by 
Messrs. Davy and United Engineering Company, 
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Limited, Park Iron Works, Sheffield, was supplied 
complete with a slab shear of 900 tons blade load, 
and is now the primary unit of the Shotton wide- 
strip mill. Illustrations of the new mill and its 
equipment appear in Figs. 1 and 2, herewith; 
Figs. 3 and 4, on page 2; Figs. 9 to 12, on page 3; 
and Fig 14, on page 4. Arrangement drawings, and 
a detail drawing of the roll-neck bearings, are repro- 
duced in Figs. 5 to 8, on Plate I, and Fig. 13, on 
page 4. The mill is expected to have an eventual 
output of 20,000 tons a week, and should go far 


to meet the unsatisfied and still growing demand for 
sheet and wide strip in many consumer industries ; 
notably, of course, the motor industry, in which the 
modern all-steel body, with large one-piece panels, 
is now virtually standardised. The mill is now 
working up to full production. So far, however, it 
is rolling only 8-ton ingots, though shortly it will 
be handling 12}-ton ingots ; but it has been designed 
to accept a maximum ingot size of 15 tons, in 
preparation for the future completion of the exten- 
sive enlargements to their steelmaking capacity 
which Messrs. Summers have in hand. With this 
largest size of ingot, the mill is expected to reach 
easily its projected weekly output of 20,000 tons. 
The capacity to handle the larger ingot size, 
however, is not the only advantage which will add 
to the output of the plant, nor was it the factor which 
principally influenced the company to install the 
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mill. The primary purpose was to produce a slab 
of the maximum width that the strip mill could 
accommodate and thus to eliminate ‘‘ vroadsiding ”’ 
as far as possible. The slabbing mill previously in 
service at Shotton could produce slabs only up to 
40 in. in width. When these slabs were fed into 
the hot strip mill, which is 56 in. wide, the first 
operation had therefore to be a broadsiding operation 
to bring the slab up to the required maximum 
width before passing it on to the remaining stands 
of the eight-stand hot-mill line. The new slabbing 
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millis able to produce a slab up to 55in. in width, and 
up to 7 in. in thickness, thus eliminating the need 
for broadsiding, so that the hot mill can now 
operate as a fully continuous line. The avoidance 
of this broadsiding operation is expected in itself to 
increase considerably the output of the strip mill. 

In design, the plant exhibits a number of features 
of interest, as a result of the close collaboration 
throughout between Messrs. Summers, as_ the 
ultimate users, and the Davy and United Engineer- 
ing Company, who were responsible for the detail 
design and construction. This collaboration covered 
not only general aspects, but is also exemplified in 
various features of the design of various units and 
undoubtedly has contributed greatly to the smooth 
and trouble-free manner in which the mill has gone 
into service. A factor which governed much of the 
design was that the mill had to be put down on 
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existing foundations, on which a previous slabbing 
mill of American manufacture had stood. In addi- 
tion, it was decided that the mill should be driven 
by the existing three-cylinder horizontal steam 
engine, and this decision also materially influenced 
design considerations. 

The mill has roll housings of the closed-top 
type, with a minimum cross-sectional post area of 
550 sq. in, They have been designed to provide a 
maximum lift on the top roll of 61 in., and are 
constructed to allow roll-changing to be effected by 
the axial withdrawal of both rolls simultaneously, 
and to carry a breast and first roller at each side of 
the mill. The insides of the windows are lined with 
steel wearing plates for the sides of the top chocks, 
and the sides and bottoms of the bottom chocks. 
The housings are carried on continuous cast-iron 
bedplates of heavy box section, consisting of two 
side bedplates, about 50 ft. long, connected by two 
heavy cast-steel girders, keyed to the mill bedplates, 
which seat on the existing foundations. The 
cast-steel chocks are fitted with flood-lubricated 
bearings for the roll necks. The two bottom chocks 
are mounted on a heavy cast-steel sledge, by means 
of which both rolls can be drawn out simultaneously 
for changing. The withdrawal of the sledge on to 
the fabricated run-out brings with it both the rolls 
and the chocks in the one operation ; it is effected 
by wire ropes led over pulleys from a rope drum, 
driven by a 30-h.p. electric motor through a reduc- 
tion gear. It will be noted from the arrangement 
drawing, Fig. 5 on Plate I, and from Fig. 1, that 
the offside of the mill is kept entirely clear to 
facilitate roll-changing. 

The housing screws are of 0-5 per cent. forged 
carbon steel, and have a diameter of 16in. The flat 
lower ends of the screws bear on steel pads with 
matching faces and a spherical bearing on the chooks. 
The screws work in phosphor-bronze boxes, fitted 
into seatings in the housing tops, where they are 
secured with keep plates and stud bolts. The 
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screw boxes bear on shoulders in the housing tops, 
so that both boxes, like the screws, are in com- 
pression. The screw-down gear, the arrangement of 
which is shown in Fig. 7, Plate I, is driven electri- 
cally by two 150-h.p. motors, which give a screwing 
speed of 250 in. per minute. The screws are driven 
through totally-enclosed spur and worm gearing, 
the worm gears being enclosed in cast-steel boxes, 
secured to the housing tops and forming oil reser- 
voirs which ensure the constant lubrication of the 
worms. The two worms are connected by a central 
shaft, having a flexible coupling at one end and a 
disengaging clutch at the other, to enable the rolls to 
be paralleled. The tops of the screws are enclosed 
in fabricated steel hoods and the lower portions in 
telescopic gunmetal tubes. Flexible couplings 
and brakes are fitted on each screw-down motor. 
Oil for the worm boxes is supplied from the existing 
system. Both the screw-down gear and index 
gear on the housings are designed for the maximum 
required lift of 61 in.. the position of the top roll 
being shown on a dial indicator which has two mov- 
ing fingers, indicating the slabbing and edging 
passes, respectively. Two additional indicators, 
one mounted on the end of each screw, register 
fine settings down to 7 in.; these indicators are 
illuminated to assist the mill operators, as can be 
seen in Fig. 3, above. 

Top-roll balance is effected by two hydraulic 
cylinders carried in the housing tops and having 
Fescolised cast-iron rams, 12 in. in diameter, operat- 
ing at a working pressure of 700-750 Ib. per square 
inch. The ram of each cylinder is connected by a 
crosshead, levers and links to two balance beams 
crossing between the housings and secured to the 
top rider chocks, the balancing effort being trans- 
mitted to the carrier chocks by bolts, which are 
removed when roll-changing. The hydraulic service 
for the top-roll balance is provided by an air-loaded 
accumulator of 100 gallons capacity, fitted with a 
patented control gear and designed for a working 
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pressure of 750 lb. per square inch. An air com- 
pressor is provided for charging the air bottles, and 
an electrically-driven pump (Fig. 12) maintains the 
volume of pressure water in the accumulator. 

As stated above, the mill is driven by the existing 
three-cylinder horizontal steam engine, which was 
made by Messrs. Scott and Hodgson and has a 
nominal horse-power of 4,000 at 55 r.p.m., and a 
maximum horse-power of 5,300 at 105 r.p.m. 
Though it has been in use for a number of years, the 
engine provides a reserve of power adequate for all 
the requirements of the new mill, giving positive and 
rapid reversals equal to the performance of the most 
modern electric drive. The only modification car- 
ried out on this drive was to the existing reduction 
gearbox, the previous gear ratios being increased 
to give a higher torque at the mill rolls. 

The drive is transmitted to the reduction gear 
by flexible coupling, and another coupling of the 
same type connects the gearbox to the new pinion 
housing which has been supplied with the mill. 
This pinion housing, which is of massive proportions, 
is totally enclosed and fitted with spray lubrication 
to the pinion teeth. The pinions have a pitch- 
circle diameter of 57 in., with 71 machine-cut 
double-helical teeth of 50 in. face width; they are 
built, with 2} per cent. nickel-chrome-molybdenum 
rims shrunk on to 0-35 per cent. carbon-steel arbors. 
From the pinion housing the drive is transmitted 
to the mill by spindles provided with couplings of 
the universal jaw-end type, lubricated from the 
central system at the pinion housing end and, at 
the mill end, by grease gun, Tecalemit nipples 
feeding a storage chamber fitted with a spring- 
loaded feeding plunger and a tell-tale indicator. 

Hydraulic balance is provided for both top and 
bottom spindles ; one hydraulic cylinder, mounted 
on the roll-housing top, balances the top spindle, 
and two further cylinders the bottom spindle. 
These cylinders are served from the same hydraulic 
system as the top-roll balance gear, isolating valves 
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Fig.6 SECTION AA 
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Fig.7 SCREWDOWN GEAR 



























































"es A 
Og ew 
a = 
‘Wis ay 
CL.of Wormy TT 7 
JX. Y 
CL. of Motor q 
_j 


























Roll Change Side Drive Side 













9” = wl,” 
5.3°2 oe 5.37% ~ 


-10.%" Housing Ctr.- m3 bed 7 





C.L.of 


p_._ * bof, 
Pinion Housing 








Manijniator 
Tilt Drive 






Marnipulator 
Rack Drive 


\ tH 
\ | +, 
\ if | 
= 
















































































PLATE I. 
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| being interposed which can lock the hydraulic fluid 
| and hold the spindles in position during roll- 


| which has characterised this installation. 


changing. 

The manipulating equipment fitted to the mill 
affords a good example of the co-operation in design 
Because 
of the restricted lateral space available at the right- 


| hand ingoing side of the mill, the manipulating and 


tilting gear had to conform to a novel design devised 
originally by Messrs. Summers’ engineering staff. The 
manipulator (Kig. 3) is of the electrically-operated 


| universal side-guard type which has been extensively 


fitted by the Davy and United Engineering Com- 
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pany in mills of this kind during recent years, and 
in which all the actuating mechanism is located on 
the main-drive side of the mill, thus leaving the 
other side completely free for roll-changing opera- 
tions. 

The manipulator heads, which are 25 ft. 6 in. 
long overall, have separate cast-steel wearing faces, 
and are actuated by a pair of slab rams with racks 
on the under side, operated by pinions carried on 
long shafts and driven by electric motors through 
a double reduction gear. The side-guard travel is 
7 ft. 7} in., and provision is also made for 2 ft. 3 in. 
of over-travel on the drive-side heads, to allow for 
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the removal of rollers in the main mill tables. The 
heads on the ingoing side have a general depth of 
4 ft. to enable them to handle the largest size of 
slab ingot projected. Both heads on the ingoing 
side are connected through pinion shafts to the 
corresponding heads on the outgoing side of the 
mill, thus ensuring that, when the slab is entered 
at either side of the mill, the opposing heads are 
always in the exactly corresponding position oppo- 
site to the roll gate at the other side of the mill. 
By this means, the slab leaves the rolls perfectly 
straight. The slab rams are guided in phosphor- 
bronze liners, fixed in the roller-table frames. 
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The tilting gear, of the four-finger type, is of an 
unusual design, developed by Messrs. Summers’ 
engineering staff. The method of operation of this 
tilting gear can be followed by reference to the 
drawings, Figs. 5 and 6, reproduced on Plate I, from 
which will also be appreciated the limitations im- 
posed by lack of space. It was decided that the motion 
of the tilting-finger shaft should be transmitted 
through a pair of toothed quadrants, one keyed to 
the shaft and the other receiving its motion from a 
long connecting rod arranged, to overcome the 
deficiency of lateral space, approximately parallel 
to the tilting-finger shaft. From a 100-h.p. motor 
the drive is taken through a reduction gearbox and 
crank mechanism which is connected to the main 
long connecting rod by a shorter connecting rod 
and bell-crank lever. 

The bell-crank lever is anchored at a fixed fulerum 
point on a rectangular block which slides in a fixed 
housing. This floating arrangement is designed 
to accommodate the lateral movement of the tilting 
head during racking operations. A second long 
connecting rod, parallel to the main tilting rod, 
constrains the fixed fulcrum pin to adjust its position 
in relation to the mov>ment of the head. This 
unusual and original design is providing in service a 
positive, shock-free and quiet tilting action. An 
important feature of this mechanism is that the 
driving elements are fixed on foundations, thus 
eliminating any need for trailing cables and reducing 
the weight of the moving parts toa minimum. The 
parallel heads on the outgoing side of the mill are 
not fitted with tilting equipment. 

A further design feature which has been intro- 
duced by the Davy and United Engineering Com- 
pany in recent mills of the blooming or slabbing 
type is the separate combination electric drive for 
hoth first and breast rollers, at both ingoing and 
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outgoing sides of the mill. In each case, the drive 
is through a flexible coupling and totally-enclosed 
reduction gear. The breast rollers are loose on 
their shafts. 

Roll cooling is effected by sprays from a water 
box carried between the two balance beams for the 
top roll. The mill screws are oil-lubricated from 
the central system ; and lubrication of the chock 
slide, spindle bearing and breast roller is effected 
by a ‘‘Farval” automatic system, operated by 
pump and motor. For scale disposal there are 
three 20-h.p. pumps, each with a capacity of 
500 gallons a minute, which, delivering the water 
through culverts underneath the mill, and assisted 
by scraper conveyors, carry the scale away to collec- 
tion points. 

The existing main roller-table frames were re- 
tained, but new rollers were fitted, with stepped 
diameters to match the mill rolls, thus reducing to 
a minimum the noise and shock when the slab 
enters and leaves. The larger diameters of the rolls 
immediately adjoining the mill rolls can be seen in 
Fig. 5, on Plate I. 

The mill is operated by a crew of three, who 
occupy a control cabin situated above and across 
the mill approach table. The mill is fed directly 
from the soaking-pit bay by a remotely-controlled 
travelling ingot car. 

From the mill, the long slabs travel down the 
continuous roller table to the open-sided up-cutting 
hydraulic slab shear. This is the other major unit 
of the new installation, and is illustrated in Figs. 
10 and 11, on page 3, and Fig. 13, on this page. 
It will cut slabs 55 in. wide by 5 in. thick, or of j 
equivalent section, up to a maximum thickness of 
8 in., and has a maximum blade load of 900 tons, 
with a maximum stroke of 12 in. The blades are 
60 in. long. With a main ram diameter of 25 in. 
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Fig. 14. SHEARED SLABS ON PILER TABLE. 


and a working pressure of up to 2 tons per square 
inch, the shear is capable of making three cuts per 
minute continuously. Like the mill, it had to be 
designed for erection on existing foundations. 

The main element of the shear is a C-shaped steel 
casting weighing 70 tons, which is bored at the top 
to receive the forged-steel hydraulic main cylinder, 
the bottom part forming the holder for the bottom 
cutting blade. This casting has machined guides 
which embrace the top blade-holder, the latter 
being adjustable by motor-driven gear in the back 
of the shear to adjust the blade opening to the 
thickness of the slab to be cut. The main outer 
frame of this shear is of welded construction. 
produced in the Davy-United welding shops, and 
in service is justifying the claims made for welding, 
under conditions of extremely heavy duty condi- 
tions. There is no doubt that welded work will play 
a steadily increasing part in the construction of mill 
auxiliaries and other types of steel and non-ferrous 
works plant. 

The two electrically-driven crop-end pushers. 
operating through racks, pinions and guides carried 
in the lower shearing head, are actuated by the 
previously existing pusher drives, which, however, 
had to be re-arranged to suit the new equipment. 
The shear has automatic holding-down gear, and 
‘*Farval’? automatic grease lubrication on the 
main shearing-head slides, guide blocks, pushers 
and setting gear. It is operated hydraulically by an 
electrically-driven horizontal three-throw pump and 
a 100-gallon air-loaded accumulator, designed for a 
maximum working pressure of 2 tons per square 
inch. The pump is driven by a 250-h.p. motor. 
running at 975 r.p.m., through a totally-enclosed 
single-reduction gear giving a final speed of 150 
r.p.m., and has three rams, each 2} in. in diameter 
and 12 in. stroke. Flexible couplings are provided 
between the motor and reduction gear, and between 
the reduction gear and the pump. A continuous 
lubrication system, operated by a rotary oil pump, 
supplies all working parts. 

The accumulator consists of one fluid bottle and 
two air bottles, and the whole installation is con- 
trolled by Davy-United control gear of the fluid- 
level type, the pump motor being started and 
stopped according to the fluid level, independently 
of the pressure. For charging the air bottles, there 
is an electrically-driven vertical air compressor. 
From the shear, the lengths of sheared slab pass on 
to an existing piler to which has been fitted a new 
piler table. From the table, the slabs are lifted in 
piles of six by a crane, as shown in Fig. 14, and 
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deposited in the slab stock bay, to await ultimate 
reheating for rolling through the continuous hot- 
mil] line. 

New rolling-mill installations may be divided 
into two classes, namely, those which are put down 
on new sites and those which have to be designed 
to fit into an already existing production layout. 
Both mill designers and installation engineers much 
prefer to deal with the former: type, for the mill 
which has to be fitted into an existing layout 
imposes difficult problems and is likely to be expen- 
sive in shut-down time, which no steelworks can 
afford. In the case of the Shotton plant, space limit- 
ations were severe, yet the old equipment was dis- 
mantled and removed, and 1,250 tons of new machi- 
nery installed, in a time which is believed to con- 
stitute a record for any comparable installation. 
The previous slabbing mill stopped rolling at the 
2 p.m. shift on Friday, August 4, 1950. The new 
mill rolled its first slab ingot at 10 p.m. on Tuesday, 
September 5—only 28 days later—and went straight 
into full production; an achievement which evi- 
dently justifies the policy of the Davy and United 
Engineering Company in providing, in their own 
works, erection shops big enough to enable the 
largest mill units to be built up complete, before 
they are transported to the actual site. 

The new plant will represent ultimately a sub- 
stantial source of increased production to the 
industries which depend on steel sheet and wide 
strip, but one of the main considerations in installing 
a plant of this size is to ensure that it will be fed 
to full capacity. Messrs. John Summers and 
Company are therefore building a complete new 
steelmaking plant which will be capable eventually 
of an additional output of at least 14,000 tons of 
steel per week. It will comprise a raw materials 
bay and melting shop, for the production of steel 
up to the ingot stage, and will have, when finished, 
eight 150-ton fixed open-hearth furnaces. A blast- 
furnace plant is also being laid out, with two 27-ft. 
blast furnaces, together with a coke-oven plant 
comprising 88 ovens (with provision for expansion 
up to 132 ovens) and all ancillary plant. 
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Soil Mechanics in Road Construction. 

By C. F. ARMSTRONG, A.M.I.C.E. Edward Arnold and 

Company, 11, Maddox-street, London, W.1. [Price 

30s. net.] 

THis book is designed to give a general survey of 
soil mechanics as it affects the road engineer. After 
some introductory chapters, the author deals in a 
general way with soil surveys and the classification 
of soils. There follows a well-illustrated chapter on 
the testing of soils, in which the principal soil tests 
are described in detail. Succeeding chapters are 
devoted to the design of flexible pavements, foun- 
dation design, and the stability of embankments 
and cuttings. The chapter on the important subject 
of subsoil drainage includes information on the use 
of electro-osmosis in geducing the water content of 
soil. In Chapter XII the various methods of soil 
stabilisation are fully described, and much useful 
information is given about the mechanical plant 
required for carrying out the work in the field. 
The book ends with a glossary of terms and abbre- 
viations, and a short bibliography. It is clearly 
printed, and well illustrated by diagrams and photo- 
graphs. There are, however, a few points of criti- 
cism which should be mentioned. 

In Chapter VI the classification of particle sizes 
is adequately discussed, but the practical engineering 
problem of classifying natural soils, which are 
mixtures of particles of various sizes, appears to 
have been overlooked. Soil classification systems 
such as those of the United States Public Roads 
Administration and the United States Corps of 
Engineers are not mentioned here, though they do 
appear in the chart of the California bearing ratio 
(C.B.R.), on page 76, and the abbreviations are 
included in the glossary. The chapter on testing 
would be more valuable if preceded by a description 
of the various soil properties relevant to road con- 
struction and their significance. Insufficient dis- 
tinction is drawn between tests for fundamental 








properties (grading, density, shearing strength etc.), 
and empirical tests such as the C.B.R. While each 
test is fully explained, the reader is left somewhat 
confused as to its purpose and its relation to other 
tests. In the section on shear tests there are some 
inconsistencies in the symbols used for ultimate 
shearing stress. 

It is surprising that, in a book written primarily 
for road engineers, only three pages are devoted to 
pavement design. This is, it is true, a controversial 
subject, to which no final answer can yet be given, 
but the author would have done well to include a 
more detailed study of the underlying principles 
of the methods in use at the present time. The 
design of rigid pavements may perhaps be regarded 
as outside the scope of a work on soil mechanics, 
but some notes on the necessary soil tests and some 
references to sources of further information might 
well be included. In the chapter on foundation 
design, the author has described the classical 
methods of evaluating bearing capacity, but the 
reader seeking guidance in selecting a safe bearing 
capacity from the results of tests will find it difficult 
to make a suitable selection from the various 
formule. Finally, it may be suggested that a 
separate table of notation would seem preferable 
to the inclusion of mathematical symbols in the 
glossary. 





Engineering Drawing and Drawing Office Practice. 
By P. S. Houeuron, A.M.I.Mech.E. Crosby, Lock- 
wood and Sons, Limited, 39, Thurloe-street, London, 
S.W.7. [Price 15s. net.] 

Tuts excellent work is intended for the use of 

engineering students and draughtsmen, and is 

written by an author who has .had both drawing- 
office and academic experience. It is not, and does 
not purport to be, a treatise on machine design, 
nor is it designed merely to serve the needs of 
students cramming for examinations ; it is mostly 
devoted to explaining the why and wherefore of 
current drawing-Office practice. This is not to say 
that the ordinary considerations of manufacture 
and use are ignored, for they do, in fact, receive 
due attention, a notable example being the treat- 
ment of cast components as regards patternmaking 
and moulding, subjects about which many draughts- 

men do not know nearly enough. Commencing with a 

consideration of the graphic language from which 

a trained person can derive a mental picture of the 

given assembly or component, and which is the 

real subject of the book, the author passes on to a 

discussion of draughtsmen’s tools and to the equip- 

ment of a drawing office, and thence to a discussion 
of the art of neat printing. It is quite correctly 
stated here that legibility and neatness are all that 
is required, but, unfortunately, the author then 
proceeds to illustrate six different styles and does 
not sufficiently emphasise that the easiest type to 
read is plain block capitals. There is a lucid des- 
cription of the various methods of projection in 
common use, and a chapter is devoted to the 
development of sheet-metal blanks. The illustra- 
tions, which are numerous, are chosen with a view 
to illustrating the text, and are completely free 
from any suggestion that the component illustrated 
looks, and should look, “like this.” It may be 

observed, however, that, in Fig. 154, showing a 

loose pulley with ball bearings, not one of the four 

races is allowed any axial freedom. 

The chapter on spur, bevel and worm gears 
includes some valuable data on the design of the 
gears as well as suggestions for their depiction, and 
the appropriate British Standard Specifications are 
quoted so far as they are relevant. The two con- 
cluding chapters, largely dealing with the organi- 
sation of drawing offices and the division of labour 
and responsibility, are of considerable interest. As 
regards the qualifications of personnel, it is stated 
that ‘“‘The consensus of opinion is that, for a 
responsible position in any drawing Office, one 
needs a good general and technical education, 
coupled with several years manufacturing experi- 
ence”; with which view few will disagree, though 
many must have met men who, while having these 
qualifications, completely lacked the power of 
original thinking. The remarks on checking proce- 
dure are of interest, but the desirable qualities in a 
checker high among which are tact and a readiness 


to appreciate the value of methods imported from 
other branches of the industry, appear only by 
implication. 





Sewage Treatment: Design and Specification ; and 
a Code for Sewerage Practice. 

By L. B. Esorirr, A.M.I.C.E., F.I.San.E., M.R.San.I. 

The Contractors’ Record and Municipal Engineering, 

Lennox House, Norfolk-street, London, W.C.2. [Prices, 

respectively, 30s. and 7s. 6d.) 

Mr. Escrirt is a well-known writer on the various 
aspects of sewage and sewerage engineering and has 
published a number of books on these and related 
matters. He states in the preface to the first of the 
volumes, the names of which are given above, that 
the original intention was to publish a two-volume 
work on sewerage and sewage treatment, in place of 
preparing a revised edition of his existing work 
Sewerage Engineering. As the paper-supply situa- 
tion made it difficult to carry out this plan, a first 
volume only, entitled Sewerage Design and Specifi- 
cation, was prepared and published. This has now 
been followed by the second volume. The two do 
not form the two-volume work which was originally 
contemplated and, though the two books form a 
pair, Sewage Treatment, Design and Specification is 
self-contained and its use does not involve reference 
to the earlier work. This procedure has involved 
a certain amount of overlapping, but will be a 
convenience to readers who are particularly con- 
cerned with sewage treatment rather than with the 
broader subject of sewage engineering. 

The introductory chapters of the book deal in 
general terms with the choice of systems and treat- 
ment and necessarily refer to the relation between 
the method chosen and the area and nature of 
the town or district which a sewage works serves. 
The lay-out of sewage works is then dealt. with, 
the arrangement adopted frequently being dic- 
tated by the area and nature of the site available. 
Pumping arrangements, pipe layouts and gradients 
are dealt with in some detail here, as elsewhere 
throughout the book, many tables and diagrams 
embodying practical data being given. There are 
also, throughout, large numbers of drawings and 
reproduction of photographs illustrating the various 
types of plant described. Succeeding chapters deal 
with preliminary treatment, sedimentation tanks, 
percolating filters, activated sludge treatment and 
the various methods and plant which are represented 
in modern sewage works. The chapter on treatment 
of trade wastes is relatively brief, but full discussion 
of this subject requires a special volume as large as 
the present one. The work is an admirable text- 
book on existing and standard practices, but, in 
connection with the remarks about micro-straining, 
it may be mentioned that plant of that type is being 
installed at the Luton sewage works. 

The nature of the second and smaller volume is to 
some extent explained by its title. In the preface, 
reference is made to “codes of initially poor 
quality ” and it is stated that “some Government 
publications which appeared towards the end of, 
and after, the last war have done a great disservice 
to sanitation.” They are accused of recommending 
sub-standard methods and containing serious errors 
and mis-statements. These charges may or may 
not be true, but as they are expressed they cannot 
be of any value to prospective users of codes. 
Unless the particular ‘‘ Government publications,” 
which Mr. Escritt considers to be unsound, are 
specified by name, the potential user will not 
know what to avoid. There is no reason why a 
Government publication, like any other publication, 
should not be openly criticised. The book itself 
is divided into three sections, dealing respectively 
with sewerage, drainage and sewage disposal. As it 
contains only 73 pages, the details of this wide 
field are necessarily treated very briefly. The book, 
however, is a code, not a treatise, and does not 
profess to do more than specify the essential features 
of good practice. 





PRICES OF NUTS AND BOLTs.—The Control of Bolte, 
Nuts, etc. (No. 2) Order, 1950 (H.M. Stationery Office) 
authorises an increase in the maximum prices of bright 
bolts, nuts, set screws, studs and washers, and in the 
minimum amounts eligible for carriage-paid delivery. 
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AUTOMATIC COMPUTATION 
AT THE N.P.L. 


NvuMERICAL calculations occur so often in pro- 
blems of all kinds and are frequently so fatiguing 
- and time-consuming, that it is not surprising that so 
much attention has been devoted to methods of 
facilitating them. The abacus and the slide rule are 
well-known examples of devices invented to aid 
calculation, while, in recent times, mechanical cal- 
culating machines have found increasing favour. 
An immense amount of labour, moreover, has been 
expended at one time or another in the preparation 
of mathematical tables as an aid to calculation. 
Despite these aids, however, there are many impor- 
tant problems in science and industry which involve 
arithmetical calculations of such length and com- 
plexity that their solution, hitherto, has been 
almost, if not entirely, impracticable. Even when 
a calculation could be completed, often at the 
expenditure of weeks or months of labour, the 
accuracy of the result sometimes remained gravely 
in doubt. Occasions also arise where the solution 
of a problem is of value only when it can be obtained 
quickly and, in the past, therefore, many such 
problems have had to be left unsolved, or have been 
tackled by approximate methods which gave only 
incomplete information and did not necessarily lead 
to the best result. 

Developments in electronic engineering within 
recent years, however, and especially in that 
branch of it known as pulse technique, have opened 
up new prospects in the field of computation. The 
speed of operation of an electronic circuit is prodigi- 
ous compared with that of any mechanical con- 
trivance, and it has been shown that electric pulses, 
generated at high frequency and flowing in such 
circuits can be employed for the purposes of arith- 
metical calculation. The latest piece of equipment 
making use of pulse circuits in this way and embody- 
ing also some of the most recent developments and 
improvements in the technique of automatic elec- 
tronic computing was recently demonstrated at the 
National Physical Laboratory, Teddington, where 
it has been designed and built by a small team 
of mathematicians and electronics research engi- 
neers on the staff of the Laboratory, assisted 
by a number of production engineers from the 
English Electric Company, Limited. The equip- 
ment so far erected at N.P.L. is only the pilot model 
of a much larger installation which will be known 
as the Automatic Computing Engine, but although 
comparatively small in bulk, as can be judged from 
the photographs reproduced in Figs. 1 and 2, 
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on this page, it is an extremely rapid and versatile 
calculating machine. 

The use of the term “ engine ”’ in connection with 
apparatus which is essentially electronic is, perhaps, 
surprising. It derives from the work and writings 
of Charles Babbage who, about the year 1835, while 
Lucasian Professor of Mathematics at Cambridge, 
planned to construct a large computing machine 
which would be capable of solving a wide range of 
problems in numerical mathematics. Since elec- 
trical science and engineering were then in their 
infancy, Babbage’s ideas had to be translated into 
mechanical terms; hence, he was led to envisage 
and describe his calculating machine as an “ ana- 
lytical engine.” Babbage’s engine was never built, 
as the technical problems which its construction 
involved proved too difficult of solution; yet his 
account of his proposals shows that he foresaw, in 
a remarkable manner, the essential requirements of a 
machine which would be capable of making extended 
calculations automatically ; indeed, his proposed 
engine contained, in mechanical form, provision 
for all the principal functions which characterise 
the automatic calculating machines of recent 
construction. 

Babbage realised that to enable it to perform 
an extended series of arithmetical operations, such 
as can be done on a desk calculating machine by a 
human operator, his engine must incorporate 
parts which would fulfil the functions of the operator 
and provide the equivalent of the ancillary aids 
available to him. The latter are normally paper 
and pencil, a list of data, and sets of mathematical 
tables. The human faculties which the operator 
brings to bear on the calculation are those involved 
in setting up numbers on the machine, having 
extracted these previously from the list of data 
or books of tables, operating the machine or con- 
trolling its operation, noting the result of each 
stage of the calculation and transferring it to paper 
for future reference and use. A further faculty 
exercised by the operator is judgment, by means 
of which he chooses the course which leads most 
quickly or easily to the desired result, stops the 
process when the final answer is obtained, or at 
any stage when it is obvious that nothing is to be 
gained by continuing it, and alters it when changing 
circumstances demand such a course. Although 
judgment is a mental faculty, it will be noted that 
none of the above decisions requires more than 
the ability to observe, to apply a criterion pre- 
viously established, and to act accordingly. The 
processes of the mind by which it develops ideas 
are not required. A calculating machine, there- 
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| fore, in order to be capable of performing the above- 


functions, need not be able to think for itself. 

Almost a century elapsed before Babbage’s ideas 
came to fruition. An automatic calculating machine, 
which is partly mechanical and partly electrical 
and embodies Babbage’s ideas in a general way, 
was designed at Harvard University before the 
recent war but was not completed till after 
America’s entry into it. Somewhat later, an 
electronic computer was built at the University of 
Pennsylvania for ballistic calculations. This ma- 
chine, known as the Eniac, is now at Aberdeen 
Proving Ground in America. The N.P.L. equip- 
ment, known briefly as the Ace, is designed on 
similar lines to the Eniac machine but represents 
a considerable advance upon it. The present pilot 
model employs only about 800 thermionic valves, 
compared with some 20,000 used in the Eniac and 
vet is in many Ways a more versatile machine. It 
has also a much larger ‘““memory” store. Some 
of the economy in equipment is attributable to 
improvements in techniques but part of it is the 
result of differences in design which make the two 
machines not wholly comparable. 

The basic concepts and abstract principles of 
computation by a machine were formulated by 
Dr. A. M. Turing, in a paper read before the London 
Mathematical Society in 1936, but work on such 
machines in Britain was delayed by the war. 
In 1945, however, an examination of the problems 
was made at the National Physical Laboratory by 
Mr. J. R. Womersley, then superintendent of the 
Mathematics Division of the Laboratory. He was 
joined by Dr. Turing and a small staff of specialists, 
and, by 1947, the preliminary planning was suffi- 
ciently advanced to warrant the establishment of 
the special group already mentioned. In April. 
1948, the latter became the Electronics Section 
of the Laboratory, under the charge of Mr. F. M. 
Colebrook. 

The basic principles of all automatic computing 
machines, including the Ace, which are capable of 
performing extended calculations unaided, may be 
understood by reference to the diagram, Fig 5, 
opposite, in which the various sections of the equip- 
| ment and their functions are represented schematic- 
|ally. The central organ of the machine is the control 
unit which takes the place of the operator in the 
desk calculation. Instructions to the machine ar 
|fed into the input, which may, as in the case of the 
| Ace, be standard Hollerithequipment. The instruc- 
tions are in code form ; for example, in the case of 
Hollerith equipment, they consist of holes punched 
lin a variety of patterns on a pack of cards, like th¢ 
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ones shown in Fig. 4. Some of the instructions 
represent numbers on which various arithmetical 
operations have to be performed; others define 
the operations themselves, including the operation 
of transfer to or from one or other of the units of the 
machine. Still other instructions may represent 
tables of numerical values, which must be stored up 
till required, or information to the machine which 
will enable it to work out such values when they 
are needed. Finally, the machine must be given 
instructions which will enable it to exercise judgment 
in the manner described earlier and to pass the 
result to the output when the calculation is finished. 

It # clear, therefore, that, in addition to possessing 
an arithmetical unit equivalent to the desk calcu- 
lating machine, in which the actual calculation is 
performed, the automatic computing machine must 
contain a store or memory-unit to perform the 
functions of the paper, pencil, and books of tables 
and to house instructions for the control unit. 
This, indeed, is one of its most important parts. 
In the course of any calculation on such a machine, 
moreover, information is continually flowing to and 
fr — the store and the arithmetic and control 
units, 

Before the machine can begin on a calculation, it 
must be provided with data and instructions in a 
form which it is capable of following. These opera- 











Fic. 4. HoiiertrH Puncuep Carps as USED IN 
THE “ AcE.” 





Fig. 5. 













































































arithmetic unit. 


= input unit. a 
memory or storage unit. 


i= 
o = output unit. 
ec = control unit. 


tions are known as programming and coding, and the 
first consists specifically in reducing the calculation 
to a series of simple arithmetical operations. Any 
calculation in numerical mathematics can be reduced 
ultimately to simple arithmetic, but the process of 
reduction frequently demands a wide knowledge 
of mathematical methods and the exercise of con- 
siderable ingenuity. For the subsequent coding, it 
is necessary to express the data and instructions in 
a form which is suited to the input and control 
systems of the machine. 

In electrical and electronic calculating machines, 
there is generally a distinct advantage to be gained 
from the use of a system in which an instruction is 
given by a combination of signals each of which 
has only two positions. Thus when switches and 
relays are used, each of these may be either ‘‘ on ” 
or “ off.” With a card input, a hole may or may 
not be punched at a certain position on a particular 
card and a circuit may or may not be completed in 
consequence. Again, at a given instant, an elec- 
tronic valve may or may not be biased to cut-off, 
and thus the anode current may or may not be 
flowing. Such considerations suggest that a con- 
venient way of coding the data and instructions for 
an electrical or electronic calculating machine is to 
represent them as numbers in the binary scale. In 
the decimal scale, the successive digits of a number, 
reading from the right, represent numbers of succes- 
sive powers of ten; in the binary scale they repre- 
sent numbers of successive powers of two, but in the 





latter case it is clear that the only possible digits in 


the representation of the number are 0 and 1. For 
example, in decimal notation, 165 represents the 
number 1 x 10°?+ 6 x 10'+ 5 x 10°. This num- 
ber also equals 1 x 27+ 0 x 2+ 1 x 254+ 0x 
24+ 0 x 22+ 1 x 2?+0 x 2!'+1 x 2°, so that 
it is represented in binary notation as 10100101. The 
binary notation is therefore somewhat prodigal 
in its use of digits but atones for this by requiring 
only two kinds of digit, namely, 0 and 1. In 
electronic computing, the advantage of the second 
requirement generally outweighs the disadvantage 
of the first since the time required for the computa- 
tion is normally extremely small. Furthermore, the 
storage problem is simplified. 

As has been mentioned already, the provision of 
suitable storage is an important matter in the design 
of automatic computing equipment. In the course 
of an extended calculation, it may be necessary for 
the control unit to make frequent reference to 
information obtained earlier in the calculation or to 
draw on its store of instructions. It is clear that 
data and instructions which are placed in the store 
must be available readily when required in order 
that the control and arithmetic units should not 
be kept waiting, and storage space must also be 
available for new information obtained during the 
calculation. It is necessary, therefore, to design 
the store in accordance with these requirements. 
In electronic computers each stage of the calculation 
is accomplished at prodigious speed so that storage 
space and the information and instructions in storage 
must be available practically all the time. To make 
them available continuously, however, is impractic- 
able as this would entail the use of an excessively 
large amount of equipment. In consequence, most 
high-speed computing machines, including the Ace, 
employ what is known as dynamic storage in which 
information and instructions are circulated con- 
tinuously, until no longer required, round circuits 
known as delay lines, and are available inter- 
mittently. 

There are several forms of delay line, but those 
used on the Ace model are acoustic and operate in 
the following manner. A closed steel tube, com- 
pletely filled with mercury, is fitted with a quartz 
piezo-electric crystal at each end. One crystal acts 
as a transmitter and is stimulated by electric pulses 
generated by an oscillator ; the other crystal forms 
the receiver. The arrival of pulses at the trans- 
mitter is controlled by an electronic gate, which is, 
in essence, a thermionic valve which is or is not 
biased to cut-off. Each time the transmitter is 
stimulated, it generates an ultrasonic compression- 
wave in the mercury which travels along the tube 
to the receiving crystal. Such waves are propa- 
gated in. mercury at a velocity of approximately 
5,000 ft. per second, so that a. pulse would travel 
along a tube 1 ft. long in approximately 0-2 milli- 
second. On arrival at the receiver crystal, the 
wave is converted back into an electrical pulse, 
which is amplified and fed back to the input circuit 
where it is applied as a bias on the control grid of 
the electronic gate and thus allows a fresh pulse 
to reach the transmitter. In addition, by the 
opening of a parallel gate, following on a signal 
from the control unit, a copy of the pulse may be 
released from the store. 

In the Ace, the master oscillator produces pulses 
at microsecond intervals and it is possible, therefore, 
to produce a train of pressure waves in the mercury 
with a spacing of approximately 0-06 in. between 
successive fronts. ‘Two sizes of delay unit are 
used in the present equipment. In the smaller, 
the mercury column is approximately 2 in. long 
and three of them may be seen in Fig. 2; the 
operator is adjusting one of them. Each of these 
units can accommodate 32 pulses, and the longer 
units, which cannot be seen in the illustration, can 
accommodate 1,024 pulses, the latter number being 
the square of 32. All decimal numbers of nine digits 
can be represented in the binary scale by numbers 
of not more than 30 digits, so that each of the short 
delay lines can accommodate, in binary form, any 
number of up to nine decimal digits together 
with an indication of its sign, while each of the long 
delay lines can accommodate the product of any 
two such numbers. In the representation used, a 
pulse indicates 1 and the absence of a pulse 0. By 
means of the delay system, therefore, any, number 
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of not more than nine decimal digits, can be circu- 
lated continuously for as long as is necessary and 
each of its binary digits becomes available, if 
required, every 32 microseconds, which is the time 
required for each stage of a multiplication. In 
the course of a calculation, a train of pulses may 
he required to circulate in the store many thousands 
or even millions of times. If the same pulse train 
were merely shunted continuously round the delay 
line it would soon become unrecognisable owing to 
degeneration of the wave form. It is for this reason 
that the electronic gate is employed as already 
described, to enable a pulse train to create itself 
again after each circulation. It might be thought 
that reflections of the waves within the tube would 
interfere with the wave pattern, but, in fact, the 
attenuation of the waves in the mercury, which is 
increased by the insertion of a wire gauze in the 
tube, is sufficient to obviate trouble of this kind. 

Details of the circuitry of the Ace model have not 
yet been disclosed. As was mentioned earlier, the 
input and output units consist of standard Hollerith 
punched-card equipment, some of which is visible in 
Fig. 1. Although comparatively rapid by ordinary 
standards, this equipment operates relatively slowly 
compared with electronic apparatus. At the time 
of construction of the automatic computing engine, 
however, the Hollerith equipment was the fastest 
commercially-produced equipment of the kind 
available. The final design will employ other means, 
but it was considered undesirable to divert effort 
and attention from the main problem in the early 
stages. Another way in which the Ace will be 
improved in future will be by the provision of greatly 
increased storage ; it is intended to equip it with 
® magnetic storage system. In such systems, 
data and instructions are recorded automatically 
on magnetic material in the form of a wire, tape or 
drum. 

Reference has already been made to the speed 
of the Ace. The present model can deal with nine 
hundred million binary digits in a quarter of an hour 
and is able to multiply any two numbers of nine 
decimal digits each in less than one five-hundredth 
of a second. It is also extremely versatile. All- 
though it calculates with numbers in the binary 
scale, it is unnecessary for it to be provided with 
numerical data in binary form. Numbers may be 
supplied to the equipment in decimal form, where- 
upon, when instructed to do so, it will convert them 
into binary form, complete the calculation and turn 
the answer into decimals, which the Hollerith equip- 
ment will translate automatically into punchings on 
a set of cards. Auxiliary Hollerith equipment may 
then be used to turn the punchings into printed 
numerals, The work of programming and coding 
normally takes much longer than the calculation 
of a result, but once completed, the requisite 
punched cards may be used repeatedly for the same 
type of calculation. When the Ace equipment was 
demonstrated, it was engaged in computing the 
paths of rays through a lens system consisting of 
several components. This is a calculation which 
arises in the design of optical systems and, when 
several refracting surfaces are involved, it presents 
a complicated problem since the optimum shape 
and position of each component must be determined. 
In the past, it has been necessary to make an 
informed guess at what is likely to be a satisfactory 
arrangement and to test it by working out the paths 
of a few rays, but the process is extremely tedious 
and the best solution is not always found in the end. 
The Ace is able to calculate the paths of a large 
number of rays in a few minutes. Approximately 
a week was required iu this case to complete the 
programming and coding of the instructions, but 
the latter are now availsble for any similar problem 
in the design of lens systems. 

To err is human, and all who have had experience 
of lengthy numerical calculations know that the 
work demands constant alertness and attention to 
detail if mistakes are to be avoided. Automatic 
computing machines, too, though not subject to 
the distractions which beset the human déperator, 
are inclined, at times, to be wayward and to make 
mistakes owing to failure of some part of the 
equipment. Fortunately, when failure occurs, it is 
generally sufficiently serious for the effects to be 
obvious at once and on most other occasions it 
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is fairly easy to check the accuracy of performance 
by means of a test calculation which has been 
worked out independently. The problem of failure 
is, however, an important one and must be consi- 
dered in designing the equipment. Electronic 
valves and components are extremely reliable, but 
failures do occur occasionally, and when such items 
are employed in hundreds or even thousands and 
tens of thousands, their overall reliability becomes 
subject to the laws of probability and can be assessed 
on a statistical basis. One can envisage a stage, 
therefore, in the growth of an automatic calculating 
machine where a high probability would exist of the 
equipment being permanently out of order; and 
at some earlier stage breakdowns might occur with 
sufficient frequency to make the equipment of little 
value. To attempt to diagnose faults by testing 
individual components seriatim would be a futile 
procedure on equipment like the Ace. All valves 
and components are, of course, tested initially 
before assembly, but the equipment is assembled 
as a series of units, one of which is shown by the 
photograph reproduced in Fig. 3, on page 7. 
There are forty such units in the pilot model of the 
Ace but only one of them does the arithmetic, the 
remainder performing the functions of control and 
storage. Should failure of the equipment occur, 
the faulty unit can be quickly isolated and replaced 
by a spare, after which the unit which has been 
removed can be tested and repaired. In this way, 
the equipment can be kept in good order. 

Mention has already been made of an optical 
problem which has been rendered comparatively 
simple by the use of the Ace. Examples of numerical 
problems of great complexity in other branches of 
pure and applied science come readily to mind. 
Aeronautical engineering provides numerous 
instances of problems involving complicated numeri- 
cal integrations. Elastic problems in all branches 
of engineering can often be reduced to the solution 
of a large set of simultaneous equations in the same 
number of unknowns ; the greater the number of 
equations the greater the accuracy of the result. 
The speed of the automatic computing engine is 
such that it can solve 50 simultaneous equations in 
50 unknowns in less than 10 minutes. There has 
always been a use for computing equipment in 
ballistics ; indeed, the Eniac machine was con- 
structed primarily for work in this field, and the 
development of radar navigation during the second 
world war brought with it the need for a vast 
amount of accurate computing of a kind which 
could be speeded up enormously by the use of 
equipment like the Ace. Studies of heat flow 
and of the flow of electricity in networks are other 
examples of researches where the equipment is 
likely to prove useful. In crystallography, the 
molecular structure of a new substance can be 
determined by examining X-ray diffraction patterns 
produced by its crystals and determining from them 
the arrangement of the atoms. This generally 
requires months of tedious calculations. Lengthy 
computations are also of frequent occurrence in 
astronomy and atomic physics, some being so com- 
plex that it has not been possible to attempt them. 

It is obvious, therefore, that the potential value 
of equipment like the Ace in scientific research and 
in industry is very great, much greater, indeed, 
than the 40,000/. which it cost to make. Until the 
main equipment is designed and put into operation, 
the present pilot model will be employed largely for 
research purposes at the National Physical Labora- 
tory and for Government work. It will be available, 
however, on occasion, for undertaking numerical 
calculations for other bodies, such as industrial 
concerns, on a payment basis. It should be noted, 
however, that its use is only worth while when the 
labour of a calculation is extremely heavy or where 
the necessary programming would be relatively 
simple. The Director of the laboratory, Dr. E. C. 
Bullard, F.R.S., will be glad to hear from indus- 
trialists and others who have intricate problems in 
numerical mathematics requiring solution. 





WILBUR WRIGHT LECTURE.—The 39th Wilbur Wright 
Memorial Lecture will be delivered before the Royal 
Aeronautical Society during September, 1951, by Mr. A. E. 
Raymond, of the Douglas Aircraft Company, California, 
U.S.A. 





JAN. 5, 1951. 








THE ENGINEERING 
OUTLOOK. 


I.—RETROSPECT AND PROSPECT. 


A YEAR ago, many engineering companies were 
concerned about signs of a falling demand for their 
products. In most sections of the industry the rate 
of deliveries exceeded that of orders received ; the 
post-war boom, which has been of unprecedented 
duration, appeared to be over. At home, the 
re-equipment and extension of existing factories 
and the building of new were almost completed, 
and further purchases of plant on a large scale were 
unlikely, while doubts persisted over the future 
returns from investment undertaken at inflated 
prices. On the other hand, the need to increase 
the already very high level of exports was still 
pressing. The country was still dependent on 
Marshall Aid, and even a slight fall in the sales of 
British goods abroad threatened national bank- 
ruptcy. Overseas markets, particularly in North 
America, were becoming difficult and necessitated 
a growing outlay on marketing to maintain sales. 

To-day, the outlook is profoundly changed. After 
supreme effort, a precarious solvency has been 
achieved, but the strained British economy finds 
itself subject to new stresses and new demands. 
Fears of an impending depression have vanished, 
only to be replaced by grimmer forebodings of war. 
As a result, production problems are now more 
serious than marketing problems. The rearmament 
programme announced in September visualised an 
expenditure over the next three years of 3,600/. 
millions, or 1,200/. millions per annum, an increase 
of 52 per cent. over the 780/. millions budgeted for 
in 1950-51. 

It is already clear that this will not meet the 
increasing urgency of Western defence requirements, 
and, as the Foreign Secretary, Mr. Ernest Bevin, 
announced on December 20, the programme must be 
revised sharply upwards. The absence of detailed 
information concerning the proposed increase makes 
a full discussion of its likely effects on engineering 
difficult. The conversion of the nation’s economy to 
a war footing will take place at a pace which must 
be regulated by the political pressure of events. 
According to the original programme, about a third 
of the original outlay of 3,600/. millions over three 
years will be spent upon civil defence and extra pay 
for the Services ; the remainder is to be devoted 
entirely to armaments. The burden, as the Prime 
Minister, Mr. Attlee, has pointed out, must fall on 
the capital-goods industries, which are already 
producing to the limit of their ability, and which, 
besides supplying equipment essential to home 
industry, account for 40 per cent. of British exports. 
Few sections of the engineering industry will be 
unaffected by the armaments programme, and many 
will be directly involved in the supply of tanks, 
guns and vehicles or their components. All are 
already experiencing shortages of steel and non- 
ferrous metals, for which, of course, British re- 
armament is not wholly or mainly responsible, for, 
up to the end of October, additional orders placed 
under the new programme amounted to only 70. 
millions. The main factor behind the shortage of 
non-ferrous metal is American “ stock-piling,” but 
this is only an aspect of American rearmament. 
As the British armaments programme progresses, 
making heavier demands on the supplies of alu- 
minium, copper and zinc, acute shortages for civil 
production cannot fail to arise. 

Purely domestic factors have produced the 
shortage of steel. Production should reach #cord 
levels in 1950, and, while there is still insufficient 
sheet, the current output of other types of steel 
should be adequate to meet present requirements. 
The shortage is due largely to “scare” buying. 
After allowing their stocks to run down in the first 
six months of 1950, many consumers, alarmed by 
events in Korea, placed large orders. An easing of 
tension should mean more steel, but the margin of 
safety in supplies is so small that it will be difficult 
to avoid dislocations. The supply of other raw 
materials, such as timber and cement, though 
unlikely to fall so far short of requirements %s 
those of steel and non-ferrous metals, is neverthe!«ss 
giving cause for anxiety. Stocks of coal, despite 
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Saturday working by the miners, are dangerously 
low ; and, with the onset of frost and snow, the 
inadequacy of the electricity supply is only too 
apparent. 

The demands of rearmament on the country’s 
labour resources will also be exacting. It is esti- 
mated that ultimately 250,000 more persons will 
be needed in the armaments industries. Moreover, 
the extension of military service from 18 months to 
two years, while increasing the strength of the 
forces, will diminish the civilian labour force by 
77,000 men. The demand for labour is dependent, 
of course, upon the availability of adequate supplies 
of raw materials, and shortages may bring unem- 
ployment. Fears of this possibility have already 
been expressed, based, doubtless, on the slight 
under-employment existing in some factories. These 
are the problems facing the engineering industry in 
1951. They are all fundamentally supply problems, 
but shortages will bring their usual train of mone- 
tary difficulties, and all the financial skill of the 
Treasury, together with the utmost restraint from 
wage earners and stockholders, will be necessary to 
keep inflation in check. 

TABLE I.—United Kingdom: Interim Index of Industrial 
Production. (1946 = 100.) 

















Engineering, All 
os Pree govern ad Vehicles. Manufacturing 
Goods Industries. 
1947 116 111 109 
1948 136 121 123 
1949 140 151 132 
January 130 135 126 
February 143 143 133 
March 144 149 134 
April 133 140 127 
ay 147 157 138 
June 145 157 134 
July 132 128 120 
August . 127 145 122 
September . 142 166 136 
October 136 169 138 
November 152 167 143 
December 146 153 i 134 
| 

1950— 
January 140 162 138 
February 150 170 144 
March 158 180 150 
April 141 164 | 138 
May 151 182 144 
June 164 169 | 149 
July oa 150 176 139 
August iia 130 144 128 








Whatever may be ahead, 1950 was a year of solid 
achievement. The interim index of industrial pro- 
duction for the engineering, shipbuilding and elec- 
trical goods industries, standing at 158 (1946 = 100) 
in March, 1950, was 10 per cent. higher than in 
March, 1949; by June, 1950, it had risen to 164, 
12 per cent. higher than in June, 1949. The figures 
published for August, the latest available, are not 
representative since they cover the holiday period, 
but show a continued increase. The increase in 
production in these industries easily kept pace 
with that in other manufacturing industries. The 
index for all manufacturing industries combined 
rose by 12 and 11 per cent., respectively, in March 
and June, 1950, compared with the same months of 
1949. 

The most startling increase in production in 1950 
was that recorded by the vehicle industry, in which 
output increased by 38 per cent. from July, 1949, 
to June, 1950. This follows upon the considerable 
success achieved by the industry in 1949, when 
production for the year was 25 per cent. higher than 
in 1948. The trend of production in the engineering 
industry, compared with that in the other manu- 
facturing industries, is shown in Table I, herewith, 
taken from the Monthly Digest of Statistics. 

Increased production found an outlet in increased 
exports. Table II, taken from the Report on 
Overseas Trade, compiled by the Board of Trade, 
shows that the volume of exports of machinery, 
vehicles, and iron and steel in 1950 was considerably 
iigher than in 1949. Exports of cutlery, imple- 
ments, ete., and electrical goods and apparatus, 
showed more modest increases, and the only cate- 
sory showing a decrease was non-ferrous metals, 
though they recovered in the third quarter. In 
able II, based on figures available in the Monthly 


be made with pre-war figures. In the first nine 
months of 1950, exports of metal goods were at an 
annual rate 140 per cent. above 1938. In 1938, 
metal goods accounted for 38 per cent. of British 
exports ; in 1949, they accounted for 50 per cent., 
and in 1950, 51 per cent. Exports of machinery, 
vehicles and electrical apparatus have been gaining 
steadily in importance. In 1938, they accounted 
for 64 per cent. of exports of metal goods ; in 1949 
and 1950, 73 per cent. The vehicle industry, 
employing 10 per cent. of the gainfully occupied 
population in the United Kingdom in 1950, 
accounted for nearly one-fifth of the total exports. 
The regional distribution of exports, taken from 
the Report on Overseas Trade, November, 1950, is 
shown in Table IV, herewith. It will be seen 
that over 50 per cent. of United Kingdom exports 
of electrical goods, machinery and vehicles still go 
to the Colonies and the Commonwealth, but that, 


TABLE II.—UNITED KINGDOM : 


VOLUME OF EXPORTS OF METAL GoopDs, 


The iene of British engineering was 
creditable from another point of view, since it 
represented increased productivity, accomplished, 
not merely by the elimination of shortages, but by 
greater mechanisation, better management and 
harder work. The number employed in the engi- 
neering, shipbuilding, electrical goods and vehicle 
industries increased between June, 1949, and June, 
1950, by 17,000 to 2-72 millions, or by only 0-6 per 
cent., whereas, as pointed out above, the increase in 
production approached 12 per cent. Shortages of 
steel, fuel and electricity have all restricted pro- 
ductivity in the years succeeding the war. The 
steel shortage, for the users of most classes of steel 
at least, was over quite early in 1949. Sheet steel 
was the most important item remaining in short 
supply at the beginning of 1950, and an increase in 
production from 29,100 tons a week in September, 
1949, to 32,600 tons a week in September, 1950, 





(1947 = 100.) 
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TABLE IV.—UNITED KINGDOM: 








* Annual rate calculated on figures { for first three quarters of 195€ 























| 1949. | 1950. 
Senne Rees SE ee ee 
| 
} 1949. | Quarters Quarters, 
_— a = 
| Ist. | 2nd. | ard. | 4th. Ist. | 2nd | 3rd. 
: | | | | ba 
Iron and steel .. re = “ss “ 127 S| 124 123 | 122 139 147 153 155 
Non-ferrous metals .. oa 138 | 157 138 | 126 129 123 122 160 
Cutting implements and instrume nts, ete. .. 118 |) 127 121 | 107 117 124 123 128 
Electrical goods and pesuauant 139 | 147 143 132 | 135 142 | 137 | 149 
Machinery ‘ Ks | 138 | 145 135 | 134 | 139 154 145 | 143 
Vehicles } 167 | 168 | 161 | 154 | 187 211 | 219 | 200 
Total, all exports '430-«| «oat | 85) | Sage 7 147 (|s(s?,s|—sias3) | Se 
—_ Si Te Wie Bee | | 
TABLE III.—UNITED KINGDOM: VALUE OF EXPORTS OF METAL MANUFACTURES. (£1,000.) 
“a 1948, 1949. 1950.* 
| 1938, | 7 oe 
| | Current | 1938 Current 1938 Current 1938 
| | Prices. | Prices, Prices. Prices. Prices. Prices. 
‘er ey - oar | ae } BS we oe eE s 
Iron and steel, and manufactures thereof oe 44,556 | 105,581 | 49,000 | 126,600 | 50,900 178,800 60,400 
Non-ferrous metals, and manufactures thereof 12,339 54,688 | 27,300 63,640 27,000 75,600 25,800 
Cutlery impleme nts, instruments, etc. .. a 9,028 42,775 | 19,400 45,240 19,600 48,800 21,000 
Electrical goods and iano ' ; 13,430 72,691 | 29,140 79,080 32,600 81,600 33,300 
Machinery .. vs ae 57,868 253,713 | 105,900 278,600 119,000 310,400 126,900 
Vehicles .. we = _ “* a 44,627 244,196 | 123,600 | 313,300 135,000 399,600 169,000 
' ' 











EXPORTS OF PRODUCTS OF ENGINEERING INDUSTRY TO SELECTED 























AREAS; MONTHLY AVERAGES (£1,000). 
| 1949. | 1950, January to September. 
; Electrical | | Blectrical | 
‘Geeks. | Machinery. Vehicles. ‘Goole Machinery. Vehicles. 
United States .. és ae ave ea 19 260 | 407 43 292 6 
Canada .. os 87 416 | 1,399 135 705 2,654 
Other American-account ‘countries |. | 114 534 364 90 564 621 
Non-dollar Western Hemisphere countries | 270 1,738 2,192 418 1,767 2,144 
Sterling members of Commonwealth . . | 3,165 8,413 9,176 2,846 9,303 11,599 
South Africa a idl 914 | 1,855 1,792 | 562 1,953 1,372 
Colonies .. * fi 865 | 2,225 3,065 | 924 2,815 3,418 
Iraq, Burma and Jordan : a 90 329 199 | 95 259 214 
Non-sterling 0.E.E.C. countries 928 | 4,599 6,197 | 1,300 | 5,618 8,440 
E.E.C. possessions. a an | 56 | 391 332 | 39 427 

Trish Republic and Ice land. ~~ ca 219 669 753 278 758 814 
Eastern Europe .. ne f os i: 212 | 1,397 429 | 138 1,603 $74 

Total 6,939 | 22826 22,826 | 26,805 | 6,868 | 25,564 32,802 











in 1950, the increase in exports to these countries 
was comparatively modest. In some categories, 
such as electrical goods, there was a substantial 
decline. Most significant were the increases to the 
‘*hard-currency ”’ countries, notably Canada, and 
to the non-sterling countries participating in the 
Organisation for European Economic Co-operation. 
In considering the extent of these increases, how- 
ever, it must be remembered that the price of 
British export goods rose throughout 1949 and 1950, 
and that the index for metal goods (1938 = 100) 
stood at 119 in September, 1950, compared with 
114 in September, 1949. This price rise indicates 
that the advantages gained from devaluation are 
now spent. The increase in the volume of exports 
in 1950 was due, therefore, to the increased efficiency 
in production and marketing, and not simply to 
the international currency situation. The engi- 
neering industry has played its full part in this, 
and, as a result, Britain has been able to dispense 





Digest of Statistics, post-war exports have been 
converted to 1938 prices to enable comparison to 





with Marshall Aid before any other country. 


assisted materially the success of the vehicle industry 
in 1950. 

Few other sections of the engineering industry, 
however, have benefited from improved supplies of 
steel or raw materials during the past year. The 
production of steel in the United Kingdom reached 
the record annual rate of 17-47 million tons in 
November, which means that the output for 1950 
should reach about 16-4 millions tons, compared 
with the estimate of 15-75 to 16 million tons made 
in the Economic Survey. The British Iron and Steel 
Federation, however, report that orders for steel 
for the home market actually fell off in the first 
half of 1950, and that it is only since the extension 
of hostilities in Korea that they have increased 
sharply ; thus increased production in the engi- 
neering industry in the first three quarters of 1950 
had little to do with the availability of steel. With 
the exception of zinc, supplies of non-ferrous metals 
were not markedly, if at all, greater than in 1949. 
The engineering and other metal trades were 
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consuming coal at the rate of 67,000 tons a week 
in the period from January to September, 1950, 
compared with 65,000 tons a week in the same 
period of 1949. Coal supplies, however, have had 
no positive influence on industrial production in 
the United Kingdom. The output of coal in the 
first nine months of 1950 was at the rate of 4-10 
million tons a week, compared with 4-06 million 
tons in the same period of 1949. The expansion in 
coal production was just about sufficient to cover 
the increase in industrial demand ; exports increased 
only slightly, from 242,000 tons to 280,000 tons a 
week. A hard winter, involving increased domestic 
demand for coal or increased industrial demand 
unmatched by any improvement in coal production, 
might lead to difficulties. Coal can be imported 
only at high cost, both in money and in shipping 
space. Motor-vehicle manufacturers were informed 
in December that, because of the need to import 
coal, their shipping requirements for the export of 
vehicles to Australia could not be met in full. 

Coal production will have to be increased if the 
present level of civilian production is to be con- 
tinued concurrently with increased arms production. 
It is not an effective answer to restrict exports, 
since the international repercussions may be serious. 
The drastic reduction in British exports in the past 
few months so disturbed the whole pattern of 
European coal and coke distribution that a con- 
ference of 18 nations had to be called to consider 
means for alleviating hardship. 

As with coal, supplies of electricity have increased 
just enough to keep pace with the growth in demand. 
The installed capacity increased from 13,609 MW 
in October, 1949, to 14,655 MW in 1950, but the 
margin of safety in 1950 was no higher than in 
1949. There was more load-shedding in December, 
1950, than in the winter of 1949/50; enough to 
disrupt industrial production seriously. 

The increase in productivity in British engi- 
neering may Owe something to the procession of 
productivity teams to the United States. Most 
teams have commented on the presence of “‘ pro- 
ductivity consciousness”’ among United States 
operatives and its comparative absence in the 
United Kingdom. It must be admitted, however, 
that the speed of working in America is often 
regulated by the speeds of machines and conveyors, 
which leave comparatively little opportunity for 
idling. The team representing the internal-com- 
bustion engine industry, one of the last to visit 
the United States, again stresses the importance of 
the ‘‘intangibles’’ which make for high produc- 
tivity in the United States, among which it includes 
‘* productivity consciousness”? and the American 
aspiration for a high standard of life. They also 
find more solid reasons for lower productivity in 
the United Kingdom. The first of these is the fact 
that the United States manufacturer, concerned 
mainly with his home market, can produce in 
larger batches than can the British manufacturer, 
who, working mainly for export, finds the demand 
less predictable. Manufacturers in the United 
States can obtain machine tools in a few weeks; 
in the United Kingdom, makers of Diesel engines 
have had to wait up to three years for delivery, 
because the machine-tool industry is exporting a 
third of its output. 

A team of British trade-union officials who visited 
the United States in November, 1949, have now 
published their findings and are in substantial 
agreement in many matters with the findings of 
other teams for specific industries. They stress the 
desirability for decisive action by the British trade 
unions to secure acceptance by their rank and file 
of a share in the responsibility for high production 
in return for the right to claim wages proportionate 
to the increase in their output. Progressive manage- 
ments, they declare, seeking to use ‘scientific 
management ’’ techniques in a reasonable manner 
to step up production, should have the full support 
of the unions; and managements who are not 
sufficiently enterprising or progressive should be 
pressed by the unions to improve efficiency and to 
extend markets by lowering prices. 

During 1949 and the first half of 1950, the Anglo- 
American Council on Productivity sent to the 
United States 24 productivity teams representative 
of the management, technical and wrokshop levels 





in selected sections of British industry. All have 
at least done valuable service in throwing further 
light on the productivity problem, and it is not 
too much to hope that some action will be taken 
on their recommendations. In the engineering 
industry, with the encouragement of the Engi- 
neering Advisory Council of the Ministry of Supply, 
more than 20 trade associations have now worked 
out mutual-aid schemes or have taken some other 
form of action to increase efficiency and reduce 
costs. Close co-operation within trade associations 
is sometimes suspect, since it may mean merely the 
elimination of competition, with its inevitable 
sequel of price control and production quotas, 
particularly in the lean days of depression. In the 
past, such efforts have rarely resulted in much 
progress in the field of research. Collaboration in 
the present instance, however, is intended to be 
confined only to an interchange of information and 
to such common action as will increase the pro- 
ductivity of participating members. One result so 
far has been the publication by a number of asso- 
ciations of booklets on the ways by which productive 
efficiency in their own industries might be in- 
creased. 

So many competent organisations have now taken 
up the cause of furthering productivity, or have 
been created specifically for that purpose, that the 
Committee on Industrial Productivity, appointed 
by the Lord President of the Council in 1947, in their 
second report, published in July, 1950, recommended 
their own discharge. The first phase of the battle 
of productivity is over, but much has still to be 
accomplished. 

As the armaments programme develops in 1951, 
higher productivity will be more than ever essential ; 
but nothing can be achieved, obviously, without 
adequate supplies of essential materials. The 
shortages which became apparent in the latter 
months of 1950 have had the effect of reducing stocks 
without affecting production. The position is now 
serious, however, and little positive action has 
been taken so far to ensure better supplies or the 
allocation of available supplies according to a 
system of priorities. The joint communique of 
Mr. Attlee and President Truman recognised the 


need for international action to ensure that basic , 


raw materials are distributed equitably in accord- 
ance with defence requirements and essential civilian 
needs ; but no general plan has yet been published, 
and action is to be confined, apparently, to ad hoc 
negotiations for the purpose of relieving specific 
shortages as they occur. 

At home, also, a general plan appears to be 
lacking. Controls have been instituted only in the 
case of two metals, zinc from October 1, 1950, and 
copper from January 1, 1951. Deliveries of virgin 
zine in the last three quarters of 1950 were limited 
to nine-tenths of 1949 purchases, which was serious 
enough, considering that the consumption of zinc 
was 20 per cent. higher in 1950 than in 1949. The 
Ministry of Supply has warned that, in the first 
quarter of 1951, supplies of ordinary grades of zinc 
may have to be restricted to little more than half 
the rate of consumption in 1950. This will mean 
real hardship to such trades as galvanising and die- 
casting. Many of the companies affected are small, 
and, since such a drastic cut would make production 
uneconomic, may have no alternative but to shut 
down. 

The situation in aluminium, copper and tin is 
less serious only in relation to that for zinc. Even- 
tually, also, the shortage of the ferro-alloys will 
have its effect on the production of alloy steels. 
The shortage of nickel and chrome, both used in 
the manufacture of stainless steel, is likely to 
become more acute if the production of gas- 
turbine engines, which takes up large amounts of 
nickel-chrome alloys, is expanded greatly under the 
armaments programme. 

The only cheerful news about the supply of metals 
is that the cold reduction plant at Margam will 
come into operation in 1951, but this will not be 
until late in the year; in the meantime, defence 
requirements are likely to cause a serious shortage 
of sheet steel. In the last quarter of 1950, deliveries 
had to be limited to 75 per cent. of stated require- 
ments, and for the first quarter of 1951 they will 
be 75 per cent. of that, or about 60 per cent. of 





stated requirements. Motor-vehicle production may 
be affected rather less than these figures indicate— 
perhaps by only as much as 5 percent. It is hoped 
that deliveries of sheet steel at the same level as 
in the first three quarters of 1950 may be possible 
in the second quarter of 1951. By that time, 
however, the limiting factor in motor-vehicle pro- 
duction may be zinc die-castings, now of consider- 
able importance in motor-car manufacture. The 
supply of other types of steel might be adequate 
if industry were given some indication of the scale 
of requirements for armaments. This may well end 
“*scare ’’ buying. 

On February 15, 1951, the steel industry will 
pass into public ownership. There have beea many 
predictions that this will be followed by a serious 
loss of efficiency, disruption of channels of trade, 
and increased prices. It will be interesting to 
watch developments; the newest nationalised 
industry will almost certainly face, fairly soon after 
its birth, considerable difficulties in meeting the 
demand for its products, even if a steady increase in 
output is maintained. It is unlikely to lead to a 
system of allocation very different from that 
formerly operated by the Ministry of Supply, 
though it became clear that this system had its 
failings and offered scope for considerable improve- 
ment. 

The Minister of Supply has announced that 
measures now under consideration include restric- 
tions on the export of semi-manufactures, the 
prohibition of the end uses of those metals in short 
supply for inessential articles, and the institution of 
allocation systems. No action has yet been taken, 
however, with the two exceptions mentioned above. 
Adequate controls must be instituted in good time 
to prevent panic buying from low-priority con- 
sumers, which would accentuate and prolong the 
shortages. The only rationing in force during the 
past few months has been imposed by the larger 
metal suppliers. These have had to make alloca- 
tions, guided only by their own sense of fair play 
and not by any directive attributable to the 
“* national interest.” 

The financial problem facing the Government is 
secondary to that of the physical shortage, but is 
still serious. The rearmament programme will not 
be financed without some retrenchment of either 
Government or private expenditure, or both. The 
rise in the price of raw materials is causing added 
strain and forcing up the cost of living. A rise in 
the general level of prices is inevitable in 1951 ; 
whether it will be large or small will depend largely 
on the restraint exercised by wage earners. The 
Federation of British Industries and the National 
Union of Manufacturers have again accepted divi- 
uend limitation in principle, though they stress 
that the decision must be left to the discretion of 
individual directors. It will not be easy to prevent 
a general rise in wages, but in the engineering 
industry at least there should be less labour dis- 
affection in 1951 than in previous years. The claim 
for an all-round increase of 11. per week, put forward 
in the summer of 1949, was finally settled by the 
National Arbitration Tribunal in November, 1950, 
when agreement was reached on awards involving 
wage increases ranging from 8s. to lls. per week. 

Summing up, 1951 will be one of the most diffi- 
cult years that the engineering industry has had to 
face since the war. The need to maintain exports 
has been diminished in no way by the armaments 
programme. Rearmament will help to maintain 
purchasing power, and marketing difficulties at 
home and abroad should be lessened. This advan- 
tage, however, is outweighed by a revival of the 
supply problems from which British engineering had 
barely escaped. 





CHEMICAL RESEARCH LABORATORY AT PLYMOUTH.— 
A chemical research laboratory has been equipped at 
the Plymouth and Devonport Technical College by 
Messrs. Acheson Colloids, Limited, 18, Pall Mall, London, 
S.W.1, to show their appreciation of the part played by 
technical colleges in the supply of trained technolo- 
gists. The laboratory forms part of a wide scheme 
to extend facilities for training in physiology and pharma- 
ceutical chemistry, in accordance with recommendations 
made by the Royal Institute of Chemistry and the 
Pharmaceutical Society of Great Britain. 
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64-MVA 230-KV 


MESSRS. FERRANTI, 


LIMITED, HOLLINWOOD, LANCASHIRE. 


TRANSFORMER. 
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ALMANACS AND CALENDARS.—We have received a 
tear-off wall calendar, showing two months on each page, 
from Messrs. John Fowler and Company (Leeds), Limited, 
John Leathley-road, Leeds, 10. Each sheet contains a 
photographic reproduction of a Fowler Diesel locomotive. 
Monthly tear-off wall calendars have reached us from 
Mossrs. Charles Churchill and Company, Limited, 
Coventry-road, Birmingham, and associated companies ; 
the Dowsett Group of Companies, Tallington, Stamford, 
Lincolnshire ; Messrs. Philip Henderson and Company, 
1. Wine Office-court, London, E.C.4; Messrs. John I. 
Thornycroft and Company, Limited, Thornycroft House, 
Sinith-square, London, S.W.1, and associated com- 
panies ; Messrs. G. C. Turner and Company, 3, Wrestler’s- 
court, Camomile-street, London, E.C.3; and Messrs. 
Venner Time Switches, Limited, New Malden, Surrey. 
Wall calendars with tear-off sheets showing on each 
the current month in heavy type, and the preceding and 
following months in smaller type, have been received 
from the British Vacuum Cleaner and Engineering Com- 
Pany, Limited, Leatherhead; Messrs. B. Levy and 
Company (Patterns), Limited, 1-5, Osbert-street, Vincent- 














square, London, S.W.1; Messrs. Mountstuart Dry Docks, 
Limited, Cardiff ; and Messrs. Wellworthy Piston Rings, 
Limited, Radial Works, Lymington, Hampshire. A 
calendar of the last-mentioned type sent to us by Messrs. 
A. A. Jones and Shipman, Limited, Narborough-road 
South, Leicester, gives photographic reproductions 
of the firm’s grinding machines. The British Thomson- 
Houston Company, Limited, Rugby, have sent us a 
calendar of the same type, which, as in previous years, 
reproduces twelve natural-colour photographs taken by 
employees of the company. 

IRON-ORE SINTERING PLANTS, SCUNTHORPE.—Messrs. 
The United Steel Companies Limited, 17, Westbourne- 
road, Sheffield, 10, have announced that the first portions 
of a new ore-preparation plant have been placed in service 
at the Appleby-Frodingham branch of the firm, at Scun- 
thorpe, Lincolnshire. Two new sintering plants, each 
having a capacity of 1,000 tons of air-cooled sinter a 
day, are now working. After two existing sinter plants 
have been reconditioned, the total daily capacity of the 
installations will be nearly 4,000 tons. 
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FOR FINLAND. 


Tue illustrations on this page show a transformer 
which has recently been completed at the Hollinwood 
factory of Messrs. Ferranti, Limited, and has been 
shipped to Finland for installation at the Pyhakoski 
station of the Imatra Power Company in that country. 
This unit is the first of five which the firm have on 
order for this customer, and is also said to be the first 
230-kV three-phase transformer to be exported. 

Three windings are provided with ratings of 64, 
64 and 32 MVA, and these loads can be applied on 
all three windings simultaneously ; the voltage ratios 
between phases are 115-5/231/10-5 kV. Both the 
115-5-kV and 231-kV windings are star-connected, 
with the neutral end fully insulated. The 10-5-kV 
winding will be used to supply three 10-MVA reactors, 
which will compensate for the capacity load on the 
220-kV transmission lines. Tappings are provided on 
the 115-5-kV windings to which off-circuit manually- 
operated switches will be connected. Except for the 
pressure tests, the transformer has been designed to 
comply with British Standards. The pressure tests 
were, however, carried out in accordance with the 
Swedish rules, to comply with which the 231-kV wind- 
ings were designed and tested at 530 kV 50 cycles. 
This is the highest voltage that has been applied 
from a separate source at this frequency in this country 
to either a single-phase or three-phase unit. 

The transformers are cooled by forced oil circulation 
on the Ferranti directed-flow system, in which the oil 
entering at the bottom of the tank is led directly into 
the end clamps. It passes thence to a distribution 
chamber, which delivers it to the axial ducts of each 
winding in predetermined proportions. These ducts 
are provided with directing barriers, so that the oil 
flows alternately from the inner to the outer duct and 
then from the outer to the inner through the radial 
winding passages. This positive flow through the radial 
ducts reduces the difference in temperature between 
the windings and the oil. The rise in oil temperature 
between the inlet and outlet is uniformly low in all 
windings; the difference between the méan and 
maximum oil temperatures in the transformer tank 
does not exceed 3 deg. C. at full load. In consequence, 
the hot-spot temperature is only 3 or 4 deg. C. higher 
than that measured by the resistance of the windings. 

The transformer in its tank, complete with bushings, 
but not including the radiator banks, is 30 ft. high, 
35 ft. 3 in. long, and 11 ft. wide. The length is 
increased by the radiator banks and cooling gear to 
51 ft. 3 in. and the width to 28 ft. The weight, includ- 
ing oil, is 176 tons. As the lifting capacity at Abo in 
Finland, to which the transformer was shipped, is only 
90 tons, dismantling into lighter parts was necessary. 
The core and windings were therefore packed in a 
special transport tank which was hermetically sealed 
and the service tank with its cover was shipped 
separately. To avoid bridges, the transformer was 
taken by a special route from Hollinwood to the 
Manchester docks, and precautions had to be taken to 
clear both trolley and telegraph wires. From Abo to 
Pyhakoski, the journey was made by rail, on special 
trucks, the shape of the transformer tanks being modi- 
fied accordingly. The final tanking and assembly, 
with the necessary vacuum filling, will be carried out 
on site by Messrs. Ferranti’s engineers. The remaining 
units are now under construction at Hollinwood. 





G.B. Frm LIBRARY.—We have received from Messrs. 
G.B. Equipments, Limited, Mortimer House, 37-41, 
Mortimer-street, London, W.1, a comprehensive cata- 
logue of 16-mm. films available for hire. A number of 
films on technical or industrial subjects are available, 
among which may be mentioned “‘ Iron and Steel Supply 
of the World,” ‘“‘ Power in the Highlands,” “‘ The Story 
of the Port of London Authority,” ‘ Power on the 
Land,” ‘“ Propeller Making, for Ocean Liners,” etc. 
Certain industrial films, mainly sponsored by manufac- 
turing firms, are available at a price of 2s. 6d. per reel, 
or free if supplied in addition to an entertainment film. 





AUTOMATIC STOKING PLANT.—At the request of the 
Ministry of Fuel and Power, a National Committee of 
Stoker and Furnace Makers has been set up by the 
Combustion Engineering Association, 24, Tottenham 
Court-road, London, W.1, to encourage the development 
of automatic-stoking plant and to prepare a manual 
for potential purchasers which will give information 
about the various kinds of plant and the range of coals 
which can be used efficiently with them. Representa- 
tives of the National Coal Board, manufacturers and 
users of the plant, and coal distributors, are serving on 
the Committee. The National Coal Board are taking 
steps to encourage the installation of such plant and to 
supply the appropriate coal, 
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WHEEL AND AXLE REPAIR SHOPS, 
LONDON TRANSPORT EXECUTIVE. 


A RAILWAY system which operates some 3,800 
vehicles with an annual mileage of well over 100 
million, naturally requires adequate provision for the 
overhaul of its rolling stock. It is also essential that 
the various operations connected with this work 
should be carried out expeditiously and efficiently. It 
is therefore interesting to learn that the London Trans- 
port Executive have undertaken the modernisation of 
their rolling-stock overhaul works at Acton ; and that 
part of a programme of replacing machine tools and 
revising the layout has now been completed. It may be 
recalled that these works were opened by the London 
Underground Railways in 1922* on a site of some 
30 acres, and were extended in 1925, and again in 1928.T 
At the time of the last of these extensions, a total of 
905 motor cars, 346 control-trailer cars, and 839 
ordinary trailer cars were being operated, the car 
mileage covered then being about 95 million. This 
total of 2,090 vehicles has now risen to 3,800. As the 
average service mileage between overhauls is 60,000 
for motor cars and 75,000 for trailer cars, about 630 
motor cars and 770 trailer cars require overhaul 
annually. The shops are organised on the progressive 
system and a considerable amount of the repair work 
is carried out while the parts are moving. In spite 
of the increased traffic, it was impossible to carry out 
any major expansion or revision of the plant layout 
during the war, owing to the work being carried out 
for the Government. It was, in fact, only in 1946 
that further improvements could be considered. These 
included the replacement and re-arrangement of the 
machine tools, part of which is now nearing completion 
and is described below. 

The new tools have been installed to deal with the 
whee] sets which, owing to the severity of the Under- 
ground service, have, in some cases, to be brought in 
for reconditioning after running as little as 29,000 
miles. The most important feature of the improved 
layout is that these wheels are handled on flow-line 
principles, with one line for tyre turning, a second for 
re-tyring, and a third for axle rier and re-assembly. 
About 85 per cent. of the wheel sets received require 
correction of the tyre profile, as the result of wear. In 
the case of 25 per cent. of these, the tyres, due to 
wear and previous re-profiling, have been reduced 
in thickness to such an extent that they have to be 
scrapped and replaced. The axles and suspension 
journals of the remainder require re-grinding, the 
replacement of wheel and gear-boss wearing plates, 
gears or wheel centres, or the overhaul of roller-bearing 
suspensions. 

On arrival in the wheel area all the wheel and axle 
assemblies are inspected and the axles are tested with 
a supersonic detector, so that any transverse flaws 
can be found. This type of flaw occurs only infre- 
quently, but when it does the flaw is always found 
under the wheel seat, where it could not be detected in 
any other way without removing the wheels and gears 
from the axle. Ifa flaw is discovered as a result of the 
supersonic examination, the axle is stripped and con- 
firmation of its condition is obtained with a magnetic 
tester. If, on the other hand, the wheel and axle 
assembly passes the supersonic examination, it is 
inspected to see what operations are necessary to 
render it suitable for a further period of service. 

If it is found that re-profiling is necessary, the set is 
carried on a transporter to one of six tyre-turning 
lathes, which are situated on each side of the track. 
Wheel sets, the tyres of which have been worn to 
scrapping thickness, proceed on a flow line across the 
middle of the shop. They first pass to one of two 
machines on which the tyre fixings are removed. One 
of these machines is designed to drill out the rivets 
which hold the tyres to the wheel centres on the older 
rolling stock. The other is a wheel lathe, which cuts 
away the retaining lip of the tyre ; the retaining ring, 
which is used on the tyres of all the later rolling stock, 
can then be removed intact. 

The wheel sets are next moved to a position where 
the tyres are cut through by an oxy-acetylene flame, 
and placed on a machine so that they can be removed. 
This machine has two saddles, which are fitted with 
arms that grip the sides of the tyres. These saddles 
are then moved apart by hydraulic rams, which force 
the tyres off the centres and carry them clear of the 
axles. The tyres are next lifted by pneumatic hoists 
and placed in stillages prior to transport to the scrap 
dump. New tyres are turned on a vertical boring 
mill to suit the type and size of the wheel centre and 
are subsequently lowered into an electric induction 
heater, one of which is shown in Fig. 1. These 
furnaces are fitted with a counterweighted yoke, 
visible on the left of the illustration, which is swung 
round to complete the magnetic circuit before the 

* See ENGINEERING, vol. 117, page 195 et seg. (1922). 

t Ibid., vol. 125, page 645 (1928), 
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current is switched on. It is claimed that the 


advantages of using induction furnaces instead of 


gas heating are that the temperature can be more 
accurately controlled and that the tyre is thus more 
evenly heated throughout its section. This is specially 


important when the tyre is made of heat-treated alloy 


steel. ‘The cost of the operation is also less with electric 
than with gas heating and also cleaner. 

The next operation is to place the heated tyre on 
a stand and lower the wheel centre into it. The 
retaining ring is then fitted and locked in position by 
rolling the lip of the tyre down under hydraulic pres- 
sure. Wheel sets with tyres of the older riveted type 
are, however, placed on a specially designed machine, 
which drills the rivet holes in the tyre. They are then 
passed to a second machine, where the rivets are 
inserted and hammered down. The re-tyred wheel set 
joins the flow line to the lathes, so that the tyre profiles 
can be finish-turned before it is put back into service. 

Wheels and gears have to be stripped from about 
15 per cent. of the sets. This operation, and the subse- 
quent re-assembly, is carried out on a flow line round 
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SHOPS AT 


WHEEL-TURNING LATHE. 


| the outside of the shop, where appropriate lathes and 
|grinders are installed. Stripping is effected by a 
|duplex hydraulic press with a capacity of 300 tons. 

and the components of the axle assembly are then 
oct to the various machines. One of the Craven 
| wheel lathes used for turning the axle and suspension 
| journals, and the wheel and gear sets is illustrated in 
| Fig. 2. Other equipment includes a rolling attach- 
;ment, which provides a pressure of 8,400 lb. on each 
| of three rolls so that the wheel and gear seats can b 
cold worked to prevent the formation of fatigue cracks 
There is also a Churchill grinder for finishing the axle 
jand suspension journals and two vertical boring 
machines for carrying out work on new gears and 
wheel centres. These parts are then transported to th: 
|axle presses, where the axles are re-assembled prior t: 
| joining the re-tyring flow line. 

Three oscillating tool grinders: have been installed 
in one corner of the area for maintaining the tools 
of the wheel lathes. It is only possible to turn about 
seven tyres between regrinds and this arrangement 
|has been found to be better than taking the tools 
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to the tool room for re-grinding. The whitemetal 
axle bearings are cast on mandrels in the orthodox 
way in another section of the area, while in a third the 
roller-bearing boxes, with which all the later rolling 
stock has been fitted, are reconditioned. The white. 
metal axle bearings are reamered on a machine on which 
the diameter of the cut can be adjusted by a micro- 
meter. 

The layout, which has just been described, has a 
planned output of 250 pairs of wheels a week. Two- 
thirds of this total are motored wheels, which require 
work other than simple re-profiling of the tyres. In 
fact, there are 21 other operations which have to be 
regularly carried out on the wheel sets received in the 
works. Many of these are unusual, and even unknown, 
on other railway systems, and are due to the intensity 
of the service and the severity of the curves and 
cross-overs. This severity may be indicated by stating 
that while, of the 17,500 pairs of wheels examined, only 
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2,030 were motored and required whitemetal suspen- 
sion bearings, nevertheless over 6,250 pairs of such 
bearings are produced each year. In other words, 
their average life is only eight months. 





ELECTRICITY SUPPLY IN BRISBANE.—The 11th edition 
of Brisbane Statistics, which we have received recently 
from the Town Clerk, City Hall, Brisbane, Queensland, 
contains, inter alia, a statistical survey of the city’s 
electricity supply undertaking, showing steady reductions 
in the prices per unit for lighting current, both domestic 
and industrial, from 1926 to the end of 1949. Charges 
for power current were reduced several times between 
1926 and 1932, but increased slightly in 1933-34 ; since 
then, domestic power current has been included with the 
lighting current at 44d. a unit, and industrial supplies 
have been further reduced to 14d. a unit for the first 250 
units per month. 





DEVELOPMENTS AT CONSETT 
IRON WORKS, 


By courtesy of the Consett Iron Company, Limited, 
and the British Iron and Steel Federation, we were 
enabled recently to inspect the progress made with the 
extensive scheme for the reconstruction of their steel- 
works at Consett, Co. Durham ; a scheme which, when 
completed, will have doubled the capacity of the 
plant without interrupting production. The Consett 
Works, during the first half of 1950, were producing at 
an annual rate of 450,000 tons of pig iron,.575,000 tons 
of steel ingots, 265,000 tons of plates, and 175,000 tons 
of billets, sections and strip. When the present 
reconstruction is completed, however, the output will 
improve considerably on these figures.and should be 
effective in closing two important gaps in the national 
production of steel, namely, the provision of slabs, 
10 in. to 12 in. wide and 4 in. to 6 in. thick, for the 
producers of medium strip, and of billets for re-rollers 
and drop-forgers. The programme—believed to be 
one of the largest and most comprehensive in the 
world—involves the construction of new coke ovens, 
new blast furnaces, the rebuilding of the steel-melting 
furnaces to twice their previous capacity, the centralis- 
ing of the steam and electric power plant, and the instal- 
lation of a new combined slabbing and blooming mill 
(to replace two existing mills) and a continuous billet 
mill. It is expected to be completed in 1952. 

Before putting down these new mills, however, it was 
necessary to provide plant which would produce 
material to feed them, and it is this plant which is 
shown in the illustrations. Fig. 1, on this page, is a 
general view of the blast furnaces, with the power station 
on the left. Fig. 2 is a diagrammatic plan of the com- 
plete works as it is laid out at present. The references 
are: a, blast furnaces ; b, coke ovens; c, the melting 
shop ; d, the scrap yard ; e, plate mills ; f, section mills ; 
g, power station ; h, technical offices ; j, general offices ; 
k, garage; 1, cooling ponds; m, wagon shops; and 
n, the brickworks, with engine shops adjacent. The 
main engineering shops of the plant are to the west 
of the buildings shown in Fig. 2. The area of the works 
is about 600 acres. 

Other illustrations appear on page 16; of these, 
Fig. 3 shows the new battery of 54 Becker coke ovens, 
which was brought into use two years ago to supple- 
ment the existing battery of 60 Wilputte regenerative 
ovens, and which has raised the coke production from 
8,400 tons to 16,500 tons weekly. Fig. 4 shows one 
of the melting furnaces ; seven of the nine open-hearth 
furnaces have been rebuilt to increase their capacity 
from 75 to 150 tons. All the 150-ton and the 75-ton 
basic steel furnaces are now fired with coke-oven gas 
and pitch creosote in place of the former producer gas, 
and their aggregate production is now 12,000 tons a 
week instead of the former 7,500 tons a week. The 
other 75-ton furnaces, producing acid steel, are fired 
with liquid fuel. A 1,000-ton mixer, illustrated in Fig. 5, 
was brought into service in June, 1950, to maintain a 
more uniform flow of hot metal from the blast furnaces 
to the melting shop. Fig. 6 shows the power house, 
in which two Parsons turbo-alternator sets of 15,000 kW 
each, taking steam at 400 lb. per square inch from 
Clarke Chapman boilers, provide all the power required 
forthe works. A third turbo-alternator will be installed 
in the near future. The turbines are of the pass-out 
type and each delivers 80,000 lb. per hour of process 
steam to the works at 160 lb. to 180 lb. per square inch. 
The power house also contains three Parsons turbo- 
blowers. The boilers can be fired on blast-furnace gas, 
coke-oven gas or pulverised coal, as current economic 
circumstances may render advisable. The electric 
current is distributed at 11,000 volts and is transformed 
down to 5,500 volts, 3,300 volts and 500 volts alternat- 
ing current for different uses. There is also a 1,500-kW 
rotary converter giving direct current at 500 volts. 

Of the three blast furnaces, Nos. 1 and 3 are in blast 
at present, No. 2 being in course of reconstruction 
after producing 1,300,000 tons of hematite iron. All 
three are 93 ft. high, and Nos. 1 and 3 have hearths 
20 ft. in diameter. No. 2 furnace had a 19-ft. hearth, 
but is being rebuilt to the same diameter as the others. 
Each of the two furnaces in blast has a daily output 
of 700 tons of pig iron, 350 tons of slag, and 80 million 
cubic feet of blast-furnace gas, with an average coke 
consumption of less than 15 ewt. of coke per ton of 
iron. The blast-furnace gas is cleaned in a Lodge- 
Cottrell electrostatic plant before passing to the coke 
ovens, mill furnaces and power-station boilers. The 
furnaces operate entirely on imported ores, the local 
deposits which led to the establishment of the original 
works on this site (by the Derwent Iron Company, in 
1840) having been long worked out. Part of the 
present development scheme includes the provision at 
Tyne Dock, 14 miles away, of new ore-discharging 
berths to accommodate 25,000-ton ships, with ore 
bunkers each large enough to contain a full cargo. 
Specially-built trains will transport the ore to the 
furnaces, where automatic plant will discharge each 
train load into a separate bunker in about ten minutes. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


THE STEEL INDUSTRY.—A record Scottish steel output 
is virtually assured, following an announcement by 
Messrs. Colvilles Ltd., last week, that the company’s esti- 
mated output for the year is 1,890,202 tons of ingots 
and castings. The group contributes about 80 per cent. 
of the country’s production. These figures constitute a 
new all-time record for the firm, surpassing the previous 
highest of 1,855,080 tons produced in 1949, when a 
record output, for Scotland, of 2,381,800 tons was also 
set up. The company’s pig-iron output is estimated to 
have reached 489,800 tons, as against 511,142 tons in 
1949. The steel figures appear to have been attained 
just in time, because there are now signs of enforced 
restriction in operations owing to scrap shortages. The 
various works closed down on December 30 for the 
New Year, and are expected to resume on January 8. 
There seems little likelihood of any marked improvement 
in the quantity of scrap available by then, and this will 
almost certainly cause further curtailment of activity at 
melting shops. Scrap collection has been difficult during 
the cold weather, and, with German imports dwindling, 
stocks have been heavily drawn upon. The re-rollers 
finished the year on a strong note, although, here also, 
raw material shortages are taking a toll. A works at 
Coatbridge has been compelled to change from double- 
to single-shift working on account of a scarcity of billets. 
If the downward trend in scrap supplies is not arrested, 
home consumers, who are heavily booked, may have to 
restrict their activities also. 


THE CoaL INDuUSTRY.—Divisional coal production 
reached an estimated 23,275,000 tons in 1950, compared 
with an actual output of 23,835,000 tons in 1949, This 
is the first set-back to the rising trend in production 
since nationalisation. Man-power declined less than in 
the rest of the United Kingdom, namely, from 82,600 
to 81,500, and output per man-shift declined to 22-3 
ewt. (47 weeks) against 22-4 cwt. in 1949. Unofficial 
strikes cost 500,000 tons, in contrast with 275,000 tons 
in the preceding 12 months. The disappointing decrease 
in output placed a heavy burden on consumers, who had 
to contend with increased consumption arising from 
intense industrial activity, the wet summer, and an 
early winter. The spurt in colliery production which 
followed the extensive Saturday working, enabled distri- 
butors to make useful supplements to supplies before the 
holidays. Calls from coke ovens were less heavy than 
might have been expected, but railways required extra 
supplies on account of the delayed arrival of a ship 
bringing 3,800 tons of screened coal from America for 
them. Electricity stations have been consuming large 
tonnages to cope with demands, and stocks are being 
depleted. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


IRON AND STEEL INDUSTRY.—Outputs of iron and 
steel remain at high levels but customers’ requirements 
continue greater than producers can satisfy, and the 
high prospective demand promises to necessitate the 
maintenance of the present heavy total tonnage produc- 
tion. The consumption of raw materials is large and 
expanding, and, while, as yet, it has been possible to 
maintain delivery at a rate that almost copes with the 
actual needs of users, the outlook for the near future 
occasions uneasiness. There is hope, however, that 
imports of foreign iron ore will be at least maintained. 
The position in regard to iron and steel scrap is a source 
of growing anxiety; the demand is greater than the 
supply. Merchants are still able to provide very sub- 
stantial parcels for the market, chiefly from home 
sources, but customers’ needs are enormous and pressing. 
Indeed, all descriptions of scrap are wanted in much 
larger quantities than are obtainable for the requirements 
of the steelworks and foundries. 


THE FOUNDRY AND Bassic-IRoN InpuUstRY.—Reguilar 
buyers of ordinary foundiy iron experience difficulty in 
seouring quantities sufficient for their minimum needs, 
and have to resort to the use of substitutes for grades 
they have been accustomed to receive. The bulk of the 
tonnage moving into consumption at plants on the 
North-East Coast has still to be conveyed by rail from 
distant producing districts. 


SUPPLIES OF HEMATITE, LOW-PHOSPHORUS AND 
REFINED IRoN.—East-Coast hematite is in improving 
supply but the better distributable tonnage does not 
keep pace with the growing requirements of customers. 
Available lots of low- and medium-phosphorus grades 
of iron command ready sale at full market values. Manu- 
facturers of refined iron have good order books and 





continue to deal satisfactorily with the substantial 
delivery needs of the usual buyers. 


TRADE IN MANUFACTURED IRON AND STEEL.— Bookings 
for semi-finished and finished iron commodities will keep 
makers well employed for some months, and inquiries 
promise to lead to substantial new contracts. Semi- 
finished steel producers are dealing extensively with 
the large and increasing needs of consumers; little 
foreign material is obtainable and only at inflated prices. 
Re-rollers have much work in hand and are pressing 
for bigger deliveries of billets, sheet bars and slabs. 
All classes of finished steel continue in strong request ; 
makers of black and galvanised sheets have embarras- 
singly heavy bookings and report that customers are 
anxious to arrange new business for any delivery that 
can be planned. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


THE LATE Masor 8S. Guy NEwron, O.B.E.—The 
death of Major Stephen Guy Newton, which occurred 
at his home, White Lodge, Lound, near Retford, on 
December 22, 1950, removes a prominent figure from 
South Yorkshire steelmaking circles. Major Newton, 
who was born on March 18, 1889, was joint managing 
director of Messrs. Brown, Bayley’s Steel Works, Limited, 
Sheffield, 9. He joined the firm as representative in 
the Yorkshire area, on January 1, 1919, after service 
with the King’s Own Yorkshire Light Infantry in the 
war of 1914-1918, during which he was made an O.B.E. 
On June 1, 1931, Major Newton was appointed com- 
mercial manager and on October 26, 1932, he was 
elected a director. Promotion to joint managing director 
came on May 1, 1948. Major Newton was also chairman 
of the Hoffman Manufacturing Company, Limited, 
Chelmsford, and of the Taylor Rustless Fittings Com- 
pany, Limited, Leeds. In addition, he served on 
the Council of the British Iron and Steel Federation 
and was a member of the executive and several other 
committees of the Federation. He was appointed 
chairman of the Alloy Steels Association on July 26. 
1944, served on the executive committee of the Stainless 
Steel Manufacturers’ Association, and the National Billet 
Association, and was a member of the British Steel 
Producers’ Conference and other conferences and trade 
associations. 


SHEFFIELD TWIST DRILL AND STEEL COMPANY EXTEN- 
SIONS.—A three-storey extension to the works of the 
Sheffield Twist Drill and Steel Company, Limited, manu- 
factures of Dormer high-speed twist drills and engineers’ 
small tools, Summerfield-street, Sheffield, 1, was opened 
recently by Mrs. Laure Dormer, widow of the late Mr. 
H. A. Dormer, the first chairman of the company. 
Begun in April, 1949, the new extension, which has cost 
30,0001., has been designed to utilise the maximum 
amount of natural lighting and brings the total productive 
floor area of the works to more than 4 acres. The firm 
was founded in 1913 and has more than 11,000 employces 
on its books. 


SHEFFIELD IRON AND STEEL INDUSTRY.—Local brands 
of pig-iron are in fair supply and sufficient hematite iron 
is procurable, but there is a pronounced shortage of iron 
and steel scrap. Steelworks are operating fully again 
after the Christmas break, during which extensive 
overhaul and repair of plant and machinery were carried 
out by maintenance staffs. Order books are very well 
filled and production is at a high level, having regard 
to power cuts and occasional restrictions on the use of 
gas for heat-treatment furnaces, etc. Restrictions on 
the export of types of steel in short supply have neces- 
sitated some recasting of production programmes, par- 
ticularly in alloy steels, the scarcity of imported alloys 
being a paramount factor. 


THE SOUTH YORKSHIRE COAL TRADE.—There was a 
disappointing return to work at South Yorkshire pits 
when they reopened after the holidays, but, later on, 
attendances improved. A hundred Yorkshire pits 
worked an extra shift on Saturday, December 30, with 
an average attendance of 65 per cent., and an estimated 
output of 80,000 tons. Two of the pits—Grange and 
Gomersal—also work an extra half-hour each day of the 
week. One hopeful sign is that the exodus from the 
pits in Yorkshire has been arrested ; there are now about 
600 more men on colliery books in Yorkshire than there 
were eight weeks ago. 


THE MIDLANDS. 


THE ENGINEERING INDUSTRY.—The new year opened 
with very little change to report in the Midland engineer- 
ing industry. Activity remains at a high level, and the 
shortage of materials persists. The latest shortage— 
that of non-ferrous metals—has already caused some 
dismissals and there are bound to be others in Birming- 
ham, with its many factories engaged in the brass and 
copper trades. In the Midlands, too, are many producers 





of die-castings, particularly for the motor trade, and 
the shortage of zinc will be felt by these concerns. Any 
unemployment which may be caused by the prohibition 
of the. use of non-ferrous metals for non-essential pur- 
poses should be more than offset, however, by the pre- 
vailing general shortage of labour. In the heavy engi- 
neering and foundry trades this shortage is particularly 
marked ; Tipton, for example, has many vacancies in 
foundries and engineering works, and virtually no 
unemployment, and this state of affairs obtains in many 
parts of the Midlands. There seems every prospect that 
this industrial activity will continue. Much modernisa- 
tion of existing plant has been carried out, and new 
factories have been built in the last few years, but more 
are in prospect. Among the plans mentioned is one for 
producing high-precision tubes for ball-bearing and 
roller-bearing manufacturers. 


BIRMINGHAM PRODUCTIVITY EXHIBITION.—A Produc- 
tivity Exhibition was opened at the Birmingham Central 
Technical College (re-named from January 1, The 
College of Technology) by the Chancellor of the Exchequer 
on December 29, 1950, and remains open until to-morrow, 
January 6. Organised by the Birmingham and District 
Advisory Committee of the Midland Regional Board for 
Industry, the Exhibition shows how some Midland firms 
have increased production in a variety of ways. The 
application of time and motion study to assembly 
problems are demonstrated, and, in some cases, are 
contrasted with the old method—the two being operated 
side by side and simultaneously. There are some good 
instances of the application of motion study; the 
grouping of component hoppers and tool rests to obviate 
unnecessary movement by the operator is well demon- 
strated. Work-holding devices, and tools of many kinds 
are also on show at the exhibition. The importance of 
good lighting is shown by a series of examples of both 
good and bad practice, and the important factor of 
industrial safety is dealt with by an exhibit of the 
Factory Department of the Ministry of Labour ard 
National Service. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


THE WELSH CoaL INDUSTRY.—Programmes arranged 
by operators on the Welsh steam-coal market have been 
badly disorganised, during the past week, by absenteeism 
after the Christmas holiday. Plans had been drawn 
up on the basis of past performances, but, this year. 
more miners than ever failed to report for duty on the 
day following the holiday. It was estimated that 
absenteeism this year was half as much again as it was 
in 1949, and was one of the worst figures recorded. 
Throughout the whole of the South-Western Division 
absenteeism accounted for about 30 per cent. of the 
miners, compared with 20 per cent. last year. The 
worst area in South Wales was the Rhymney Valley 
with 37 per cent. and the best, the Swansea anthracite 
area, with 22 per cent. There was a heavy slump too 
in the number of men who turned up to work the volun- 
tary Saturday shift on the day preceding Christmas Eve. 
As a result, only 26 pits could operate, producing just 
over 3,000 tons, compared with 150 pits on the previous 
Saturday. The loss of coal after the holidays has meant 
that the position has been made even more difficult on 
the market. Operators are unable to accept any further 
business for early delivery. On export account a fairly 
steady rate of delivery has been maintained to France, 
and deliveries to this market are fairly up to date. In 
the case of all the other principal foreign clients, however. 
there were very substantial arrears of deliveries under 
last year’s contracts to be made good and it is estimated 
that operators will be engaged in clearing these during 
the first month or so of 1951. Consequently, any 
prospects of overseas business becoming any easier to 
arrange still seems remote. On home account there is a 
sustained inquiry for all grades, and, in addition to the 
large quantities earmarked for the high priority users. 
industrial and domestic consumers are calling for big 
supplies. 


WELsH IRON AND STEEL.—The iron and steel industry 
and allied trades in South Wales remained fully em- 
ployed throughout the past week. Order books gener- 
ally are very well filled ahead and the demand is coming 
forward on steady lines. There is a good market for 
tin-plates, on both home and foreign account, and 
maker are unable to cope with all requirements for 
steel sheets. 


TRANSPORT USERS CONSULTATIVE COMMITTEE FOR 
WALEs.—The Ministe of Transport has approved the 
appointment of Mr. A. E. H. Brown, who has becu 
nominated by the British Transport Commission, to be « 
member of the Transport Users Consultative Committe: 
for Wales, as from January 1, in place of Mr. E. \- 
Swallow, J.P., who has resigned, on retirement from the 
service of the Docks and Inland Waterways Executive. 
Mr. A. E. H. Brown is the Chief Docks Manager, South 
Wales Docks, Docks and Inland Waterways Executiv: 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, January 8, 6 p.m., Technical College, 
Bath. Lecture on ‘“ Oliver Heaviside,” by Professor 
G. H. Rawcliffe. North-Eastern Centre: Monday, 
January 8, 6.15 p.m., Neville Hall, Newcastle-upon- 
Tyne. ‘“ Cost and Efficiency of Earthing on Low- and 
Medium-Voltage Overhead-Line Systems,” by Mr. L. 
Gosland. Mersey and North Wales Centre: Monday, 
January 8, 6.30 p.m., Royal Institution, Colquitt-street 
Liverpool. ‘The Determination of Time and Fre- 
quency,” by Mr. Humphrey M. Smith. North-Western 
Centre: Tuesday, January 9, 6.15 p.m., Engineers’ Club, 
Manchester, ‘‘ Development and Design of High-Voltage 
Impulse Generators,” by Mr. F. S. Edwards, Mr. F. R. 
Perry and Mr. A. S. Husbands. Also at the Institution: 
Thursday, January 11, 5.30 p.m., Victoria-embankment, 
W.C.2. East Midland Centre: Tuesday, January 9, 
6.30 p.m., Electricity Showrooms, Derby. ‘‘ Personnel, 
Their Selection, Training, Appraisement and Promo- 
tion,” by Colonel C. E. Calveley. North Midland 
Centre: Tuesday, January 9, 6.30 p.m., 1, Whitehail- 
road, Leeds. ‘‘ Continental Development of Single- 
Anode Mercury-Are Rectifier Valves of High Power,” 
by Dr.-Ing. H. von Bertele. Also at Scottish Centre: 
Wednesday, January 10, 7 p.m., Heriot-Watt College, 
Edinburgh. Radio Section: Wednesday, January 10, 
5.30 p.m., Victoria-eembankment, W.C.2. ‘‘ Use of 
Saturable Reactors as Discharge Devices for Pulse 
Generators,”” by Mr. W. S. Melville. 


ROYAL SOcIETY OF ARTS.—Monday, January 8, 6 p.m., 
John Adam-street, Adelphi, W.C.2. Cantor Lecture I. 
“* The Plastics Industry,’”’ by Dr. John C. Swallow. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, January 8, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. Chairman’s Address on “ Fac- 
tors in Efficiency,” by Mr. A. Eaton. Institution: 
Friday, January 12, 6.30 p.m., 39, Victoria-street, 
S.W.1. ‘‘ Soil Testing and Its Application to Founda- 
tion Problems,” by Mr. S. J. Button. 

INSTITUTION OF PRODUCTION ENGINEERS.— Yorkshire 
Section: Monday, January 8, 7 p.m., Hotel Metropole, 
King-street, Leeds. ‘‘ Metallurgy and Its Importance 
to the Production Engineer,” by Dr. A. R. E. Singer. 
Coventry Section: Tuesday, January 9, 7.15 p.m., 
Geisha Café, Hertford-street, Coventry. ‘‘ Welding in 
the Construction of Large Structural Components,” by 
Mr. W. N. Aspinall. Preston Section: Wednesday, 
January 10, 7.15 p.m., Harris Institute, Corporation- 
street, Preston. Discussion on ‘“‘ Manufacture of Steel.” 
Liverpool Section: Wednesday, January 10, 7.15 p.m., 
Radiant House, Bold-street, Liverpool. ‘‘ Application of 
Mechanised Systems to Production,’ by Mr. R. Bailey. 
Southern Section: Thursday, January 11, 7 p.m., 
Polygon Hotel, Southampton. ‘‘ Foremanship,” by Mr. 
A. P. Young. 

INSTITUTION OF CIVIL ENGINEERS.—Road Engineering 
Division: Tuesday, January 9, 5.30 p.m., Great George- 
street, S.W.1. ‘‘ Economics of the Maintenance of 
Highway Bridges: Steel Bridges,” by Mr. D. J. Davies ; 
and ‘‘ Concrete and Masonry Bridges,” by Mr. R. E. 
O'Malley. Midlands Association: Thursday, January 
11, 6 p.m., James Watt Memorial Institute, Birmingham. 
“* Reconstruction of Railway Bridges in the Midlands, 
with Reference to Hill Street Bridge,” by Mr. F. Turton. 


INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
January 9, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ The Sampling of Dust-Laden 
Gases,” by Mr. C. J. Stairmand. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, January 
9, 5.30 p.m., 85, Minories, E.C.3. ‘Stress Analysis 
Using Brittle Lacquer Process,” by Mr. K. C. Rockey. 

ILLUMINATING ENGINEERING SOCcIETY.—Tuesday, 
January 9,.6 p.m., 2, Savoy-hill, W.C.2. ‘“‘ Brightness 
Engineering,”’ by Mr. W. Robinson. 


INSTITUTION OF MECHANICAL ENGINEERS.—-South 
Wales Branch: Tuesday, January 9, 6 p.m., Mackworth 
Hotel, Swansea. Annual Meeting. ‘‘ Design and De- 
velopment of Twin Centaurus Power Plant for the 
* Brabazon,’’”’ by Mr. J. L. Norton. Yorkshire Branch: 
Thursday, January 11, 7 p.m., The University, Leeds. 
Chairman’s Address on ‘“‘ Memories of Men, Machines and 
Materials,” by Mr. E. C. White. Scottish Branch: 
Thursday, January 11, 7.30 p.m., Royal Technical 
College, Glasgow; and Friday, January 12, 7 p.m., 
North British Station Hotel, Edinburgh. Thomas 
Hawksley Lecture on “‘ Supercharging of Internal-Com- 
bustion Engines,” by Sir Harry R. Ricardo. Institution 
(Hydraulics Group): Friday, January 12, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. ‘‘ Water Ham- 
mer in a Pumping Main and Its Prevention,” by Mr. 
A. M. Binnie and Dr. D. G. Thackrah; and “ The 
Automatic Hydraulic Ram,” by Dr. J. Krol. Avro. 


MOBILE DIvIsion.—Luton Centre: Monday, January 8, 
7.15 p.m., Town Hall, Luton. Chairman’s Address on 
“Partnership,” by Mr. E. A. Evans. Institution: 
Tuesday, January 9, 5.30 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. ‘“‘ Experimental Investigation into Pre- 
Ignition in the Spark-Ignition Engine,” by Mr. D. 
Downs and Mr. J. H. Pignéguy. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, January 9, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow, C.2. ‘‘ The Mechanical Engi- 
neering Research Laboratory, East Kilbride, Scotland,” 
by the late Dr. G. A. Hankins. 


INSTITUTION OF WORKS MANAGERS.—West Midland 
Branch: Tuesday, January 9, 7 p.m., Grand Hotel, 
Birmingham. ‘Modern Developments in the Plastics 
and Rubber Industries,” by Mr. E. A. Murphy. 


NEWCOMEN Society.—Wednesday, January 10, 5.30 
P.m., Science Museum, South Kensington, S.W.7. 
** History of Electric Locomotives up to 1900,” by Mr. 
F. J. G. Haut. 

INSTITUTE OF PETROLEUM.—Wednesday, January 10, 
5.30 p.m., 26, Portland-place, W.1. Symposium on the 
Institution’s Safety Codes. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
January 10, 6.30 p.m., St. Bride Institute, Fleet-street, 
E.C.4. ‘* Compressed Air,” by Mr. R. L. Quertier. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Northern 
Counties Branch: Wednesday, January 10, 6.30 p.m., 
Cleveland Scientific and Technical Institution, Middles- 
brough. ‘‘ Reconstruction in Concrete of a” Steel Pipe 
Bridge,” by Mr. E. F. Bowen and Mr. T. P. Reeves. 
Institution: Thursday, January 11, 6 p.m., 11, Upper 
Belgrave-street, S.W.1. ‘“‘ Bearing Power of Footings 
on Dry and Inundated Sand,” by Dr. W. Eastwood. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North 
Western Centre: Wednesday, January 10, 7 p.m., 
Engineers’ Club, Manchester. ‘‘ International Motor 
Racing,” by Mr. Rodney Walkerley. South Wales 
Group: Friday, January 12, 7 p.m., South Wales Insti- 
tute of Engineers, Park-place, Cardiff. ‘‘ Welding in 
Vehicle Maintenance and Repair,” by Mr. G. Mackenzie 
Junner. 

INCORPORATED PLANT ENGINEERS.—East Midlands 
Branch: Wednesday, January 10, 7 p.m., Welbeck 
Hotel, Nottingham. ‘‘ Electronics in Industry,” by Mr. 
K. Marwood. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Lincolnshire 
Branch: Thursday, January 11, 7.15 p.m., Technical 
College, Lincoln. ‘‘ Loam Moulding,” by Mr. E. Clipson. 
Lancashire Branch: Saturday, January 13, 3 p.m., 
Engineers’ Club, Manchester. ‘‘ Foundry Management 
To-Day,” by Mr. J. Stott. 

NORTH-EAst Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 12, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘‘ Combustion Problems of 
Gas Turbines,” by Mr. I. Lubbock. 





FRENCH SCIENTIFIC AND TECHNICAL PUBLICATIONS 
EXHIBITION.—Some 400 recent French books, together 
with a small number of French periodicals, covering a 
variety of scientific and technological subjects, has been 
brought to Britain, under the auspices of the Cultural 
Relations Department of the French Foreign Office and 
the French Publishers’ Association, for exhibition to the 
public. The collection will be on view at the Science 
Library, Imperial Institute-road, London, S.W.7, from 
Saturday, January 13, to Tuesday, January 23; at the 
Radcliffe Science Library, Oxford, from Monday, 
January 29, to Tuesday, February 6; and at the Univer- 
sity building, Edgbaston, Birmingham, from Tuesday, 
February 13, to Tuesday, February 20. It will also be 
shown at the Mitchell Library, Glasgow, from Monday, 
March 12, to Tuesday, March 20, and at the Central 
Library, Sheffield, from April 30 to May 12. 





JUNIOR STUDY COURSE FOR INFORMATION OFFICERS.— 
For beginners in special-library and information work, 
Aslib are organising a study course, to be held from 
Monday, April 9, to Saturday, April 14, at Chaucer 
House, Malet-place, London, W.C.1. The mornings, 
from Tuesday to Saturday, will be devoted to visits 
to various special libraries. Five lectures will be given, 
one each afternoon from Monday to Friday: Miss R. M. 
Jacobs, B.A., B.S. in L.S., will speak on “ Getting a 
Library in Order”; records and routine in special libra- 
ries will be discussed by two speakers—Mr. C. E. C. 
Hewetson will consider the problem from the point of 
view of the institutional libraries, and Miss M. Gauntlett, 
B.Sc., will discuss the industrial aspect; Mr. C. W. 
Hanson, B.Sc., will give a lecture on “‘ Specia] Library 
Techniques: Finding and Giving the Answers,” and 
Mr. L. G. Patrick, F.L.A., will speak ‘‘On Becoming 
Familiar with the Resources of British Libraries.” Fees, 
for members of Aslib are 2 guineas for the whole course, 
14s, for a single day, including the registration fee of 2s. 
Non-members of Aslib pay an additional fee of 10s. 
Further particulars may be obtained from the Director, 





Aslib, 4, Palace-gate, London, W.8. 
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Str THomas G. SPENCER, M.I.E.E., managing director 
of Standard Telephones & Cables, Ltd., Connaught 
House, Aldwych, London, W.C.2, has been elected 
chairman of the board of directors in succession to the 
late SmR FRANK Guu, K.C.M.G., O.B.E., who died on 
October 25, 1950. 

Dr. CHARLES SYKES, F.R.S., assumed the position of 
deputy managing director of Thos. Firth & John Brown, 
Ltd., Sheffield, on January 1. Mr. ERIC MENSFORTH, 
C.B.E., who continues as a director of the company, 
assumed the position of managing director of Firth Brown 
Tools Ltd., on January 1. MR. T. H. BURLEIGH has 
been appointed sales director of this company. Sir 
ARTHUR MATTHEWS, who has relinquished the position 
of managing director of Firth Brown Tools Ltd., remains, 
however, on the board. 

Dr. 8S. F. Dorey, C.B.E., M.I.C.E., M.1I.Mech.E., 
F.R.S., who was elected a Fellow of the Royal Society 
in 1948, has now been made a member of Council of the 
Society. 


Mr. H. H, Swirt, B.E. (Adelaide), M.I.E.E., executive 
officer (electrical engineering, new works and develop- 
ment), Railway Executive Headquarters, has been 
appointed mechanical and electrical engineer, Southern 
Region, as from January 1. 

Mr. W. FILLINGHAM BROWN, B.Sc. Eng. (Lond.), 
M.I.C.E., has been elected President of the Institution 
of Sanitary Engineers, 118, Victoria-street, London, 
S8.W.1, for 1951. His induction will take place at 
6 p.m., on January 10, at Caxton Hall, London, 8.W.1. 


Mr. B. O, ASHFORD, B.Sc., D.I.C., F.R.1.C., F.Inst.Pet., 
has been made development engineer of the Eastleigh 
Works of Pirelli-General Cable Works Ltd. He joined 
the company as chief chemist in 1929, a position in 
which he will now be succeeded by Mr. A. N. COFFIN. 
Mrv R. NEWMAN, B.Sc., will assist Mr. Ashford in his 
new duties. 

Mr. J. O. TWINBERROW, B.Sc., A.M.I.C.E., has been 
appointed secretary of th® Boiler Availability Com- 
mittee as from January 1, and his successor as manager 
of the Publicity Department of Babcock & Wilcox Ltd. 
is Mr. G. M. C. PEACOCK. 

Mr. A. Law, who has been, for the past 11 years, 
maifager of the Commonwealth sales department of 
Babcock & Wilcox Ltd., has been appointed deputy 
sales manager. Mr. J. S. ROBERTSON, who, since 1941, 
has been manager of the New York office of the firm, has 
been appointed to succeed Mr. Law as manager of the 
Commonwealth sales department of the company. 

Mr. C. H. ANDERSON retired from the position of 
manager of the Northern Region office, Glasgow, of 
Ruston & Hornsby Ltd., Lincoln, on December 31, 1950, 
after having completed 51 years of unbroken service 
with the company. His successor is Mr. G. GRIEVE, 
while Mr. J. 8S. GRANT, who has been the firm’s resident 
representative in Aberdeen for many years, becomes 
assistant manager of the Northern Region office, operating 
from Glasgow. 

The Royal Aeronautical Society, 4, Hamilton-place, 
Piccadilly, London, W.1, have appointed Mr. C, H. 
Jackson, A.F.R.Ae.S., to serve on the Committee on 
Radio Equipment for Civil Aircraft, of the Institution 
of Electrical Engineers; Mr. C. G. A. WOODFORD, 
A.F.R.Ae.S8., to serve on the Committee on Regulations 
for Electrical Equipment of Aircraft, of the Institution 
of Electrical Engineers, and Mr. B. A. SHENSTONE, 
F.R.Ae.S., to serve on the City and Guilds of London 
Institute’s Advisory Committee on Aeronautical Engin- 
eering Practice. 


Mr. F. L. Levy has been elected chairman and manag- 
ing director of the New London Electron Works Ltd., 
one of the “‘ 600 ” Group of Companies. In this office 
he succeeds his father, the late Mr. LAWRENCE LEvy. 
Mr. W. CLARKE, general manager of the New London 
Electron Works since 1943, has been elected to the 
board. 

Mr. SIDNEY LIPERT, 10, Crossway, Bush Hill Park, 
Enfield, Middlesex, has completed arrangements with 
E. C. BURRELL & Sons, LtTp., Victoria Works, South- 
town, Great Yarmouth, whereby they will manufacture, 
under licence, Valjoh automatic self-feed dowel end- 
forming and boring machines for wood and plastics. 
F. J. Epwarps Lrp., 359-361, Euston-road, London, 
N.W.1, remain sole distributors to the trade at home and 
overseas. 

Following changes in designation in staff appointments 
at the BRITISH ALUMINIUM Co., LTD., Salisbury House, 
London Wall, E.C.2, which took effect on January 1, 
Mr. G. W. Lacey has assumed the title of director in 
charge of sales, and Mr. R. G. H. LinzkE that of director 
in charge of establishment. Mr. G. A. ANDERSON, 
formerly deputy genera] sales manager, has become 
general sales manager, and Mr. H. H. CUNDELL, formerly 
sales manager, is now home sales manager, following the 





formation of an export sales department. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLe Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 

places abroad, with the exception 

of Canada £410 0 
For Canada £4 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
= Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33% per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 











INDEX TO VOL. 169. 


Ba. Index to Vol. 169 of ENGINEERING 
“ snuary-June, 1950) is now ready and will 
> Sent to any reader, without and 
postage paid, on application being made to the 
qe eliaher. In order to reduce the consump- 
‘n of paper, copies of the Index are 
ted only in response to such 
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James NasmyTH, in his autobiography, has 
related how he prepared for himself a diagram in 
which he represented his life by a semi-circle with 
segments of different sizes, indicating his develop- 
ment from childhood to maturity, his increasing 
usefulness as a member of the community, and his 
eventual decline into old age. The unanimity with 
which the peoples of most nations greet the dawn 
of a new year naturally suggests the analogy with 
life that the procession of the seasons has inspired 
so often in the minds of poets and other exponents 
of the dramatic and the merely sentimental. No 
such analogy applies in the case of a century of 
years—as artificial a division of time as could well 
be contrived ; but it is tempting, nevertheless, to 
regard the middle of a century as being, in some 
way, a point at which to halt and take stock, to 
look back on the changes that there have been in 
the 50 years which have passed and forward to the 
50 years immediately ahead. There are those who 
decry the practice of reminiscence, and still more 
any indulgence in a sustained interest in things 
historical ; they are apt to quote with gusto Henry 
Ford’s dictum that ‘ History is bunk ’—conveni- 
ently forgetting (if they ever knew it) how hand- 
somely the same Henry Ford afterwards recanted, 
by devoting ten million dollars to the preservation 
of engineering and other historical relics (many of 
them of British origin). It is as impossible to develop 
and maintain a balanced judgment by looking only 
forward as it is to prepare reasonably for the future 
by emulating that mythical fowl which was alleged 
to fly backwards because “it didn’t care much 
where it was going, but it did like to know where it 
had been.” 

Man has learned in recent years to care very 





much where he is going ; almost too much, to judge 
by the efforts that are being made in so many 
directions to anticipate and guard against anything 
that might be termed hardship. To strive to temper 
the wind to the shorn lamb is, no doubt, a laudable 
endeavour, but there are alternative possibilities— 
not to shear the lamb too closely, and to try, in 
course of time, to evolve a hardier kind of lamb ; 
suggestions which, perhaps, some Government of 
the coming half-century may consider worthy of 
examination. Unfortunately, the indications are 
that the winds of the immediate future may be of a 
violence unprecedented in living experience ; which 
is an additional reason for reflecting on how much 
has been done in the first half of the Twentieth 
Century—especially, let it be said, by engineers 
and applied scientists—and how little excuse there 
is for supposing that man’s resourcefulness, inven- 
tiveness and adaptability have passed or even 
reached their zenith. 

When the present century dawned, the general 
scene was very little different from that of a quarter- 
century and even a half-century before. So far as 
the ordinary man was concerned, electricity was 
still in its infancy ; gas lighting and even paraffin 
lamps were much more common than electric light. 
The telephone was not yet a general domestic 
amenity, though it was fairly well established in 
commercial and industrial use in the cities and 
larger towns. (It may be remarked, in passing, 
that the present telephone number of ENGINEERING 
—3663—has been ours for nearly 70 years; at 
first, with no prefixed exchange name, then as 
Gerrard 3663 and now as TEMple Bar 3663). 
Refrigeration was something that was undertaken 
mainly on the large industrial scale; domestic 
refrigeration, where it existed, relied on an ice-box. 
Motor cars, though becoming rapidly more numer- 
ous, were still the rich man’s toys, and motor cycles 
caused the passer-by to turn and stare after them. 
The aeroplane was no more than a groping experi- 
ment in a strange medium ; not until another seven 
years had passed did Lanchester lay firmly down the 
essentials of the design of heavier-than-air machines. 
The only steam turbines afloat were those of 
Parsons’ little Turbinia ; paddle steamers were still 
numerous, though they had long vanished from the 
transoceanic routes, and unassisted sails still moved 
a substantial proportion of the world’s cargoes. 
The cinematograph had arrived, but only just so. 
Experiments were being made with wireless tele- 
graphy, mainly for naval purposes ; the first tube 
railway was nine years old; electric tramways 
were in wide and profitable use, but horse-drawn 
trams were still numerous; the taxi-cab was un- 
known in ordinary usage, though forecast many 
years before by Punch. In short, daily life even in 
a large city presented an almost bucolic simplicity 
by comparison with the commonplace surroundings 
of a present-day market town. 

It would be a simple matter to continue the tale 
of contrasts into the realm of practical economics— 
and to quote chapter and verse, for a treasured 
possession of one of the editors of this journal is 
an ancient catalogue of the Civil Service Stores ; 
but that would only produce despondency among 
our more elderly readers, while meaning little to 
those whose memories go no farther back than the 
1914-18 war, for the value of money has changed 
so much that it is difficult to make all the necessary 
allowances. Let it be admitted that there was an 
appreciable amount of real destitution, especially in 
times of industrial depression, and that it was not 
unknown for people to die of sheer starvation ; but 
let it be remembered also that a great deal was 
done by private charity, of which little record 
remains, and that, on the other side of the account, 
there were many miners and other low-paid workers, 
especially in the North, who yet contrived to send 
their children to colleges and even to universities. 
The picture was not entirely black, by any means. 

One of the most fundamental industrial changes, 
perhaps, that have marked the passage of the past 
50 years has been the decline of handicrafts in the 
face of developing mechanisation ; but against that 
must be set the rapid development of a succession 
of new industries, which, numerically, have more 
than compensated for the amount of individual 
employment that the vanished handicrafts repre- 
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sented. The motor-car and electrical industries 
are outstanding cases in point. Initialiy, it may be, 
they would have been correctly classified as luxury 
trades, but they have now a genuine claim to be 
regarded as productive; certainly, the modern 
economy of the nation could not be sustained 
without them, and they have brought many indirect 
benefits as well. It is reasonable to expect that 
this process of developing new kinds of occupation 
will continue, even in directions of which there 
is no present indication; no one would have 
imagined, 50 years ago, that the’ development of 
radio communication would ever provide jobs 
for a tenth of the personnel now engaged in that 
field. In this expectation for the future there is 
no room for doubt. What is much less certain is 
whether technical advances will not proceed at a 
much greater rate than human ability to profit by 
them without detriment to personal character. 

Here, indeed, is the crucial problem of the future ; 
not a new problem, by any means, but one to which 
no sure solution has been found yet. It was Lord 
Melbourne, we believe, who expressed to Queen 
Victoria his doubts about the wisdom of free and 
compulsory education on the ground that, if all the 
people were taught to read, some of them might 
be tempted to question Her Majesty’s (meaning 
Parliament’s) decisions on what was or was not 
good for the country as a whole. The risk was 
taken and, in general, it has worked out fairly well. 
A similar risk was taken when the suffrage was 
gradually extended; perhaps with results’ that 
have been rather less successful, for a vote without 
responsibility has dangerous potentialities. In the 
urge to produce all the technically and scientifically 
trained personnel that modern progress requires, it 
may be that more risks are being taken than appear 
on the surface ; for, the more powerful the tools 
that are placed in the hands of men, the more 
essential does it become that the minds which 
direct them should be capable of broad views and 
balanced judgment. It is a significant feature of 
the times that, in those countries which have 
embraced large-scale education most recently, it is 
the student class which is most prominent when 
serious trouble is brewing. 

An interesting commentary on the educational 
tendencies or weaknesses of the present day is 
contained in the report, to the Council of the 
Institution of Chemical Engineers, of the Board of 
Examiners on that institution’s 1950 associate- 
membership examinations. Out of an entry of 
118 candidates, 77 (65 per cent.) satisfied the 
examiners, as against only 53 per cent. in the 
previous year, when there was an entry of 115. 
‘From the technical point of view,” according to 
the report, “the general standard was higher than 
in previous years, though the quality of the drawings 
still leaves much room for improvement”; but 
“no outstanding good set of answers was sub- 
mitted,” so no award was made of the William 
Macnab Medal. ‘‘ Handwriting was often bad, 
mistakes in spelling and grammar were frequent, 
and, even in the ‘ considered ’ essays, the style and 
method of presentation were, in a number of cases, 
poor.” There is ample warrant for supposing that 
the quality of handwriting depends on much more 
than capacity of mind ; some of the greatest savants 
have been noted for abominable calligraphy. The 
other faults enumerated, however, are less easily 
condoned, for most of them are commonly associated 
with a basic carelessness which suggests that the 
perpetrators, or a considerable proportion of them, 
have missed their vocation. 

The year 1951, if the Government’s obvious 
intention is realised, will be recorded in the national 
history as the year of the “ Festival of Britain ” ; 
yet it would appear from the portents that the 
presentation in that Festival of the real strength, 
real accomplishments and still very real poten- 
tialities of Britain is being made secondary to the 
doubtful purpose of catching the eyes of the masses, 
without caring enough about their minds. Seen in 
distant retrospect, the intense educational fervour 
behind the Great Exhibition of 1851 may seem 
a little ridiculous; but we wish we could feel 
that the Festival of 1951 was going to do as much 
as did that heroic venture of a century ago to 
make the people of Britain think to some purpose. 





ELECTRICAL 
DEVELOPMENTS IN 
ONTARIO. 


Ir was stated by the British Electricity Authority 
in its recent report, that the installed capacity of 
generating plant in this country was increased by 
940,000 kW in the course of the year ended March 31, 
1950. The latest report of the Hydro-Electric Power 
Commission of Ontario contains the information 
that in the year ended October 31, 1949, installed 
capacity increased by 63,000 kW. The periods 
covered are not the same and figures of this kind 
may be considerably modified as the completion 
of some new power plant happens to fall before or 
after a specific date. In general terms, however, 
the figures may be taken as indications of rates 
of progress. An addition of 63,000 kW as compared 
with one of 940,000 kW may appear small, but as 
the population of Great Britain is twelve times, or 
more, greater than that of Ontario, the rates of 
progress are roughly of the same order. 

This comparison is made in order to call attention 
to the fact that the 63,000 kW of new plant in 
Ontario was made up entirely of emergency steam 
and Diesel units, no important addition having been 
made during the year to the hydro-electric stations 
which represent by far the greater part of the 
installed capacity of the Province. Further, of the 
63,000 kW of emergency plant, 43,000 kW was in 
operation within ten months. The British Electri- 
city Authority state that the shortage of generating 
plant at times of maximum demand was 1,518,000 
kW and although 63,000 kW would not go far to- 
wards supplying the deficiency, if, again, the matter 
is looked at from the point of view of population, 
and presumably of productive capacity, then the 
corresponding figure for emergency plant in this 
country should have been some 750,000 kW, which, 
although covering only about half the deficiency, 
would have been a useful contribution. 

This arithmetical exercise is not likely to have 
any effect on power cuts in Great Britain, but it does 
usefully illustrate the energy being displayed in 
dealing with the power situation in Ontario. In 
addition to the new plant mentioned, a further 
82,000 kW were made available from the Niagara 
Mohawk Corporation and 17,000 kW from private 
Diesel and steam installations. Even with these 
additions, however, power cuts were not avoided 
owing to unfavourable water conditions, affecting 
both the Commission’s own plants and those of 
their suppliers in Quebec. In the week ended 
December 25, 1949, supplies from two sources in 
Quebec were cut to the extent of 14,248,000 kWh. 
In the main Southern Ontario system, owing to 
the growth of the load, the output of generated and 
purchased power increased by 1-5 per cent. over 
the previous year, but, nevertheless, “‘on most 
working days throughout the year primary peak 
demands exceeded resources, and restrictions in a 
modified form were necessary to avoid excessive 
power cuts to heavy industries.” This sentence, 
quoted from the report, suggests that supply 
restrictions are more selectively imposed than is 
usual or, it may be, even possible in this country. 

Ontario is developing rapidly as a centre of manu- 
facturing industry, as is incidentally illustrated 
by the announcement which has just been made 
that a programme for the immigration of 75,000 
workmen from Britain and Europe has been put in 
hand. It is expected, and hoped, that about 
35,000 skilled workmen will be obtained from Great 
Britain. They are required for the automobile, 
radio and electrical manufacturing industries and 
for work on hydro-electric projects. It is particu- 
larly on these latter that the industrial prosperity 
of Ontario is built. Even the important farming 
industry is becoming more and more dependent on 
an electricity supply, and 35,206 new consumers in 
rural power districts were connected during the year ; 
the total is now 255,295. Water power is, and will 
remain, the primary source of electrical energy in 
Ontario, but it has the defect that in unfavourable 
seasons it may fail to furnish its rated output. 
This condition may be met to some extent by 
developing new sources and an extensive programme 
isinhand. As, however, hydro-electric works neces- 
sarily take a number of years to complete, five 





emergency steam stations have been constructed 
to supply the Southern Ontario system. They 
have a total installed capacity of 161,050 kW. In 
addition, two permanent steam stations are being 
built, one near Windsor, with a capacity of 240,000 
kW, and the other, of 400,000 kW, in Toronto. 

These are works of some magnitude but represent 
only a small part of the constructional work in 
hand. It is stated that at the end of the year 
there were 442 separate jobs under construction. 
The most impressive is the Des Joachims generating 
station on the Ottawa River. This will ultimately 
contain eight 358,000-kW sets; it was expected 
that they would all be in operation in the early part 
of the present year. The Chenaux station, on the 
same river, will have an ultimate capacity of 120,000 
kW and is also expected to be in full operation in 
1951. A third important station on the Ottawa 
River, with an ultimate capacity of eight 192,000-kW 
sets, is at La Cave. It will go into service in January, 
1952. In the Thunder Bay system, the Pine Portage 
generating station on the Nipigon River went into 
partial operation in 1950 ; it will ultimately contain 
four 120,000-kW units. A fifth new water-power 
station has been built on the Mississagi River to 
serve the Northern Ontario Properties ; it contains 
two 42,000-kW sets. 

This intensive power-station construction is 
necessarily linked with corresponding substation 
and transmission-line development. The 442 sepa- 
rate jobs in hand, previously mentioned, range 
from the Des Joachims station to “‘ small switching 
structures,” and although modest items of this 
latter kind, no doubt, make up a considerable 
part of the total, it contains many works of magni- 
tude. Thus, during the year, eleven 115-kV trans- 
former stations were either completed or in progress 
on the Southern Ontario system. These have an 
aggregate capacity of 294,800 kVA, the largest being 
of 60,000 kVA. The new transmission lines con- 
structed during the year amounted to 659 route 
miles. The total route mileage on October 31, 1949. 
was 9,437 representing 11,214 circuit miles. An 
interesting piece of information in connection with 
transmission lines is that inspection by means of 
helicopters has now been adopted. This method, in 
conjunction with one ground patrol per annum. 
costs 3 dols. per circuit mile, as compared with 4 dols. 
for the full ground-patrol system. 

As the networks of the Ontario Hydro-Electric 
Power Commission have gradually been built up, it 
has found itself with both 25-cycle and 60-cycle 
systems and what is described as “‘ one of the greatest 
and most important projects in Ontario’s hydro- 
history ” has now been put in hand. This is the 
conversion of the Southern Ontario system from 
25 to 60 cycles. The work is expected to take 
from ten to twelve years to complete and to cost 
the Commission 170 million dols.; a further cost 
of 20 million dols. will fall on the municipal autho- 
rities taking bulk supplies. The lower frequency 
is not only less suitable for general supply but the 
conversion will facilitate the exchange of power 
between the Commission’s different systems. It 
is estimated that 1,800,000 motors, 550,000 
washing machines, 300,000 refrigerators, and 
400,000 electric clocks will have to be converted. 
A contract has been made with the Canadian 
Comstock Company, Limited, for the initial inven- 
tory and for the conversion of consumers’ equipment 
in specific areas, under the supervision of the 
Commission’s engineers. The contractor has 1,341 
employees engaged on the work and the Commission 
has 535. The equipment of 2,679 consumers had 
been dealt with by the end of the year; about 0 
motors can be rewound or replaced daily. 

Regarding the future, the Commission believe 
that the present development programme will 
provide for the power needs of the Province until 
1953, or early in 1954. They consider, moreover. 
that the proposed projects on the Niagara and “t. 
Lawrence rivers will satisfy requirements for many 
years to come. The report expresses the Commis- 
sion’s indebtedness to the Rt. Hon. Louis S. 5t. 
Laurent, Prime Minister of Canada, and to the 
Hon. Leslie M. Frost, Prime Minister of Ontsr0, 
for their support in connection with the divisions 
of the Niagara River, and confidently anticip:tes 
the ratification of the Treaty relating to this river- 
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NOTES. 


Tae New Year Honovrs List. 


THE names of many engineers, industrialists and 
scientific men figure in the New Year Honours List, 
published on Monday, January 1. Knighthoods 
have been conferred upon Mr. G. W. Barr, C.B.E., 
managing director, Fairfield Shipbuilding and 
Engineering Company, Limited, Glasgow; Dr. 
T. H. Havelock, M.I.N.A., F.R.S., Emeritus 
Professor of Mathematics, King’s College, Newcastle- 
upon-Tyne; Mr. E. D. A. Herbert, O.B.E., 
M.I.Mech.E., M.I.E.E., chairman, Short Brothers 
and Harland Limited, Belfast; Mr. C. Hinton, 
M.I.C.E., M.I.Mech.E., deputy controller of atomic 
energy (production), Ministry of Supply ; Mr. A. M. 
MacTaggart, President, Federation of Civil Engineer- 
ing Contractors; Mr. W. A. Souter, for services 
to the Tyne Improvement Commission; Mr. W. 
Wallace, C.B.E., M.I.Mech.E., M.I.N.A., vice- 
president and chairman, finance committee, Engin- 
eering and Allied Employers’ National Federation ; 
and Colonel V. D. Warren, M.B.E., T.D., 
A.M.I.Min.E., J.P., Lord Provost of Glasgow. 
Sir Godfrey H. Ince, K.C.B., K.B.E., Permanent 
Secretary, Ministry of Labour and National Service, 
has been made a Knight Grand Cross of the Order 
of the Bath, while Lieut.-General N. C. D. Brown- 
john, C.B., C.M.G., O.B.E., M.C., late R.E., and 
General Sir Frank E. W. Simpson, K.B.E., C.B., 
D.S.0., Colonel Commandant, Royal Pioneer 
Corps, have been made K.C.B. Companionships 
of the Order of the Bath have been conferred upon 
Mr. E. Barnard, C.B.E., D.S.O., deputy secretary, 
Department of Scientific and Industrial Research ; 
Mr. W. R. J. Cook, M.Sc., Chief of the Royal Naval 
Scientific Service ; Rear-Admiral (E) W. S. Jameson, 
C.B.E., Comdr. 8S. 8S. C. Mitchell, O.B.E., 
M.I.Mech.E., R.N. (ret.), chief engineer, Armament 
Design Establishment, Ministry of Supply ; Briga- 
dier C. R. Price, C.B.E., B.A., R.E., and Major- 
General A. C. Shortt, O.B.E., late R.E. Dr. W. 
Abbott, O.B.E., M.I.Mech.E., H.M. Inspector of 
Schools, Ministry of Education, and Mr. J. W. 
Blackshaw, M.B.E., assistant secretary, Ministry of 
Supply, have each been made a C.M.G. Mr. 
H. M. Garner, C.B., F.R.Ae.S., chief scientist, 
Ministry of Supply, Mr. N. A. Guttery, C.B., deputy 
secretary, Ministry of Transport, Mr. J. M. Macken- 
zie, C.M.G., O.B.E., deputy director-general, Federa- 
tion of British Industries, and Lieut.-General K. G. 
McLean, C.B., late R.E., have each been made a 
K.B.E. The honour of Commander of the Order 
of the British Empire has been conferred upon 
Brigadier E. R. Ash, M.I.Mech.E., R.E.M.E. ; Mr. 
K. Baumann, M.I.Mech.E., for services to turbine 
development ; Mr. H. Berry, M.I.Mech.E., M.P., 
for Woolwich, 1945-50; Mr. L. L. R. Buckland, 
M.I.C.E., lately executive officer, development, 
Tanganyika; Brigadier O. E. Chapman, 
M.I.Mech.E., late R.A.C.; Mr. C. H. Chester, 
O.B.E., M.I.Mech.E., chairman, South-Western 
Gas Board; Mr. H. Constant, M.I.Mech.E., 
F.R.Ae.S., F.R.S., director, National Gas Turbine 
Establishment, Ministry of Supply ; Dr. O. Faber, 
O.B.E., M.L.C.E., for services in rebuilding of 
House of Commons; Rear-Admiral (E) H. S. 
Harrison, D.S.C.; Mr. J. C. Jones, M.I.Mech.E., 
A.M.LC.E., director of education, The Polytechnic, 
Regent Street, London ; Mr. J. W. Laing, governing 
director, John Laing and Son, Limited, Mill Hill ; 
Mr. P. H. Muirhead, director and general manager, 
Vickers-Armstrongs Limited; Mr. R. J. Samuel, 
M.I.C.E., deputy chief engineer, Roads Department, 
Ministry of Transport ; Mr. J. E. Serby, F.R.Ae.S., 
deputy director, Royal Aircraft Establishment ; 
Dr. S. L. Smith, M.I.C.E., M.I.Mech.E., M.L.N.A., 
M.I.Mar.E., director of research, British Ship- 
building Research Association; Mr. J. N. Waite, 
M.L.E.E., controller, London Division, British 
Electricity Authority ; Mr. W. Watson, secretary, 
Shipbuilding Employers’ Federation ; and Mr. R. 
Yates, D.S.0., M.C., M.I.Min.E., Deputy Chief 
Inspector of Mines. Recipients of the O.B.E. 
include Mr. A. W. Angus, M.Sc., Director of Instru- 
ment Production, Ministry of Supply; Mr. A. G. 
Bonny, A.M.LC.E., chief engineer, Technical 
[raining Command, Air Ministry; Mr. A. J. 
Charnock, general works manager, Leyland Motors 





Limited; Mr. R. Clarke, M.I.Mar.E., marine 
director, Laurence, Scott and LElectromotors, 
Limited; Mr. H. E. Comben, A.M.I.C.E., joint 
managing director, Comben and Wakeling Limited ; 
Mr. W. L. Day, Engineer I, Atomic Energy Estab- 
lishment, Ministry of Supply; Mr. F. Dewhurst, 
M.I.Mech.E., engineer and works manager, London 
Fire Brigade ; Mr. B. Gardner, general secretary, 
Amalgamated Engineering Union; Mr. A. Gray, 
A.M.LC.E., port engineer, Aden Port Trust; Mr. 
C. Greenwood, M.I.C.E., L.R.1.B.A., City Engineer 
and Surveyor, Chester ; Mr. A. Hoare, M.I.Mech.E., 
M.I.N.A., M.I.Mar.E., engineer manager, J. Samuel 
White and Company, Limited ; Comdr. (E) G. C. 
Hoffman, A.M.I.Mech.E., R.N. ; Comdr. (E) F. A.C. 
Jeans, R.N.; Mr. R. G. Kilburne, chief electrical 
engineer, Government of Nepal; Mr. E. A. McGill, 
M.Se., A.M.IL.C.E., deputy chief engineer, Civil 
Engineering Department, Crown Agents for the 
Colonies ; Engineer Capt. G. L. Maclennan, R.N. 
(ret.) ; Mr. J. J. Morris, Commodore Chief Engineer, 
Blue Star Line; Mr. T. G. Richards, A.M.I.C.E., 
senior engineer, Roads Department, Ministry of 
Transport ; Dr. W. Hume-Rothery, F.R.S., lecturer 
in metallurgical chemistry, University of Oxford ; 
Mr. W. Y. Sandeman, M.C., M.I.C.E., civil engineer, 
Railway Executive, Scottish Region; Mr. F. 
Shakeshaft, A.M.I.E.E., generation design engineer, 
British Electricity Authority ; Mr. J. E. Swindle- 
hurst, M.IL.C.E., F.R.San.I., Borough Engineer, 
Hampstead ; and Mr. L. Scott-White, M.LC.E., 
senior partner, R. Travers Morgan and Partners. 
The distinction of M.B.E. has been conferred on Mr. 
P. R. Allison, Flight Refuelling Limited ; Mr. B. E. 
Blackledge, coke oven and fuel departments, Steel 
Company of Wales Limited ; Mr. G. Briggs, Airspeed 
Limited ; Mr. W. G. Brown, Harland and Wolff, 
Limited; Mr. G. R. Bullwinkle, A.M.I.Mech.E.. 
lately Vauxhall Works, South Eastern Gas Board ; 
Mr. L. Clegg, regional fuel engineer, Ministry of 
Fuel and Power; Mr. W. J. Cooper, M.LE.E., 
S.W. Scotland Electricity Board ; Mr. T. S. Duncan, 
Vickers-Armstrongs Limited, Aircraft Division ; 
Mr. H. D. Jennett, Brown Bayley’s Steel Works 
Limited ; Mr. R. Lee, M.I.E.E., A.M.I.Mech.E., 
London Electricity Board ; Mr. P. Low, M.I.Mar.E., 
A.M.I.Mech.E., Anglo-American Oil Company ; 
Mr. A. Macdonald, North British Locomotive Com- 
pany, Limited ; Mr. F. W. Moore, A.M.I.Mech E., 
Crown Agent for the Colonies; Mr. C. J. Pattison, 
Hobourn Aero Components; Mr. 8S. D. Pendry, 
A.M.I.E.E , telephone manager’s office, Guildford ; 
Mr. J. H. A. Perkins, A.M.I.C.E., John Perkins and 
Son, Limited; Mr. H. V. Pollard, M.I.Mech.E., 
D.S.1.R.; Mr. John Rae, B.E.M., John Brown and 
Company, Limited ; Mr. D. A. Ross, P.W. Depart- 
ment, Sierra Leone; Mr. L. Rushforth, M.I.E.E., 
British Thomson-Houston Limited; Mr. C. W. 
Skinner, British Broadcasting Corporation; Mr. 
D. E. Speigal, B.O.A.C.; Mr. G. W. Wakeford, 
A.M.I.N.A., director, School of Navigation, Univer- 
sity College, Southampton; Mr. J. M. Walshe, 
A.M.I.E.E., Belliss and Morcom Limited ; and Mr. 
R. W. Ward, Gloster Aircraft Company, Limited. 


ENGINEERING CENTENARIES IN 1951. 

Among the centenaries which occur in 1951, 
that of the death on March 9, 1851, of the Danish 
professor of physics, Hans Christian Oersted, is 
one of the most interesting, as it recalls Oersted’s 
discovery of electromagnetism, on which has been 
built up the great structure of electrical engineering. 
For years he had sought for some connecting link 
between the separate services of electricity and 
magnetism, and it was while lecturing in the spring 
of 1820 that he first observed a magnetic needle 
feebly disturbed when a thin wire carrying a current 
was placed near it. A little later, in July of the 
same year, he made the series of experiments 
announced in a Latin letter of July 21, ‘“ Experi- 
menta circa effectione conflictus electrici in acum 
magneticum.” No addition of such importance had 
been made to electrical science since the invention 
of the pile by Volta, and Oersted’s experiments 
were repeated by others with enthusiasm and most 
fruitful results. Oersted was 73 when he died at 
Copenhagen, having been born on August 14, 1777, 
at Rudkjobing, in the island of Langeland. Since 
his day, thousands have followed in his footsteps, 
among them Sir Oliver Lodge and Silvanus 


Thompson, who were born within a week of each 
other in June, 1851, the former at Penkhull, near 
Stoke-on-Trent, and the latter at York. Of the 
work of Lodge at Liverpool and Birmingham 
Universities, and the work of Thompson at Finsbury 
Technical College, much was written in our obituary 
notices, published, respectively, on August 30, 1940, 
and June 16, 1916.. While Denmark, no doubt, will 
commemorate the centenary of Oersted, France will 
commemorate both the centenary of the death of 
the pioneer of photography, Louis-Jacques-Mandé 
Daguerre (1787-1851) and the bicentenary of the 
pioneer of the steam boat, Claude-Frangois Dorothée 
Marquis de Jouffroy d’Abbans (1751-1832). There 
are memorials in France to both these inventors, 
at their birthplaces and elsewhere. To an earlier 
era belong, first, the great Swedish metallurgist 
and civil engineer, Christopher Polhem (1661-1751), 
“The Archimedes of the North”; secondly, 
George Graham (1673-1751), the famous Fleet-street 
clock and instrument maker who was buried in the 
nave of Westminster Abbey in the same grave as his 
great master, Thomas Tompion ; and thirdly, Ben- 
jamin Robins (1707-51), the greatest expert in the 
theory and practice of gunnery of his day. He was 
in turn, mathematical tutor, civil engineer, political 
pamphleteer, experimentalist and engineer-in-chief 
to the East India Company, a position he held at 
the time of his death in Madras. Robins was born 
in Bath, and Graham at Kirklington, ia Cumberland. 
From the north, also, came Sir John Jackson 
(1851-1919) who was born at York, studied at 
Edinburgh University, and at an unusually early age 
secured civil engineering contracts, a branch of 
industry in which he became an acknowledged 
leader. The Manchester Ship Canal, the Tower 
Bridge, Dover Harbour, and Devonport Dockyard, 
were among his most important undertakings, all 
of which have been described in our columns. He 
died at Hascombe Range, Godalming, on Decem- 
ber 14, 1919. Finally, it is interesting to note that 
on January 1, 1801, was published the first Ord- 
nance Survey map to the scale of 1 inch to 1 mile. 


TsE SxHrpsuiLpine INDUSTRY. 


A substantial improvement in the position and 
prospects of the shipbuilding industry is revealed 
this week in a statement by Mr. J. Ramsay Gebbie, 
O.B.E., B.Sc., President of the Shipbuilding Con- 
ference. In 1950, British shipyards booked orders 
for new tonnage amounting to over three times the 
tonnage booked in 1949: new orders for 1950 
totalled 14 million gross tons compared with less 
than half a million gross tons in 1949. Half of the 
1950 orders were for oil tankers and the remainder 
for cargo liners, cargo tramps and other specialised 
types. They were stimulated by the strained inter- 
national situation, by the current high level of 
freights and ‘by the fact that shipowners realised 
that the cost of new building is not going to be less 
and that, indeed, the price trend will be upwards 
in the future. The industry’s total order book 
(tonnage building and still to be laid down) is 
about 3} million gross tons, estimated to be worth, 
at current prices, from 280,000,000/. to 300,000,000/., 
of which about one-third, both by value and by 
tonnage, is for export. The employment outlook 
for the industry in 1951 and 1952 is therefore set fair 
and much changed compared with a year ago, when 
completions of new ships were three times the 
intake of new orders. The output of completed 
ships from British yards in 1950 was approximately 
1,400,000 gross tons. Shipbuilders continue their 
unremitting efforts to keep costs as low as possible 
in spite of all the present unfavourable influences. 
Under the stimulus of the rearmament programmes 
of the North Atlantic Treaty countries (the state- 
ment concludes), scarcities of certain raw materials 
are again becoming apparent. 


RESTRICTIONS ON THE Usxu OF ZINC, COPPER AND 
Brass. 


At a Press conference held in London on Decem- 
ber 28, 1950, the Minister of Supply, Mr. G. R. 
Strauss, M.P., stated that owing to the situation in 
Korea and the “ stockpiling ”’ of zinc by industries all 
over the world, particularly in the United States, 
industry, in this country, was likely to be faced 
with an acute shortage of all grades of the metal 





during 1951. Although every effort continued to be 
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made to increase supplies to this country, such 
additional quantities of zinc as had been, or might 
be, secured were likely to be absorbed by the 
increasing demands for defence purposes. Conse- 
quently, the maximum saving must be made in the 
application of zinc to the less essential uses and a 
statutory Order would shortly be issued prohibiting, 
as from February 1, certain specified uses of zinc 
and brass, regarded as unjustifiable in present 
circumstances. To prevent the substitution of 
copper in these uses and to conserve the supplies 
of this metal, the Order would include the prohibition 
of certain uses of copper. A provisional list of 
prohibited uses of zinc and copper and certain 
copper alloys was available. This related to stat- 
ioners’ sundries; electrical and gas accessories ; 
galvanised tubes, etc. The allocation of zinc, for 
the time being, would be made on a monthly basis 
and purchasers of zinc from the Ministry were being 
individually notified by the Directorate of Non- 
Ferrous Metals of their allocations for January. 
The quantities of the three grades of zinc available 
for distribution in this way were the following 
percentages of the average monthly rate of consump- 
tion during the first nine months of 1950, namely, 
for good ordinary branch zinc, 50 per cent. ; for 
electrolytic zinc, for making brass, 85 per cent., 
for other applications, 70 per cent. ; and for high- 
purity zinc, used mainly for die-casting, 85 per cent. 
This, the Minister said, averaged out at about 
60 per cent. for all grades. Arrangements had 
already been made with the iron and steel industry to 
stop, save exceptionally, the galvanising of sheet and 
of scaffolding tubes and to secure drastic economies 
in the galvanising of wire. Similarly, the supply of 
zine oxide for paint was being drastically curtailed 
so as to increase the quantity available for rubber 
and other essential uses. In conclusion, the Minister 
emphasised that the Government was anxious, if 
possible, to avoid a fully-detailed allocation scheme. 
On January 2, the National Union of Manufacturers 
sent a memorandum to the Ministry of Supply 
pointing out that considerable dislocation and some 
unemployment would be caused and that much 
longer notice of the prohibitions should have been 
given. 
THE Hotme Moss TELEVISION STATION. 

The Holme Moss television station, which is now 
being constructed on a 150-acre site 9 miles to the 
south-west of Huddersfield, is expected to be ready 
for transmitting by about the middle of the present 
year. The transmitter building is L-shaped, the 
transmitters and their associated equipment being 
installed in one wing, the other being occupied by 
offices. The two transmitters, one for vision and 
one for sound, have been designed by Marconi’s 
Wireless Telegraph Company, Limited, Chelms- 
ford. They will have outputs of 35 kW and 
12 kW, and will operate on carrier frequencies of 
51-75 and 48-25 megacycles per second. Space 
has also been provided for a medium-power standby 
transmitter in case weather conditions delay the 
completion of the main sets and their aerial. An 
electricity supply for operating the station, as well 
as for lighting, heating and cooking, will be obtained 
from the British Electricity Authority through 
duplicate feeders, The transmitting aerial will be 
carried on a mast 750 ft. high and weighing over 
100 tons. For the first 610 ft. of this mast the 
cross-section is triangular, while the upper 100 ft. 
will be cylindrical and 6} ft. in diameter. Sur- 
mounting the cylindrical portion will be a 40-ft. 
top mast of square section, to which the aerial will 
be fixed. There are to be 32 slots in the cylindrical 
section to enable a very high frequency transmitter 
to be used for sound brcadcasting, if desired. The 
mast is kept vertical by four sets of stays, which 
are made up of pre-stressed wire ropes. The 
base is located by a small steel ball, which is mounted 
in a socket, thus forming a pivot which allows some 
angular movement. There is nolift. The mast was 
designed and is being erected by British Insulated 
Callender’s Construction Company, Limited, Nor- 
folk-street, London, W.C.2. The aerial will consist 
of eight vertical dipoles arranged in two tiers with 
built-in electric heaters to prevent ice formation. 
The vision signals will be transmitted from London 
via Sutton Coldfield, which will be connected to 
Holme Moss by a coaxial cable. 





OBITUARY. 


MR. M. B. U. DEWAR. 


WE regret to record the death of Mr. M. B. U. 
Dewar, which occurred at Little Horwood Manor, 
near Bletchley, on Thursday, December 21, at the 
age of 64. He was well known for the part he 
played in organising the production of tanks in 
the United States for supply to this country during 
the early part of the 1939-45 war. 

Michael Bruce Urquhart Dewar was born at 
Rugby on August 5, 1886, and was educated at the 
public school in that town and at Trinity College, 
Cambridge. He served his apprenticeship with 
Messrs. Vickers Limited, Sheffield, and then joined 
the staff of Messrs. Thomas Firth and Sons, Limited, 
of which firm he subsequently became a director. 
During the 1914-18 war he was employed at the 
War Office and Ministry of Munitions, and served 
in the latter department as director of the National 
Projectile Factory and assistant controller of shell 
manufacture. After the war he became a director 
of the Leeds Forge Company, and in 1922 joined 
the board of the Metropolitan Carriage Wagon and 
Finance Company, Limited, of which he was mana- 
ging director for the next five years. In 1928, he 
was appointed chairman of British Timken, Limited, 
and in 1940 joined the board of the Fischer Bearings 
Company, Limited, Wolverhampton, in which con- 
cern the former firm had acquired a controlling 
interest. 

During the 1939-45 war, Dewar led a special 
mission to the United States to purchase tanks, and 
did valuable work not only in placing orders for 
3,000 units with six different firms, but in settling 
various details of the Sherman tank with both 
American and Canadian interests. In addition to 
his engineering interests, he was a farmer on a large 
scale. 





LIEUT.-COL. SIR JOHN GREENLY, 
K.C.M.G., C.B.E. 


THE news of the death, after a long illness, of 
Sir John Greenly, at his home at Calcot, near 
Reading, on December 31, will be received with 
regret by a wide circle of engineers and metallur- 
gists. John Henry Maitland Greenly, who was 
chairman of Messrs. Babcock and Wilcox, Limited, 
for 13 years, was the second son of the late Mr. 
E. H. Greenly, J.P., D.L., of Titley Court; Hereford- 
shire, and was born on July 25, 1885. He was 
educated at Charterhouse and Trinity College, 
Oxford, where he graduated ; and was trained as a 
civil engineer with Messrs. Sir John Wolfe Barry 
and Partners. In 1906, he obtained a commission 
in a Volunteer battalion of the Hertfordshire Regi- 
ment, was promoted Captain in 1912, and served 
in the war of 1914-18, becoming Major in 1916. 
Shortly after, however, he was seconded for duty as 
Assistant Controller of Inspection at the Ministry 
of Munitions, was promoted to the rank of Lieut.- 
Colonel in 1917, and made a C.B.E. in 1919. In 
the following year, Greenly was elected joint 
managing director of Messrs. William Foster, 
Pascoe, Grenfell and Company, copper manvufac- 
turers and smelters, of London and Swansea, and 
subsequently was made joint managing director of 
British Copper Manufacturers, Limited. In 1929, 
he joined the board of Messrs. Babcock and Wilcox, 
Limited, became chairman of the executive com- 
mittee and deputy chairman of the company in 1932. 
He became chairman on July 6, 1937, a position he 
relinquished in July, 1950. He was also a director 
of other companies. 

Greenly, who was created a K.C.M.G. in 1941, 
occupied many leading positions in industry and 
public life. Thus, he was chairman of the British 
Non-Ferrous Metals Research Association from 
1937 to 1949 ; member of the Advisory Council to 
the Committee of the Privy Council for Scientific 
and Industrial Research from 1937 to 1943 ; chair- 
man of the Prime Minister’s Advisory Panel of 
Industrialists on Rearmament from 1938 to 1939; 
Controller-General of the British Supply Board in 
Canada and the United States from 1939 to 1940; 
vice-chairman of the Fire Prevention (Operational) 


Committee (Ministry of Home Security) from 1941 
to 1945 ; member of the Fuel Research Board from 
1942 to 1947 ; and member of Council of the British 
Coal Utilisation Research Association from 1938 to 
1946, and of the Council of the British Welding 
Research Association from 1946 to 1950. Sir John 
was a past-president of the Institute of Fuel, the 
Institution of Engineering Inspection, the Combus- 
tion Appliance Makers’ Association (Solid Fuel) and 
the Institute of Metals. In 1946, he was awarded the 
Institute of Metals (Platinum) Medal and elected a 
Fellow in the following year. He was made a mem- 
ber of the Institution of Mechanical Engineers in 
1938. 





LETTER TO THE EDITOR. 


NATIONAL ELECTRICITY SUPPLY. 


To THE Eprtror OF ENGINEERING. 


Str,—In your issue of December 8, on page 473, 
you criticise a leading article in The Times for 
suggesting that the sales of electric space-heating 
appliances might be controlled as a means of 
overcoming load-shedding problems; but surely 
you must agree that electricity, being a high-grade 
form of energy, should not be used where low-grade 
energy can equally well serve the purpose? It 
cannot be disputed that, were it not for the domestic- 
fire load, the present peak-load problems would be 
much reduced, if not entirely eliminated. This 
appears to be tacitly accepted by the British 
Electricity Authority, inasmuch as instructions 
have been given to local area sales offices not to 
encourage the sale of fires at the present time, and 
to make certain inquiries before permitting the 
installation of additional power sockets. 

I am sorry to see that you do not mention district 
heating as one obvious way out of our present 
difficulties. Apart from one or two isolated 
instances, very little has been done in this country 
in this direction, and there seems to be some sort of 
conspiracy among power engineers to hide from 





the public the fact that it is possible to utilise, for 
part of the year at any rate, two-thirds of the heat 
value of the fuel which at present is cheerfully 
thrown away. Golden opportunities have already 
been lost in the preparation of plans for the re- 
building of war-damaged areas. Instead of devoting 
so many millions to super power-stations housed in 
cathedral-like buildings, could not at least some of 
this capital be devoted to the building of a number 
of small stations situated in the centre of urban 
communities or trading estates, with back-pressure 
plant feeding low-grade heat to the surrounding 
area ? 

One advantage of nationalisation of electricity and 
gas should surely be the formation of a joint policy 
for the two industries. Lighting and power should 
be covered by electricity, and heating by gas and 
coke, unless a district-heating scheme is applicable. 
Industries which require steam for their processes 
should be encouraged to generate their own power 
and to run in parallel with the grid, or accept low- 
pressure steam from a heat-electric station. I am 
not suggesting that all this could be done in a 
moment, but it does at least represent a ** Policy 
for Fuel,’’ which, at present, is so conspicuously 
lacking. 

Yours faithfully, 
H. M. PEacock, 


‘* The Haven,” B.Sc. (Lond.), M.I.Mech.E. 


Fencepiece-road, 
Chigwell, Essex. 
December 28, 1950. 

[Our reference was to a letter in The Times and not 
to a leading article. The question is really whether 
the consumer is to be allowed to choose the equipment 
he prefers or be compelled to accept an alternative. 
A “ Policy for Fuel,” which was based on the latter 
course, would be extraordinarily unpopular and diffi- 
cult to implement, besides savouring more than a little 
of totalitarianism. Paragraph 195 of the Annual 
Report of the British Electricity Authority shows that 
district heating is not being neglected. It was, how- 
ever, impossible to deal in our leading article with 
every subject in that voluminous document. In any 
event, its employment is not quite so simple as our 





correspondent suggests.—Ep., E.] 
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APPARATUS FOR TESTING 

CONCRETE SPECIMENS IN 

COMBINED BENDING AND 
TORSION. 


By Davin Fisuer, B.Sc. (Eng.), Ph.D., and 
N. S. J. Grassam, B.Sc. (Eng.), Ph.D. 


AN investigation has been conducted recently by 
the authors into the strength of concrete under 
simple and compound loading. It included a series 
of tests in which plain concrete specimens, of 7}-in. 
diameter and 30-in. gauge length, were tested in 
combined bending and torsion. As far as is known, 
Dr. H. Nylander* has carried out the only previous 
research into the behaviour of concrete under this 
type of loading. His testing arrangements for 
large reinforced beams were exactly the same in 
principle as those used in the Coker machine of 
1909+, in which a }-in. diameter steel specimen was 
held in two chucks mounted so as to offer no end 
constraint to rotation or to axial movements. The 
bending moments were applied by dead loads canti- 
levered out from the ends of the specimen along its 
axis ; loads carried on arms at right angles to the 
specimen generated the twisting moments. The 
authors considered that this method would be too 
cumbersome for the large concrete specimens which 
they were to test. It was therefore decided to tackle 
the problem from first principles. The apparatus 
developed was found to be very satisfactory in 
practice. 

The principle of operation is shown in Fig. 2; 
it can be seen that, so long as the complementary 
loads were kept equal and opposite, the specimen 
was subjected to a pure torque and/or a pure bend- 
ing moment, but not to direct forces. (The weight 
of the loading arms produced a direct compressive 
stress of 2 Ib. per square inch, which could be 
ignored.) This form of loading was particularly 
suitable for analytical investigation. Fig. 1 shows 
the final arrangement. The specimens had 8-in. 





* “Vridning och Vridningsinspainning vid Betong- 
konstruktioner,” (‘* Torsion and Torsional Restraint of 
Concrete Structures.”) By Dr. H. Nylander. Publica- 
tion No. 3, Statens Kommitté fér Byggnadsforskning. 
Stockholm, Sweden, 1945. 

+ “A Laboratory Machine for Applying Bending 
‘nd Twisting Moments Simultaneously.” By Dr. E. G. 
Coker. Philosophical Magazine, April, 1909, page 496. 





(125.8) 


cubical ends which were faired by a smooth transi- 
tion to a 30-in. cylindrical section of 7}-in. dia- 
meter ; the transition length was lightly reinforced 
by four }-in. diameter rods. In order to obtain 
rigid fixing of the specimen during testing, two 1-in. 
gas tubes were cast into each end of the specimen ; 
these enabled the specimen to be bolted to the 
head and footing of the apparatus. The footing 
consisted of two 6-in. by 6-in. by %-in. rolled-steel 
angles, each 2 ft. 6 in. long, which gripped the 
sides of the specimen by means of cross-bolts 
placed outside the specimen; four foundation 
bolts held the footing down to the floor. The 
specimen was held in the other direction by four 
cleats bolted to the footing and to the specimen 
by the through-bolts. The two loading arms were 
3-in. by 2}-in. by }-in. rolled-steel angles, each 
6 ft. long ; they gripped the top end of the specimen 
by a similar system. Two gas tubes acting as 
spacers were forced between the loading arms at an 
equal distance on each side of the specimen, 65-in. 
apart ; loads were applied to the spacers in the 
horizontal and vertical planes to give the torsional 
and bending moments respectively. 

Each load was applied by a turnbuckle connected 
by }-in. steel rods in series with a proving ring and 
a rigid anchor. The turnbuckles were of a novel 
pattern and were arranged so that the j-in. diameter 
tie-rod from the loading arm or from the anchorage 
worked in a small thrust bearing welded into one 
end of a 9-in. length of 1-in. steel tubing. The 
other tie-rod, which was connected to the proving 
ring by a steel halter, was screwed 40 threads per 
inch and worked in a nut fixed in the other end of 
the turnbuckle housing. This arrangement allowed 
a very smooth and easy application of the load by 
turning the housing by hand. The load was mea- 
sured by the proving rings, which were turned from 
mild-steel plate and fitted with 0-0001-in. clock 
gauges to measure the diametral deflection ; their 
rating, 4-36 Ib. per 0-0001-in. over a load range of 
0 to 1,000 lb., was obtained by direct calibration. 

To carry out a test, four operators were required 
to maintain and apply the loads. The normal pro- 
cedure was to apply the smaller action, and while 
keeping this constant, the other action was applied 
gradually until fracture occurred. No difficulty 
was experienced in keeping the complementary 
loads equal to within a half division on the clock 
gauge, i.e., to within about 2 lb. The accuracy of 
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measurement of the moments was therefore esti- 
mated to be within 130 |b.-in. The capacity of the 
machine, with the proving rings and strainers used, 
was 65,000 Ib.-in. in bending or in torsion, although 
as far as the main steelwork was concerned this 
capacity could be considerably increased. 

Some 25 tests were successfully made under 
different combinations of bending and _ torsion ; 
the even distribution of the positions of the fracture 
planes obtained on the different specimens showed 
that the loading was, in fact, the pure bending and 
torsion that was desired. The chief advantages of 
the arrangement were the easy continuous applica- 
tion of the loads and the degree of accuracy to 
which they were recorded. The apparatus is easily 
dismantled and stowed away when not required for 
tests. Furthermore, it was inexpensive to manu- 
facture, as all the main steelwork was cut from a 
Morrison table-type air-raid shelter. It can be 
seen, moreover, that this set-up will permit tests on 
specimens of rectangular, square or T-section, and, 
by loading in suitable directions, can be used for 
direct-loading tests combined with bending or torsion. 

The experimental investigation was carried out 
in the Engineering Laboratories of the Battersea 
Polytechnic, London, and this article is drawn from 
the full reports of the investigations embodied in 
Ph.D. theses* approved by the University of London. 





THE ACTIVITIES OF DORMAN, LONG AND COMPANY, 
LIMITED.—A pamphlet issued by Messrs. Dorman, 
Long and Company, Limited, Middlesbrough, entitled 
1950 Jllustrated, indicates that the firm has created 
new production records and has increased its efficiency 
in various ways. Thus, the Redcar Works of the com- 
pany set up new records, with an output of 10,820 tons 
of steel ingots in one week and an average, over the 
first nine months of 1950, of 10,057 tons. Work on 
the Lackenby site, between the Cleveland and the 
Redcar Works of the firm, is shown to be progressing 
well. The stripper building is erected and the founda- 
tion work for the four 360-ton steel tilting furnaces and 
the two 600-ton mixers is welladvanced. Itis confidently 
anticipated that before the end of 1952 the Lackenby 
Steelworks will be in production. 


* N. S. J. Grassam, The Use of Electrical Resistance 
Strain Gauges on Concrete Specimens under Simple and 
Complex Loading. University of London, 1950; David 
Fisher, The Strength of Concrete in Combined Bending and 


Torsion. University of London, 1950. 
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THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME.* 


In previous articles on the 15th Session of the 
International Railway Congress Association, whieh 
was held at Rome from September 25 to October 4, 
1950, a report was given on the papers and discus- 
sions relating to Question I (Bridges and Struc- 
tures); in the issue of December 29, on page 571, we 
dealt with that part of Question II which related to 
‘* rail joints—improvements in fishplates,”’ and here 
we continue with a report on the use of “‘ long 
welded rails—optimum length in relation to the 
safety and good condition of the permanent way.” 

Lona WELDED Ralts. 

The report prepared by Mr. P. Croom-Johnson, 
C.B.E., M.LC.E., from information supplied by 
British Railways, the London Transport Executive, 
and certain railways in the Dominions, Protec- 
torates and Colonies, as well as North and South 
America, was published prior to the Congress in 
the March, 1950, issue of the Association’s Bulletin. 
It reveals that long welded rails consist of rails of 
standard length. and section welded together, the 
length varying from 39 ft. for metre-gauge track of 
the Government of India Railways to 60 ft. for 
British Railways and London Transport. The 
maximum welded length is determined primarily by 
the convenience of handling and maintenance and 
by the facilities for transport and welding, and 
normally ranges from 120 ft. for the South African 
Railways to 300 ft. for London Transport, on main 
lines and in stations and sidings ; for British Rail- 
ways the maximum length is 120 ft. or 180 ft. In 
the case of bridges and viaducts, however, it is 
from 120 ft. to 429 ft., according to the railway, 
and in tunnels, where the temperature is more 
constant than in the open, a length of 3,183 ft. is 
reported by the South African Railways. At tunnel 
mouths no provision is made to effect a gradual 
transition to normal open-track conditions. 

On London Transport, the normal 300-ft. welded 
rails of that system are joined together rigidly into 
continuous lengths of half a mile for open tracks 
and up to 3} miles in tunnel. The rails are of the 
British Standard bull-head section weighing 95 lb. 
per yard, and after being carefully checked for 
squareness at the ends, are lightly milled at the 
fishing angles over the length covered by the fish- 
plate. The fishplates themselves are manufactured 
from one of the heavier fishplate-bar sections, 
machined to fine limits to ensure a close fit in the 
rails. Four 1}-in. bright fish-bolts fit in 1,4-in. 
holes drilled in the fishplates and rails; thus 
expansion and contraction movements at the joint 
are practically eliminated. The half-mile lengths 
terminate in a sliding joint between a switch-ended 
rail on the inside and a stock rail, with a slight set 
to suit the taper of the switch rail, on the outside. 
A special clamp is fitted at each joint, and the joints 
in a track are staggered 60 ft. apart. On all other 
railways, the ends of long welded rails are provided 
with ordinary fishplated joints. 

Anti-creep devices for the rails are not usually 
considered necessary, the sleeper spacing is not 
reduced at welded joints as it is at fishplated joints, 
and no special provision is made to anchor the 
track to the formation. It is desirable, however, 
to avoid laying welded rails when the temperature is 
unusually high or low. In order to release stresses 
in welded rails, London Transport, during the 
first spring and the first autumn seasons following 
installation (and subsequently every spring), remove 
the ordinary rail keys over a half-mile length of 
single rail at a time ; a special long loosely-fitting 
timber key is fitted at every tenth sleeper to allow 
free movement of the rail at the sliding joints. 
The operation is conducted under traffic conditions, 
generally when the temperature is near the mean of 
the seasonal range. On British Railways long 
welded rails are only adjusted if creep has taken 
place due to traffic or thermal conditions; the 
method is similar to that for unwelded rails. Replies 





* Articles on the Congress appeared in ENGINEERING, 
vol. 170, pages 447, 465, 509, 542 and 571. Owing to 
pressure on our space it was not possible to complete the 
report before the end of the volume. 


from all railways show that welds are given only a 
routine visual examination. No abnormal rail 
creep has been observed, and track buckling is no 
greater than with unwelded rails. 

In reply to a question as to whether experiments 
had been carried out to evaluate the stresses in the 
rail, and the resistance of rail fastenings and sleepers, 
British Railways stated that their experiments took 
the form of measurement, in the field, of absolute 
and comparative expansion movements of both 
free and restrained rails. London Transport con- 
ducted tests to determine the resistance, due to 
sleepers and fastenings, to longitudinal track move- 
ment, and some tests on the resistance to lateral 
distortion of the track were also made. In both 
cases the following equation was used: the stress 
in a completely restrained rail—qET, where 
E = Young’s modulus of elasticity, T = tempera- 
ture range in deg. F., and g = linear coefficient of 
expansion of steel rails per deg. F. It was con- 
cluded that a range of rail temperature of 120 deg. F. 
would produce a corresponding stress range of 
about 10-6 tons per square inch, which is equivalent 
to 98-5 tons in a 95-lb. bull-head rail, or of 200 lb. 
per square inch for every deg. F. rise or fall in 
temperature. 

The South African Railways state that, in tests 

with 480-ft. rails, stress was developed at the rate 
of 162-5 lb. per square inch per degree F. change of 
temperature, and that American experiments on 
still longer rails have indicated somewhat higher 
values of from 180 lb. to 190 lb. per square inch per 
degree F. A table showing the results of tests 
carried out by London Transport to determine the 
resistance to movement of rail fastenings gives, 
inter alia, the following values for the resistance per 
chair or baseplate : 0-93 ton for new elastic-spike 
fastenings on 90-lb. flat-bottom rail (this value 
increases to 0-96 ton at the second thrust) ; 
2-5 tons for new Jarrah keys, driven in the direction 
of the thrust, on 95-lb. rail (decreasing to 2-33 tons 
at the third thrust); and 2-39 tons for new steel 
keys, driven in the direction of the thrust, for 95-lb. 
rail (this value remains constant for the second, 
third and fourth thrusts). The resistance of sleepers 
to longitudinal movement of the track is the subject 
of a table of test results from London Transport 
and British Railways. The value varies consider- 
ably, from 0-144 ton per sleeper for a track resting 
on ballast without “‘ boxing,” to 0-988 ton for a 
sleeper bedded in limestone ballast which is 1} in. 
to 3 in. above the sleeper level and has a 2-ft. wide 
shoulder. The Victorian Railways report the 
laying, in 1937, of a 4,748-ft. length of track with 
94-Ib. rails, fusion welded, on very gradual “S” 
curves. The track was heavily ballasted. A 
gradual lateral movement not exceeding 3 in. takes 
place in hot weather: but the results generally are 
regarded as satisfactory. 
All administrations, Mr. Croom-Johnson con- 
cludes, consider that more extensive use can be 
made of their standard lengths of welded rails, 
though British Railways desire more practical 
experience with their new 109-lb. flat-bottom rail 
before future policy on long welded rails can be 
formulated. London Transport are continuing with 
the 300-ft. lengths, and are considering experiments 
in ‘“‘locking up” the stresses in the half-mile 
sections by means of screw clamps applied to the 
expansion switches at a rail temperature of 75 
deg. F. The South African Railways state that the 
benefits to be derived from long rails warrant the 
adoption of such rails on a large scale where condi- 
tions are suitable. It is the general view that the 
elimination of joints by welding promotes good 
riding and reduces maintenance, but Mr. Croom- 
Johnson suggests that there is a need for a careful 
assessment of the economics of welded rails. 

Mr. O. Leduc’s report on behalf of the French 
and Belgian national railways, the Danish State 
Railways, Netherlands Railways, Swiss Federal 
Railways, etc., gives information and conclusions 
generally similar to Mr. Croom-Johnson’s. He 
mentions, however, that the Swiss Federal Railways 
have recently carried out some important studies on 
stresses in long rails. Two formule have been 
derived (unfortunately, no units are specified) : 
one gives the stress in the rail when the temperature 





rises after the joint gap has been closed, and the 


other gives the maximum stress which can occur in 
a rail. The latter shows that any increase of the 
length of a rail beyond a certain value causes no 
increase in the stress. (This is not, of course, the 
first occasion that this fact has been established.) 

The report from Mr. B. Renda, on behalf of a 
number of European railways, including the Italian 
State Railways, is also similar in content and con- 
clusions to Mr. Croom-Johnson’s. He _ records, 
however, that these railways use anti-creep devices 
when the track is laid with direct fastenings and 
abnormal creep is Observed. An expansion joint 
similar to that used on London Transport is also 
used in Italy and Austria. Creep is less with very 
long rails than with short rails owing to the reduction 
in the dynamic stresses. A trial carried out in 
Sweden for 15 years with a section 1,060 metres in 
length has shown that, though the safety of working 
was not affected, maintenance costs were increased. 

The summary for this part of Question II, which 
was adopted at the Congress after only minor dis- 
cussion of details, is given below. 

“Tt has been learned from experience that rails 
of a length up to 300 ft. can be laid in the open in 
main lines without special provision for expansion. 
Opinion is divided on the question of providing 
special devices for fixing rails to sleepers. It is 
quite evident that the rails must either be perman- 
ently held down tightly or must be fixed by a spring 
device which creates a permanent pressure between 
the rail and the sleeper. The number of sleepers per 
mile, on tracks with long rail lengths, varies con- 
siderably on different systems. Some consider that 
it is advisable to adopt a rather close sleeper spacing. 
Neither anti-creep devices nor rail anchorages to 
the formation appear to be necessary to avoid creep 
of long rails. The sleeper spacing at welded joints 
can be the same as in the centres of the rails. In 
station sidings, rails up to 330 ft. long can be laid 
in the ordinary way and special precautions are not 
necessary in regard to the attachment to sleepers or 
the fishing at joints. In tunnels, where tempera- 
ture variations are small, the rails can be welded 
from one end to the other. There does not seem 
to be any need to employ gradually decreasing 
lengths of rail between the long welded lengths and 
the normal track in the open. The mat-rial and 
the cross-section of the ballasting of tracks with 
long welded rails is of great importance ; to preserve 
alignment, particularly on curves, a good shoulder 
of ballast at the ends of the sleepers is essential. 

‘*Some systems have already carried out tests in 
the open with rail lengths of several hundred yards, 
and obtained encouraging results ; it is most desir- 
able that such tests should be continued on a wide 
scale. The elimination of impact at rail joints is 
certainly a source of considerable economy both in 
maintenance of track and rolling stock ; it also adds 
considerably to comfort. The use of long rails also 
gives the advantage of facilitating the staggering of 
joints. It should be possible in the near future 
to determine from experience the type of joint to 
be employed for joining long rail lengths together, 
or connecting these to junction work, insulated 
block joints, etc. Theoretical studies, and the tests 
which have been made, give varying results for the 
stresses in the rail and the resistance of the track 
as a whole to these forces. It would be advan- 
tageous if these studies and experiments were con- 
tinued on a uniform basis with common and well- 
defined terms, so tliat the results could be easily 
compared. These should be concentrated on the 
actual stresses in the rails at different temperatures 
with different types of track. It would also be 
useful to find out by experiment the maximum 
resistance which different types of permanent way 
and ballast can develop against movement as a 
result of the stresses in the rail. Such studies and 
tests should enable a decision to be made as to the 
best temperature at which long rails should be laid.” 

(To be continued.) 





OLD CENTRALIANS.—The next luncheon of the Oid 
Centralians will be held at 12.15 p.m., on Monday, 
January 15, at the Restaurant “‘ Chez Auguste,” °5, 
Old Compton-street, London, W.1. Dr. J. A. Carroll 
will speak on ‘‘ The Place of Imagination in the Develo!- 
ment of Service Weapons and Equipment.” Further 





particulars may be obtained from Mr. A. C. Vivian, 
Beaufort House, Gravel-lane, London, E.1. 
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TRACTOR-MOUNTED ROCK DRILL. 


MESSRS. HOLMAN BROTHERS, LIMITED, CAMBORNE, CORNWALL. 
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TRACTOR-MOUNTED 
ROCK-DRILLING EQUIPMENT. 


A NEw development in mobile rock-drill equipment 
has been announced by Messrs. Holman Brothers, 
Limited, Camborne, Cornwall, known as the Roving 
Rockdrill, in which the drill rig is mounted on a Ford- 
son Major tractor and a mobile compressor is towed 
behind the tractor. A photograph of the Roving 
Rockdrill is reproduced herewith. It consists of one of 
the Company’s single-unit hydraulic Drilrigs in con- 
junction with a Silver Bullet Rotofeed drifter drill, 
with a bore of 28 in., mounted on a cradle with a 
feed length of 6 ft. 9 in. Other types of cradle and 
drifter can be used, to suit the work which is to be 
done. The compressor shown in the illustration is a 
Holman two-wheeled portable type T.13D, which is a 
two-stage machine with a displacement of 130 cub. ft. 
of free air per minute at the normal operating speed of 
1,000 r.p.m., delivering at a maximum continuous 
pressure of 125 lb. per square inch ; the air receiver 
has a capacity of 5-25 cub. ft. The compressor is 
driven by a 12 brake horse-power Diesel engine, sup- 
plied by Messrs. W. H. Dorman and Company, Limited, 
Stafford. Other compressors of larger capacity may, 
however, be used. 

The hydraulic drill rig is an all-steel structure 
consisting of a telescopic boom measuring 8 ft. 6 in. fully 
extended and 4 ft. 7 in. long collapsed, the elevation of 
which is regulated by a hydraulic jack to a maximum of 
12 ft. when the boom is fully extended. The boom and 
its ram are pivoted on two upright brackets, carried on 
a turntable, revolving on needle rollers about a central 
pillar on an 18-in. square platform. In the Roving 
Rockdrill, this platform is mounted at the rear of the 
tractor. Two simple submerged manually-operated 
hydraulic pumps in the tank provide for elevating the 
boom and for locking it against rotation. Two 
release valves, one for each system, are fitted on the 
top of the tank. By slightly opening the elevating 
release valve, it is possible to lower the boom by small 
steps, providing very accurate location of the holes. 
When the locking-pressure release valve is opened, 
lateral adjustments of the boom can be made by apply- 
ing moderate hand pressure. For locking against 
rotation, about four or five strokes of the hand pump 
are sufficient to provide enough pressure to hold the 
boom immovable, even when the drill is working under 
full pressure at right angles to the axis. Operation of 
this pump supplies oil under pressure to the upper sur- 
face of a piston attached to the turntable, forcing the 
flange of the latter down on to a friction dise which is 
inter;osed between the turntable flange and the base- 
Plate of the rig. A relief valve is fitted to prevent the 
building up of excessive pressure, but, it is stated, it is 
doubtful whether sufficient manual pressure could be 
applied to cause any damage. 
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THE ROYAL NAVY IN 1950. 


AccorDING to a statement issued by the Admiralty, 
which gives a brief review of the activities of the Royal 
Navy in 1950, His Majesty’s ships steamed more than 
3,000,000 miles during this period. This figure covers 
fleet units only; that is, aircraft carriers, cruisers, 
destroyers and frigates, and does not include the 
considerable distances covered by training vessels, 
submarines, fleet auxiliaries and the little ships of 
coastal forces. Although operations in the Far East 
contributed largely to this mileage, many activities 
took place nearer home, such as the Home Fleet’s 
spring cruise to Gibraltar and the Western Mediter- 
ranean. Good progress was made also in the establish- 
ment of international naval co-operation. Ships of the 
Royal Navy, for example, exercised in collaboration 
with units of the Royal Canadian Navy, the United 
States Navy, the Indian Navy, etc. 

The operational strength of the Royal Navy has 
remained constant throughout the year, despite the 
additional demands of the Korean war. The potential 
strength was increased by the launching of the aircraft 
carrier Ark Royal and the four “ Daring”’ class 
destroyers, Diamond, Defender, Dainty and Delight. 
In the scientific field, numerous trials and experiments 
were carried out, most, of course, being of a secret 
nature. Reference may be made, however, to the 
cuise of the frigate Truelove, which sailed into Northern 
waters to assess the ability of men to withstand severe 
cold and to test equipment and diet ; later, the same 
party carried out similar experiments in tropical waters. 
Another notable cruise was that of the submarine 
Talent, which went to the Eastern Mediterranean to 
carry out a gravity survey under the auspices of the 
Royal Society. Two other cruises of interest were 
those of the Royal Research ship Discovery II, and 
the William Scoresby, the former carrying out deep-sea 
research in the southern oceans and the latter a ten- 
month voyage of oceanographical research in South 
African waters. 

Important advances were made in naval aviation ; 
in June, for example, the first night landings of jet 
aircraft were made in H.M.S. Theseus when two pilots 
of No. 702 naval air squadron landed susceantelley on 
five occasions. The year, however, has not been 
without its tragedy, as in January, the submarine 
Truculent sank in the Thames estuary as the result of a 
collision. Later, the Admiralty salvage organisation 
performed a notable feat in raising her from the bed 
of the Thames and bringing her into Chatham Dockyard. 
Naval salvage experts also completed an outstanding 
task in the Mediterranean by raising, and towing to 
Genoa, H.M.S. Breconshire, the former merchant vessel 
which made a series of historic voyages to Malta during 
the war. The year also saw the virtual completion of 
wreck dispersal round the coasts of Britain. 





Tue total tonnage of the merchant fleet of the world 
is in the neighbourhood of 84,600,000 tons, and it is 
made up of 31,000 steamers and motorships, which, 
in many respects, are far more efficient than the 
30,000 vessels, aggregating 68,500,000 tons, which 
existed in 1939. Apart from an increase in average 
size and in economy of operation, however, the most 
notable change has been in distribution. The German, 
Italian and Japanese merchant fleets are only a fraction 
of their former strength, while the United States at 
present has the highest total tonnage registered under 
one flag, though a considerable portion of it is in 
reserve. Great Britain and Northern Ireland possess 
by far the largest merchant fleet in active employment. 
It is stated in the Annual Report of Lloyd’s Register 
of Shipping for the year ended June 30, 1950, issued 
this week, that, in so far as passenger liners are con- 
cerned, the programme of replacements of war losses 
is practically at an end, and only five ships of this 
type, namely, the twin-screw turbine steamers Hima- 
laya, of 27,955 tons, and Chusan, of 24,215 tons, and 
the twin-screw motorships Rangitane and Rangitoto, 
each of 21,800 tons, and Bloemfontein Castle, of 
18,400 tons, were completed during the year under 
consideration. 

The annual report is the first on the operations 
of Lloyd’s Register to have been published for 12 years, 
which period, it will be acknowledged, has been highly 
significant both in the history of the world and in 
that of naval architecture and marine engineering. 
During the twelve months covered by the report, the 
Society’s classification was assigned to 506 new ships, 
of an aggregate gross tonnage of 2,042,418. The 
tonnage for the corresponding period of 1948-49 was 
1,646,264; for 1945-46 it was 1,605,194, and for 
1938-39, 1,486,761. The total number of merchant 
ships afloat at the end of June, 1950, to be entered in 
the Register Book to the classification of Lloyd’s 
Register, united with the British Corporation, was 
9,600, and their aggregate gross tonnage, namely, 
34,500,000, represented nearly half the effective 
total of merchant ships in the world on that date. 
Statistics relating to the work in hand, on June 30, 
1950, are also given in the report, and these show that 
there were then under construction, to Lloyd’s Register 
or to British Corporation class, 543 ships, having an 
estimated total gross tonnage of 2,846,000, and that 
these included 122 oil tankers, aggregating 1,245,000 
tons. In addition, 590 sets of marine engines, repre- 
senting approximately 2,200,000 shaft horse-power, 
marine electrical installations of some 130,000 kW 
capacity, and 151 refrigerating installations for use at 
sea and ashore and amounting to 11 million cub. ft., 
were under the Society’s survey on that date. 

A good deal of space is devoted, in the report, to 
trends and developments in design. Thus, it is stated 
that, owing to a variety of causes, there has been a 
steady increase in the average size of ships, but that 
the increase in the size of oil tankers is perhaps the 
most important. The standard tanker, before the war, 
had a deadweight capacity of 12,000 tons, whereas, 
to-day, the deadweight ranges from 16,000 tons to 
18,000 tons ; still larger ships, however, have been con- 
structed in considerable numbers both in this country 
and abroad. These, the report states, fall mainly into. 
two groups, namely, vessels having a length of 560 ft- 
and a deadweight capacity of 24,000 tons, and those 
having a length of 600 ft. and a deadweight capacity of 
28,000 tons. Tankers of 30,000 tons deadweight are 
also under construction and even larger capacities are 
contemplated. 

In the matter of motive power, it is emphasised 
that, although there has recently been comparatively 
little change in the relative popularity of steam and 
oil engines for low and medium power ships, the 
post-war trend towards geared steam-turbines is 
continuing, especially for powers in excess of 8,000 
shaft horse-power, where twin-screw oil-engine installa- 
tions were formerly employed. One of the main 
factors affecting the choice is stated to have been the 
great advances made in gear-cutting technique, while 
steam pressures of 550 Ib. per square inch, with tempera- 
tures of 850 deg. F., have enabled considerable gains 
in cycle efficiency to be achieved. The use of boiler 
oil for internal-combustion engines has been an inter- 
esting development latterly, but it is felt that the full 
technical consequences cannot yet be assessed. The 
Society is keeping in close touch with all questions 
concerning the use of the gas turbine in ships. The 
problems awaiting satisfactory solution relate, among 
others, to materials permitting the use of high initial 
gas temperatures, adequate cooling arrangements for 
the turbine blades and the necessity for having installa - 
tions capable of burning all grades of oil fuel. The early 
application of atomic energy in marine engineering, it 
is considered, is scarcely to be expected, and the report 
adds that it will be many years before it will be possible 
for nuclear fuel to replace the present sources of power 
in merchant ships. 
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LABOUR NOTES. 


THE seriousness of the coal situation confronting the 
Government was indicated clearly by the summoning 
of the entire executive committee of the National Union 
of Mineworkers to a meeting with Mr. C. R. Attlee at 
10 Downing-street on Wednesday. The committee, 
which is representative of every coalfield in Britain 
and has a membership of 27, was headed by Sir William 
Lawther, the President of the Union, and Mr. Ernest 
Jones, vice-president. Mr. Arthur Horner, the Union’s 
secretary, was also present. The meeting was called 
at short notice to enable the Prime Minister to seek the 
fullest co-operation from the miners’ leaders for the 
Government’s efforts to increase coal production to 
the maximum extent possible during the coming 
months. Substantial improvements in production 
offer the only ‘alternative to a fuel crisis in the near 
future, which may well prove to be as serious as the 
one which developed in February, 1947. The peak 
of the danger period during this year is likely to come 
within the next few weeks. Coal stocks are known to 
be perilously low and any extended period of severe 
weather would result, among other disadvantages, in a 
very extensive breakdown in the supply of electrical 


power. 


Miners made rather a bad start early this week, 
after the New Year celebrations. Two small strikes 
developed on Monday in the Yorkshire coalfield and 
there was considerable absenteeism in a number of 
areas. One strike was occasioned by deputies and 
shotfirers at a Darfield colliery, as a result of which it 
was estimated that 500 tons of coal were lost and some 
220 underground employees throughout the pit were 
affected. A dispute at the same pit arose on Decem- 
ber 27. Much more serious were the losses due to 
absenteeism. Coal production in Yorkshire alone 
declined by about 80,000 tons on Monday, owing to the 
failure of nearly 50,000 men to report for work. This 
represented an average absenteeism of 38-3 per cent. 
and was reported to be the highest since the mines 
were nationalised. 








Although regarded as a normal working day at many 
collieries, attendance was regarded in most places as 
being very poor. In the East and West Midlands 
area, absenteeism was reported to average about 
one in three. A notable exception was the South 
Wales coalfield, where absenteeism was stated to be 
about 13 per cent., or only very slightly above the 
normal. In some cases, idleness was due to the 
traditional right of the miners to regard New Year’s 
Day as one of their six statutory paid holidays. This 
resulted in the closure of all pits in the Scottish, North- 
umberland, Cumberland, Durham, Lancashire, and 
Cheshire divisions. Only seven of the 71 collieries 
in the North-Western Division were in production. 
Some 24,000 tons of coal were produced by the 119 
collieries at which morning shifts were worked on the 
last Saturday in the old year, December 30. 


Forms for completion in connection with the 1950 
census of distribution, the first to be held, were dis- 
patched early this week to wholesalers, retailers, 
motor traders, and caterers, as well as to persons 
engaged in a large variety of small businesses, ranging 
from hairdressing to photography (to make a selection 
at random). In all, nearly one million forms were 
distributed throughout the country. Managements 
are asked to supply the numbers of persons they employ 
in various capacities and for details of the salaries, 
wages and similar payments made to them. Informa- 
tion is also desired respecting the total purchases and 
sales made by the firms during the year 1950 or, alter- 
natively, during a business year ending before April 
6, 1951. It may be mentioned that the Govern- 
ment staffs handling census returns are not permitted 
to pass information about individual businesses to other 
Government Departments. 


Severe criticism of the Railway Executive, for the 
‘regrettable departure ’ it made in connection with 
the recent negotiations concerning the railwaymen’s 
wage claims, are contained in the Locomotive Journal 
for January, published last Monday. Exception is 
taken by the Journal, which is the official monthly 
publication of the Associated Society of Locomotive 
Engineers and Firemen, to the Executive’s offers of 
increases in salaries and wages being made subject to 
certain variations in the conditions of service of the 
staff being accepted. The Society comments that, if 
adopted, practically the whole burden of them would 
fall upon the shoulders of the locomotive men. The 
conditions proposed by the Executive were referred to 
briefly on page 480 ante. They were stated by the 
Executive at the time to be necessary, and to be designed 
to economise man-power and to improve the efficiency 
of the railway service. 


It could not be made too plain, the Journal continues, 
that, so far as the Society was concerned, that kind of 
negotiating procedure could not be tolerated. The 
wage increases were unsatisfactory in themselves, 
particularly bearing in mind that existing railway 
wage rates were deplorably low, and that any pretence 
of properly remunerating responsible work, whether 
from a relative standpoint or from any other, had 
virtually disappeared. In such circumstances, the 
Journal states, it was “doubly insulting to the staff 
that the present astounding attempt” should have 
been made to introduce other matters, especially as 
the wage claim had reached the level of the Railway 
Staff National Council, to which it had been referred, 
as an issue, in strict accordance with the agreed 
negotiating machinery. 

‘“We are told,” the Journal declares, ‘that the 
Railway Executive desires a contented and co-operative 
staff. If this be so, we can only say that their current 
actions in negotiation are diametrically opposed to that 
desire. Regrettably, our members have been faced, 
by the action of the management, with a development 
in negotiating technique unsurpassed in its ugly 
potentialities by any manceuvre of managements, 
capitalist or otherwise, in the past 50 years of industrial 
history.” In a postscript to the article, the Journal 











states that, as it goes to press, it learns that the Society’s 
wage claim has been referred to a court of inquiry and 
that it will await developments with interest. 





Extensions to the three-weeks’ old railway strike in 
the Republic of Eire occurred early this week. The 
first arose at Limerick on Sunday, when road-transport 
employees decided to refuse to pass strikers’ pickets 
placed at the entrances to the garages of the nationalised 
road-transport undertakings. Road services in the area 
for both freights and passengers were affected by this 
decision. At Foynes, also in County Limerick, work- 
people belonging to the Irish Transport and General 
Workers’ Union declined to handle fuel oil and petrol 
supplies, which are normally distributed by rail from 
that town to the south-west of the Republic. On the 
other hand, long-distance trains have been reported to 
be running almost normally, as also have the suburban- 
line railway services in Dublin. Parcel-traffic services 
by rail, which were suspended for a time, were accepted 
for carriage by passenger train as from January 1. 





It was announced recently by the Anglo-American 
Council on Productivity that technical assistance would 
continue to be afforded to this country through such 
organisations as the Council, in spite of the ending of 
Marshall aid. In all, 36 productivity teams have 
visited the United States from Britain during 1949 
and 1950 under the auspices of the Council and a 
further number will leave, at the rate of two or three 
each month, during the coming year. One of the next 
to go, will be a team representing the coal industry in 
this country. It is expected to leave in a few weeks’ 
time and will pay particular attention, it is understood, 
to the factors which give a higher output per manshift 
in American pits. More favourable natural conditions 
are largely responsible, but the greater use of mechanical 
aids also play their part. 


A specialist team, sponsored by the Council and 
representative of the engineering, mining, clothing. 
building and transport industries, left Britain for the 
United States on December 28. The team personnel 
will travel to various centres in the United States to 
study American methods of training and education for 
industry. Persons engaged on the staffs of technical 
colleges, in industrial management, and by the Ministry 
of Labour, the Ministry of Education, and the Education 
Department of Scotland were selected as members 
of the team. Two other productivity teams, con- 
stituted on similar lines, will leave Britain shortly 
to conduct investigations on the same subjects. 





Wage increases during November last were the 
highest to be granted in any one month for some 
time. About 1,936,000 workpeople in industries out- 
side the engineering group received additions to their 
full-time weekly wages during November, which were 
estimated to amount to a total of 450,000/. net. In 
recording these figures, the Ministry of Labour Gazette 
for December states that they do not include the 
increases for the engineering and allied industries. 
These were also granted during November and were, 
in fact, the most important to be conceded durin: the 
month, but the relevant statistics are not at present 
available. The other principal groups to benefit were 
persons employed in agriculture in England and Wales, 
in the non-trading services of local authorities, and in 
coal mining. 
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TYPICAL SCUFFING. 


NAVAL GEARING: WAR 
EXPERIENCE AND PRESENT 


DEVELOPMENT.* 
By Cor. (E) J. H. Joueutn, D.S.C., R.N., 
A.M.I.Mech.E. 


ALL but a few of the high-powered naval ships in 
service during the 1939-45 war were fitted with turbines 
driving through gearing. The successful use of 
gearing in the Royal Navy at the end of the 1914-18 
war, and subsequently in merchant ships, gave little 
reason to expect that it would not be absolutely reliable, 
but two years of war failures showed that where 
standards of accuracy fell below the average for the 
country, no positive margin of safety remained. A 
thorough examination, to which many persons have 
contributed, has revealed the main causes of these 
failures. Apart from remedying them, it has been 
possible to make some immediate advances in design 
and production standards, to employ stronger materials, 
and to undertake development work in the expectation 
that it will provide worth-while advances. 

Before the war, the troubles which could occur, and 
their sources, had been described, but no quantitative 
measurement of the periodic errors or helical angles 
had been made. A few firms had given their machines 
some temperature control, and a proportion of 
pinions were recut to improve their meshing, but the 
general practice involved extensive hand work by 
filing the pinions to bed-in the teeth, followed by the 
* Parsons ” type of lapping. The National Physical 
Laboratory, however, was developing measuring 
instruments. Tests on wear and pitting led to an 
increase of design loading with the Vickers-Bostock- 
Bramley (V.B.B.) and Parsons ‘“ All-Addendum ” 
(A.-A.) tooth forms. These forms gave increased 
pinion stiffness, allowing the centre bearing to be 
omitted. 

When tooth failures occurred in the merchant ship 
Strathmore, her builders drew attention to the dangers 
to which naval ships were exposed from the high 
deflection of pinions. Except for Ajax and Griffin, 
neval ships differed from Strathmore in that they 
had semi-circular fillets at the roots of the teeth; 





* Paper presented at a meeting of the Institution of 
Mechanical Engineers held in London on December 15, 
1950. Abridged, 
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for the new construction. programme, improved roots 
and a standard value for deflection were relied upon. 
The teeth of ten pinions of ships of the general type of 
Glorious and Delhi, with three-bearing pinions, failed 
by root fractures. All the failures were at the pinion 
ends. When a spare pinion was fitted to York in 1939, 
the error in parallelism of the bores of the gearcase 
was found to be some 0-004 in., but one pinion bearing 
had to be adjusted to set the pinion axis 0-016 in. out 
of parallel to ensure even meshing. Fig. 1, above, 
shows teeth failure experienced in Delhi. The general 
fatigue failure of the port-inner low-pressure pinion 
was revealed by turning off the teeth at the aft end 
of the after helix. 

In 1935, a proposal to adopt larger-pitch teeth for 
aircraft carriers was abandoned because of the opinion 
that the limit of load was not determined by the 
strength of the teeth but solely by the ability of their 
surfaces to resist deformation or distress. In 1937, 
a similar proposal for Illustrious was abandoned 
because of the doubts raised by the occurrence in some 
Italian cruisers of scuffing of gears having 1-in. pitch 
teeth. 

While great distances were sometimes covered 
during the war, the larger ships operated at high 
powers for only a small part of the time, whereas some 
smaller ships spent quite a large proportion of their 
service at high powers. Merchant ships run con- 
tinuously at a high percentage of their full power, 
and if their gear teeth are overloaded, failure will 
probably occur in the first few months of service, as 
with Strathmore. With naval ships, gear failure may 
occur at a vital moment after the gears have given years 
of satisfactory service. This happened with Sheffield : 
when her gears were wrecked she was engaging the 
Scharnhorst in the action in which the latter ship was 
sunk. Fig. 2 shows the condition of the port-inner 
high-pressure pinion of Sheffield after failure. 

During the 1939-45 war the three main sources of 
gear trouble were: vibration, scuffing, and breaking 
at the roots. Pitting and water in the lubricating 
oil were minor sources of trouble. The screaming note 
of certain non-creep gearing, long since identified 
with worm error, was experienced in Scorpion and 
Kipling. In Scorpion the maximum overall noise-level 
was 113 to 116 British Standard phons. Owing to the 
abnormally high intensity of the chief component, its 
level was outside the range of the analyser used. The 
exceptionally high noise-level was almost entirely due 
to the note corresponding to the number of teeth in the 








Port INNER HiGH-PRESSURE PINION OF H.M.S. ‘‘ SHEFFIELD.” 


hobbing-machine wormwheel. Harmonics of the main 
note, and others, were also present but were of secondary 
importance. The banded marking corresponding to 
the main note was very clear. No quantitative mea- 
surements of noise were made in Kipling, but both 
wheels showed the banded marking characteristic of 
non-creep machines with periodic drive errors. Each 
tooth of the hobbing-machine wormwheel had impressed 
a “band” on the wheels, giving rise to a frequency, 
at full power, of approximately 1,220 cycles per second. 
By recutting the gears on a creep machine the noise 
was reduced to a satisfactory level. 

It had been hoped that with the gear sets of Scorpion 
and Kipling, measurement of the motion of the worm- 
table drive had ensured the reduction of overall errors 
to an acceptable value. This hope was not fulfilled, 
however, owing to errors of concentricity in the bevel 
drive to the worm. Turbine-blade failures in aircraft 
escort-carriers revealed the magnitude of the vibrating 
forces imposed by such errors on components coupled 
to the gears. Measurements of the axial and torsional 
movements of the pinions under similar conditions were 
later made, using Sperry and other equipment. The 
interpretation of these measurements requires care, 
and it is desirable to examine the manner in which 
typical errors can produce periodic exciting forces. 

When several teeth are in contact at once, the errors 
on the teeth arising from errors in the lead-screw thrust, 
the creep ring, or worm errors in creep machines, are 
not generally in phase. These errors occur in either 
parallel or spiral bands around the circumference of the 
gears. The bands of errors are short in pitch and so 
are only slightly relieved by the local bending of the 
teeth, and, because they are out of phase, the resulting 
periodic force has a frequency of (number of teeth in 
contact) x (bands engaged per second by any one 
tooth). The errors produced by the worm error of 
non-creep cut gears are in phase on all teeth, and the 
lines of the crests and hollows are roughly parallel to 
the line of contact of pinion and wheel. In the case 
where the combined radius of curvature of pinion and 
wheel surfaces is less than that of the valleys of the 
error, when the inertia of the system is infinite, the 
additional load imposed on the teeth is given by the 
product (amplitude of error) x (tooth stiffness). 
Reduction in inertia results in reduction in load. The 
value of the periodic force will be a small fraction of that 
given by this product. 

These considerations can be applied to the case of 
Cavalier, which had a gear similar to that of Kipling. 
The amplitude of undulation was reported to be 
0000342 in. Assuming a tooth stiffness of 3 x 10-* in. 
per 1,000 lb. per inch of face width, and that the non- 
creep errors were in phase on the two helices, the 
additional load per inch caused by the error is (34-2 x 
10-5) /(3 x 10-7) = 1,140 lb. per inch, which is one- 
quarter of the loading at the ends of the helices. The 
periodic exciting torque imposed on the pinion and 
turbine is then approximately one-quarter of the 
full-power torque. These additional periodic loads 
on the gear teeth are reduced by any reduction in 
stiffness of the coupling between the pinions and the 
driving member. The gears of Creole, a sister ship to 
Cavalier, were cut on a non-creep machine having 
700 teeth in the master wormwheel, and they had an 
amplitude of worm undulation of less than 0-0002 in. 
after hobbing, and still less when shaved. On trials 
they showed the merest trace of vibration and noise 
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from this error. When the combined radius of curva- 
ture of pinion and wheel surfaces is greater than that 
of the “ valleys” of the error, the disturbing force is 
no longer simple harmonic, and the energy is spread 
over a multiplicity of frequencies. 

During the year before the 1939-45 war, scuffing 
occurred in five ships. Four of these, Egret, Pelican, 
Speedy, and Sphinx, had gears cut on non-creep 
machines, but the fifth, Shearwater, had gears cut on 
a creep machine. In Shearwater there was evidence 
of misalignment, so that, at the beginning of the war, 
the assumption that failures would be confined to 
gears of small ships cut on non-creep machines was 
justifiable. Fig. 3, on page 25, shows the starboard 
high-pressure pinion of Shearwater after scuffing had 
re a place. The appearance is typical of the defect. 

In this group the significant features are : (1) Failure 
of the pinion surface occurred on the pattern of high 
spots imposed by errors in the hobbing machine. On 
the wheel, damage was not limited to these spots. 
This phenomenon was repeated in all later cases 
except that of Quorn. (2) Lapping out high spots 
on the pinion, as in the case of Pelican, reduced scuffing 
but did not guarantee its elimination. (3) In Speedy 
and Sphinx there was evidence of concentration of 
load at one end. (4) Hand work was sufficient to 
make the gears run satisfactorily. 

This type of failure is essentially one of lubrication. 
Heat generation at local high points and the high local- 
loading cause breakdown of the oil film and produce 
metal-to-metal contact with seizure of the two 
surfaces. Failure starts on the high spots on the 
pinion, because they are in more frequent contact. 

In May, 1940, gear failure occurred in Fernie, the 
first of several failures in the Hunt-class destroyers 
over a short period of time. An undulation recorder 
was completed in time to be used in the subsequent 
examination. The effect of the undulations, which 
arose from variations in temperature of the gear- 
hobbing machine while cutting, was a significant 
feature. These undulations are frequently referred to 
as ‘“‘daily bands.” As several firms were cutting 
gears, a review was made of their methods, and of the 
undulations given by their machines. This review 
showed that gears cut by the firms using the best stan- 
dards of meshing and temperature control had the 
lowest incidence of scuffing. 
common errors revealed at that time, a high proportion 
of recuts were found necessary to match helix angles, 
but the two firms with the best temperature-control and 
meshing arrangements did no recutting. 

Gear scuffing now occurred in Quorn, showing that 
mere lapping of pinion teeth did not remove long waves. 
Fig. 4, on page 25, shows the scuffing due to local 
intensity of loading on the port high-pressure pinion. 
The combination of daily bands, misalignment, and 
deflection of the pinion under load, led to a local 
intensity of loading with consequent scuffing. The 
method of ensuring that no warp of the gearcase 
occurred in the ship was suspected, ected as 
Shearwater and Quorn were fitted out at the same yard. 
In March, April, and May, 1941, gear scuffing occurred 
in Sutlej, Jumna, and Widgeon, emphasising’ that 
recutting poor gears with a fine cut on a good machine 
was of less value than drastic hand finishing. The 
N.P.L. axial-pitch gauge was used during the recutting 
of the gears of Sutlej and Jumna, and it was found that 
gear surfaces would have to be much improved before 
the helical angles could be said to have been defined 
within 0-001 in. as measured along the helix. These 
cases threw further doubts on the provision and 
maintenance of alignment in the gearcase. 

The effect of the redistribution of load caused by the 
torsional and transverse deflections was found to be 
closely connected with the incidence of failure. A 
small gear-set of standard Admiralty materials had 
successfully run at a f 
carried out by Messrs. W. H. Allen, Sons and Company. 
Here, p is the tangential load per inch of tooth face 
width, and d is the pitch-circle diameter. Similar tests 
on automobile gears showed the ability of gearing to 
transmit very high loading and, aided by the marking 
experienced on gears, confirmed this analysis. 

The first failure by breaking at the root occurred in 
the Glasgow in June, 1941. Prior to the failure, she 
had steamed on two shafts for several hours at one 
and one-quarter full-power torque, and on another 
occasion at one and one-tenth full-power torque, 
having lost the remaining two shafts by torpedo 
damage. In the next few months the low-pressure 
pinions were at full-power torque for over 6,000,000 
revolutions, and on the next examination their teeth 
were found to be broken, and showed typical fatigue 
fractures. The wheels showed the markings of heavy 
daily bands. This failure led to an attempt to cor- 
relate quantitatively the redistribution of load caused 
by the deflection of the pinion, by errors in helical 
angle, alignment, and by daily bands, with the results 
of fatigue tests on large numbers of gears. 
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Slew is the re-adjustment of the pinion axis caused by a change 
in oil-film thickness of bearings under unequal loads; / is the 
effective face width. 

The investigation of load redistribution showed that, 
when the change had been made for three- to two- 
bearing pinions, the criterion of total deflection calcu- 
lated by rules then in use had failed to ensure the 
maintenance of the prevailing ratio of maximum to 
mean load. Less relief of misalignment was found to 
be given by two bearings than by three—because of 
the consequent change in bearing oil-film thickness. 
Service experience of gear marking had confirmed the 
existence of various possible load distributions, and it 
was now seen that, with a mean loading of 1,000 Ib. 
per inch and normal meshing, the maximum local 
loading could reach 3,250 Ib. to 4,000 Ib. per inch ; 
with a helical-angle error of 0-0015 in. over the face 
width, 4,200 lb. to 5,5001b. per inch; and with a daily 
band 0-0005 in. deep, 4,900 to 6,500 Ib. per inch. The 
exact value depended on the value for the tooth stiffness, 
which, however, could not then be accurately estimated. 
Fig. 6, above, shows pinion deflection and loading 
curves with the effect of slew and helical-angle error, 
and Fig. 7 shows the effect of daily bands on load 
distribution, the pinion loading being represented by 
the shaded areas. Consideration of the effects of this 
redistribution of load, in conjunction with the results 
of fatigue tests, revealed that the margin of safety 
was small, and depended on the careful hand work 
and meshing that had been carried out. 

In all cases of failure the pinion steel was found to 
be of a suitable quality and micro-structure. The 
typical conchoidal marks of a fatigue fracture were 
visible with their origin at the roots of the teeth. No 








sign of hammering, bruising, or pitting of the working 


In gears with the V.B.B. tooth-form there is added 
uncertainty, due to the change in the load distribution 
up the length of the line of contact, with any change in 
centre distance. Quite apart from manufacturing 
accuracy, this change in centre distance may be 
influenced by temperature differences of the gearwheel 
and gearcase, and lead to unknown changes in maxi- 
mum root stresses. 

The case of Formidable’s centre shaft was confused 
by the contemporary incidence of axial shaft vibration. 
by a seized flexible coupling, and by a wiped forward 
pinion bearing. These factors did not arise on the 
starboard shaft. Initially all three of her gear sets 
apparently had good matching helical angles of pinion 
and wheel. Light was thrown on both failures by 
examination of the port gear set, and by fitting the 
spare centre set, cut on an identical machine using 
the same feed. Some wear had occurred on the crests 
of the undulations of the port-set pinions. Where the 
polished patches had joined to give a continuous bearing 
surface, the hollows left by the hob were still apparent. 

With the spare set, the helical angles of wheel and 
pinion, ahead and astern, roughly matched when the 
wheel and pinion were assembled in the gearcase in 
fine-clearance bearings. Marking was confined t 
circumferential bands on the after helix, covering less 
than 20 per cent. of the face length, and on the forward. 
less than 30 per cent. After five weeks continuou- 
filing of the wheel by shifts of fitters, this marking w** 
extended to three-quarters of the face width. Cirevm- 
ferential bands of hollows with no contact remained. 
Figs. 8 and 9 show waves in the surface of the teeth 
of a pinion and main wheel, respectively, of Duke ot 
York, even where bearing has not been occurrig- 
The waves could be readily felt by hand. 
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In all these cases tooth failure has occurred along 
the pinion helix. Its position is determined by the 
concentration of load consequent on the deflection of 
the pinion under load, the daily bands due to lack of 
temperature control during machining, and the errors 
of helix angle of the gearing and of alignment in the 
gearcase bearings. Relief due to wear, of the bad tooth 
surfaces, did not occur in time to prevent failure with 
either A.-A. or V.B.B. teeth. Fig. 10 shows a tooth 
failure of H.M.S. Ajax. 

The principal lessons learnt from war-time experi- 
ence are as follow. (1) To keep noise and vibration, 
caused by periodic errors coming from the worm-table 
drives of non-creep machines, to a safe level, the depth 
of undulation from such errors must not exceed 
0-0003 in. (2) To eliminate the risk of scuffing and 
pitting, load must be transmitted by at least two-thirds 
of the working surfaces of the gears. This may be 
ensured by keeping the surfaces free from undulations 
of more than 0-0001-in. range. (3) To eliminate the 
risk of scuffing, pitting, and breaking, the relative 
helical angles of pinion and wheel, the parallelism of 
their axes in the gearcase bearings, and the freedom 
from cross-wind of the gearcase, must be measured and 
controlled. (4) The effect of pinion deflections in 
concentrating the load at the outer ends of the helices 
was critical. Through lack of an earlier quantitative 
evaluation of this effect, the maximum loading at the 
ends had been higher than would have been experienced 
on a pinion of two-thirds the face width. The value 
of maximum local loading must provide the basis of 
design. (5) While pitting was unimportant, scuffing 
was a great nuisance, though fortunately it did not 
necessitate replacement of the gears. Breaking of the 
teeth at the root, however, could be disastrous. 
Reliability in this respect is of paramount impor- 
tance. 

For all small ships with A.-A. tooth-form, a pitch of 
iy in. was adopted in 1939. Similar small pitches were 
used with British Standard tooth forms. In 1939 it 
was realised that gear-scuffing troubles in Italian 
cruisers were not due to excessive pitch, and a pitch of 
vo in. was then adopted for the fast minelayers, Ark 
Royal (1942) and light fleet-carriers (1943). The 
designs of tooth-form adopted recently benefit from 
the experience of the United States Navy as well as 
of the Royal Navy. Pinion length: diameter ratios 
do not now exceed 2: 1. 

The development of shaving existing gearing in 
Place, will enable the present gearing of the existing 
large ships to be given a useful margin of safety against 
root failures, without incurring the expensive removal 
of the gears through an armoured deck. Two sets of 
gearing of a destroyer have been shaved in this manner, 
the wheels in their gearcases in place in the ship, and 
the pinions in the shop. Although these gears were 
originally of a good hobbed finish, the improvement 
mn the amount of load-carrying surface was remarkable. 
Equipment for this work was developed under the 
auspices of the Admiralty Vickers Gearing Research 
Association (A.V.G.R.A.). 

Experience in the fields of automobile and aircraft 
gearing has assisted in setting the present standard of 
production and resulted in improved reliability. 
Research’ to investigate the conditions in the oil film 
between teeth, and the effects of scuffing and surface 








pitting is now in progress. Already, from full-scale 
experience and from disc testing, it is clear that any 
undulation of less than }-in. wave length, and more 
than 2 x 10-5 in. deep, leads to local areas of increased 
heat generation and of increased stress, and hence to a 
reduction in reliability. 

The additional loads due to misalignment and to 
undulations of long wave-length can be roughly 
estimated. Where the combined deflection of the 
engaging teeth under a load of 1,000 lb. per inch of face 
width is 0-0004 in., an error of 0-001 in. over the face 
in helical angle, or in parallelism of the shafts perpen- 
dicular to the common plane, will entail a difference in 
load between the ends of 2,500 lb. per inch of face 
width, and an increase in the maximum loading by 
1,250 Ib. per inch of face width. A long undulation 
due, for example, to a daily band of 0-0004-in. depth, 
will impose an increase in the maximum local loading 
of 500 lb. per inch. With a fine surface finish and the 
present soft materials, wear does not correct helical- 
angle errors, daily bands, or the strain due to pinion 
deflection under load. Stronger materials, in general, 
provide an increase in resistance to wear greater than 
the simultaneous increase in resistance to root failure. 
It is evident that economical use is not being made of 
gears until their alignment is within 0-0005 in. 

To obtain the necessary standards of accuracy, 
essential requirements in gear cutting and finishing 
are: (1) Hobbing machines to B.S.S. 1498-1948, 
grade “A.” (2) Temperature control of machine and 
cutting, to + 1 deg. F. (3) A post-hobbing process, 
such as shaving or lapping. Such equipment is now in 
limited use. In some cases the permissible errors on 
the as-hobbed gears according to B.S.S. 1498-1948 
have been halved. Shaving or lapping has then im- 
proved the surface and corrected slight differences in 
helical angle between the pinion and wheel. Grinding 
provides similar accuracy and finish. For this correc- 
tion, and for a close control of helical angles, two 
further items are essential: the axial pitch gauge and 
an accurate meshing-frame. With this equipment and 
skilled craftsmen, it appears practicable to maintain 
a match of helical angles of pinion and wheel to within 
0-0003 in. No quantitative control of profile on large 
gears is practised at present. 

Dimensional accuracy in the production of marine 
gears and their gearcases is of prime importance, and 
the achievement of such accuracy has been due, in the 
main, to the development of new measuring apparatus. 
The undulation recorder made a great improvement in 
quality of the product, and the axial-pitch gauge and 
meshing frame are making another. The development 
of means to assess the accuracy of alignment of gears 
and gearcase assemblies is still in the initial stages. 

The present practice is that double-helical gears are 
hobbed, shaved, and meshed in a meshing frame. The 
pinions are selectively shaved to the wheel. Single- 
helical gears are ground, and meshed in a meshing 
frame. The pinion helical angle is reground to match 
the wheel; meanwhile, the gearcase has been bored. 
When mandrels, levels, and stick gauges are used, the 
error in measuring the parallelism of the bores may be 
up to 0-002 in. With improved equipment this should 
be reduced to 0-001 in. The bearings are fitted to the 
gearcase and the gears placed in them. Marking is 
then applied to the gears and one of the pinion bearings 
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is adjusted to give the best meshing, which will provide 
alignment within perhaps 0-0003 to 0-0005 in. over 
the face. This meshing test is at present the most 
accurate check of the parallelism of the axes of the 
gearing elements. 

In the United States during the 1939-45 war, for a 
number of “ locked-train ”’ gearcases of similar design, 
jigs were in general use, and much setting-up time 
was thus saved, though the accuracy of parallelism of 
boring was no higher than with other methods. Two 
attempts are now being made to save setting-up time, 
and, in addition, to bore to a higher degree of accuracy 
with jigs. When jigs are used, the first essential is to 
set them up in the correct relative positions, free from 
cross-wind, and the second is to employ adequate 
steadies correctly aligned. The alignment of the 
steadies may be checked by means of an alignment 
telescope and targets, and after boring the results may 
be measured by the same means. A recent test showed 
that the tolerances required in locked-train gears, to 
ensure even sharing of the load between the trains 
ahead and astern, have been obtained, and that the 
accuracy of measurement of parallelism is about 
0-0005 in. 

As gears are produced to such high standards of 
accuracy, the possibility of achieving interchange- 
ability has assumed importance. In the event of 
failure of the gearing, interchangeable parts may be 
replaced with no hand fitting. The alternative is to 
allow an adjustment of one of the bearings to provide 
true meshing, the adjustment being done preferably 
in a controlled manner using a fixture for boring, or 
by a pad and adjustable liner behind the shell as in 
the steam gun-boat pinion bearing. In either case, 
with double-helical gears, where it is desired to replace 
only one of a pair of meshing gears, provision must be 
made to ensure that the included helix angles of the 
original and replacement gears are held to close toler- 
ances. The pressure angles and base pitches must be 
similarly controlled. 

If conventional bearings are to be used, and no hand 
fitting is to be allowed, extremely close tolerances 
would have to be maintained on the difference in dimen- 
sions between the following features, in pairs, for any 
one pinion or wheel: journal diameters; bearing 
bores; bearing-shell thickness; bearing outside dia- 
meter; and bearing-housing diameters. All these 
tolerances, except for that of bearing-housing dia- 
meters, could be provided now, but the tolerance on 
the parallelism of the bores of the gearcase housing 
would have to be reduced to about one-third of the 
best achieved to date. For the present, therefore, 
adjustment of the bearings by hand must be accepted. 

The freedom from cross-wind of the gearcase has been 
checked by the use of an alignment telescope on an 
accurate rotary table, the departures from a plane of 
targets on selected positions also being checked. It is 
not yet clear whether this method will control the 
cross-wind to the degree of accuracy required. A gear- 
case is being designed which will have the torsional 
stiffness requisite for mounting on three local areas. 
In view of the adverse working conditions under which 
the checking of gearcases is undertaken in war-time, 
the ability to dispense with the difficult cheek on 
cross-wind would be welcome. 

(T'o be continued.) 
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THREE-PHASE TRANSMISSION AT 
400 KV WITH FOUR DUPLEX . 
CONDUCTORS,.* — 


By Dr. J. R. Mortiock, M.I.E.E. 


THREE-PHASE transmission projects of 400 kV in- 
herently involve long distances and the cost of the 
transmission system becomes a major factor, particu- 
larly as duplicate circuits are generally employed to 
ensure continuity of supply. These projects are often 
develo in two or more stages, but the cost of the 
initial installation is augmented by duplicate lines 
the full capacity of which may not be needed until the 
final stage. An alternative to duplicate circuits, 
which require at least six conductors, is an arrange- 
ment of three conductors and a stand-by conductor, 
in conjunction with high-speed switching for bringing 
the stand-by into service. An automatically-operated 
scheme embodying similar principles has functioned 
for several years in Holland on a 150-kV system 
earthed through an arc-suppression coil. 

For purposes of comparison, it is assumed that both 
schemes apply to transmission lines divided into 200- 
mile sections employing duplex or twin conductors, 
each of which consists of two 1}-in. diameter alumi- 
nium steel-cored conductors per phase at 20-in. spacing, 
the phases being arranged in flat configuration at 
44-ft. centres. Intermediate substations are not 
essential with four duplex conductors, though some 
form of line sectioning is desirable to ensure continuity 
of supply should two lines in different sections become 
faulty simultaneously. Four duplex conductors can 
be suspended from a two-tower system, each tower 
supporting one earth wire at its apex, and carrying a 
duplex conductor on each side of the central structure ; 
three transpositions would be needed in each section 
to give an approximate balance. A scheme of this 
kind can be readily extended to form a double-circuit 
three-phase system or used directly for a double-circuit 
direct-current scheme. 

Over the distances bee considered, compensation 
for the series reactance of the line is essential, and pre- 
liminary studies indicate that this would have to be at 
least 40 per cent., which is the value adopted for the 
comparison. It is supposed that each 200-mile section 
is switched as a unit, and is permanently associated 
with its own 40-per cent. series compensation. It is also 
assumed that normal frequency over-voltage protection 
of the capacitor banks employed is to be provided by a 
gap and circuit breaker in parallel with each bank, and 
that the same capacitors can be used for either scheme. 
The series capacitors are generally assumed to be at 
the receiving ends of the 200-mile sections so as to 
reduce the voltage at the circuit breakers, but on the 
last section they are considered as being at the sending 
end, in order to raise the receiving-end voltage, and to 
reduce the synchronous condenser requirements. 

The values and the distribution of the shunt reactors 
required were determined from load studies and by 
ascertaining the voltage rises occurring with loss of 
load. In practice, these reactors would saturate with 
appreciable voltage rises, but linear characteristics are 
assumed. Power at the sending ends of the lines is 
considered to vary in steps of 150 MVA—corresponding 
to the switching of two 75-MVA generators to a com- 
mon transformer stepping up to 400 kV. At the 
receiving end, it is supposed that there is 500 MW of 
steam- and hydro-electric generating plant, and that 
the total load includes this 500 MW plus that from the 
400-kV system. Transformers of low reactance are 
assumed, and the total-load power factor taken as 
0-8 lagging. 

Experience suggests that the maximum switching 
over-voltage on a three-phase 50-cycle system with a 
directly-earthed neutral will be of the order of 34/2 
times the normal line to ground r.m.s. voltage if the 
breakers do not restrike more than once after current 
extinction when interrupting line-charging currents. 
It is reported, for example, that the voltage at the 
open-end of a single 380-kV 600-mile line without 
series compensation can be 700 kV, and 600 kV if the 
receiving-end transformers are connected but not 
loaded, the corresponding phase to earth voltages of 
the sound phases during an earth fault being 380 kV 

“and 460 kV. The effect of a distributed form of series- 
capacitor compensation on the voltage is indicated in 
Figs. | and 2. These show the variation of the off-load 
and on-load voltages with distances for different powers 
for both four-duplex and six-duplex conductors, the off- 
load condition assuming that the receiving-end trans- 
formers are disconnected. The voltage distributions 
shown were used for stability studies, the off-load 
voltages being based on machine transient reactances ; 
if voltage regulators are set to keep the sending-end 
voltage constant, they ultimately reduce the off-load 
voltages by about 100 kV. 





* Paper read before the Conférence Internationale des 
Grands Réseaux Electriques & Haute Tension, in Paris, 
on July 3, 1950. Abridged. 








The voltage rises shown, being smaller on off-load 
than in the example just cited, allow lower insulation 
levels in the apparatus employed. Shunt reactors with 
linear characteristics were assumed for these typical 
cases, though the voltage rise is even smaller if the 
effects of saturation are taken into account. Reactors 
also exercise a limiting action on the maximum load, 
and the extent to which they are employed therefore 
depends on obtaining a reasonable balance between 
these two effects. The maximum powers which can 
be transmitted over 400 miles without shunt reactors 
for a voltage rise to 600 kV are also indicated in the 
figures; shunt-reactors are needed for distances of 
800 miles, but the voltage may even then rise to nearly 
700 kV. 

The rise of voltage with loss of load also affects the 
ratings of the circuit breakers, though not so drastically 
as might first seem. Normally, the maximum recovery 
voltages which circuit breakers have to withstand is 
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corresponds to the voltage across the first phase tc 
clear on a non-earthed three-phase fault on a system 
with a directly-earthed neutral. Owing to the isolated 
phase arrangement of 400-kV systems, any three-phase 
fault involves earth, so that the 1-5 factor reduces to 
unity, and a breaker rated at 400 kV in accordance 
with British Standards 116 is therefore suitable for 
interrupting a 600-kV circuit. 

In assessing costs, the insulation levels are assumed 
to accord with the maximum voltages, but outages 
due to lightning have also been considered. If the 
resistance of a tower footing is taken as 20 ohms, then 
there is likely to be one flashover per 250 miles per 
annum for an insulation level of 1,775 kV in areas 
having an isokeraunic level of 30 (i.e., the number of 
days per annum on which thunderstorms occur). This 
value is representative of Australia, India, Canada, New 
Zealand and Europe, but large parts of Africa and South 
America have isokeraunic levels of 60, so that two 
flashovers per 250 miles can be expected in these areas. 
Outages will occur for about 50 per cent. of the flash- 
overs so that trouble due to lightning can be expected 





once per annum per 500 miles for a 30 isokeraunic level. 
and once per 250 miles for a 60 level. The number of 
outages will be approximately doubled if the insulation 
level is reduced to 1,400 kV, but, this is acceptable as 
most would be self clearing. 

The possibility of inter-phase faults is small, and 
only single phase to earth faults are considered, an 
appropriate sequence of operations being assumed for 
each of the two schemes. With four duplex conductors, 
for example, it is supposed that any series compensation 
capacitor is by-passed by its protective gap as soon as 
the fault occurs if the current through the capacitor 
exceeds four times the normal load value. The pro- 
tective gear is assumed to trip the circuit breakers at 
both ends of the faulty conductor one-fiftieth of a 
second later and to initiate the closing of the selector 
switches for bringing the stand-by conductor into 
service. It is also assumed that the main breakers 
clear the main arcs within eight hundredths of a 
second after the fault, and that the fault current is 
then reduced to about 70 amperes, and is main- 
tained through the breaker resistors. The circuit 
breakers in parallel with the capacitors are assumed to 
close twelve hundredths of a second after the fault, and 
that a full three-phase supply is restored within one 
quarter of a second. 

The values of the “firm” power which can be 
delivered over various distances, and the estimated 
capital costs per MW of each scheme are given in 
the accompanying table, “firm” power being the 
maximum for which system stability is maintained 
after isolating a sustained fault on a phase in one 
section of the line. Two series of costs are given, the 
bracketed figures being total costs and inclusive of 
typical substations in each case. It is assumed that 
the incoming lines are connected to shunt reactors (if 
used), and to the series capacitors and the capacitor 
by-pass isolators; these would normally be open to 
allow the circuit to pass through the series capacitors 
to the breakers and to the ’bus-bars. Reactors or capa- 
citors are not generally needed on the output side and 
it is assumed that the circuit passes directly from the 
*bus-bars through the breakers to the line. 

As the smaller series of figures in the table do not 
cover the sending-end plant up to 400 kV, they offer 





| 
Capital Cost per MW in 
1,000. Units. 











Distance in | “ Firm *’ Power 
Miles. in MW. | 
| | Four Duplex | Six Duplex 
Conductors. Conductors. 
400 | 550 | 22-5 (39) 27 (43-5) 
400 | 850 | _ 21 (36) 
600 | 400 | 40 (58) 50 (68) 
600 700 | = 34 (49) 
800 | 325 | 57 (74) 76 (93) 
800 | 550 — 52 (68) 
| 








a fairer basis of comparison, since the cost of the 
transmission line is the greatest item. Even on the 
basis of total capital costs however, the four duplex 
conductor scheme offers a saving of 2,475,000/. for the 
transmission of firm power over distances of 400 miles, 
corresponding savings for 600 and 800 miles being 
4,000,000/. and 6,175,000/., respectively. The use of 
four duplex conductors therefore deserves serious con- 
sideration where double-circuit reliability is required. 
The firm power which they can transmit, though less 
than the full capacity of a duplicate three-phase 
scheme, is not reduced by the simultaneous occurrence 
of a fault in each of two sections, whereas in the 
duplicate scheme, the firm power over these sections 1s 
then reduced to that of a single three-phase trans- 
mission line. 








PRODUCTION OF DE HAVILLAND AIRCRAFT AND JET 
ENGINES IN ItTaty.—The de Havilland Enterprise 
have announced that a licence has been signed for 
the Italian manufacture of the de Havilland Venom 
fighter aircraft and the Ghost jet engine. The Italian 
pr.duction of Vampire fighter aircraft, which was agreed 
to on November 29, 1949, will start almost immedi- 
ately ; rapid progress has been made in providing tools 
and jigs, bearing in mind that the British measure- 
ments had to be converted to the metric system. In this, 
Italy has received great help from the French, who are 
also building Vampires at the Société Nationale de 
Constructions Aéronautiques Sud-Est. British, French 
and Italian jigs are checked by de Havilland to a uniform 
standard, and complete interchangeability of major 
components is maintained between the three countries. 
Similarly, the Swedes, who are building de Havilland jet 
engines, have helped in providing metric data. In Italy, 
the Ghost jet engine will be built by the Fiat and Alfa 
Romeo companies ; Venom airframes will be constructed 
by the Fiat, Macchi and Ambrosini companies, assembly 
being carried out at the Fiat and Macchi works., Adminis- 
tration of the whole organisation is being co-ordinated 
by the Sicmar Company, which was formed to acquire 
the licences and materials. 
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SUPERSONIC EXAMINATION OF WELDED PRESSURE VESSELS. 





\ 


Fia. 1. 





Fia. 3. 


SUPERSONIC EXAMINATION OF 
BOILER PLATE AND WELDED 
SEAMS. 


On pages 344 and 373 of ENGINEERING, vol. 169 
(March 31 and April 7, 1950) we published an illus- 
trated article entitled ‘‘ Manufacture of Fusion-Welded 
Pressure Vessels by Babcock and Wilcox, Limited.” 
In a paper dealing with “The Welding of Pressure 
Vessels,” presented before the West of Scotland Iron 
and Steel Institute, on November 17, Dr. H. Harris, 
who is on the staff of Babcock and Wilcox, covers 
somewhat similar ground, but in a section on inspec- 
tion he refers at length to the supersonic method of 
examining plates and welded seams. This method was 
under active investigation when we visited the Renfrew 
Works of the firm to prepere our article and we note 
from Dr. Harris’s paper that it has now been in use for 
works testing for some months. We reproduce, there- 
fore, those portions of the paper which deal with the 
Supersonic method. 

After stating that, for a number of reasons, the 
maximum weight of plate that should be used in the 
normal boiler drum should not exceed 20 tons, approxi- 
mately, Dr. Harris goes on to say that the use of such 
plates has called for special attention. It has been 
fourd that the major defect to which they are subject 
18 central unsoundness or even gross piping. In order, 
therefore, to save the expense of any fabrication that 














EXAMINATION OF WELDED SEAM BY SUPERSONIC TECHNIQUE. 








Test PLaTES ON SMALL WELDED PRESSURE VESSEL. 


| would otherwise be done on a defective plate, it has 


become the firm’s standard practice to test all boiler- 
shell plates with supersonic equipment. For such a 
purpose, the supersonic method of testing is well suited. 
Normally, a beam of a frequency of 2} megacycles is 
sent through the thickness of the plate, and the observa- 
tion of a single strong echo from the back surface of 
the plate can be taken as proof of sound metal. The 
presence of piping, however, results in a reflection of the 
supersonic waves which is noted on the oscilloscope at 
a position corresponding to the mid-thickness of the 
plate. Fig. 2, above, is an accurate representation of 
the type of trace given on the screen of the cathode- 
ray tube of the equipment resulting from the examina- 
tion of a plate with a piping defect ; a in Fig. 2 shows 
the transmission mark, b a flaw echo from a piping 
defect, and c the echo from the bottom surface of the 
plate. In such a test, scanning the plate surface enables 
a plot of the extent of the defect to be made, and a 
decision as to the serviceability of the plate can then 
be made with a fair degree of accuracy. A more 
difficult decision arises when the supersonic method of 
inspection reveals not gross piping, but axial unsound- 
ness in the plate arising from a loose central structure 
in the corresponding position of the original ingot. 
Experience has shown that this class of defect is of 
two types—sulphide segregates and localised lamina- 
tions. Both these defects can give rise to serious 
difficulties in the welding operation and their removal 
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by means of a welding repair can become quite a 
troublesome and expensive operation. At the same 


time, their presence in zones unaffected by welding 
is not at all likely to affect the service performance 
of the finished vessel. A difficult decision has there- 
fore to be made—whether to reject the plate as being of 
unsuitable quality for welding or whether to face the 
risk of fabrication difficulties. Twenty years ago the 
decision would probably have been easy. It could 
then have been forecast with reasonable accuracy that 
the chance of fabricating the plate into a pressure 
vessel conforming to the specifications of a Class I] 
standard was remote and the plate would have been 
rejected without much more ado. To-day, however, 
the position is markedly different. With submerged. 
are welding, considerable difficulties in attaining Class I 
welding standards would still be expected, but with 
the modern Babcock and Wilcox multi-layer metal 
arc-welding method the probability of achieving a 
reliable and sound weld is far greater. It is, however, 
impossible to lay down acceptable standards of plate 
quality to cater for this type of occurrence. In many 
instances, the best that can be done seems to be to 
cut a section from the zone under suspicion (fortunately, 
these zones normally run up to the edge of the plate) 
and, after macro-examination, judge the position on the 
basis of experience. 

The supersonic method of non-destructive testing 
cannot be regarded as being always unfavourable to the 
steelmaker. There are many instances in the case of 
heavy plate where an over-roll has not been removed 
when the plate was gas-cut to size, and where it has been 
possible by the supersonic equipment to show that the 
defect would be removed by the normal discard at 
present allowed. As a result, many such plates have 
been accepted for subsequent fabrication. Also, 
examples are available when the accurate plotting of 
the extent of a piping defect has allowed the plate to 
be further cropped and used subsequently for a drum 
requiring a shorter plate. 

In modern high-pressure boiler drums, it is the 
usual practice of the author’s firm to — the vessel 
with two longitudinal seams. To conform to the 
current British Standard Specification (B.S. No. 1113) 
such a construction necessitates the welding of four 
test plates, from each pair of which a set of tests involves 
the following: an all-weld-metal tensile test ; a trans- 
verse tensile test ; a direct bend test; a reverse bend 
test ; two Izod tests on the weld metal ; a macrophoto- 
graph of the weld ; and microphotographs of the weld 
metal, the junction, and the parent plate. 

On a large drum these tests are representative of a 
total of 21 cwt. of weld metal. Each plate that goes 
into the making of the drum is accepted on the results 
of two tensile tests and two bend tests. These tests are 
representative of perhaps 20 tons of steel. Such a 
disparity can only be justified where it is suspected, or 
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can be shown, that there is a greater chance of variation 
in weld-metal properties than in the steel plate. The 
author’s experience over the past few years is definitely 
to the effect that the weld metal is at least as consistent 
in mechanical properties as the plates supplied. In 
fact, one is tempted to go further and assert that there 
is more consistency in the test certificates issued for 
weld metal than there is in the certificates issued by 
the steel rolling mill. 

Surely it is reasonable to suggest that some relaxation 
should be allowed to manufacturers able to support 
such an argument with their own data? Fig. 3, on 
page 29, illustrates the unreasonable extent to which the 
current British Standard Specification requirements 
demand the welding shop to proceed in the provision of 
test plates. It does not take much imagination to 
realise that the cost of welding the coupon plates and 
testing the weld, both mechanically and radiographic- 
ally, is an unduly high percentage of the total cost of the 
vessels that will be produced. With such an overhead 
expense, it would be impossible to compete with riveted 
designs if economic considerations were the deciding 
factor. Surely experience of welding has now reached 
the stage when some consideration could profitably be 
paid to relieving the small welded pressure vessel of such 
an economic disadvantage when compared with the 
less scientifically desirable riveted counterpart. 

The other aspect of routine inspection that merits 
reconsideration is radiographic examination. It can 
never be suggested that the company with which the 
author is connected has been backward in the applica- 
tion of radiographic inspection. When welded boiler 
drums were introduced by the American Babcock and 
Wilcox Company, they were responsible for introducing 
X-ray inspection as a necessary part of the manufac- 
turing routine. When, shortly after this, Babcock and 
Wilcox, Limited, introduced welded constructions into 
this country, the same system was adopted. The first 
400-kV industrial X-ray machine was installed at 
Renfrew and the first industrial 2-million volt X-ray 
set was ordered by this company, although owing to 
prevailing conditions its operation was subject to some 
delay and followed one or two American installations. 

In spite of this progressive attitude towards the use 
of radiographic inspection, it nevertheless remains a 
fact that radiographic inspection is very costly, especi- 
ally in the case of drums for low pressures. In this 
field, in particular, radiographic inspection is an 
unwarrantable percentage of the total manufacturing 
costs of a drum. It is still the policy of the welded 
pressure vessel industry to insist that, for Class I 
construction, some form of non-destructive testing must 
be applied to the welded seams; but although radio- 
graphy is at present the accepted means of such 
examination, the industry would be anxious to adopt 
any alternative which, while satisfactory as an inspec- 
tion routine, would achieve substantial savings in 
time and cost. 

Since the beginning of this year, the supersonic 
equipment using the transverse-wave technique, shown 
in operation in Fig. 1, on page 29, has been used on the 
longitudinal seams of a large number of welded drums. 
In this technique, the crystal transmitting the super- 
sonic oscillations is mounted on a Perspex block, as 
shown in Fig. 4, on page 29, this being placed in contact 
with the surface of the steel vessel being examined. This 
illustration, showing the refraction of the supersonic 
waves, indicates the direction taken by the waves 
in the plate. It will be appreciated that a weld defect 
which almost invariably offers a surface in a plane at 
right-angles to the plate surface will be oriented so that 
some reflection of the incident beam will occur. This 
reflected beam can be picked up by the ss crystal 
and a flaw echo will be produced on the oscilloscope. 
The earliest work done with this equipment proved 
quite conclusively that if a known weld defect were 
present, then the supersonic technique would indicate its 
presence. The very nature of the method, however, 
caused doubts as to whether the technique would be 
capable of invariably locating weld flaws in a welded 
seam that had not previously been examined by any 
other method. This has been the objective of the 
experimental work carried out since the beginning of 
this year. 

Welded drums were sent for supersonic inspection 
before being submitted to the routine X-ray examina- 
tion. Comparison of the two independent reports 
would then be made. At the time of writing, the 
position is summarised as follows : 

A. Total number of areas examined : 
B. Number of areas acceptable by super- 
sonic inspection .... ars aes —— 

C. Number of these latter areas later 
found to contain defects on X-ray 
inspection ee ce eal ae 4 
D. Number of areas unacceptable by 
supersonic inspection _.... ae in 
E. on of these areas (D) later found 
to contain defects on X-ray inspection 55 

The ultimate aim of the tests was to see whether, by 

supersonic testing, the necessity for a 100 per cent. 


1,067 





radiographic examination could be eliminated. The 
test conclusions are as follow. With very few excep- 
tions, the supersonic technique did not fail to indicate 
the presence of defects which were later proved to be 
sufficiently serious and unacceptable to current specifi- 
cation requirements. Many areas not accepted by 
supersonic inspection were, on radiographic inspection, 
shown to contain flaws of very minor significance, or 
no flaws at all. Supersonic testing, therefore, seems to 
be a technique of too sensitive a character that cannot 
be relied upon for the final examination of a welded 
seam, but the possibility exists of the supersonic 
technique being applied for the purpose of showing 
which areas require radiographic examination. On the 
basis of the experiments recorded above, the supersonic 
equipment would have reduced the amount of radio- 
graphic work by approximately 80 per cent. 

The only disturbing feature of the above tests was 
the fact that the operator missed four flaws which were 
later found by radiographic examination, and then 
removed. It is not the author’s wish to attempt to 
excuse this situation, but it is worth-while recording 
that when this programme was started the operators 
were still gaining experience, that the technique was 
gradually being developed and that the record given 
is a true statement involving every drum examined 
under this scheme to date. It is also perhaps not with- 
out interest to report that it is the author’s unqualified 
opinion that the defects were so small and insignificant 
that had they not been removed and repaired, no service 
failure could possibly have been originated by their 
presence. 

The one major exception was the erroneous diagnosis 
of two relatively short slag lines running parallel on 
both sides of a welded joint. The flaw echo of the 
supersonic examination led the operator to judge the 
defect as acceptable. Subsequent to the radiographic 
examination, the opportunity was taken of repeating 
the supersonic examination of this area and the results 
confirmed the initial findings. The welded seam was 
then examined by the supersonic method by applying 
the probes on the other side of the welded seam, and 
under these conditions the supersonic response was 
characteristic of a gross slag defect. The explanation 
was not evident, but the experience decided that, for 
the future, where supersonic testing was applied, the 
welded seam had to be examined twice, i.e., from 
both sides of the weld. 

On the experience gained to date, it is thought that 
the diagnosis of the supersonic echoes, as shown on the 
oscilloscope, is too unreliable for a final assessment of 
weld soundness, but that, used in conjunction with 
radiographic examination in a manner similar to that 
outlined above, a major saving can be made without 
A sacrifice of quality in the final welded drum. It 

ill be appreciated, however, that such a system of 
inspection would only be applicable in those factories 
where the number of defects is sufficiently small, so 
that supersonic inspection would afford a major reduc- 
tion in the amount of radiographic work. 

Throughout the 20 years of welded-pressure vessel 
manufacture, radiography has likewise developed. In 
fact, if radiographic equipment had not achieved 
notable advances, the welding of thick plates would 
not have been countenanced. In the early days, X-ray 
equipment of 200 kV was the most powerful apparatus 
available to the industrial radiographer, but now 
2,000,000-volt units are available and a few are actually 
in commission industrially. This is not the place to 
embark on a description of the equipment, since much 
has already been written about this apparatus.* It 
is sufficient to report that, in spite of the heavy capital 
costs obviously involved, the present programme of 
welded boiler drums for power stations could not have 
been attempted satisfactorily without such equipment. 





PHYSICAL SOCIETY’s EXHIBITION.—The 35th annual 
exhibition of scientific instruments and apparatus to be 
arranged by the Physical Society will be held from 
Friday, April 6, to Wednesday, April 11. On the 
opening day, the morning session will be reserved for 
Fellows of the Society and for the Press, but the 
exhibition will be open generally from 2 p.m. to 
9 p.m. It will be closed on the Sunday, but on the 
other days it will be open from 10 a.m. to 1 p.m. and 
from 2 p.m. to 9 p.m., with the exception of Saturday, 
April 7, and Wednesday, April 11, when the afternoon 
sessions will end at 5 p.m. On this occasion, both the 
Royal College of Science main building, Imperial Institute- 
road, and the Huxley Building, Exhibition-road, South 
Kensington, London, S.W.7, will be used, and all tickets 
will be valid for entry to both buildings. A hand-book 
containing descriptions of all the items to be displayed 
will be available early in March from the secretary of 
the Society, 1, Lowther-gardens, Prince Consort-road, 
London, S.W.7, at the price of 6s., postage paid. 





* For example, see ENGINEERING, vol. 169, page 373 
(1950). 


ANNUALS AND REFERENCE BOOKS. 


Post Office, 1950.—Of all Government departments, 
the Post Office is that with which the public comes 
most frequently and most closely into contact. Even 
so, there is probably a lack of knowledge of some, at 
least, of its ramifications and this ignorance must be 
the justification for the compilation of Post Office, 1950. 
a booklet which consists of an illustrated summary of 
the many activities of the Department during 1950. 
A chapter on research and development deals with the 
work of the engineering department generally and 
particularly with the activities of the Research Station 
at Dollis Hill. The constant efforts that are being made 
to improve telecommunications both at home and 
overseas are described, and, although these will be 
familiar to most engineering readers, no criticism need 
be made of this attempt to bring them before a wider 
public. The same may be said of the account of the 
increasing extent to which mechanisation is being 
employed on such activities as the handling of parcels, 
the issue of stamps in travelling post offices and on 
ordinary air and helicopter services. Some space is 
devoted to an apologia for the delay that prospective 
telephone subscribers are experiencing in obtaining 
connection and, although this will be read with a 
certain wryness by the victim, it is only just that the 
position should be placed on record, even if it is a little 
ex parte. The publication, as a whole, is worthy of 
study and if it leaves the impression that, in spite of 
difficulties, the Post Office is doing all it can to serve 
the public, that is no doubt the intention. Post Office, 
1950, is published by H.M. Stationery Office, Kingsway, 
London, W.C.2, at the price of 2s. 6d. 


Industrial North Staffordshire.—This well-illustrated 
industrial guide, published by the North Staffordshire 
Chamber of Commerce, covers the area round Stoke-on- 
Trent and south to Stafford. It reviews briefly a wide 
range of industries from textiles and pottery to heavy 
engineering and coal mining. The main industrial 
centre is Stoke—the Potteries—and, naturally, a large 
part of the book is devoted to the china and associated 
industries. From an engineering point of view, it is 
of interest to note, as the book points out, how rapidly 
this industry is changing. The traditional methods, 
both of making and firing, are rapidly being displaced 
by automatic and semi-automatic machines and tunnel 
kilns. Much of the equipment required is made in the 
district, and the making of pottery machinery is an 
important branch of the local engineering industry. 
There are, however, many other products, including 
oil engines, power presses, and electrical equipment. 
Mining equipment, too, is a local product, as might be 
expected from the fact that the area is an important 
coal-mining centre; and, throughout the area, there 
are foundries, large and small. As a brief non-technical 
introduction to an area celebrated for one particular 
product, but producing many other things as well, 
the book should be of interest to those who are un- 
acquainted with North Staffordshire; indeed, it is 
produced principally for overseas readers. It has been 
edited and compiled by Mr. Norman Beckett, and is 
published for the Chamber by the Bemrose Publicity 
Company, Limited, Wellington-street, Derby. It is 
gratis to approved applicants. 

Kent’s Mechanical Engineers’ Handbook.—The first 
edition of this hand-book, published in 1895, was edited 
and largely written by William Kent. He, also, was 
responsible for subsequent editions up to the eighth, 
after which he was succeeded by Robert Kent. At the 
time of the latter’s death in 1947, the present, 12th, 
edition was being planned. Like the 11th edition, it 
is in two parts, the Power Volume and Design and 
Production Volume, the editors of which are, respec- 
tively, Mr. J. Kenneth Salisbury and Mr. Colin Car- 
michael. ‘* Hand-books”’ which cover so wide a field as 
mechanical engineering have long since ceased to be 
hand-books, but no one is likely to cavil at that; 
the two volumes of the present work each contain 
about 1,500 pages, the text of which, though small, is 
conveniently and agreeably arranged. The contri- 
butors are leading men in American industries and 
educational establishments. The editor of the Power 
Volume states that it has been entirely re-written, 
except for a few passages that have been reviewed by 
competent authorities and retained because of their 
value. It is intended to cover the whole field of heat- 
power engineering and transportation, as well as the 
important aspects of fluid flow. Some of the space 
allowed in the previous edition for steam engines, gas 
producers and other subjects of declining significance, 
has now been allotted to atomic power, gas turbines, 
supersonics, marine engineering, jet propulsion, aircraft 
piston engines, heat pumps, Diesel and electric loco- 
motives, etc. In a preface to the Design and Production 
Volume, the editor, noting the change of title, which 
was previously Design, Shop Practice, explains that this 
is in recognition of the fact that design and production 
are now considered as simply two phases of a single 
activity—‘‘ the engineering of a product from the 
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article at an economical cost.” The general quality 
of a hand-book such as Kent’s can only be assessed 
after long use; few come out with full marks, but 
there can hardly be one, in mechanical engineering, 
which comes so near to the optimum. Editors of 
reference books usually welcome suggestions; they 
might, in this case, examine each section critically to 
ensure that illustrations are given their due proportion. 
In general, the illustrations are adequate, but the 
section dealing with precision investment casting, 
for example, depends for its value solely on text. The 
volumes are published at 8.50 dols., or 68s., net each, 
by John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16; and by Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 

Year Book of the Heating and Ventilating Industry.— 
The fourth issue of this publication, which is produced 
by Technitrade Journals, Limited, Carlisle House, 8, 
Southampton-row, London, W.C.1, in collaboration 
with the Association of Heating, Ventilating and 
Domestic Engineering Employers, contains a number 
of contributed articles on subjects embraced by the 
general title, followed by transcripts of legal agree- 
ments concerning the trade, and a number of reference 
lists. These lists include a bibliography, a list of 
British Standard Specifications, a list of the members 
of the Association above-mentioned (arranged by areas 
and also alphabetically), a buyer’s guide, a register 
of trade names, manufacturers’ addresses, and a list of 
trade associations. The price of the Year Book is 
7s. 6d. net, or 8s., including postage. 

‘“Hitte”’, des Ingenieurs Taschenbuch.—Little can be 
said about a book which has reached its 27th edition 
except to say that it continues to fulfil a useful function 
as a handy reference book for engineers. It may be re- 
called, however, that before the war “‘ Hittte”’ was 
published in four volumes, the first of which covered 
mathematical, physical, mechanical, heat and other 
fundamental matters, as well as dealing with methods 
of measurement. Inthe second volume, mechanical and 
electrical equipment, including lighting apparatus, was 
described, while the third and fourth dealt with civil 
engineering, railway construction, shipbuilding, aero- 
nautics, ceramics, photography and a number of other 
more or less cognate matters. The book under review 
is a revised edition of the second volume in this group ; 
and parts of it have been largely rewritten and ex- 
panded to bring it up to date. Each section is compiled 
by an expert in the subject, and it is interesting to see 
that a number of well-known names still appear among 
the contributors. The treatment is perhaps more 
mathematical than would be found in a similar work 
published in this country, but for that reason British 
engineers who can read German will not find it lacking 
in utility and interest. The same class of engineers 
will also be able to employ it as a means of improving 
their knowledge of that language, especially as so much 
technical literature is now again beginning to appear in 
German. There is an adequate index, but no biblio- 
graphy. The book is published in Berlin by Verlag 
von Wilhelm Ernst und Sohn at the price of 24 DM., 
and can be obtained in this country from Lange, 
Maxwell and Springer, Limited, 41, Neal-street, 
London, W.C.2, at 42s. 


CORDITE-CHARGE STARTER FOR 
AIRCRAFT GAS TURBINES. 


To provide a means for starting aircraft jet engines 
rapidly and independently of ground services—a 
necessity in forward bases—a new type of turbo- 
starter, operating on the combustion gases produced 
by a cordite charge, is to be adopted for the latest 
Royal Air Force fighter aircraft. It is made by 
Messrs. Rotax Limited, Willesden Junction, London, 
N.W.10. 

A photograph of the Rotax turbo-starter is repro- 
duced in the illustration above. The main casting 
includes two chambers containing cordite cartridges. 
One of these charges forms a standby in case the first 
charge should fail to operate, or serves for a relight. 
Each charge is fired electrically by operating a switch in 
the pilot’s cockpit. The firing circuit is arranged so 
that it is impossible to fire the second charge until the 
first charge has dissipated its energy. The gases gener- 
ated by the “ slow-burning ” cordite, which lasts for 
approximately three seconds, flow through a channel in 
the base of the casting and through four small ports 
into the turbine housing, and across the blades of the 
turbine, exhausting to atmosphere. The turbine is 
thereby caused to rotate at approximately 45,000. 
The drive is transmitted to a shaft connected to the 
main turbine shaft of the engine, through 5 : 1 epicyclic 
reduction gearing in the starter and a further 5:1 
reduction gear in the engine. A spring-loaded multi- 
plate clutch, situated between the annulus ring of 
the gear train and the housing, consists of inter-leaved 
steel and phosphor-bronze plates, so that when the 
torque developed exceeds 180 lb.-ft. the clutch will 
slip. The output torque and speed of the starter are, 
respectively, 100 lb.-ft. and 9,000 r.p.m.; the maxi- 
mum power, at 17 deg. C., is 170 brake horse-power. 
The unit weighs 60 lb. and operates at a maximum 
temperature of 45 deg. C. It is provided with an 
overspeed device, which operates between 10,500 and 
12,000 r.p.m. of the output shaft. 





CENTRIFUGAL AND AXIAL COMPRESSORS FOR INDUS- 
TRIAL USE.—The relative advantages of the centrifugal 
and axial type of gas compressor for industrial use are 
summarised in an article by Dr. W. Traupel in issue No. 2, 
1950, of the Sulzer Technical Review. On account of the 
shorter and straighter flow path, and the low losses in 
the rotor blading, the axial compressor, he concludes, 
is generally more efficient than the radial type, and is 
more suitable for dealing with large quantities of gas. 
The centrifugal compressor is, however, better for hand- 
ling small flows, because adverse frictional effects become 
more pronounced in small axial machines, which also 
require to be operated at very high speeds, introducing 
difficult gearing problems. At a constant speed, the 
axial compressor is more sensitive to fluctuations in the 
delivery quantity, but the pressure can be raised well 
above the normal service value. The characteristics of the 
axial compressor, Dr. Traupel considers, make it particu- 
larly suitable for the smelting industries. The delicacy 
of the axial compressor and the sensitivity of its blades 
to fouling have, he suggests, been exaggerated ; it is a 





robust and reliable machine. 





SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Hexagonal Nuts for Aircraft.—A new specification in 
the series of materials for aircraft purposes, B.S. No. 
A.27-1950, covering medium-tensile steel, ordinary, 
thin, slotted and castle hexagonal nuts, has been 
published. It replaces, in part, specification No. A.16 
and contains clauses relating to material and manufac- 
ture, dimensions, screw threads, limits and tolerances, 
squareness of the face to the thread, a cadmium anti- 
corrosion coating, and identification and marking. 
Tables of dimensions for each series of nuts and a 
drawing of an approved squareness gauge are included. 
[Price 1s., postage included.] 


Methods of Testing Rubber Latex.—In 1940, the 
British Standards Institution issued specification 
B.S. No. 902, dealing with methods of testing latex, 
raw rubber and unvulcanised compounded rubber. 
This publication is being revised and divided into two 
parts of a new specification. The first of these, which 
constitutes Part 1 of B.S. No. 1672, is now available. 
It covers sampling and the determination of total 
solids, dry rubber content and alkalinity. A sampling 
device for latex tanks is described and illustrated in 
an appendix. [Price 2s., postage included.] 


One-Mark Bulb Pipettes.—A new specification for 
laboratory glassware, B.S. No. 1583, covers 16 sizes of 
one-mark bulb pipettes of from 1 ml. to 100 ml. 
capacity. Full dimensions are given and standard 
methods for the determination of capacity and delivery 
time are included. [Price 2s., postage included.] 


Microchemical Analysis Combustion Train, Washout 
Pipettes and Micro-nitrometers.—Three specifications 
constituting the first publications of a comprehensive 
series, designated B.S. No. 1428, and covering micro- 
chemical analytical apparatus, have come to hand. 
Group A of the series covers combustion trains for 
the determination of elements, and Part Al, now 
issued, describes the standard Pregl type of carbon 
and hydrogen combustion train. Volumetric micro- 
chemical apparatus is included in Group D, and the 
two other newly-issued specifications are in this Group, 
namely, Part D2, dealing with washout pipettes, and 
Part D3, which is concerned with micro-nitrometers. 
Washout pipettes are calibrated for contents and are 
designed to facilitate the washing out of a measured 
quantity of liquid ; 0-1 ml., 0-2 ml., 0-5 ml., and 1 ml. 
are the standard sizes. The micro-nitrometers are of 
the Pregl type and are used for the measurement of 
nitrogen produced in the micro-determination of 
nitrogen by a combustion method. [Prices: B.S. 
No. 1428: Part Al, 3s., and Parts D2 and D3, 2s. each, 
postage included.] 


Carbon-Steel Castings.—A second revision and an 
extension of specification B.S. No. 592, covering 
carbon-steel castings for general engineering purposes, 
has recently been issued. It provides for a compre- 
hensive range of castings for the construction of ships, 
marine engines, railway rolling stock, and other 
purposes, and it also replaces B.S. No. 24, part 4, 
Specification No. 10. Three grades of castings are 
specified and these differ from those dealt with in the 
last, 1940, revision of B.S. No. 392, in that the minimum 
ultimate tensile stress of grade A is 28 tons, grade B 
32 tons and grade C 35 tons per square inch. The full 
chemical composition is specified for all grades. Inspec- 
tion and testing of the castings are covered in detail 
and an appendix contains recommendations on the 
repair of castings by metal-are welding. [Price 2s., 
postage included.] 

Wrought-Steel Pipe for Petroleum Industry.— Eight 
new specifications in the series dealing with equipment 
for the petroleum industry have now been issued. 
These, B.S. Nos. 1600-1607, are bound under one 
and the same cover and concern es ot pipe. 
B.S. No. 1600 deals with the dimensional requirements 
and permissible stresses of wrought steel pipe, No. 1601 
with electric fusion-welded carbon steel pipe in sizes 
from 4 in. up to, but not including, 30 in., No. 1602 
with similar pipe in sizes of 30 in. and upwards, No. 
1603 with fusion-welded carbon steel pipe for high- 
temperature service in sizes of 18 in., and over, No. 1604 
with seamless carbon-steel pipe, No. 1605 with seamless 
carbon-molybdenum alloy-steel pipe, No. 1606 with 
seamless chromium-molybdenum alloy-steel pipe, and 
No. 1607 with seamless alloy-steel pipe. Nos. 1604 
to 1607 cover pipes for high-temperature service. 
Specifications B.S. Nos. 1601 to 1607 contain clauses 
relating to chemical composition, mechanical properties, 
test requirements, tolerances and finish and workman- 
ship. [Price of B.S. Nos. 1600-1607, 10s. 6d., postage 
included.] 
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LAUNCHES AND TRIAL TRIPS. 


S.S. ‘‘ M’ANI.”—Single-screw trawler, built and 
engined by Messrs. John Lewis and Sons, Limited, 
Aberdeen, for the Icelandic Government, Reykjavik, 
Iceland. First vessel of an order for two. Main dimen- 
sions: 205 ft. overall by 30 ft. by 16 ft. Triple-expansion 
reciprocating steam engines and one oil-fired boiler. 
Launch, November 23. 

M.S. “ PorT ADELAIDE.”—Single-screw cargo vessel, 
to carry twelve passengers, built and engined by Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for the United Kingdom/Australia 
and New Zealand service of the Port Line, Limited, 
London, E.C.3. Main dimensions: 460 ft. between 
perpendiculars by 64 ft. 6 in. by 41 ft. 6 in. to upper 
deck; deadweight capacity, 10,700 tons on a draught 
of 28 ft. 84 in.; gross tonnage, 8,050; cargo capacity, 
365,000 cub. ft. insulated and 225,000 cub. ft. non- 
insulated. Hawthorn-Doxford six-cylinder combined- 
stroke oil engine, to develop 7,500 b.h.p. at 112 r.p.m. 
and give a service speed of 15} knots. Launch, Decem- 
ber 8. 

M.S. “ Maawa.”—Single-screw oil tanker, built by 
the Furness Shipbuilding Company, Limited, Haverton 
Hill, County Durham, for the Afran Transport Company 
of Liberia, a subsidiary of the Gulf Oil Corporation, New 
York. First vessel of an order for two. Main dimen- 
sions: 589 ft. overall by 80 ft. by 42 ft. 3in. ; deadweight 
capacity, 24,625 tons on a summer draught of 32 ft. 3 in. 
Hawthorn-Doxford six-cylinder two-stroke opposed- 
piston oil engine, to develop 6,600 b.h.p. at 115 r.p.m., 
constructed by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne. Speed, 14 knots. 
Launch, December 8. 

S.S. “ Sr. KEVERNE.’’—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for Mossrs. Thomas Hamling and Company, 
Limited, Hull. Fifth post-war vessel for these owners. 
Main dimensions: 189 ft. by 32 ft. by 16 ft. 3 in.; 
gross tonnage, 750; fishroom capacity, 15,750 cub. ft. 
Triple-expansion engines to develop 1,100 i.h.p. at 
130 r.p.m., and one multitubular oil-fired boiler, con- 
structed by Messrs. Charles D. Holmes and Company, 
Limited, Hull. Speed, 13 knots. Launch, December 12. 

M.S. “ RINGERD.”’—Single-screw oil tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for Mr. Olav Ringdal, Oslo, Norway. Main dimensions : 
487 ft. 6 in. between perpendiculars by 59 ft. by 
34 ft. 10 in.; deadweight capacity, about 12,000 tons 
on a draught of 27 ft. 6 in.; gross tonnage, 8,200. 
Harland-B. and W. six-cylinder single-acting four-stroke 
Diesel engine, to develop about 3,200 b.h.p. at 115 r.p.m. 
Launch, December 12. 

S.S. “ HrREFNA.”—Single-screw trawler, built and 
engined by Messrs. Hall, Russell and Company, Limited, 
Aberdeen, for the Icelandic Government, Reykjavik, 
Iceland. First vessel of an order for three. Main dimen- 
sions: 183 ft. 6 in. between perpendiculars by 30 ft. by 
17 ft. to raised quarter deck ; fishroom capacity, about 
18,000 cub. ft.; gross tonnage, 700. Triple-expansion 
engines to develop 1,000 i.h.p. at 120 r.p.m. Speed, 
approximately 12 knots. Trial trip, December 12. 

S.S. ‘“‘ FLAMENCO.”’—Single-screw cargo vessel, to 
carry twelve passengers, built by the Greenock Dockyard 
Company, Limited, Greenock, for the Pacific Steam 
Navigation Company, Liverpool. Second vessel of an 
orderfortwo. Main dimensions: 476 ft. between perpen- 
diculars by 66 ft. by 40 ft. 8 in. to upper deck; dead- 
weight capacity, about 11,100 tons on a draught of 
27 ft. 114 in.; gross tonnage, 8,450. Reaction steam 
turbines with double-reduction gearing, to develop 
9,400 s.h.p. at 108 r.p.m., constructed by Messrs. Parsons 
Marine Steam Turbine Company, Limited, Wallsend-on- 
Tyne, and two steam-generating units, manufactured by 
Messrs. Babcock and Wilcox, Limited, London, E.C.4. 
Machinery installed by Messrs. John G. Kincaid and 
Company, Limited, Greenock. Service speed, 164 knots. 
Trial trip, December 19. 

M.S. “ Brnta.”—Single-screw oil tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Govan, 
Glasgow, for Mr. Per Gjerding, Bergen, Norway. Main 
dimensions : 460 ft. between perpendiculars by 59 ft. by 
34 ft. 10 in.; deadweight capacity, 12,000 tons on a 
draught of 27 ft. 6 in. Six-cylinder single-acting four- 
stroke Diesel engine. Service speed, about 12 knots. 
Trial trip, December 18 and 19. 


M.S. “‘ LONDON.’’—Single-screw cargo vessel, built: by 
the Burntisland Shipbuilding Company, Limited, Burn- 
tisland, Fife, for the Dundee, Perth and London Shipping 
Company, Limited, Dundee, for service between London 
and Dundee. Main dimensions: 201 ft. between 
perpendiculars by 36 ft. 3 in. by 21 ft. 1 in. to shelter 
deck ; deadweight capacity, 800 tons on a draught of 
12 ft. 9 in. Eight-cylinder two-stroke direct-reversing 
Diesel engine, to develop 1,280 b.h.p., constructed by 
Messrs, British Polar Engines, Limited, Glasgow. Speed, 
12 knots. Launch, December 20. 





ENGINEERING. 


HONING TOOLS. 


A RANGE of honing tools has been introduced recently 
by George H. Alexander Machinery, Limited, 82 to 84, 
Coleshill-street, Birmingham, 4. They are designed 
for the production honing of internal bores and cylinder 
liners, and are being produced in standard sizes to suit 
bores up to 154 in. in diameter, but can be made for 
much larger bores when required. These new tools 
are similar in principle to earlier equipment, but they 
are designed to remove as much as 0-01 in. to 0-015 in. 
from the surface of a rough bore, i.e., from 0-02 in. to 
0-03 in. in diameter, and to withstand from 20 to 
60 h.p., depending on their size. 

A photograph of one of the honing tools, suitable for 
diameters ranging from 7} in. to 15} in., is reproduced 
herewith. The tool has the usual cylindrical body, 
and two detachable hexagonal flanges with six slots to 
locate carriers holding abrasive stones; the flanges 
can be interchanged with others of different external 
sizes to suit the bore to be honed. The stone carriers 
slide radially in the flanges, and are pressed outwards 
against the wall of the bore by thrust pins which pass 
through holes in the flanges to bear on two axially- 
aligned opposing cones drawn together by right- and 
left-hand threads. They are held against the cones 
by two garter springs which pass around protruding 
end pins. 

The end play allows the stones to align themselves 
in a slightly conical formation when working in a 























tapered bore, so that heavier cuts are taken at the 
small end of the taper. Errors of parallelism are 
thereby quickly corrected and the stones are worn 
evenly along their length, there being none of the 
uneven wear or chatter which occurs when using parallel 
stones in a bore with serious errors. Eight sets of 
flanges and thrust pins are usually supplied with the 
type of hone illustrated, to cover diameters from 7} in. 
to 15} in. in one-inch steps. 

The hone is joined to the spindle of the honing 
machine by a detachable drive-head to which it is 
connected by a tubular coupler with universal joints. 
When required, the cone spindle in the hone is turned 
to press the stones outwards or to withdraw them, 
by a square shaft or a tube which is operated by 
planetary gearing in the drive-head and extends through 
the coupler to link with the spindle. The gearing is 
turned by a graduated ring round the drive-head, and 
there is an adjustable sizing stop to prevent honing 
oversize and to ensure repeat sizes without excessive 
gauging on successive bores when the correct allowance 
for abrasive wear has been ascertained. It is claimed 
that as much as | to 24 cub. in. of metal per minute 
can be removed with this honing equipment—a rate 
which averages more than 0-002 in. on diameter per 
minute from the bore of a Diesel-engine cylinder liner 
42 in. long and 10 in. in. diameter. 





LECTURES ON ELECTRICAL MACHINES AND POWER 
NETWORKS.—This session’s post-graduate course in 
** Electrical Machines and Power,” at Imperial College, 
South Kensington, has, as its main feature, two series 
of 15 afternoon lectures by Dr. J. R. Mortlock and Mr. 
B. Adkins, of the British Thomson-Houston Company, 
Limited. Dr. Mortlock’s lectures will begin on Monday, 
January 15, and will deal with some transient problems 
in electrical power networks ; they are an extension of 
the series delivered last winter. The lectures by Mr 
Adkins commence on Thursday, January 11. They 
will present a new approach to the general theory for the 





analysis of the performance of electrical machines. 
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TRADE PUBLICATIONS. 


Electric Motor Control Gear.—An illustrated and priced 
catalogue of direct-on-line control gear for electric motors 
has been sent to us by Messrs. J. A. Crabtree and Com- 
pany, Limited, Lincoln Works, Walsall. It includes par- 
ticulars of various accessories such as ammeters, conduit 
boxes and fuses, as well as the principal dimensions of 
standard types of direct-on-line starters. 


Rock-Drilling Equipment and Pneumatic Tools.—We 
have received from Messrs. Holman Brothers, Limited, 
Camborne, Cornwall, three illustrated leaflets, one of 
which gives brief particulars of their pneumatically- 
operated paint scrapers and blow guns. The other two 
leaflets are concerned with equipment for rock drilling— 
one describes their portable wagon drill; the other gives 
particulars of drifters, sinkers and stopers. 


Vertical Induction Motors.—The Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Manchester, 
17, have sent us an illustrated leafiet describing the 
general construction and _ specification of their 
vertical squirrel-cage and slip-ring induction motors. 
These are designed for various voltages between 100 and 
1,000 volts, and can be supplied for 25, 40, 50 or 60 cycle 
two- or three-phase circuits, to give outputs ranging 
from 35 to 1,000 h.p. 


Automatic Telephone Equipment.—An illustrated bro- 
chure has been published by the Automatic Telephone 
and Electric Company, Limited, Strowger Works, 
Liverpool, 7, describing some of their activities and 
resources, as well as mentioning those of tl.eir subsidiaries 
and associated firms. References are made to various 
telephone and signalling systems, and illustrations are 
given of typical installations and of their factory produc - 
tion and assembly lines. 


Electrostatic Precipitation, Heating and Ventilating 
Equipment.—Two well-illustrated brochures have been 
issued by the Sturtevant Engineering Company, Limited. 
Southern House, Cannon-street, London, E.C.4. One 
of these describes their various heating and ventilating 
systems and includes some useful tables giving the 
properties of saturated steam and dry air; the other 
describes the principles and industrial applications of 
electrostatic dust precipitation. 


Vertical Broaching Machines.—Two illustrated leaflets, 
describing their vertical-surface hydraulic broaching 
machines, with single or double rams, have been issued 
by the Lapointe Machine Tool Company, Limited. 
Edgware, Middlesex. Both types are intended for pro- 
duction work, and are available in different sizes with 
strokes up to a maximum of 90 in. and pulls up to 
80,000 lb. The cutting speeds are controlled by rotation 
of a single dial, and electrical equipment can be supplied 
to provide automatic operation. 


Radio and Electronic Products.—The Automatic Tele- 
phone and Electric Company, Limited, Strowger Works. 
Liverpool, 7, have sent us an illustrated booklet, with 
this title, which briefly describes some of the telecom- 
munication equipment developed by British Telecom- 
munications Research, Limited, Taplow, Buckingham- 
shire, the company sponsored jointly by them and 
British Insulated Callender’s Cables, Limited, Norfolk- 
street, London, W.C.2. 


Experimental Tramcars for Rotterdam.—An illustrated 
booklet issued by the Traction Division of Crompton 
Parkinson, Limited, Chelmsford, contains abstracts from 
® paper published by the Royal Netherlands Institute of 
Engineers, describing two tramcars which were ordered 
by the Rotterdam Electric Tramways for gaining experi- 
ence of modern types before placing larger orders. Each 
tramoar has four electric motors and is designed to carry 
83 passengers and to draw a trailer, but one is controlled 
by electro-pneumatic equipment and the other by electro- 
magnetic gear. 


Gyroscopic Flight Instruments and Automatic Pilots.- 
We have received three pamphlets from the Sperry 
Gyroscope Company, Limited, Great West-road, Brent- 
ford, Middlesex. Publication No. 482C gives general 
particulars of the company’s aeronautical instruments 
and automatic pilots, in English, French and Spanish. 
Publication No. 520 describes the operation of their 
lightweight Gyropilots, and Publication No. 518 gives 
preliminary particulars of the “ British Zero Reader ” 
which combines the readings of the flight instruments. 
other than the air-speed indicator, on a single dial. 


Air-Operated Measuring Gauges.—We have received 
from Solex (Gauges), Limited, Solex Works, 223 to 231, 
Marylebone-road, London, N.W.1, a series of illustrated 
catalogues describing their air-operated gauges for mea- 
suring or comparing machined components. The gauges 
measure small dimensional variations by making use of 
the changes in a flow of air, which such variations cre 
made to bring about. The principle is applied to the 
measurement of carburetter jets, the checking of ball 
bearings and cylinder bores, and to production gauging 
| during machining. 
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SOAP LAKE SIPHON OF THE 
COLUMBIA RIVER PROJECT, 
WASHINGTON, U.S.A. 


'(WENTY-THREE years ago, in 1927, the United 
States Congress passed the River and Harbor Act. 
This provided for the survey of the more important 
rivers of the country with a view to improving 
navigational facilities, controlling floods, extending 
irrigation and developing water power. The survey 
work was placed in the hands of the Corps of 





have been carried out include the building of the 


Grand Coulee and Bonneville Dams, the improve- 
ment of navigation arrangements on the lower 
reaches, and the construction of an extensive 
system of distribution and irrigation canals. 
Descriptions of the dams and navigational improve- 
ments have already appeared in these columns.* 
From the point where the Columbia River enters 
United States territory, it flows southward for a 
distance of 112 miles and then turns west for a 
distance of 108 miles until it meets the foothills of 
the Cascade Mountains. It then turns south again 








Fie. 1. 





Fig. 2. 


Engineers of the United States Army. The studies 
which were made have been utilised in a very 
extensive series of works which have been carried 
out by the Bureau of Reclamation. One of the 
major projects has been the control and develop- 
ment of the Columbia River, the survey of which 
Was completed in 1932. This river, which has been 
described as ‘‘ second to none in the United States ” 
from the point of view of power production, rises 
iN British Columbia, but 745 miles of its total 
lengt!\ of 1,210 miles lie in the State of Washington. 
In its lower reaches, the river forms the boundary 
between Washington and Oregon. The works which 








Soar Laker, witH WEsT CANAL ON RIGHT. 





CONSTRUCTION IN PROGRESS. 


until it is joined by the waters of the Snake River, 
when it again turns westward and flows into the 
sea. The Grand Coulee Dam is situated on the 
108-mile length of the river which flows from east 
to west, and south of it there is a large area of land 
in which an extensive series of distribution and 
irrigation canals is being constructed. There are 
two main canals, named the East High and East 
Low, flowing from north to south. At about 50 
miles south of the Grand Coulee Dam, these connect 





* ENGINEERING, vol. 151, pages 301, 341, 361, 401, 
441, 481, 504 (1941). 





with the West Canal, which flows approximately 
from east to west. The Grand Coulee depression, 
or valley, across which the dam is built, extends 
southward for a greater length than this 50 miles, 
and it is consequently necessary for the West Canal 
to cross it. This is accomplished by means of a 
siphon 2} miles long. 

The Grand Coulee depression, in the neighbour- 
hood of the point at which the West Canal crosses it, 
contains a number of small lakes and one of these, 
Soap Lake, lies directly in the line of the crossing. 
A view showing this part of the Grand Coulee, and 
the West Canal in the bottom right-hand corner, is 
given in Fig. 1, on this page. The West Canal has 
a capacity of 5,100 cub. ft. per second and will 
supply a major part of the water for the 87,000 acres 
of land which are expected to be placed under 
trrigation in 1952. In view of this capacity, the 
crossing of the Grand Coulee, whatever form it 
took, was necessarily a major operation, and various 
alternatives were studied. A siphon pressure 
tunnel under the lake, an overhead crossing Over 
the lake, and siphons around either the north or 
south ends were considered. As borings in the lake 
failed to reach rock at a depth of 200 ft., a pressure 
tunnel was considered impracticable. The lake is 
3,000 ft. across and 30 ft. deep, and the bed material, 
consisting of silt and clay, is 90 ft. thick. This has 
no measurable shear resistance and was quite 
unsuitable for carrying a rock fill on which a steel 
pipe crossing might have been supported. The 
conditions also made pile supports, or solid piers, 
for carrying a pipe either impracticable or unduly 
expensive, and it was consequently decided to carry 
the canal connection around the end of the lake, 
through a “‘ siphon,”’ lower in the middle than at the 
ends, although this increased the total length by 
some 12,000 ft. Ground exploration showed that 
the route around the north end was the more suit- 
able, and this was accordingly adopted. 

The siphon is located in a trench excavated around 
the end of the lake; a view showing the siphon 
under construction in the trench is given in Fig. 2. 
The central part of the siphon will be under a hydro- 
static head of considerably more than 100 ft. and 
it is the usual practice of the Bureau of Reclamation 
to employ steel plate pipe for such conditions. It 
was at first proposed to use pipe of this type for the 
lower part of the siphon, the inlet and outlet legs 
being formed from buried monolithic concrete pipes. 
The main reason for proposing steel pipe for the 
section under higher pressure was that experience 
has shown that concrete pipe subject to internah 
pressure much above 100 ft. hydrostatic head may 
not be sufficiently watertight. Estimates covering 
this first proposal showed, however, that the cost of 
a steel pipe would be nearly double that of one in 
concrete, and consequently it was decided to develop 
a design which would combine the low cost of the 
concrete pipe with the watertightness of the steel 
pipe. The design finally adopted was for a steel- 
lined concrete pipe. It is provided with an inside 
face formed by a thin steel liner, which forms a 
watertight membrane, provides an inside form on 
which the pipe is built and, in addition, forms part 
of the steel reinforcement. Alternative quotations 
received for this type of pipe and for conventionab 
steel-plate pipes showed that the composite pipe 
was 30 per cent. cheaper. 

The siphon as built is provided with transition 
structures at the inlet and outlet ends, and the inlet 
end is furnished with a gravel trap. The canal 
is of trapezoidal cross-section, as can be seen in Fig. 1, 
and the transition structure consists of an open 
section, 80 ft. long, in which the trapezoidal cross- 
section is modified to form a rectangular cross-sec- 
tion. This is followed by a closed structure, 50 ft. 
long, forming the transition from the rectangular 
section to the circular section of the pipe. The 
water velocity in the canal is 5 ft. per second, and 
these transition structures maintain a smooth 
flow as the water velocity is stepped up to the 10-4 ft. 
per second of the pipe. The inlet and outlet legs of 
the siphon consist of monolithic concrete pipes 
25 ft. inside diameter. These extend to points at 
which the hydrostatic head is approximately 100 ft., 
and the central, longest section of the siphon 
consists of steel-lined concrete pipe with an inside 
diameter of 22 ft. 4 in. The maximum hydrostatic 
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Fig. 3. 


CRANE HANDLING SECTION 


head on this section of the pipe is 225 ft. The 
siphon is provided with two blow-off valves to 
permit of draining. It was originally intended that 
the siphon should be 23 ft. in internal diameter 
throughout, but the 25-ft. diameter was adopted 
for the inlet and outlet legs because steel forms 
were available which had been used on other West 
Canal siphons. This change, reducing the friction 
loss in the inlet and outlet legs, permitted the more 
expensive steel-lined pipe to be made 22 ft. 4 in. in 
diameter for the same overall loss. The siphon is 
designed to carry 5,100 cub. ft. of water per second at 
velocities ranging from 10 to 13 ft. per second. 

The 25-ft. diameter concrete pipe forming the 
inlet and outlet legs of the siphon has a shell 24 in. 
thick, provided with inner and outer layers of rein- 
forcement. It was built in 25-ft. sections, the 
concrete in each section being placed in one operation 
to avoid construction joints. Both the legs and the 
steel-lined pipe were built in trenches which were 
filled in once the work was completed. A view 
of part of the trench before the pipe was built is 
given in Fig. 5, on Plate Il. The main technical 
interest of the whole work, however, lies in the 
design and construction of the steel-lined pipe, and 
the remaining figures which accompany this article 
illustrate stages in its building. 

The 22-ft. 4-in. diameter stcel-lined pipe has a 
wall thickness of 21 in., including the }-in. thick 
steel liner and two layers of reinforcement. The 
inner layer, consisting of round bars of a maximum 
diameter of 1} in., is plaved directly against the 
liner. The outer layer, set with a 3-in. outside cover 
of concrete, consists of round and square bars ; the 
square bars, of a maximum cross-section of 2 sq. in., 
are in the form of hoops resisting bursting pressure. 
The round longitudinal bars serve as reinforcement 
against temperature changes. Both layers of 
reinforcement can be seen in Fig. 6, on Plate II, 
which shows the placing of the bars in position for 
the lower part of the pipe before the liner is lowered 
into place. The liner is built up in 20-ft. lengths, 
each formed from four plates welded together. The 
welded joints are located at the 45-deg. points, away 
from the points of maximum stress, which are at 





the top and bottom of the pipe. The liver sections 


or Lintna. Fie. 4. 
are welded on structural-steel forms, as shown in 
Fig. 7, on Plate II, and as the sections are naturally 
very flexible, the forms are retained in position 
until the liner is in place in the pipe and the con- 
crete has been run. Fig. 3, above, shows a section 
being handled by the travelling crane for placing 
in position inside the previously-assembled lower 
part of the reinforcement. 

The 20-ft. lengths of steel lining are field-welded 
to form a continuous pipe, and the steel forms which 
retain the liner sections in shape are provided with 
rails at the bottom to accommodate a travelling 
frame from which the welding is carried out. These 
rails can be seen in Fig. 7. Expansion joints 500 ft. 
apart are provided in the liner. They have rubber 
seals, which can be renewed, if necessary, from the 
inside of the pipe. As the whole structure is buried, 
temperature changes are likely to be small, but the 
expansion joints were provided as the omission of 
arrangements to deal with expansion and contrac- 
tion in a continuous steel membrane 8,000 ft. long 
seemed a questionable policy. It is because the 
liner forms part of the reinforcement that round 
reinforcement bars are used for the inner layer. 
They lie directly against the steel liner and the use 
of a round section ensures adequate contact of the 
concrete with the liner in the neighbourhood of 
the bars. The minimum spacing, centre to centre, 
of the 1}-in. round bars is 2} diameters, and for the 
square bars three times the width. The inside 
surface of the steel-lined pipe is protected with a 
coat of coal-tar enamel, and to enable this to be 
inspected and renewed, if necessary, 24-in. diameter 
manholes are provided, spaced 500 ft. apart. No 
inside coating is required for the concrete pipe legs 
of the siphon and manholes are not provided. 

The concrete was placed from a travelling frame, 
or ‘‘ jumbo,” as it is termed in American practice. 
This straddled the pipe and travelled on rails laid 
in the excavated trench, as shown in Fig. 8, on 
Plate II; the rails are also shown in Fig. 5. The 
jumbo handled the outer form, which was built in 
a 40-ft. length articulated in the centre so as to 
serve on curves. The minimum radius of curvature 
of the pipe is 409 ft. Concrete was supplied ready 
mixed from a plant some distance away. The 








COMPLETEP PORTION OF SIPHON IN TRENCH. 


jumbo is also shown in Fig. 2, on page 33, in which 
the length of completed pipe can be seen in the 
background. The frame carrying the jib crane 
illustrated in Fig. 3 is standing in front of the 
jumbo in the view reproduced in Fig. 2. This crane 
handled the steel lining and the reinforcing bars, 
but was not employed in the concreting work. The 
jumbo is also shown in Fig. 8, on Plate II, which 
illustrates the work of placing the upper part of 
the bar reinforcement. Fig. 4, above, shows a 
completed length of the siphon viewed from the 
deck of the jumbo. 





EUROPEAN MACHINE-TOOL EXHIBITION.—The associa- 
tions of machine-tool manufacturers of Belgium, France. 
Germany, Italy and Sweden have recently formed a 
European Committee of Co-operation of Machine Too! 
Industries. As a first result of their deliberations, the 
committee are organising a European Machine Tool 
Exhibition to be held in Paris from September 1 to 10. 
Further particulars are obtainable from the General 
Commissary of the Exhibition, 2 bis, Rue de la Baume, 
Paris (8e), France. 





SouTH LONDON TRAMWAY CONVERSION SCHEME.— The 
second stage of the scheme for converting South London's 
tramway routes to bus operation came into effect 
on the night of January 6 to 7. This stage consisted of 
the replacement of nine tramway routes by an equal 
number of new bus routes and brought to an end all 
tramway services in Wimbledon, Merton, Colliers Wood, 
Tooting and Balham; it also reduced the services 
serving Streatham and Brixton and further reduced 
those in Lambeth, Southwark, Wandsworth and West- 
minster. 





NAVAL STRUCTURAL TRIALS.—Structural tests have 
now been completed at the Naval Construction Research 
Establishment, Rosyth, on the hull of H.M.S. Albuera. 
an incomplete “ Battle ” class destroyer declared surplus 
at the end of the Second World War. For the tests, the 
vessel was supported amidships in dry dock and loaded 
at the ends by water ballast until complete structural 
failure occurred, over 700 gauges disposed at various 
critical parts of the structure giving a continuous record 
of the stresses. Much useful information has been 
obtained and comparisons are to be made between 
experimental results and theoretical values obtained. 
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Mechanical Vibrations. 

By Proressor W. T. TAYLor. George Allen and 

Unwin, Limited, Ruskin House, 40, Museum-street, 

London, W.C.1. [Price 15s. net.] 

SEVERAL text-books on the fundamentals of vibra- 
tion theory have been published in recent years, 
and any addition to their number at once raises the 
matter of justification. A book of this type 
succeeds or fails by the method of presentation 
rather than by the topics presented. The text-book 
should provide an easy approach to the study of 
more advanced works, in which the vibration of a 
particular component of actual machines or struc- 
tures is brought into relation with the elastic charac- 
teristics of the rest of the system. Professor Thom- 
son’s book goes far to meet these requirements. 

The author follows a classification in line with 
theoretical distinctions, and inserts illustrative 
problems in appropriate order. His chapters, eight 
in all, contain concise discussions of the principal 
points, and the full scope of each is well covered 
by the exercises for solution by the student, for whom 
answers are appended at the end of the text. The 
first four chapters deal with vibrations involving 
one degree of freedom, free and forced motion, 
without or with damping. In this part of the work 
the reader is introduced to the idea of impedance, 
for use in later sections, and especially in Chapter 8, 
where he will find a really useful introduction to 
electro-mechanical systems and analogues. These 
considerations are gradually extended, in Chapter 5, 
to the case of systems with two degrees of freedom, 
and excellent, though brief, theoretical exposition 
is given to the problem of suspension of vehicles, 
and to dynamic vibration absorbers. In the 
development of the foregoing subject-matter, 
symbolism, description, and diagrams are all aptly 
used and skilfully balanced, with the result that 
Chapter 6, on systems with many degrees of freedom, 
is placed within easy reach of the serious student. 
This part of the study presents opportunities for 
the application of the extremely useful methods of 
Rayleigh, Stodola, and Holzer, and, by inference, 
Myklestad’s method for flexural vibration. 

It is left to Chapter 7 to deal with the elementary 
treatment of those cases which cannot be so reduced. 
It is headed ‘‘ Vibration of Elastic Bodies,” by 
which is really implied those continuous systems 
in which the elastic and mass properties are insepar- 
ably associated—systems with infinite degrees of 
freedom. The examples include the transverse 
vibration of taut strings, and the longitudinal, 
torsional, and transverse vibration of bars, which 
together constitute the elements of more advanced 
investigations of the subject. 





Mémento @ Electrotechnique. Vol. III. 

Edited by L. VELLARD. Second edition. Dunod, 92, 

Rue Bonaparte, Paris, Vie, France. [Price 2,620 fr.] 
THE first two volumes of this standard French 
handbook for electrical engineers were reviewed on 
page 463 of our 169th volume, in the issue of 
April 28, 1950. The same team of 14 specialists 
again collaborated with Mr. Vellard to produce this 
third volume, which is devoted to the generation, 
transport and distribution of electrical energy. The 
whole text has been thoroughly revised, the chapter 
on the legal aspects of electrical supply (included in 
the first edition) has been suppressed, and extensive 
additions have been made to bring this second 
edition abreast of recent developments. Chapter I 
outlines the general principles underlying the 
transmission of electrical energy in the form of 
direct and alternating current at both low and high 
tension. It includes sections on the propagation of 
electricity along lines, on surges arising from internal 
causes, such as circuit-breaking, or from external 
effects, such as lightning flashes, on the regulation 
of voltage and power, and on the economics of 
power distribution. Chapter II deals in greater 
detail with overhead and underground lines, and 
cable transmission systems. It presents, in text 
and tables, information concerning the electrical 
and mechanical parameters of conductors of various 
metals and alloys, the mutual interaction of neigh- 


bouring conductors, corona losses, the construction 
of pylons, and the design of insulators, the testing 
of cables, and the location of faults. It ends with 
an account of methods of interior and industrial 
wiring. 

Chapter IIT covers, in broad outline, the general 
layout of typical present-day generating stations, 
the equipment of transformer posts and convertor 
substations, and the installation and servicing of 
accumulator banks. The first part of Chapter IV 
is concerned with steam-raising plant and discusses 
the classification of solid fuels, boiler feed-water 
supplies, the properties of steam, condensers, trans- 
mission of heat, furnaces and firing equipment, the 
use of pulverised fuel, ash handling and smoke 
elimination. The second part covers steam and gas 
turbines, and Diesel engines, adequate attention 
being paid to the entropy-temperature diagrams of 
the respective cycles. The final chapter contains 
a survey of hydraulic prime movers. including 
sections on dam construction, hydraulic turbines, 
velocity governors and accessory gear. Brief 
mention is made of tidal energy as a source of 
electrical power, but not of windmill-electric plants. 
The large amount of material contained in this 
volume is generally well arranged and clearly pre- 
scribed in a directly applicable form, with extensive 
references to important papers. There are numerous 
line diagrams and tables, and two useful folding 
nomograms are placed at the end of the text. The 
list of contents is inadequate in that it is confined 
to section headings, and does not list paragraph 
headings. The busy electrical engineer is likely to 
find the lack of an index a drawback. 


The Telcon Story, 1850-1950. 

The Telegraph Construction and Maintenance Com- 
pany, Limited, 22, Old Broad-street, London, E.C.2. 
THE centenary of the laying of the first submarine 
telegraph cable has been celebrated by an exhibition 
at the Science Museum and the publication of a 
commemorative volume by H.M. Stationery Office. 
Some account of both these matters was given in 
a leading article in our issue of September 1. It 
is none the less appropriate that the Telegraph 
Construction and Maintenance Company should 
have prepared and published a volume recording 
their own connection with the hundred years of 
submarine telegraphy. A firm which has manu- 
factured 82 per cent. of all the submarine cables in 
the world may indeed claim to have the first right 
to record the steps linking modern practice with 
the single No. 14 Birmingham gauge copper wire, 
covered with gutta percha half-an-inch in diameter, 
which was laid between Cap Gris Nez and Dover 
in August, 1850. Rectangular blocks of lead, weigh- 
ing either 8 lb. or 16 lb., were attached to the cable 
about every 120 yards to sink it and hold it in 
position. A factural account of the manufacture 
and laying of the cable, of its failure, and of the 
improved type successfully laid a year later is given 

in this interesting volume. 

The second cable was designed, and to a con- 
siderable extent paid for, by Thomas Russell 
Crampton. It consisted of four cores twisted 
together, the interstices being filled with tarred 
hemp and the whole being served with similar 
material. Manufacture was proceeding when Newall 
and Company, of Gateshead-on-Tyne, claimed 
that the design infringed their patent for inserting 
soft cores into wire ropes. Matters were adjusted 
by arranging that Newall and Company should 
complete the cable, and thereafter this firm re- 
mained associated with the Gutta Percha Com- 
pany, which carried out all this early cable work, 
for a number of years. The business of this latter 
company was the manufacture of tubing, machinery 
belts, acid-tank linings and various domestic articles, 
and it is stated that the suggestion that gutta percha 
would be a suitable material for insulating electric 
cables was due to Faraday. The successful cable 
across the Strait of Dover was followed by many 
others, more than 14,000 nautical miles of cable 
being laid in 16 years, this figure not including the 
abortive Atlantic cable of 1857. The first Atlantic 
cable was made by Newall and Company and Glass 
Elliott, of Greenwich, the cores being supplied by 





the Gutta Percha Company. Details of manufac- 


turing procedure and of the various commercial and 
financial arrangements which were entered into are 
given in this book. It must suffice to record here 
that in 1864 Glass Elliott and the Gutta Percha 
Company amalgamated to form the present Tele- 
graph Construction and Maintenance Company. 
This fascinating record contains full particulars of 
the subsequent career of the company. The second 
Atlantic cable was manufactured and laid in 1866, 
and what may almost be described as dramatic 
chapters of this book record the laying of these 
cables. Here, and throughout, the narrative is 
illustrated by reproductions of old prints and 
photographs which in themselves constitute an 
impressive record of endeavours in which technical 
ability and commercial enterprise worked hand in 
hand. The volume gives particulars of later sub- 
marine cable work and carries the history of the 
company down to the present day. The narrative 
is attractively and ably written, and constitutes a 
record of which the company may justifiably be 
proud. 





Thorpe’s Dictionary of Applied Chemistry. Vol. X. 
Plagioclase-Sodium. 
Edited by Dr. M. A. WHITELEY, O.B.E. Fourth 
edition. Longmans, Green and Company, Limited, 
6 and 7, Clifford-street, London, W.1. [Price 51. net.] 
Tux present fourth, revised and enlarged, edition 
of Thorpe’s Dictionary is to consist of twelve 
volumes and, commencing with Vol. VII, the work 
of revision and preparation is being carried on 
under the general supervision of an editorial board 
comprising representatives of the principal branches 
of chemistry, with Sir Ian Heilbron, D.S.O., F.R.S., 
as chairman. As was the case with Vols. VIII 
and IX, the editor, Dr. Martha A. Whiteley, has 
been assisted in her work on the recently-issued 
Vol. X by two assistant editors, Drs. A. J. E. 
Welch and L. N. Owen. The acknowledged supre- 
macy of Thorpe is undoubtedly due to the fact 
that each of its articles has been contributed by an 
expert on the particular subject under consideration. 
Thus, in the present volume, the contributors 
number upwards of 120 and they include such well- 
known authorities as Dr. N. A. de Bruyne, who has 
written on synthetic adhesives ; Dr. A. T. Green and 
Dr. A. E. Dodd, on refractory materials ; Mr. T. F. 
Hurley, Dr. A. R. Meetham and Mr. R. H. Rowse, 
onsmoke and smoke prevention ; Dr. A. G. Maddock, 
on radioactivity ; Mr. J. G. Moore, on sodium and 
various sodium compounds; Mr. A. R. Powell on 
silver and platinum ; Mr. E. F. D. Webb on electro- 
static precipitation ; and Professor David Williams 
on various minerals. In addition to their authorita- 
tive nature, an interesting and useful feature of the 
entries is that the desirability of employing a clear 
style, so as to enable the Dictionary to be used by 
inquirers other than specialists in chemistry or 
physics, has been maintained well to the fore. 
The fact that, in general, technical language is 
used as sparingly as is consistent with good scientific 
definition enables the technician in one field to 
appreciate the work being done in other fields. Thus 
the engineer will find much of interest in the articles 
on silicones, the treatment and disposal of sewage, 
natural and synthetic rubber, radium, powder 
metallurgy, and plastics—to mention but a few at 
random. It is always a tribute to any work of 
reference that, when turning over its pages in search 
of information on one subject, another subject 
catches the eye and the inquirer becomes absorbed 
in this to such an extent that, subsequently, some 
effort is needed to remember the identity of the 
subject originally sought. This quality Thorpe 
possesses to the full. Vol. XI, now in active prepara- 
tion, will contain the whole of the remaining articles 
(So to Z), and Vol. XII will be a general index to 


the complete series. 





Society oF BRITISH AIRCRAFT CONSTRUCTORS’ DIS- 
PLAY.—The 1951 flying display and exhibition of the 
Society of British Aircraft Constructors, 32, Savile-row, 
London, W.1, will be held from September 11 to 16, 
the last two days being open to the public, It has been 
arranged to follow closely on the Anglo-American Con- 
ference that is being organised by the Royal Aeronautical 
Society, which is to be held at Brighton from September 





7 to 11, 1951, 
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II.—THE Manpower SITUATION. 


A YEAR ago, the manpower situation in the 
engineering, shipbuilding and motor-vehicle indus- 
tries appeared to be fairly well under control. 
Shortages still occurred in some localities, such as 
the machine-tool centre of Halifax and Keighley, 
but the tide of inflation was receding, the housing 
situation was improving, and Jabour was becoming 
slightly more mobile. The main shortage that 
remained was of highly skilled fitters or designer- 
draughtsmen—a shortage which cannot be eradi- 
cated until the losses in young entrants and potential 
entrants to those occupations, incurred during the 
war, have been made good. 

Engineering was somewhat favoured by compari- 
son with, say, cotton or coal-mining, offering higher 
earnings than the former and more congenial working 
conditions than the latter, but employment did not 
increase throughout the industry. During 1950, 
much of the improvement in the supply of labour 
was due to slight falls in the demand for some 
engineering products ; for example, the shipbuilding, 
marine-engineering, textile-machinery and aircraft 
industries lost labour. The increase of 52,000 in the 
total labour force of the industry was mainly due to 
an increase of 24,000 in the motor vehicles industry, 
17,000 in the wireless industry, and 20,000 in the 
miscellaneous group which includes ordnance fac- 
tories and small arms. Notwithstanding the 
direction or scale of changes in the labour force of 
various sections of engineering, there is no doubt 
that, during 1950, most grades of labour in most 
localities were becoming adequate to enable com- 
panies to make good use of increased supplies of 
materials and components, and, in some cases, of 
increased capacity. 

Two problems had remained unsolved during 
1949, and threatened trouble in 1950; those of 
increasing productivity and of preventing a rise in 
wages. To secure these ends, the Government 
provided every encouragement to propaganda cam- 
paigns, and conducted some of their own. A flood 
of reports followed the visits of British ‘‘ produc- 
tivity teams” to the United States, and, to a 
less extent, of American teams to Britain. The 
danger threatening the country if it found itself 
priced out of the overseas markets was constantly 
placed before trade-union officials and, not so 
successfully, before the rank and file. Selling in 
overseas markets had shown signs of becoming more 
difficult in 1949, and the Government judged that, 
unless the cost of labour was kept down and the 
output per head substantially increased, British 
goods would not compete either with the cheap- 
labour industries of Japan, Germany, Italy and 
other European countries, or with the mass- 
production of the United States. The Government 
therefore laid it down that wage increases could be 
sanctioned only if they were earned by increased 
productivity. Meanwhile, “‘ wage restraint’? was 
the order of the day, paralleled by ‘“‘ dividend 
limitation” as a palliative. Collective bargaining 
between unions and employers for a wage that bore 
direct relation to the profitability of the concern 
was not allowed to function freely, and wage disputes 
were “settled” by arbitration tribunals, who 
invariably granted the minimum that was thought 
acceptable. At best, such methods are those of 
men faced with a grave emergency over which they 
have little control; they postpone issues, but do 
not solve very much. 

During the past year, many engineering com- 
panies have formulated their own policy concerning 
wages. Each company knows, or is best placed to 
know, the ways in which it can make good profits 
for the shareholders. In general, a good rate of 
profit in a period of expanding trade corresponds 
to a high level of wages and contentment among 
employees. If it is to be equitable, a general rise in 
wages, sanctioned only if there is a general rise in 
productivity, implies that progress in all the 
companies constituting an industry has been equal, 
an assumption which is patently absurd. Similarly, 
it implies that increases in productivity depend 
to the same extent, in all sections in the industry 





on the individual or team effort of direct labour, 
which is not so. For example, in light or medium 
engineering, such as motor-vehicle production or 
vacuum-cleaner manufacture, increases in produc- 
tivity are almost entirely dictated by the degree of 
mechanisation adopted by the management, and 
the machine speeds agreed to by employees and 
managements; in heavy engineering, such as 
boilermaking or shipbuilding, where general-purpose 
machines are used, and where practically every 
product is specially designed and hand-finished, 
individual effort counts for a great deal. The 
quality of production planning and of management 
in general are further factors affecting the produc- 
tivity of all companies. 

It is obvious, therefore, that to link wages and 
productivity arbitrarily, as has been done since the 
war, is not fair. It can also be harmful: for 
example, it can effectively check mechanisation. 
Most managements examine the possibility of pur- 
chasing specialised machinery, or mechanical hand- 
ling plant, in the light of current labour costs, and 
of the cost per annum of the new machine. It is a 
fairly simple matter to calculate whether the new 
machine or the extra men will yield a higher rate of 
profit, assuming, of course, that it or they would be 
fully employed. If wages are held down artificially, 
many managements will decide that the employment 
of extra men is the cheaper method, and, in any 
case, the more flexible, since redundant men can be 
laid off in bad times, whereas the capital cost of 
expensive machinery has to be borne at all times. 
Judgment is liable to be confused, however, by the 
discovery that one firm, highly mechanised, is making | 6 
the same profit as another which is much less 
mechanised—or, perhaps, is making less profit. 

Finally, productivity depends vitally on the nature 
of demand. Standard runs are necessary to justify 
the replacement of men by machines to the extent 
witnessed in the United States. To understand the 
development of the American wage structure and 
mechanisation, it is necessary to go back to the 
earliest days of industry, when it was forced to com- 
pete with highly productive land for its labour. 
Initially, therefore, it had to pay wages relatively 
higher than those paid by European industry. 
Protection from imports, and intensive development 
of machinery, became essential to survival. The 
employment of special machinery forced the 
United States industry to educate its market into 
liking standard products. The subsequent develop- 
ments are common knowledge—in most engineering 
products, high-cost American machinery, with a 
minimum content of high-cost labour, can undersell 
abroad most European-made goods. In the United 
Kingdom, however, labour remains relatively cheap 
and mechanisation is unlikely to proceed very far 
until the trend towards higher wages (in relation 
to the cost of imported materials and machinery) is 
resumed, so that higher profits are made to depend 
on a higher degree of mechanisation. Also, the need 
to export to a large number of countries, in widely 
differing states of industrial development, makes 
standardisation difficult and the securing of long 
production runs almost impossible. 

The devaluation of the £ sterling in September, 
1949, made a rise in the cost of living inevitable, 
and by the end of 1950 the pressure to allow wages 
to rise became irresistible. The Trades Union 
Congress threw overboard its allegiance to ‘‘ wage 
restraint ’”’ and demanded greater checks on profits. 
During 1951, it is inevitable that wages should 
rise with the cost of living, but it is likely that the 
return to collective bargaining between the unions 
and the employers’ federations will be further 
delayed by the pressure of the rearmament pro- 
gramme, coupled, as it must be, with sustained 
efforts to maintain exports. 

A policy of unqualified wage restraint has not 
been rigidly adhered to by the British trade unions. 
Many unions, among which may be numbered the 
Amalgamated Engineering Union, made considerable 
wage demands after the inception of the policy of 
restraint in March, 1948. The unions, however, 
have shown considerable patience over the slow pace 
of the arbitration machinery; and forbearance 
over the scale of the final awards, which have often 
amounted to much less than 50 per cent. of the 
original demands. Agreement between the Engi- 


neering and Allied Employers’ National Federation 
and the Confederation of Shipbuilding and Engineer- 
ing Unions on the claim for an all-round wage 
increase of ll. a week, originally advocated by the 
Amalgamated Engineering Union in the summer of 
1949, was not reached until November, 1950. 
Rejection of the claim by the employers, early in 
1950, led to a ballot of union members to decide 
whether or not they should resort to strike action. 

A large majority was in favour of arbitration 
and the dispute was reported to the Minister of 
Labour, who brought the parties together in an 
attempt at conciliation. When this proved un- 
successful, the dispute was referred to the National 
Arbitration Tribunal. The solution eventually 


TABLE I.—Great Britain: Average Earnings in April, 

















1950. 
| Average | Average 
— | Weekly Hourly 
Earnings. | Earnings. 
| | 
| we et ok 
Mining and quarrying (excluding coal)..| 1387 2 | 211-0 
Treatment of non-metalliferous mining | | 
products, other than coal . 129 1 2 9-2 
Chemicals and allied trades oo --| 12809 2 2 9-7 
Metal manufactures 155 4 3 3-7 
— shipbuilding « and electrical 
133 3 2 10-7 
Vehicles a -.| 146 8 3 2-8 
Metal goods not specified elsewhere |.| 124 6 2 9-3 
Precision instruments and jewellery, etc.| 122 6 2 9-2 
Textiles oS --| 108 11 2 4-0 
Leather, leather goods and fur .. wat 2 3 2 6-1 
Clothing .. . me i 91 4 2 2-3 
Food, drink and tobacco 7 --| 108 2 2 4-2 
Manufactures of wood and cork oe Fe 2 8-7 
er and printing . --| 125 10 2 9-4 
er manufacturing industries | of Boe Ss 2 7°35 
Building and contracting bas --| 188 0 2 10-0 
Gas, electricity and water 131 10 2 9-7 
Transport and communications (exclua- | 
ing railways) . | 132 9 2 8-8 
National and Local Government. service | 11011 2 6-0 
Average of allthe above .. --| 124 1 | & 8&7 





TABLE II.—Great Britain: Distribution of Total 
Manpower. 


(Thousands.) 

















- 1948, 1949, | 1950, 
June. September. | September. 
| 
Total working population 23,146 23,278 | 28,454 
Males... se oe 16,057 16,068 | 16,126 
Females a +4 7,089 7,210 | 7,328 
H.M. Forces en “a 846 746 | 708 
Males... ie aa 807 717 685 
Females 39 29 23 
Persons on release leave . 92 | 21 | 6 
Registered unemployed . 282 281 =| 292 
Total in civilian employ- 
ment .. 21,926 22,230 22,448 
Males ‘ oe o-* 14,945 15,122 15,234 
Females a i 6,981 7,108 7,214 
Agriculture, forestry and | 
fishing . J 1,268 | 1,276 | 1,261 
Mining and quarrying a 869 | 857 | 834 
Manufacturing industries 8,114 | 8,311 8,500 
Building and contracting. . 1,497 | 1,497 | 1,495 
Gas, electricity and water 296 | 311 327 
Transport and communi- | 
cations .. <a 1,814 | 1,815 | 1,807 
Distributive trades. R 2,689 | 2,788 2,852 
Professional, financial and | 
miscellaneous services . . 3,925 3,915 3,937 
Public administration :— 
National Government | | 
service ‘ 688 677 649 
Local Government ser- 
vice .. 766 | 782 786 





suggested by the Tribunal and adopted by both 
parties was based on an offer made by the employers, 
but wage increases were extended to a larger number 
of lower-paid workers. Even so, the terms accepted 
by the unions fall far short of their original claim. 
With effect from November 13, the minimum wage 
rate of labourers of 41. 12s. a week was increased by 
8s. a week, and that of skilled men (51. 7s. a week) 
by lls. a week. Smaller increases were given to 
those earning more than minimum rates but less 
than 51. 6s., in case of labourers, and less than 
6l. 18s. 2d. in the case of skilled men. Average 
earnings during 1950 are shown in Table I, herewith, 
taken from the Ministry of Labour Gazette. The 
attitude of the National Arbitration Tribunal is of 
particular interest in this dispute. No attempt was 
made to apply any principle of arbitration; the 
Tribunal, whose awards are binding, contented 
themselves with offering advice, though reserving 
the right to make an award if the advice prove: 
unacceptable. Action of this sort does not streng- 





then the authority of the Tribunal. 
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The withdrawal in March, 1950, of the Control of 
Engagement Order was a measure of the improve- 
ment in the distribution of labour. This was far 
from being perfect, but perfection was so dependent 
on success in Overseas markets (often unpredictable) 
that action was taken under the Order on too few 
occasions to justify its continued existence. One 
more instrument of the planners was thus discarded, 
and the Government had taken another step 
towards admitting the failure of planning in terms 
of half-measures and exhortation. The Government 
were gradually brought round to the belief that it is 
better to acquiesce in an imperfect distribution 
of labour and to concentrate upon measures to 
increase productivity in the under-manned indus- 


TABLE III.—Great Britain: Employment in the Metal 
Manufacturing and Engineering Industry. (Estimated, 
in Thousands.) 




















a June, September, | September, 
1948. 1949. 1950, 
Metal Manufacture | 496-0 494-0 | 502-3 
Blast furnaces, iron and | | 
steel melting and | 
rolling at --| 214-7 218-3 218-2 
Tron foundries .. -| 106-4 105-7 107-3 
Sheets and tinplates .. 35-5 36-0 | 36-6 
Non-ferrous metalsmelt-) } 
ing, rolling, etc. | 100-1 94-4 | 98-7 
Engineering, Shipbuilding g | | | 
and Electrical Goods ..| 1,820 | 1,804 | 1,834 
Shipbuilding and re- | 
pairing E |; 225-9 | 209-7 | 195-4 
Marine engineering . | 78-0 | 77-0 | 72-9 
Agricultural machinery | 40-4 | 38-9 | 39-7 
Machine tools .. al 76-7 | 74-0 | 74°5 
Textile machinery and | | 
accessories .. al 67-2 | 69:0 | 68-3 
Constructional engin- | | 
eering ~ 71-1 70-2 | 71-9 
Boilers and boiler house | 
plant, and stationary | | 
engines | 40°38 | 43-2 j 44-6 
Other non-electrical en- | | 
gineering, ordnance | | 
and small arms --| 706-0 716-5 | 737-2 
Electrical machinery ||| 164-9 | 161-7 | 164-8 
Electrical wires and } 
cables ++ 62-2 | 58:3 | 58-6 
Wireless apparatus, | | | 
gramophones, valves | | | 
and lamps .-| 108-8 | 101-2 | 118-3 
Telephone and _ tele- | | | 
graph, batteries, ac- | 
cumulators and other | 
electrical goods aa 183-2 | 183-9 188-1 
Vehicles .. ea sa 879-0 | 900-0 | 922-0 
Motor vehicles and | | 
cycles : .| 285-4 | 297-3 | 312-9 
Aircraft . ee 141-6 152:3. | = 149-1 
Parts and accessories of | | | 
motor vehicles and | } | 
aircraft me a] 72:6 | 73°3 | 81-8 
Locomotives, wagons | 
and railway carriages | 161-2 | 161-2 | 160-4 
Other Metal Industries 616-0 611-0 626-0 
Tools and cutlery ir 53-2 51-7 | 52-4 
Bolts, nuts and nails, | 
ete. - ‘| 40-6 | 40-3 | 40-8 
Iron and steel forgings. a 33-3 32-8 33-7 
Wire and manufactures | 37-3. | 87-5 37-8 
Hollow-ware .. | 50°5 | 50-6 | 51-0 
Brass manufactures 37-9 34-1 | 34-0 
Scientific, surgical and | ] 
photographic instru- | | | 
ments | 72-0 77-2 | 79-1 
— clocks, “jewel-— | | 
| 442 44-4 | 46-1 
Total, Metal and Engineer- | | 
ing Industries | 3,811-0 3,809-0 | 8,885-0 
| 
tries. Table Il, “opposite, extracted from the 


Monthly Digest of Statistics, shows the broad 
division of the nation’s labour force between 
industries. It will be seen that there was a further 
increase of 176,000 in the working population from 
September, 1949, to September, 1950, but two-thirds 
of this was accounted for by women and probably 
signifies that dwindling real incomes of families 
were forcing women back into employment. This 
increase, combined with a further decline in the 
numbers in the armed forces, pushed up the labour 
force in manufacturing industry to 22-4 millions, 
over half a million more than in June, 1948. There 
was, however, a decline in the two most vital indus- 
tries, coal and agriculture. 

Table III, herewith, extracted from the Ministry 
of Labour Gazette, shows the division of employment 
between the various sections of the metal-engineer- 
ing, shipbuilding and vehicle industries. The most 
significant changes have already been commented 
upon; in engineering, they amount to a shift of 
employment from the older sections of the industry, 
such as textile machinery, locomotives, and ship- 
bvilding, to the newer sections, such as electrical 
goods, wireless apparatus, and motor vehicles, 
Already in evidence is the trend towards a larger 





armaments labour force, a trend which must be 
sharply accentuated during the coming year. It 
is problematical—some managements say, most 
improbable—that the ordnance factories and other 
armament plants will succeed in attracting labour 
from its present occupations without the re-imposi- 
tion of controls, particularly if substantial numbers 
of skilled men are called up from the Class Z Reserve. 

It would appear inevitable, therefore, that some 
labour crisis will develop during the next few months. 
First will come local unemployment or under- 
employment, as some companies are unable to 
obtain supplies of materials in the catch-as-catch- 
can situation now developing. Assuming that 
satisfactory international and national arrangements 
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then, is the real problem confronting trade unions ; 
to find ways and means for increasing productivity, 
a problem concerned mainly with industrial policy 
and action as distinct from politieal pressure to 
achieve full employment and economic stability.” 
As thus defined, it is difficult to see how the aims of 
British trade unionism differ from those of unionism 
within the totalitarian orbit. This does not mean 
that increasing productivity is not a desirable 
objective for the unions—on the contrary ; but much 
depends on the measures adopted to achieve it. In 
totalitarian countries, trades unions achieve their 
purposes by employing disciplinary measures which 
would not normally be sanctioned in democratic 





society. Without the assumption of such discip- 





























TABLE IV.—GREaT BRITAIN: PLACINGS BY EMPLOYMENT EXCHANGES. (1949-50.)* 
Men, 18 Boys Women, Girls 
Industries. and Over. | Under 18. 18 and Over. | Under 18, Total. 

Metal manufacture 46,743 | 5,761 | 5,859 1,397 59,760 
Engineering, shipbuilding and electrical goods 183, 378 24,578 | 55,308 9,764 273,028 
Vehicles .. 66,974 12,623 13,744 2,938 96,279 
Metal goods not else »where specified : 40,490 7,244 26,262 6,176 79,172 
Precisioninstruments .. 6,874 | 2,204 6,149 1,450 16,677 

Total metal and engineering industries .. | $44,459 | 52,410 | _ 107,828 20,725 4,916 

Total for all industries | 7,409,679 | 180,069 | 640,601 177,939 | "2,408,348 _ 

| | | 








* 40 weeks period from Dece mber 22, 1949, to September 27, 1950, 


are made for the distribution of raw materials, the 
next phase will be one of acute shortage and dis- 
ruption—the tug-of-war between production for war 
and production for exports. If war production 
bids high for its labour, wages will rise and the 
probable shortage of capital plant will cause the 
higher wages to be passed on to export prices. 
Another possibility, now unfortunately becoming 
more remote, is for a general improvement in the 
international situation, leading to the switching 
back of labour to civilian production. 

The turnover of labour in British engineering has 
been much lower than in some other industries, 
such as building and contracting, or the distributive 
trades. Table IV, herewith, from the Ministry of 
Labour Gazette, shows placings by Employment 
exchanges from December 22, 1949, to September 
27,1950. The total for the engineering, shipbuilding 
and electrical goods industries—273,020, less a net 
increase of 30,000 in the labour force—represents 
just under 15 per cent. of the total number employed 
at September 30, 1950. ‘The corresponding figures 
for metal industries and vehicles were 10 per cent. 
and 8 per cent., respectively. These figures, of 
course, do not constitute an accurate measure of the 
labour turnover, but they suffice as a rough guide. 
The British Institute of Management conducted a 
survey, the results of which were published in 
November, of the turnover in 227 companies, em- 
ploying in all 303,000 persons. This shows that, 
between July and December, 1949, the turnover of 
male labour on an annual basis was 27-6 per cent. 
and of females, 45-4 per cent. The figure for iron 
and steel manufacture was about 18 per cent. ; 
for non-electrical engineering, about 22 per cent. ; 
and for motor vehicles and cycles, about 23 per cent. 

One result of the survey was to show that labour 
turnover diminishes as the size of the concern 
increases. This suggests that the provisions for 
welfare and security made by most large companies 
pay good dividends. Further, it implies that the 
value of the personal touch in keeping a labour 
force together has been exaggerated. This, of 
course, may also mean that the quality of small-firm 
management leaves much to be desired. Both 
factors doubtless play a part. These are tentative 
conclusions, as the B.I.M. sample was small and not 
fully representative ; but it underlines the need for 
further research, as the cost of a bigh turnover to 
small firms is probably substantially higher than 
that of steps designed to prevent it. A study of 
productivity on a similar basis, to enable a compari- 
son to be made between the two categories, should 
prove most useful. 

As far as the trade unions were concerned, the 
campaign for increased productivity during 1950 
had surprising results, some of which may well out- 
last the present difficult period. One team of 
British trade-union officials, who visited the United 
States at the end of 1949, concluded that “. . . this, 





linary powers, it is by no means certain that the 
British unions can obtain the necessary support from 
their members for the new policy. There is a 
danger that the abandonment of the traditional aims 
of unionism will deprive the unions of the confidence 
of their members, at considerable cost to the 
community in terms of industrial unrest. The 
prevalence of unofficial strikes in the past few years 
is sufficient warning against pushing such policies 
too far. 

One of the most significant findings of the team is 
that American union officials are less concerned to 
increase productivity than are the British unions. 
They have, however, played an important part in 
increasing productivity in the United States simply 
by the use of collective bargaining. Unions do not 
normally bargain on an industry-wide basis, con- 
tending that, by this method, they would have to 
accept the wage rates and working conditions obtain- 
able in the least efficient establishments and, at the 
same time, would enable efficient companies to 
make unreasonably high profits. Under union- 
company bargaining, the highest possible wage 
rates are obtained from the most profitable company, 
and these are subsequently forced on less efficient 
companies in the same industries by the unions, 
thereby giving them no alternative but to increase 
their productive efficiency or go out of business, 

Action of this sort, however, is likely to produce 
results only in an expanding economy, where the 
forces of competition can produce results, Even in 
America, there are exceptions to union-company 
agreements. In two industries, mining and steel- 
making, where there is an excess of productive 
capacity and further expansion of employment is 
unlikely, the above tactics are not used, and agree- 
ments are negotiated on an industry-wide basis, 
On the whole, restrictive practices are fewer and 
opposition to technological change is less in American 
industry than in the United Kingdom, but, even so, 
security of employment is considered of high value 
in the United States. The unions’ acceptance of 
processes likely to cause redundancy is made easier 
by a seniority rule which lays down that the most 
recent recruit shall be the first to leave. 

American unions have found it better, in general, 
to leave the onus of increasing productivity to 
managements. They realise that the pace of the 
individual is set by the speed of the machinery and 
equipment around him, and that any effort of his 
to increase productivity is likely to be fruitless. 
Incentive schemes, therefore, are much less common 
in the United States than in Britain. A trend has 
developed comparatively lately, however, towards a 
more direct interest in productivity than in the past. 
One union, the International Ladies’ Garment 
Workers Union, undertakes time studies, three other 
unions have experimental engineering departments 
for testing new machinery and new techniques, and 
several others maintain production engineering 
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states that time study and scientific management | 
are not methods of evaluating work with certainty, 
but merely serve as a rough, though admittedly 
useful, basis from which to start collective bargain- 
ing. 

The differences between the aims of British and 
American trade unionism are not so sharp as might 
appear at first sight ; the demise of the expanding | 
economy and the onset of a slump might cause the 
Americans to put greater emphasis on security than 
at present. The aggressive wage policies adopted 
in the United States would not be applicable in 
Britain. In America, where production is mainly 
for the home market, it is not a matter of great 
concern for prices vo be pushed up, provided that 
there is a concomitant rise in wages. In the United 
Kingdom, however, which depends so largely on 
exports, some restraint in wage demands is necessary, 
even if it tends to slow down the rate of mechanisa- 
tion. 


the North of Scotland Hydro-Electric Board, full 
| descriptions of which have been published in Enat- 
| NEERING recently,* were preceded in point of time 
| by two smaller projects. The first of these is the 
Morar scheme, which began operations just Over 
two years ago and is now supplying 71 sq. miles of 
an isolated part of the western seaboard of Inverness- 
shire extending from Malling to Kinlochailort. It 
draws its power from a catchment area of 66 sq. miles 
with an average annual rainfall of 100 in. To obtain 
the necessary storage and to increase the head, 
the level of Loch Morar (which is 11 miles long and 
is the deepest lake in Scotland) is to be raised from 
31 ft. to 40 ft. O.D. As a preliminary, however, 
the level has Leen raised to 34 ft. O.D. by erecting 
an automatic regulating weir in the river bed, 
immediately above the Morar falls. 





MILITARY AIRCRAFT PRODUCTION.—Following the | dam on the south bank of the river just above the 
announcement by the Government, in August, 1950, | falls, and behind this excavation and drilling was 
of the expansion of def»nce measures, the aircraft | begun for the twin intake tunnels to the turbines. 
industry is building up its production programmes. |These tunnels are each 8 ft. wide and 8 ft. high, 
It is announced by the Society of British Aircraft Con- | and, after they had been driven, the site for the 
structors that airframes for the de Havilland Venom tail-race tunnel, which is 12 ft. wide by 17 ft. high, 
single-seat fighter aircraft, which has been adopted by ean: 3 he: 
Che Saad Ale Bean, cnwte be Dalle ber the Matadel Aere- | excavated within a second coffer-dam w bich 

was built below the falls. This tunnel was driven 


plane Company Limited. Three firms are co-operating 
in constructing the English-Electric Canberra bomber |from both ends, although the greater part of the 


aircraft, namely, Handley Page Limited, Short Brothers | work was carried out from the power station site. 
and Harland Limited, and A. V. Roe and Company, |On completion of the tail-race tunnel, the power 
Limited. Rolls-Royce are to build their Avon axial- | station site itself was excavated, the rock being 
flow jet engine, which is fitted in the Canberra, in | mica schist with a proportion of very hard sand- 
an extension of their Hillington, Glasgow, works, and siaiiacndetiaioanm imal eat aioe ise 
the Bristol Aeroplane Company are also to assist in| ,* See ENGINEERING, vol. 170, page 1, et seqg.; and 
producing the Avon engfne, page 425 et seq. (1950). 











THE Loch Sloy and Tummel-Garry schemes Of | cone 


The first work undertaken was to build a coffer- | 
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stone. As the rock was sound, no supports were 
required. 

In all about 3,200 cubic yards of material were 
removed. All the tunnels were lined with concrete 
|to a thickness of 9 in. and the exposed surfaces of 
| both the intakes and outlet were faced with local 
When the power station excavation had 
| been completed, a lining of concrete was laid against 
the rock and a flat roof of reinforced concrete was 
| built, the design of the latter being such that the 
structure was as unobtrusive as possible, as will be 
obvious from the photograph reproduced in Fig. 1. 
Most of the aggregate employed for making the 
concrete had to be transported to the site, as mica 
schist is not suitable for this purpose. The sand, 
however, was obtained from local pits. Owing to the 
cramped nature of the site, the mixing plant had to 
| be erected some distance away and the concrete was 
|therefore placed by pumping. The power station 
structure incorporates a fish ladder with a total 
| rise of 16 ft. and consisting of a series of pools, 
each of which has a rise of 18 in. A flow of 18-5 
|cusecs is maintained down the ladder over notched 
| weirs. 

The power station building is 38 ft. long by 18 ft. 
| wide and 34 ft. high above the main floor level, but 
‘excavation was taken down to 26 ft. below this level 
to provide accommodation for the draught tubes 
and tail-race tunnel. The generating plant is illus- 
‘trated in Fig. 2, on Plate III. It consists of two 
'vertical-shaft turbines of the Kaplan type, which 
| were constructed by Messrs. Boving and Company. 
| Limited, 56, Kingsway, London, W.C.2. Each of 
these machines operates under a gross head otf 
16 ft. and is directly coupled to a 300-kW alternator 
jrunning at a speed of 333 r.p.m. and supplied 
|by Messrs. Bruce Peebles and Company, Limited, 
|Edinburgh. The estimated annual output of th: 
station is two million kilowatt-hours. It is, how- 
lever, intended to increase the capacity of the 
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station later to 2,000 kW and thus to raise the 
annual output to six million kilowatt-hours. 

After the completion of the power station a coffer- 
dam was constructed across the River Morar and 
the water diverted to flow through the intake 
tunnels and power station into the river below the 
falls. The foundations for the regulating weir were 
then built into the solid rock below the natural 
level of the river bed. This regulating weir is of 
the drum-gate type and is similar in construction 
to those used on the Clunie and Pitlochry dams of 
the Tummel-Garry scheme, which have already 
heen described in ENGINEERING. They were con- 
structed by Messrs. Glenfield and Kennedy, Limited, 
Kilmarnock, and have been installed for the purpose 
of maintaining a steady water level in the River 
Morar, which is very narrow with a large loch 
upstream, and of preventing flooding of the sur- 
rounding land. As already explained in the article 
on the Tummel-Garry scheme, the position of these 
gates is adjusted automatically to the flow by a 


valve which passes water into a chamber beneath 


the weir and causes the gate to fall as the water 
level in the reservoir rises and to rise as the level 
falls. 

The consulting engineers for the civil engineering 
work were Messrs. J. and A. Leslie and Reid, 53, 
Manor-place, Edinburgh, 3, and Messrs. Merz and 
McLellan, Millburn, Esher, Surrey, for the electrical 
equipment. 

The Lochalsh project is designed to supply an 
extensive area in Western Ross-shire. For the 
present it is also being employed to supply part of 
the island of Skye, although this will be discontinued 
when the Storr Loch scheme is completed. It 
makes use of a catchment area of 7-3 square miles, 
in which the average annual rainfall is about 68 in. 
The existing scheme consists of a dam, 56 ft. high 
and 250 ft. long, which has been built across Allt 
Gleann Udalain, and is illustrated in Fig. 3, on 
Plate III. From the reservoir thus formed, water is 
conveyed through a 33-in. steel pipe, which is 
carried for 2,000 ft. on mild-steel cradles set in 
concrete. The pipe then divides into two 24-in. 
branches, which run for another 3,230 ft. to a power 
station at Nostie Bridge. These pipes were von- 
structed by Messrs. Horseley Bridge and Thomas 
Piggott, Limited, Tipton, Staffordshire, and were 
erected by Messrs. Alexander Walker, of Skye. 

The power station, which is built of local stone 
and red Torridonian sandstone, is illustrated in 
Fig. 4,on Plate III. It is 57 ft. long and 32 ft. wide. 
The generating plant, which is illustrated in Fig. 5, 
on the same Plate, consists of two 21-in. Turgo 
impulse turbines which operate under a gross head 
of 490 ft. and were constructed by Messrs. Gilbert 
Gilkes and Gordon, Limited, Kendal. Each turbine 
is directly coupled to an alternator constructed by 
Messrs. Bruce Peebles and Company, Limited, 
Edinburgh, and having an output of 500 kW when 
running at 750 r.p.m. 

The consulting engineers for the civil engineering 
work were Sir William Halcrow and Partners, 
and Messrs. Kennedy and Donkin, both of 12, 
Caxton-street, London, 8.W.1, were the consultants 
for the electrical equipment. 





Ja@uaAR CARS, LIMITED, COVENTRY.—Negotiations 
have been concluded between Jaguar Cars, Limited, and 
the Ministry of Supply for the acquisition of the lease- 
hold of one of the largest war-time shadow factories in 
Coventry.. The factory is situated on the north-west 
boundary of the city and covers a total area of nearly a 
million square feet. It is anticipated that the move to 
the new premises will occupy approximately twelve 
months. 


THE LATE Mr. E. E. G. BRaDBuRY, O.B.E.—A pro- 
rmainent Sheffield industrialist, Mr. Edward Errol Gaunt 
|.radbury, O.B.E., died on December 24 at his home in 
sheffield. Mr. Bradbury, who was 45 years of age, was 
® director of the Effingham Steelworks, Ltd., Sheffield, 
® Freeman of the Cutlers’ Company of Hallamshire, a 
inember of the Council of the Sheffield Chamber of 
Commerce, and chairman of the Chamber’s Fuel Com- 
mittee. For nine years he was a member of Sheffield 
C.ty Council, and during the war period commanded 
the Sheffield Auxiliary Fire Service. Latterly, on account 
of ill-health, he relinquished several honorary appoint- 
tients, including the presidency of the Rolling and 
F urging section of the Sheffield Trades Technical Society. 


DEVELOPMENT AND 
EXPLOITATION OF INVENTIONS. 


Tue first report, covering the period June 28, 1949, 
to June 30, 1950, of the National Research Development 
Corporation, was published last week.* The Corpora- 
tion was set up by the Board of Trade under the 
apthority of the Development of Inventions Act, 
1948, for the purpose of ensuring the more rapid adop- 
tion of inventions. Its functions, in the words'of the 
Act, are: (a) “securing, where the public interest so 
requires, the development or exploitation of inventions 
resulting from public research, and of any other inven- 
tion as to which it appears to the Corporation that it is 
not being developed or exploited or sufficiently devel- 
oped or exploited ; (b) acquiring, holding, disposing of 
and granting rights (whether gratuitously or for consi- 
deration) in connection with inventions resulting from 
public research and, where the public interest so 
requires, in connection with inventions resulting from 
other sources.”” The Corporation, according to the 
report, has no powers of compulsory acquisition of 
rights in inventions, and does not exercise any central- 
ised or monopolistic control over the inventive resources 
of the country, its functions being essentially of a 
permissive character. It was the intention of the 
Act, however, to ensure that nationally valuable 
inventions were adopted and that their adoption should 
be sponsored by the Corporation in default of support 
from any other quarter. The chairman of the Corpora- 
tion is Sir Perey H. Mills, K.B.E.; the managing 
director is the Rt. Hon. the Earl of Halsbury, F.R.I.C., 
F.Inst.P., and there are six other members. 

During the first year of the Corporation’s existence 
the main aim has been to establish satisfactory arrange- 
ments with bodies from whom inventions for develop- 
ment and exploitation may he expected. Such bodies 
include Government departments and miscellaneous 
organisations operating with funds provided by 
Parliament ; and grant-aided autonomous institutions 
partly financed by public funds, namely, the univer- 
sities and the industrial research associations. As a 
result of these arrangements, the Corporation expects to 
become the owner of almost all inventions made in 
the laboratories of Government departments, except 
defence inventions classified as secret. While recog- 
nising that it would be contrary to the spirit of academic 
freedom to transfer automatically the title in inventions 
to the Corporation from university-governing bodies, 
on the grounds that the University Grants Committee 
or of the Department of Scientific and Industrial 
Research contribute to university finance, it is 
recognised that universities may, in any case, wish to 
waive any legal claim they may have to the ownership 
of inventions made by their employees with their 
resources. Discussions with the vice-chancellors of 
universities and with the Vice-Chancellors Committee 
were conducted during the year, and, as a result, a 
document, inviting workers in all United Kingdom 
universities and university colleges to submit their 
inventions to the Corporation, was sent to them with 
the approval of the governing bodies. The relevant 
paragraphs of this document are reproduced below. 

“Though university research is a rich source of 
discovery and invention it is only rarely that the 
individual research worker is associated with the 
commercial exploitation of his discoveries. In the 
first place, the field of commercial application of an 
invention may not become apparent till long after 
publication of the original discovery. In the second 
place, the majority of university research workers are 
absorbed in their fundamental studies and would 
have no wish to be diverted from them by the need 
to attend to the details of exploitation and development. 
In the third place, where the importance of a discovery 
is manifest at an early stage, and there is a potential 
interest in exploitation, the individual feels himself 
unqualified to supervise the legal and financial arrange- 
ments involved in development and exploitation. 
The result of these considerations, all of which are 
admittedly right and proper, may however be serious 
and contrary to the national interest. With regard to 
publication, for example, the effect of publishing a 
discovery without patent protection renders it impos- 
sible to protect the basic discovery at a later stage, 
while leaving the field open to all comers to protect 
improvements, which, while lacking fundamental 
originality, may cover vital features of a particular 
embodiment of the invention. If these patent rights 
should happen to vest abroad, then British industry 
may find itself paying royalties abroad for using the 
basic British discovery in that embodiment. The 
presence of a dominating patent in British hands might 
redress this situation, and would be especially desirable 
at a time like the present, when the country cannot 
afford to lose the commercial value of British research 





* National Research Development Corporation : Report 
and Statement of Accounts for the period 28th June, 1949, 
to 30th June, 1950. H.M. Stationery Office. [Price 6d 





net.) 


and ingenuity, particularly when they have a possible 
export value. 

** The problem therefore arises of maintaining the free 
publication which is in the best tradition of university 
science, while ensuring that all important inventions 
arising in universities are protected by patents with 
the minimum distraction to the research worker, with 
no delay in publication and with no imposition of any 
financial, administrative, or supervisory burden upon 
individuals or the institutions. These are responsibili- 
ties within the functions of the Corporation. The 
Corporation, in fulfilling such functions, hopes therefore 
to make arrangements: (a) to be invited to become 
acquainted with the work of university scientific and 
technical departments, particularly such work as is 
likely to lead to industrially useful inventions, and to 
build up friendly relations for this purpose ; (6) to offer 
to apply for patents assignable to the Corporation, in 
consultation with the departments and research worker 
concerned, for such inventions as appear to the Corpora- 
tion to warrant protection by patenting; and (c) to 
offer to assist in the development and exploitation of 
such inventions in the most appropriate way. 

“In all these activities, it will be the special concern 
of the Corporation to ensure :- (a) that the administra- 
tive procedure involved in liaison and patenting shall 
not interfere with prompt publication of laboratory 
results in the usual scientific journals; (b) that where 
the merit of an invention is attributable to an individual, 
such merit will receive acknowledgment by association 
of the individual’s name with the invention ; (c) that 
where an existing contact between a university and an 
industry is proved to be satisfactory there shall be no 
interference with such contact. 

“In so far as their relations with the university 
governing body will allow, some research workers will 
desire a personal financial reward to be a consequence of 
the successful exploitation of an invention. Others will 
seek to use such rewards to obtain facilities or equipment 
for the departments in which they work. Others, 
again, may wish to dedicate their invention to the public 
welfare by donating it to the Corporation, knowing 
that any profits it may bring will enable the Corporation 
to extend its activities in the development of British 
inventiveness. In this connection it must be borne 
in mind that the only effective way of dedicating work 
is to patent it and hand the patent over to a public 
authority. Whichever attitude the inventor adopts, 
however, the Corporation will normally, before any 
assignment of the invention is made to it, inquire 
whether the governing body of the university wishes to 
exercise any claim to an interest in the invention 
concerned. 

“While the Corporation hopes ultimately to make 
arrangements for a satisfactory relationship with 
universities, it invites notification forthwith of parti- 
culars of any unpublished discovery or invention 
which it is thought should be brought to the attention 
of the Corporation, and without waiting for the com- 
pletion of any of the arrangements referred to above. 
In cases where it will be necessary for the university 
to concur in any agreement reached between the inven- 
tor and the Corporation, the Corporation will take 
every necessary step to keep the university informed 
of measures to be taken in respect of the invention.” 

Returning to the main part of the report, it is stated 
that, in the case of industrial research associations, 
although the rights in their inventians undoubtedly 
belong to their members, discussions between the 
Corporation, the D.S.I.R., and individual associations, 
have led to agreement and goodwill, so that the several 
parties can be relied on to help one another to ensure 
that every nationally-important feature of an invention 
owned by an industrial research association is brought 
into use. 

During the year covered by the report, of 485 
inventions submitted by private inventors, 358 were 
rejected, 105 were in a form too incomplete to permit 
the yee ayes to form any opinion as to their merit, 
and only three survived the test of assessment by 
experts. It was evident that too many inventors, 
either through inability or unwillingness to keep in 
touch with current trends in technical progress, devoted 
energy and effort to devising inventions which industry 
does not want, or cannot use, without complete disloca- 
tion or reconstruction. On the other hand, all three 
of the inventions selected by the Corporation as meriting 
public support lay in the domain of applied mechanical 
engineering, and all three were the designs of qualified 
engineers with experience in the inventive field to 
which they had directed their attention. Owing to the 
fact that some private firms, for policy or other reasons, 
did not propose to develop or exploit an invention 
originating in their research departments, they offered 
certain inventions voluntarily to the Corporation. 

As the field of the Corporation’s activities is wide, 
it has been necessary to appoint assessors on specialist 
subjects. Furthermore, advisory panels, drawn from 
experts in various groups of industry, are being set up 





with the function of advising the Corporation on the 
technical and industrial merits of inventions submitted 
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to it. For the development of inventions the Corpora. 
tion provide finance and arrange a contract for the 
work to be carried out. Where, in the opinion of the 
Corporation, a private inventor is considered to be 
best qualified to have direction of the enterprise, a 
limited liability company is set up, owned jointly by 
the inventor and the Corporation, on terms securing 
to the Corporation full control over the affairs of the 
company. For the exploitation of inventions the 
Corporation will endeavour to exploit its rights in the 
public interest by licensing manufacturers to make, use 
and sell the invention. The difficulty of deciding 
whether to grant an exclusive licence to one manufac- 
turer, or non-exclusive licences to all applicants—both 
courses have their special advantages—will be decided 
on the merits of each case. 

This being the first report of the Corporation, it 
has not been possible to disclose matters of detail which, 
from a commercial angle, might prejudice the interests 
of the Corporation or one of the other parties involved. 
Thus, the report contains simply a statistical review 
which shows that, in the course of the year, 965 inven- 
tions were submitted from all sources, 363 were rejected, 
530 were under consideration or awaiting formal 
transfer at the end of the year, six were accepted for 
development, and 66 were being actively exploited. 
The total of 66 was made up of 40 from Government 
departments, seven from the Medical Research Council, 
16 from universities, one from a charitable organisation, 
and two from members of the public. No invention 
was submitted by an industrial research organisation. 
The staff of the Corporation totals 38, and the address 
is 1, Tilney Street, London, W.1. 





TRACTOR-MOUNTED ROCK DRILL. 


THE photograph reproduced on this page shows the 
new tractor drill developed by the Climax Rock Drill 
and Engineering Works, Limited, Carn Brea, Redruth, 
Cornwall, for reducing time and labour in quarrying 
operations, by mounting a heavy drifter drill on a 
tractor. The drifter is a standard Climax cradle- 
mounted machine with a pneumatic feed, the feed 
length between the safety collars being 84 in., giving 
a nominal “‘ steel ’’ change of 6 ft. ; it is mounted on a 
Fordson Major tractor in such a way that it can be 
adjusted to drill holes at any angle and in any direction. 
Compressed air for the drill is supplied from an inde- 
pendent source, such as a mobile compressor. 

A strong framework of cross-braced vertical side 
members is attached permanently to the tractor. On 
each side, lattice-braced lifting arms are hinged on 
pivot points on vertical side members and are actuated 
by hydraulic rams. At the forward end of the lifting 
arms are semi-circular bearings supporting a vertical 
rectangular frame, which forms part of a universal 
mounting for the drill. This frame is always main- 
tained in a vertical plane, by two tubular bracing 
members, of the same length as the lifting arms, 
extending between hinge points on the top of the 
frame and on the vertical side members on the tractor. 

The rectangular frame carries a mounting plate with 
a spindle at its centre, on which is supported the 
rotatable mounting bracket for the drill. To the 
bracket is attached a toothed circular plate, which can 
be clamped to the mounting plate by four screw 
clamps provided on the latter, allowing the mounting 
bracket to be fixed at any desired angle. The bracket 
can be rotated by a small handwheel on the mounting 
plate, with a toothed spindle engaging with a wheel 
on a second spindle which carries a pinion in mesh 
with the toothed periphery of the circular plate. The 
drifter is mounted in a transverse bearing, at the 
forward end of the bracket, offset from the axis of 
rotation of the bracket, so that the drifter can be 
rotated about its bearing and clamped in any desired 

sition. It will be seen, therefore, that the drill can 
be set to work at any angle and in any direction. 

To withstand side-thrust when the drifter is working 
to one side of the parallelogram framework, a bracing 
framework, consisting of two parallel tubular side 
members braced together, is hinged to lugs projecting 
from the front of the tractor and runs in swivel clam 
on the lifting arms, towards the forward end. These 
clamps must be loosened efore the lifting-arm hydraulic 
rams can be operated. When the clamps are tightened, 
the frame forms a rigid structure, resistant to lateral 
forces, which supports the weight of the drifter without 
depending on the hydraulic rams. Before drilling 
commences, the tractor is anchored by hydraulic jacks 
on the front of the main chassis members. All the 
hydraulic apparatus is controlled from the tractor- 
driver’s position. 





“* REDIFFUSED ”’ TELEVISION.—The Rediffusion Group 
of broadcast relay companies announce that they have 
.developed a practical system for relaying television which 
,will enable programmes to be received in parts of the 
country not covered by the British Broadcasting 
Corporation. 
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TRACTOR-MOUNTED ROCK DRILL. 


CLIMAX ROCK DRILL AND ENGINEERING WORKS, LIMITED, REDRUTH. 





DERAILMENT OF A TRAIN DUE 
TO BUCKLED TRACK. 


A REPORT* on a railway accident, published last 
week for the Ministry of Transport, focuses attention 
on the potential danger of a length of track in which 
the stresses induced during hot weather are not 
released. At the site of the accident, the track con- 
sisted of standard 95-lb. bull-head rails in 60-ft. lengths, 
laid on Douglas-fir sleepers, with cast-iron chairs, steel 
keys (except in the joint chairs, where they were of 
hardwood), and four-bolt 18-in. fishplates. The expan- 
sion gaps, however, did not function as they should 
have done in hot weather, and the track buckled. The 
report, therefore, throws an interesting light on a 
problem, which was discussed at the 15th Session of 
the International Railway Congress Association, as 
reported on page 22 in last week’s issue of ENGINEERING, 
and on page 51 in this issue. On the question of long 
welded rails, British Railways reported (page 22, ante) 
that they required further experience of their new 
109-lb. flat-bottom rails before future policy on the 
welding of rails could be decided. The compressive 
stress in a long welded rail due to hot weather is 
slight—almost negligible in relation to the compressive 
strength of the rail—but if there are other contributory 
factors, such as obtained at the time of the accident, 
it may precipitate severe buckling. 

The report, signed by Colonel D. McMullen, an 
inspecting officer of railways, and addressed to the 
secretary of the Ministry, gives the result of his inquiry 
into the derailment which occurred at 2.32 p.m. on 
Monday, June 5, 1950, near Tollerton, between Dar- 
lington and York, in the North Eastern Region, 
British Railways. The 12.15 p.m. express passenger 
train from Newcastle to York, consisting of engine 
No. 60153 (a Class Al Pacific) and seven coaches, was 
derailed at a point where, 15 minutes previously, 
another express passenger train (the up Flying Scots- 
man) had run. The locked-up stresses in the track 
were released as the trailing coaches of the Flying 
Scotsman passed over at about 65 miles an hour. The 
guard experienced a lurch and heard a knock; he 
therefore applied the brake, and when the train stopped 
he examined the rear vehicles, finding a dynamo belt 








on its side, its wooden body detached from the welded- 
steel underframe, which, with the bogies, was buckled. 
The third coach was derailed to the left; and the 
fourth coach was derailed but maintained its general 
alignment with the track. Nine passengers and the 
driver and fireman were injured. The tracks in the 
vicinity of the accident are straight. 

In the course of an inspection which Colonel 
McMullen made two days after the accident, when it 
was again very hot, most of the gaps between the 
rails were open } in. to 3 in. A number of fishplates 
were removed at his request; the fish-bolts had not 
been slackened for some time, and there had been no 
movement between the rails and fishplates, which were 
“‘ frozen”? together. When the bolts were slackened 
the rails jumped slightly, and they jumped a second 
time as soon as the fishplate was struck. The rails 
then generally butted against each other on the slight 
burrs at the end of each rail. Colonel McMullen also 
found that the fishing surfaces of many of the fish- 
plates were not truly flat, being deformed by bulges 
opposite the punched fish-bolt holes. The bulges 
alone had been bearing on the rail and were quite 
dry, while there was an undisturbed film of oil on the 
remainder of the surface. Regarding the weather, 
measurements taken at York and Linton-on-Ouse 
gave the maximum shade temperature on the day of 
the accident as 82 deg. F., and the minimum tempera- 
ture as 58 deg. F. The maximum sun temperature 
was not recorded, but the rail temperature at 2.30 p.m. 
on the following day was approximately 112 deg. F. at 
the point where the accident occurred. 

The derailment of the train, Colonel McMullen 
concludes, was due to the buckling of the track as the 
rear coaches of the preceding train passed over it. 
The rails were unable to expand and were therefore 
unduly compressed. Thus, it only required the thrust 
and vibration of a fast train to release the locked-up 
stresses, which overcame the lateral resistance of the 
ballast. There was insufficient ballast and its hold 
had been weakened by previous riddling, but there 
was no doubt that, apart from the effects of heat, it 


| was adequate to withstand the ordinary stresses induced 


by high-speed traffic. Expansion was prevented by 
the ‘freezing’ of the fishplates, which occurred 


hanging loose and an accumulator-cell box broken. | because the fish-bolts had not been slackened, although 
After arrangements had been made for the train to | the fishplates had been oiled. 


stop at York for examination, it proceeded. 
The 12.15 p.m. train was running at about 45 miles 


The accident, therefore, like others of a similar 


|nature in the past few years, was mainly the result of 


an hour. The engine was derailed to the left, and it |the permanent-way staff failing to carry out -com- 


ploughed through the adjacent up slow line into the 
bank of a shallow cutting. The first two coaches were 


|pletely the instructions or special precautions to be 
|taken during hot weather; a shortage of ballast in 


thrown astride all four tracks, with the leading coach | that section of the line was a contributory cause, and 











— |priority should have been given to attending to the 


* Report on the Derailment which occurred on 5th June, | track there. The patrol-man responsible for that part 


1950, near Tollerton in the North Eastern Region, British 


| of the line covered it on foot according to a fixed route, 


Railways. Ministry of Transport; Railway Accidents. | with the result that he never observed some sections 
|of the rails under heat. Subsequently, an examination 
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SIX-SPEED GEARBOX FOR DIESEL LOCOMOTIVE. 


THE HUNSLET ENGINE COMPANY, 





LIMITED, LEEDS. 





Fig. 1. 





Fie. 2. AssrEMBLY OF SHAFTs, 


of the fishplates revealed that, in addition to the 
bulges, there was also a pronounced hump at the end 
due to shearing after rolling ; moreover, others had a 
* knife-edge ”’ defect, at the end of the fishing surface, 
which might have notched the rail and restricted move- 
ment. This problem was, and is still, being examined 
by the Railway Executive. Experiments are also being 
carried out with different types of lubricants for fish- 
plates; they have shown that “ freezing” occurs 
fairly rapidly, and suggest that the periodical slacken- 
ing and re-tightening of fish-bolt nuts may be necessary 
to maintain free movement in the joints. In this 
connection, excessive tightening of the nuts is not 
only unnecessary but, indeed, undesirable, as it increases 
the pressure between the bearing surfaces and squeezes 
out the lubricant. A shorter spanner might be a 
solution. 

Steel keys are now in regular use and have advan- 
tazes over hardwood keys; they certainly have a 
stronger grip. The opinion was expressed, however, 
that when used continuously they may discourage the 
free expansion of rails. This theory, in Colonel 
McMullen’s opinion, merits consideration. 

Side thrusts from the rails must be resisted by the 
ballast. The greatest resistance is from the ballast 
in the bed, i.e., immediately below the sleeper; but 
sleepers are inclined to rise from the bed in front of a 
train and between the coach bogies of a fast-moving 
train, and then side thrust must be resisted solely by 
the ballast in the boxing and shoulders. Experiments 
by the Railway Executive have shown the serious 


GEARBOX PREPARED FOR INSTALLATION IN LOCOMOTIVE. 





GEARS AND REVERSING BEVELS. 


extent to which the disturbance of ballast reduces its 
resistance, and that, contrary to general belief, the 
ballast in the boxing (i.e., between the sleepers) contri- 
butes a greater resistance to lateral movement than 
that in the shoulders. At the point where buckling 
caused the derailment, the ballast had recently been 
disturbed, and it was deficient in the four-foot way. 





THe LATE Mr. H. J. W. OxtapdE.—The death is 
reported from Beccles, Suffolk, of Mr. Henry John Wilson 
Oxlade, M.I.Mech.E. Mr. Oxlade, who died on Decem- 
ber 28, after a long illness, was in his 82nd year, having 
been born on February 21, 1869. He was educated at 
Hampton grammar school and St. Laurence’s School at 
Bruges, and attended the Finsbury Technical College for 
a time before being apprenticed to Messrs. Death and 
Ellwood, millwrights, of Leicester, in 1886. After a year 
as draughtsman with Messrs. Priestman and Company 
at Hull, he went to India as assistant manager with 
Messrs. Massey and Company, Madras, eventually be- 
coming manager and a partner. He returned to England 
in 1900, but went back to India in 1903, at first with 
Messrs. Heatly and Gresham, in Calcutta, and later as 
chief engineer of the Colombo Commercial Company, in 
Ceylon. From 1914 to 1919, he was on active service 
with the Suffolk Regiment (T.F.), being demobilised with 
the rank of Captain. Subsequently, he was London 
manager of Messrs. B. and S. Massey, Limited, and 





thereafter practised for some years as a consulting 
engineer. 











GEARBOX FOR 500-H.P. DIESEL 
LOCOMOTIVE, 


THe Hunslet Engine Company, Limited, Leeds, 
have always been strong protagonists of the direct- 
drive Diesel locomotive, and have done much towards 
the development of this form of transmission since they 
produced their first Diesel locomotive over 20 years ago. 
Recently, the company took a further step forward 
in this direction by designing and manufacturing a 
complete transmission assembly suitable fot an input 
of 500 h.p. at 1,375 r.p.m. and an output of 35,000 Ib. 
tractive effort. The unit, which is illustrated in 
Figs. 1 and 2, on this page, weighs approximately 
nine tons,.and, to obtain a wide speed range, is provided 
with six ratios. In general, the design follows previous 
Hunslet practice, the gear changes being made by 
internal gear-type clutches operated by compressed air, 
with automatic pre-selection. The reverse gear, which 
is situated between the gearbox proper and the jack- 
shaft, is also air operated, and the complete control 
gear is arranged along the top of the casing so that the 
gearbox and the control mechanism form a single unit. 

The clutch is of the firm’s self-ventilated friction 
type, and, contrary to usual practice, is fitted on 
the input shaft of the gearbox, thereby making the 
clutch and gearbox a single complete assembly. The 
relative positions of the clutch and gearbox can be 
seen in Fig. 1, from which it will be not&d that the 
clutch and its operating mechanism are particularly 
accessible. It is capable of taking a 100 per cent. 
engine torque overload and has been designed to 
start the heaviest trains without difficulty ; further- 
more, it can maintain full torque under maximum 
slipping conditions without overheating and is used 
without any other slipping medium. 

The casing for the gearbox is made in sections and 
is divided along all shaft centre-lines. It is a com- 
pletely-welded structure, in which each section was 
stress-relieved after welding, and the design is such 
that all shafts and wheels can be lifted from the casing 
as assembled units without the need for any internal 
dismantling. This feature applies even when the 
gearbox is installed within the frame of the loco- 
motive, the whole of the gear-change and reverse 
mechanisms being lifted out above the frame and the 
jackshaft dropped out below the frame. All shafts 
and wheels run in ball or roller bearings, and an oil- 
treated nickel-chrome case-hardening steel is used 
throughout for both shafts and gearwheels ; the core- 
strength of this material is approximately 65 tons 
per square inch. To avoid high peripheral tooth 
speeds, an initial pair of wheels is installed in the 
gearbox to reduce the speed of the input shaft. This is 
fitted with six fixed wheels to give the required number 
of ratios and these are in constant mesh with six free- 
running wheels mounted on ball bearings on the 
gear-change shaft, all wheels being casehardened and 
profile ground. There are three double-ended air- 
operated internal-gear clutches fitted to the change- 
speed shaft, each of which is arranged so that it can be 
engaged with either of the flanking gearwheels, to 
render them solid with the shaft. 

The end of the change-speed shaft remote from the 
clutch is fitted with a bevel pinion which, in turn, 
engages with two bevel wheels, one for the forward, 
and the other for the reverse, direction of travel, an 
internal gear clutch being arranged between the two 
bevel gears for connecting either of them to the bevel 
shaft. The drive is transferred to the jackshaft by 
single-helical pinions which mesh with corresponding 
gearwheels, separate pinion and gearwheel assemblies 
being provided for forward and reverse directions of 
travel. One of the pinions and its associated gearwheel 
can be seen in Fig. 2, the two bevel wheels also being 
visible in this illustration. The helical gearwheels are 
torsionally resilient and are the only gearwheels not 
casehardened, being manufactured from 75-ton oil- 
hardened steel. The jackshaft is 11 in. in diameter and 
is supported by heavy roller bearings, the ends being 
fitted with the fly-cranks and casehardened crankpins. 

The control unit is located in the top of the gearbox 
and is designed so that the complete mechanism can 
easily be removed. It comprises an operating air 
cylinder together with the main and auxiliary air valves 
which, in addition to controlling the gear change, 
ensure that all gears are pre-selected in the correct 
sequence. The control gear is quite straightforward 
and does not rely on electro-pneumatic and electro- 
magnetic circuits ; it is lubricated by splash from the 
main gearbox, to which oil is delivered under pressure 
by a pump. 





THE GAUGE AND TOOL MAKERS’ ASSOCIATION.— 
Hitherto, it has been a condition of the award of the 
Certificate of Craftsmanship of the Gauge and Tool 
Makers’ Association that a candidate shall have been 
apprenticed to a member firm. The Council have now 
decided, however, to accept applications from indentured 
apprentices of firms outside the Association. 
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ASSEMBLY CONVEYOR FOR LEYLAND HEAVY COMMERCIAL VEHICLES. 
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ASSEMBLY CONVEYOR FOR 
LEYLAND HEAVY COMMERCIAL 
VEHICLES. 

What is thought to be the only moving conveyor for 
the erection of heavy commercial-vehicle chassis was 
put into operation recently at the Farington factory 
of Leyland Motors Limited, Leyland, Lancashire. 
Its inception marks the final stage in a three-year 
plan of reorganisation carried out at these works, 
the preliminary stage consisting of the introduction 
of a flow-line method of component manufacture and 
the intermediate stage the use of the line method for 
the erection of sub-assemblies, moving conveyors being 
utilised where possible. The introduction of flow-line 
methods for machining components involved the 
re-location of existing plant and the installation of 
new special-purpose machinery. Parts now pass 
directly from one machine to the next, where the various 
operations are carried out, and reach the end of their 
respective lines as completely machined parts ready for 
use. Machine operators employed on this system work 
in groups and are free to move from one machine to 
another within the group to maintain an even flow of 
parts, thereby preventing an accumulation at any 
stage along the machining line. The intermediate 
stage consisted largely of replanning the various 
assembly units and locating them in the appropriate 
positions for feeding the chassis lines. Conveyors have 
been installed where practicable and, so far as possible, 
the units are tested before delivery to the conveyor ; 
Fig. 2, on this page, for example, shows a back axle 
being tested in the assembly area. 

The new chassis assembly line consists of three parallel 
lines of conveyor having effective lengths of 250 ft., 
350 ft. and 300 ft., respectively. Two of these con- 
veyors can be seen in the photograph reproduced in 
Fig. 1, above. Each line comprises two endless chains 
of the offset-link bush-roller type with 8-in. pitch links 
and 3-in. diameter rollers. The chains are set 3 ft. 





apart at the centres and are arranged so that the 
distance from the top of the chains to the floor is 
approximately 14} in. The first stage in chassis 
construction, namely, the fitting of the springs to the 
axles and the axles to the chassis frame, is carried out 
on the floor of the shop. The frame is then lifted and 
placed on the first conve:'or, its front and rear axles 
resting on two channel-section beams, or cradles, 
arranged across the chains. The cradles can be seen 
in Fig. 5, on page 46; this illustration, however, 
shows a partly-assembled chassis being lowered on 
to the second, or middle, conveyor, but the cradles 
used on both lines are similar. 

The various components are, of course, fitted to the 
chassis frame as it moves along the first conveyor. 
Towards the end of this there is an overhead gantry 
designed for lowering assembled engines and gear- 
boxes into position. At the end of the first conveyor, 
a further overhead gantry transfers the partly-com- 
pleted chassis to the second conveyor, on which 
turther components are added. Similarly, when the 








GENERAL VIEW OF First AND SECOND CONVEYORS. 





Fie. 2. Rear-Axte TestinG MacHINE IN Sus-ASSEMBLY SHOP. 


chassis reaches the end of the second conveyor, it 
is transferred by another overhead gantry to the 
third conveyor. There it is prepared for painting, 
the conveyor running for part of its length through a 
tunnel-type spraying booth and subsequently through a 
drying oven. The spraying booth can be seen in Fig. 7, 
on page 46, which shows a chassis being lowered on to 
the third conveyor. 

The paint-spraying booth is 20 ft. long, 14 ft. wide 
and 10 ft. high and is well lighted by a series of fluores- 
cent tubes arranged along the walls. Air is extracted 
by two 30-in. diameter axial-flow fans; these are 
mounted above the booth and draw air from the 
interior through removable wood-wool filters, the air 
being discharged by way of ducting through the roof 
of the factory. The paint is stored in a 100-gallon 
container under air pressure and is stirred continu- 
ously by paddles rotating at 100 r.p.m. Actually, there 
are two paint containers, one of which is used while 
the other is sent to the paint suppliers for refilling. 
On leaving the spraying booth, the chassis enters the 
drying oven. This is gas-heated and has an overall 
length of 44 ft., this dimension including vestibules 





3 ft. long at each end. To prevent the escape of heat 
from the oven, it is ‘‘ sealed ’’ at each end by a “ curtain” 
of cold air delivered in an upward direction at high 
velocity. The oven is started automatically by 
sparking-plug ignition and incorporates a number 
of automatic safety devices. If the circulating fans 
fail, for example, the gas supply is shut down by a 
mercury switch, and other devices prevent unburnt 
gas from being circulated by the fans. The norma! 
working temperature is 245 deg. F. for the incoming air. 
this figure being maintained by thermostatic controls : 
by the time the air circulates round the chassis. 
however, the temperature has dropped to nearly halt 
this figure. 

On emerging from the oven, the chassis passes @ 
battery of Tecalemit greasing towers and high-pressure 
lubrication guns, the latter being used for filling major 
units, such as rear axles and gearboxes, with oil. The 
cabs are then fitted, together with the wheels and tyr*>. 
and the completed chassis passes down a ramp to tlie 
shop floor whence it is driven to the running shop 
and testing bay. It should, perhaps, be mentioned 
that at the end of the first two conveyors, the cha*»!s 
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trips a lever arranged to sound a bell and thus give 
warning that it is ready for transfer to the next con- 
veyor. If the warning bell is ignored, a safety device 
comes into operation and stops the conveyor, thereby 
making it impossible for a chassis to drop off the end 
of the line. 

All types of Leyland four-wheeled chassis from the 
lighter Comets to heavy-duty trucks and ’buses are 
assembled on the conveyors. Fig. 3, for example, 
shows a line of Comet commercial vehicles leaving the 
assembly line, Fig. 4 the fitting of the outriggers to a 
Royal Tiger passenger-carrying chassis, and Fig. 6, on 
page 46, the building of a ’bus chassis. Care has to 
be taken, of course, to see that the production of 
sub-assemblies meets the requirements of the con- 
veyors. A scheme has been introduced, therefore, to 
ensure that only those units are produced which will 
be used immediately for chassis assembly. The basic 
element of this scheme is the daily conveyor rota ; 
this shows exactly those chassis to be laid down on 
the conveyor on a particular day. Each chassis is 
given a conveyor number which indicates its position 
on the assembly line, and also listed on the rota are 
the sub-assemblies required to build up each chassis. 
When the sub-assemblies are completed, they are 
marked with the relevant chassis conveyor number so 
that each unit is built specifically for a particular 
vehicle. The daily rota is compiled at the most only 
tive days ahead of the date on which the chassis are 
to be laid down and, in practice, the engine factory 
requires only 72 hours notice to build the type of engine 
required and 48 hours notice is sufficient for the 
gearbox assembly line. As the sub-assemblies are 
completed they are dispatched directly to their respec- 
tive positions on the conveyor line. Fittings for each 
chassis are marshalled in the stores and placed in trays 
marked with the correct conveyor number before they 
leave for the assembly line. Eventually they ride on 
the track of the conveyor behind the appropriate chassis 
ready for use as required. A photograph showing one 
of these kits in position on the conveyor is reproduced 
in Fig. 8, on page 46. 

The pay of the men working on the assembly line is 
based on the output at the delivery end and on the 
group piece-work principle, each chassis model having 
an independent and separately assessed piece-work time 
alowance. Experience has shown that this method of 
pay provides a definite incentive to increased produc- 
tion, The biggest problem encountered in planning 
th: conveyor was to arrange the work so that the 
time factor at every stage was balanced, despite the 
bu Iding of different chassis models at the same time. 
[iis difficulty was overcome by first assessing the 
tines taken at each stage for each model and then 
p'\nning a system whereby there would be a constant 
‘mall pool of men who would be occupied either in the 
: mbly of parts for the vehicles that take longer to 
uid, or as extra hands on the conveyor at points 
“cere the work has to be accelerated. Furthermore, 
\«. 2 conveyor was made longer than necessary for 
the lighter vehicles so as to absorb the greater assembly 
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time factor required for building the heavier chassis. 
Consequently, the heavier vehicles travel the full 
length of No. 2 conveyor before being transferred to 
the third conveyor, whereas the lighter vehicles are 
transferred at an earlier point. Basically, the number 
of men allotted to the conveyor is fixed and all have a 
fixed amount of work to do, the pool of men rendering 
the time factor even. For example, the extra work 
involved in assembling the pipes for the air brakes 
fitted to certain passenger vehicles is done as a sub- 
assembly job by men from the pool and the piping is 
fitted as a unit with no loss of time in the general 
system. 

The conveyors, which have been built to run at a 
maximum speed of 5 ft. per minute, were designed by 
Leyland Motors Limited. Both the top and bottom 
runs of each chain operate in continuous channel- 
section troughs, the tensioned side of the chains being 
at the top. The supports for the upper troughs 
are arranged at 2 ft. intervals so as to carry safely 
the maximum chassis load likely to be encountered 
and the bottom runs of the chains, together with 
the driven sprockets, are suitably guarded. All the 
driven sprockets are the same, having 12 teeth arranged 
on a 30-9 in. pitch-circle diameter. The driving 
sprockets, however, differ, those for the 350-ft. and 
250-ft. conveyors being the same as the driven sproc- 
kets, whereas those for the 300-ft. conveyor have eight 
teeth arranged on a 20-9-in. pitch-circle diameter. 
The chain plates are made from 30-ton to 32-ton mild 
steel, and all bushes and pins are heat-treated and the 
rollers hardened. 

Each driven sprocket is supported by plummer-block 
type bearings mounted on cast-iron slide bases. Suit- 
able tensioners are incorporated in the design and 
lubrication is provided by an oil bath arranged below 
the sprockets into which bath the “ slack ” side of the 
chain dips. Each pair of driving sprockets is keyed to 
the output shaft of the final reduction unit, the shaft 
being supported at the ends in outrigger brackets. A 
5-h.p. squirrel-cage motor is used to drive each con- 
veyor, the drive being transmitted by a Croft variable- 
speed pulley to a Holroyd double-reduction gearbox 
and then to a single-reduction unit of the same manu- 
facture. The normal ratio employed on the variable- 
speed drive is 3 to 1, and the total reduction ratio from 
the driving motor to the output shaft is approximately 
3,000 to i. Each drive unit is mounted on a large 
cast-iron baseplate, which, in tyrn, is arranged inside 
a concrete-lined pit, the baseplate being grouted to the 
floor of the pit. 

The complete system has, of course, been installed 
to quicken production. The company have emphasised, 
however, that this has not been achieved by increasing 
the physical work of the operators, but by the conse- 
quent simplification of assembly procedure and the 
reduction in man-handling of the various components. 
Furthermore, the conveyor lends itself to the intro- 
duction of power-driven tools, some of which are 
suspended from overhead runways, and to the provision 
of mechanical-handling equipment at the correct 
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stages along the assembly line. It has been estimated 
that, by adopting these methods, the potential output 
has been increased to 10,000 chassis a year: twice the 
highest pre-war production figure. Other advantages 
claimed for the conveyor-method of assembly include 
better utilisation of available floor space and a more 
precise production programme. Future developments 
envisage the use of tributary conveyors for supplying 
the main conveyors with assemblies and it is under- 
stood that considerable progress has been made in this 
direction. 


THE INSTITUTION OF CHEMICAL 
ENGINEERS. 

Tuer 1951 Convention of the Graduates’ and Students’ 
Section of the Institution of Chemical Engineers will 
be held at Nutford House (a hostel of London. Univer- 
sity), Brown-street, London, W.1, from April 11 to 15. 
he theme of the convention is to be “Chemical 
Engineering—Opportunities in Specific Industries,” 
Those attending will meet on the afternoon of the first 
day and, at 8 p.m., Mr. R. F. Twist will lecture on 
“The Gas Industry.”” On the morning of Thursday, 
April 12, Dr. A. H. Leckie will speak on “ The Iron 
and Steel Industry,” and Mr. Stanley Robson on “ The 
Non-Ferrous Metals Industry.” After lunch, visits 
will be paid to Messrs. G. and A. Harvey and Company, 
Limited; Lafarge Aluminous Cement Company, 
Limited ; the South Eastern Gas Board; the Mond 
Nickel Company, Limited ; the British Oxygen Com- 
pany, Limited, and other firms. At 8 p.m., Mr. 
A. J. C. Anderson will speak on “The Edible Oil 
and Allied Industries.” On the morning of Friday, 
April 13, Dr. M. Ruhemann will lecture on “ The Low- 
Temperature Industries,’ and at 11.15 a.m., parties 
will leave for visits to the Ford Motor Company, 
Limited, B.X. Plastics Limited, the Shell Refining and 
Marketing Company, Limited, and other works. At 
8 p.m., a display of scientific films will be held. On 
Saturday morning, April 14, Mr. A. 8. White will lecture 
on “ Atomic Energy,” and at 11.30 a.m. the annual 
general meeting of the Graduates’ and Students’ 
Section will be held. At 2.30 p.m., Dr. V. E. Yarsley 
will deliver the last lecture of the Convention, and this 
will deal with “The Plastics Industry.” The Con- 
vention will terminate with a dinner and dance, at 
6.30 p.m. All inquiries should be addressed to the Con- 
vention Secretary, 56, Victoria-street, London, 8.W.1. 
Registration forms should be sent before February 10. 








THE OLD CENTRALIANS: ERRATA.—We regret that 
two errors occurred in our notice, on page 22, ante, of 
the next luncheon meeting of the Old Centralians—the 
old students’ association of the City and Guilds Engi- 
neering College—which is to be held at the restaurant 
“ Chez Auguste ’”? on Monday, January 15. The address 
of the restaurant should have been given.as 47, Frith- 
street, London, W.1, which is the entrance to the private 
room in which the luncheon is held, and the time of 
meeting as 12.45 for 12.55 p.m. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


SHIPBUILDING ON THE CLYDE.—A total of 87 vessels, 
representing 443,813 tons gross, were launched from Clyde 
shipbuilding yards during 1950, as compared with 89 
vessels, making together 442,404 tons gross, in 1949. 
The extent of the increase was a disappointment to 
shipbuilders, as the improving supplies of materials and 
the greater concentration on new construction, permitted 
by the completion of the reconversion of ships diverted 
from their normal usage during the war, were offset by 
inclement weather during the summer months. Launch: 
ing programmes were upset, and several vessels which 
should have entered the water before the end of the 
year remained on the building berths, to become the 
early launches of 1951. Marine engineering returns 
showed that the propelling machinery built totalled 
518,109 h.p., or 68,500 h.p. more than in 1949. Launches 
from East Coast yards numbered 45, totalling 68,719 tons. 

PROSPECTS OF THE SHIPYARDS.—Many of the Scottish 
yards have bright prospects before them, with work in 
hand to keep them employed until 1953. The new year 
opened with about 800,000 tons gross of shipping still 
to be launched by Clyde firms alone. Upwards of 
600,000 tons gross of new contracts were placed in 1950, 
the bulk of the new orders being for tankers. There are 
22 tankers, aggregating 270,000 tons, in hand for Norway, 
22, totalling 240,000 tons, for the United Kingdom, and 
ten, making together 111,900 tons, for other countries. 
East Coast tonnage still to be launched includes 110,000 
tons of cargo ships, 30,000 tons of tankers, and 5,500 tons 
of colliers. 

THE CoAL INDUSTRY.—There was a fair turnout of 
Scottish miners on Thursday, January 4, for the resump- 
tion of work after the three-day New Year break. 
Thursday is normally a difficult day to induce the men 
to start afresh after a holiday, although it is made more 
attractive nowadays by the payment of the bonus shift 
for two days’ attendance as against five in a normal week. 
Absenteeism averaged between 12 and 17 per cent. 
on the first day, which compared with an average of 
about 10% per cent. for the whole of 1950. ‘ The best 
incentive to secure the production of more coal and 
increase the saving of fuel,” said Sir Patrick Dollan, 
chairman of the Scottish Fuel Efficiency Committee, 
in a telegram sent to the Prime Minister for consideration 
at last week’s fuel crisis conference in London, “ is to ban 
all commercial sports during working hours from Monday 
to Friday.’’ The question was being considered at a 
very high level, he stated afterwards. 

AMERICAN COAL Imports.—The first shipment of 
United States coal for the Scottish market reached the 
Clyde on the last days of 1950 after a delay of a week 
because the Makena II, bringing it over, ran short of fuel 
oil and had to call at an Irish port to replenish bunkers. 
The cargo consists of 3,800 tons of screened coal, which 
is being taken up almost entirely by British Railways, 
the reserves of which are considerably below the level of 
a year ago. Discharging was held up by the New Year 
holidays, but a start was made on January 3. 

THE STEEL INDUSTRY.—The high rate of steel produc- 
tion in Scotland in the second half of 1950 incurred a 
heavy amount of repairs and overhauls, and bricklayers 
and mechanics were hard pressed to try to complete 
the task for a resumption on Monday and Tuesday 
of this week, January 8 and 9. In a few cases where 
extensive renewals were planned, the restart was delayed 
until next week. Makers have imposing order books, 
and the larger consumers of steel have heavy contracts 
in hand, some for as far as ten years ahead, while the 
majority are assured of full employment into 1952. 

THE EFFECT OF POWER CuTs.— Dissatisfaction over the 
loss of wages, incurred as a result of power cuts affecting 
industrial establishments, was expressed at a meeting 
of Clydeside engineering shop stewards. In cases in which 
employees were sent home it was felt that they should 
be compensated for loss of working time. Representa- 
tives also reported strong opposition to any suggestion 
of introducing staggered working hours, and indications 
were given that the intrc duction of such a system would 
be resisted. The shop stewards decided to press for the 
recent wage awards of 11s. and 8s. a week to be applied 
to those on piecework. These constituted a majority, 
who were excluded from benefit. 

LAUNCH OF H.M.S. “ DELIGHT.”—The sixth of the 
Daring class of destroyers, H.M.S. Delight, built by the 
Fairfield Shipbuilding and Engineering Company, 
Limited, Govan, for the Royal Navy, was success- 
fully launched on December 21. The vessel, which hac 
an extreme length of 390 ft. and a beam of 43 ft., will be 
propelled by geared steam turbines constructed by the 
shipbuilders. Her armament will comprise six 4-5-in. 
guns, six smaller guns, and two ‘“ pentad ’”’ torpedo-tube 
mountings on deck. She is the 15th vessel in the Royal 
Navy to be named Delight. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


IRON AND STEEL INDUSTRY.—Iron and steel producers 
are turning out large and increasing quantities of material, 
but the total tonnage made is insufficient for customers’ 
current requirements, while the needs of the near future 
may expand to an extent that would impose a severe 
strain on capacity outputs. The consumption of the 
various descriptions of raw material is heavy and increas- 
ing. Sellers, as yet, have continued to deal fairly satis- 
factorily with the actual needs of users, but the outlook 
for the near future gives rise to growing uneasiness. 
The situation in regard to fuel is precarious, but deliveries 
of ironstone and limestone continue steady and the hope 
is entertained that the import of foreign ores will be at 
least maintained. Distributable parcels of iron and 
steel scrap, mostly from home sources, while much 
reduced, are still substantial. Jsers have moderate 
stocks, but their needs are huge and all saleable tonnage 
is eagerly snapped up at the recognised maximum 
market values. 


THE FOUNDRY AND Basic IRON INDUSTRY.—Nearly 
all the ordinary foundry pig iron moving into use at 
North-East Coast consuming plants has to be conveyed 
by rail from producing areas at a distance—mostly 
from the Midlands—but deliveries are fairly steady. 
The whole of the Tees-side basic-iron output is being 
promptly absorbed by the needs of makers’ own works. 





TRADE IN MANUFACTURED IRON AND STEEL.—Manu- 
factured-iron commodities are in demand, and makers are 
likely to add considerably to their bookings. The 
various types of semi-finished steel are in strong request 
and producers of finished-steel articles and equipment 
have heavy order books. Re-rollers are very actively 
engaged and need larger parcels of billets than are coming 
forward, but, on the whole, semi-finished steel producers 
are dealing satisfactorily with the brisk demand for the 
descriptions in greatest need. Sheet makers have 
embarrassingly big bookings, but the pressure for galvan- 
ised sheets may be eased to some extent by the shortage 
of zine. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


SHEFFIELD IRON AND STEEL INDUSTRY.—Production 
is fully in its stride again in the steel and engineering 
trades. The shortage of iron and steel scrap has not, 
so far, impeded steel production, and in official circles, 
any anxiety which remains concerns the future position. 
This, however, is not likely to be serious if the extension 
of the scrap drive provides the half million tons of 
material expected. Sheffield firms have undertaken to 
pursue an intensive search of their premises for obsolete 
plant and machinery. The shortage of zinc has obliged 
a Sheffield firm, who are among the largest makers of 
wire in this country, to cut their output by 3% per cent, 
in spite of rigorous economy in applying the zinc coating 
to the wire. The cut, however, has not entailed any 
dismissals. 

THE SovuTH YORKSHIRE COAL TRADE.—Gradually 
production is improving following post-holiday absentee- 
ism which was rather high. Delays in transport has been 
caused by bad weather and the shortage of wagons. 
The weather has also impeded the working of the open- 
cast sites. High-priority users have been receiving the 
lion’s share of output, and the domestic coal market 
has been seriously affected by short deliveries, and, in 
some cases, by the exhaustion of depot stocks. It is 
stated by the East Midlands Gas Board that the Sheffield 
area is able to cope with the present demand for coke 
from essential and domestic consumers. 


THE MIDLANDS. 


THE RAW-MATERIAL SITUATION.—The major topic in 
the Midland engineering industry continues to be the 
question of material shortages. Difficulties are reported 
from some districts over foundry coke, and, in the case 
of some grades of pig-iron, the demand exceeds the 
supply. Steel has been “ difficult ’ for some time, but 
until recently much has been achieved by substitution 
and improvisation. Of late, however, some firms have 
been forced to reduce output as a result of failure to 
receive steel. A firm of structural engineers at Tipton 
has reduced night shift and overtime work, while similar 
action with regard to overtime has been taken by another 
Midland firm also engaged on structural work. 


THE SUPPLY OF NON-FERROUS METALS.—The situa- 
tion in the Midlands as regards non-ferrous metals, 
particularly zinc, can only be described as confused. 
There have been several dismissals of employees by 
firms producing die-castings, but, so far, these have 
been confined to makers of articles, such as toys, not 
used in the engineering industry. There are, however, 





large quantities of zinc-base alloy die-castings produced 
in the Midlands for many branches of engineering. 
The effect of zinc shortage in this direction remains to be 
seen. <A firm of galvanisers in Wednesbury have stated 
that, if the cut of 60 per cent. in zine supplies is to be 
maintained, they will be reduced to half production. 


Non-FERROUS METALS PLANT, ROWLEY REGIS.—The 
Black Country, which in the past has had very little to 
do with non-ferrous metals (except in galvanising and 
tinning) will shortly have another plant added to the 
number which now exist to handle these metals. The 
Phosphor Bronze Co., Ltd., of Birmingham, are to erect 
at Rowley Regis, Blackheath, a plant for the recovery 
of non-ferrous metals from foundry sand. Permission 
to erect the plant was at first refused by the local 
authority, but an appeal by the firm to the Ministry of 
Town and Country Planning has been allowed, subject 
to certain conditions regarding siting and access. 


AMALGAMATION OF EDGE-TOOL MANUFACTURERS.—- 
We learn that the boards of William Hunt & Sons, The 
Brades, Ltd., Brades Steel Works, edge-tool manufac- 
turers, Oldbury, near Birmingham, and Nash Tyzack 
Industries, Ltd., edge-tool manufacturers, Stourbridge, 
have agreed to amalgamate. The co-ordination of sales 
and distribution of the two companies and of an asso- 
ciated company, Joseph Tyzack & Son, Ltd., Meersbrook 
Works, Sheffield, we understand, is under consideration. 


Works EXTENSIONS.—Extensions are in progress at 
the works of the Moss Gear Co., Ltd., Birmingham. 
It is reported also that preliminary work will be started 
this year by the West Midland Gas Board on a new 
gas-production plant at Willenhall, Staffordshire. 


“* DIRECTORY OF COVENTRY MANUFACTURERS.” —The 
third edition of this reference book, which was first 
published in 1936, has been prepared by the Public 
Relations Department of the Corporation of Coventry 
and can be obtained from the Municipal Information 
Bureau, 1, Union-street, Coventry, at the price of 2s. 6d. 
Engineering manufactures naturally figure prominently 
in the lists of firms and of products, which are well 
arranged for ready reference. Other information given 
includes the addresses of the trade inquiry offices in 
London of the Dominions and Colonies, of other Govern - 
ment and public offices in London, and of the various 
foreign consulates in Birmingham. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


THE WELSH COAL INDUSTRY.—There has been i 
further worsening in the supply position on the Welsh 
steam-coal market during the past week. As a result 
of the inland crisis and the need for conserving as much 
coal as possible to meet pressing home needs, a closer 
watch has been kept onexports. The indications are that 
the rate of shipment abroad, already considerably cur 
tailed, will be further reduced until, at any rate, the 
present crisis is overcome. Operators have found it 
increasingly difficult to obtain previously-arranged 
cargoes for abroad, and, as a consequence, further fresh 
business is almost completely out of the question. 
Shippers had anticipated that arrears of deliveries under 
1950 contracts, which are substantial for all the leading 
foreign destinations, with the exception of France, would 
have meant the maintenance of a steady export trade 
over the first two months or so of the present year. It 
now seems certain that it will be longer than this before 
all of last year’s contracts will be completed. As a 
result, exporters have been able to enter into only 4 
very meagre contract business for this year and the 
immediate prospects are not encouraging. There has 
been a heavily sustained demand for supplies of all 
grades from inland. The essential consumers, such a+ 
the railways, public-utility undertakings and the leading 
industries have been obtaining large quantities, and 
allocations for these buyers are substantial over some 
time ahead. In addition, other industrial as well «> 
domestic consumers are anxious to obtain supplies. 


STATISTICS OF CoAL OuTPUTS.—Production of coal in 
South Wales, in 1950, was 23,024,362 tons compared 
with 22,768,000 tons in 1949. For the South-Western 
Division, as a whole, for which the target had been 
fixed at 25,000,000 tons, the production was 24,313,568 
tons, about 100,000 tons higher than the total for th« 
previous year. 


WELSH STEEL-SHEET INDUSTRY.—The market report 
issued by the Incorporated Swansea Exchange state- 
that, last week, quiet conditions were noticeable in the 
tinplate industry, mainly owing to the effect of the holiday 
break. The orders placed by home and overseas con- 
sumers were on a moderate scale only. The number 0! 
unmilled orders on makers’ books, at the end of 1950, 
were 2,967,095, as compared with 2,451,724 for the 
previous year, 1949. Makers of steel sheets are heavily 
committed with orders for delivery during the first ‘we 
periods of the year, and, in some instances, later. 
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NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
January 15, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “ Aesthetic Design in Transmission and 
Distribution Systems, Including the Power Station,” 
to be opened by Mr. A. R. Cooper. Mersey and North 
Wales Centre: Monday, January 15, 6.30 p.m., Town 
Hall, Chester. ‘“‘ Railway Electrification: Design of 
Overhead Equipment,” by Mr. F. B. Kitchin and Mr. J» 
Holland, Measurements Section: Tuesday, January 16, 
5.30 p.m., Victoria-embankment, W.C.2. ‘‘ Measurement 
of Interlaminar Resistance of Varnish-Insulated Silicon- 
steel Sheet for Large Electrical Machines,”’ by Mr. E. D. 
Taylor (read by Mr. C. G. Giles); and ‘‘ Relaxation 
Methods Applied to A.C. Magnetisation of Ferro-Mag- 
netic Lamine,”’’ by Mr. O. I. Butler and Mr. M. R. Sarma. 
South Midland Centre: Tuesday, January 16, 6 p.m., 
Town Hall, Birmingham. Faraday Lecture on ‘‘ Lamps 
and Lighting: a Record of Industrial Research,” by 
Mr. L. J. Davies. North Midland Centre: Tuesday, 
January 16, 7.30 p.m., Yorkshire Electricity Board 
offices, Ferensway, Hull. ‘‘ Development and Design of 
Electrical Control Gear for Machine Tools,” by Mr. 
A.R.H. Thorne. Education Discussion Circle : Wednes- 
day, January 17, 6 p.m., Victoria-embankment, W.C.2. 
Discussion on “ Electric Wave Filters,” to be opened 
by Mr. F. E. Rogers. 


INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Eastern Branch: Monday, January 15, 6 p.m., Neville 
Hall, Newcastle-upon-Tyne. Annual Meeting. ‘ Naval 
Gearing : War Experience and Present Development,” 
by Comdr. (E) J. H. Joughin. Also at the Western Branch : 
Friday, January 19, 6 p.m., Royal Naval Engineering 
College, Plymouth. Institution: Friday, January 19, 
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
Thomas Lowe Gray Lecture on “ Thirty Years’ Develop- 
ment of Opposed-Piston Propelling Machinery,’ by 
Mr. W. H. Purdie. AUTOMOBILE DIVISION. Derby Centre : 
Monday, January 15, 7 p.m., Midland Hotel, Derby. 
“Use of Wire-Resistance Strain-Gauges,” by Dr. J. R. 
Bristow, Mr. P. Metcalf and Mr. C. H. G. Mills. Scottish 
Centre: Monday, January 15, 7.30 p.m., 39,. Elmbank- 
crescent, Glasgow, C.2. ‘“‘ Experimental Investigation 
into Pre-Ignition in the Spark-Ignition Engine,” by Mr. 
D. Downs and Mr. J. H. Pignéguy. North-Eastern 
Centre: Wednesday, January 17, 7.30 p.m., University, 
Leeds. “Wear of Fuel-Injection Equipment and 
Filtration of Fuel for Compression-Ignition Engines,” 
by Dr. A. E. W. Austen and Mr. B. E. Goodridge. 
Western Centre: Thursday, January 18, 6.45 p.m., 
Royal Hotel, Bristol. ‘‘ Automobile Test Rigs,” by 
Mr. L. H. Dawtrey. 

ROYAL SocrETy OF ARTS.—Monday, January 15, 
6 p.m., John Adam-street, Adelphi, W.C.2. Cantor 
Lecture II. ‘* The Plastics Industry,’ by Dr. John C. 
Swallow. Wednesday, January 17, 2.30 p.m., Trueman 
Wood Lecture on “ 1851-1951: A Century of British 
Industry,’’ by Lord McGowan. 


INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, January 15, 6.30 p.m., Royal Victoria 
Hotel, Sheffield. ‘‘ Design of Electric Overhead Cranes,” 
by Mr. John Baker. Halifax Section : Monday, January 
15, 7.15 p.m., White Swan Hotel, Halifax. ‘‘ Diamonds 
in Industry,” by Mr. Johan J. Smit, Senr. Birmingham 
Section: Wednesday, January 17, 7 p.m., James Watt 
Memorial Institute, Birmingham. ‘‘ The Machine Tool 
Industry,” by Mr. W. J. Morgan. Edinburgh Section: 
Wednesday, January 17, 7.30 p.m., North British 
Station Hotel, Edinburgh. ‘“‘Some New Materials,” 
by Mr. R. F. Archer. Glasgow Section: Thursday, 
January 18, 7.30 p.m., 39, Elmbank-crescent, Glasgow, 
C.2, “Fine Finishes by Machining Techniques,” by 
Mr. P. Spear. London Section: Thursday, January 18, 
7 p.m., Royal Empire Society, Northumberland-avenue, 
W.C.2. “ Sheet and Steel Plate Manufacture,’ by Dr. 
P. M. Maenair, 


INSTITUTE OF ROAD T'RANSPORT ENGINEERS.—Scottish 
Centre: Monday, January 15, 7.30 p.m., North British 
'fotel, Edinburgh. ‘‘ Manufacture and Performance of 
Srake Linings,”’ by Mr. J. G. Remington. Western Group : 
Tuesday, January 16, 7.30 p.m., Grand Hotel, Bristol. 
“Rear Axles,” by Mr. T. R. Beady. Institute: Thurs- 
‘tay, January 18, 6.30 p.m., Royal Society of Arts, John 
\dam-street, W.C.2. “Trends in Design,” by Mr. 

M. A. Thomas. North-East Centre: Thursday, 
January 18, 7'p.m., Hotel Metropole, Leeds. ‘‘ Brakes 
ad Clutches,” by Mr. Ivan M. Waller. 

CHEMICAL ENGINEERING Grovup.—Tuesday, January 
6, 5.30 p.m., Geological Society, Burlington House, 
viceadilly, W.1. ‘“‘ High-Speed Centrifuges in the 
Chemical and Process Industries,” by Mr. R. H. Dolton. 

INSTITUTION OF CIVIL ENGINEERS.— Tuesday, Jan- 
‘ary 16, 5.30 p.m., Great George-street, S.W.1. ‘* Con- 
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cepts of Safety in Structural Engineering,’ by Professor 
A. G. Pugsley. North-Western Association: Thursday, 
January .18, 6.30 p.m., Engineers’ Club, Manchester. 
* Repai to Reinforced-Concrete. Wharves on the 
Tees and Tyne,”’ by Mr. A. C. Kirk. 

INSTITUTE OF FUEL.—Tuesday, January 16, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. ‘‘ Transport and Storage of Coal,” 
by Mr. Lionel Locket. North-Western Section : Wednes- 
day, January 17, 2 p.m., Engineers’ Club, Manchester. 
* Utilisation of Low-Grade Fuels at Collieries,”” by Mr. 
F. B. Karthauser. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, January 16, 6.30 p.m., 2, Savoy-hill, W.C.2. 
** Electrical Machinery for the Movement of Materials,” 
by Mr. H. S. Carnegie. 


INSTITUTION OF STRUCTURAL ENGINEERS.— Lancashire 
and Cheshire Branch: Tuesday, January 16, 7 p.m., 
College of Technology, Manchester. General Discussion. 
Northern Counties Branch: Wednesday, January 17, 
6.30 p.m., Neville Hall, Newcastle-upon-Tyne. Discussion 
on ** Aesthetics of Structural Engineering.’”’ Yorkshire 
Branch: Wednesday, January 17, 6.30 p.m., Great 
Northern Hotel, Leeds. ‘‘ Welded Highway Bridges,” 
by Mr. D. J. Davies. 

INSTITUTION OF WORKS MANAGERS.—Leicester Branch : 
Tuesday, January 16, 7 p.m., Bull’s Head Hotel, Lough- 
borough. ‘! Management and Productivity,’’ by Mr. J. 
Ayres. 

INCORPORATED PLANT ENGINEERS.—Glasgow Branch : 
Tuesday, January 16, 7 p.m., 351, Sauchiehall-street, 
Glasgow. ‘“‘ Work of Department of Scientific and 
Industrial Research,”’ by Dr. H. Buckley. 

ROYAL UNITED SERVICE INSTITUTION.—Wednesday, 
January 17, 3 p.m., Whitehall, S.W.1. ‘‘ The Future 
of Maritime Power,”’ by Rear-Admiral R. M. J. Hutton. 

SOcCIETE DES INGENIEURS CIVILS DE*FRANCE (BRITISH 
SECTION).—Wednesday, January 17, 5.30 p.m., Institu- 
tion of Civil Engineers, Great George-street, S.W.1. 
Presidential. Address on ‘‘ Rocks Between France and 
Cngland,”’ by Mr. R. C. S. Walters. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, January 17, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
“ Standardisation of Coaching Stock,” by Mr. 8S. G. 
Smith. 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
January 17, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“Concrete Formwork,” by Mr. C. Parry. 

INSTITUTION OF MINING ENGINEERS.—Thursday, 
January 18, 11.15 a.m., Connaught Rooms, Great Queen- 
street, W.C.2. Annual Meeting. ‘‘ Continuous Longwall 
Mining at Bolsover Colliery,”’ by Mr. W. V. Sheppard. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
January 18, 2.30 p.m., Caxton Hall, Victoria-street. 
S.W.1. ‘* Developments in Thames Tugs,” by Mr. F. J. 
Mayor. 

INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, January 18, 5 p.m., Geological Society, Burlington 
House, W.1. ‘“‘ High-Purity Indium Metal,” by Mr. 
T. A. A. Quarm; “ Detection of Columbite by Ultra- 
violet Light,” by Dr. R. A. Mackay; and “ Reduction 
of Zinc Metaferrite by Carbon” and ‘“ Reduction 
of Zine Oxide by Carbon,” by Mr. D. W. Hopkins and 
Mr. A. G. Adlington. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, January 
19, 6.30 p.m., 39, Victoria-street, S.W.1. ‘‘ Some Notes 
on Diesel-Locomotives for Mines,” by Mr. A. O. Ellison. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
January 19, 6.45 p.m., Engineers’ Club, Manchester. 
** Electrical Aspects of the Manchester-Sheffield Elec- 
trification Scheme,” by Mr. A. G. Hopking and Mr. 
H. O. Hinchliffe. 





CONTRACTS. 


THE CALEDON SHIPBUILDING- & ENGINEERING CO., 
Ltp., Caledon Shipyard, Dundee, have received an 
order from Alfred Holt & Co., Liverpool, for a cargo 
and passenger motor liner similar to the Bellerophon, 
recently completed for the same owners. Propelling 
machinery of the Burmeister and Wain type will be 
supplied by HARLAND & WOLFF LTD., Belfast. 


JOHN LEwis & Sons, LTp., Albert Quay, Aberdeen, 
have receivéd orders for two further vessels. The first 
will be a special type of cargo steamer, 200 ft. in length, 
for British.owners. She will be supplied with oil-burning 
steam engines to be built in the builders’ own engine 
works. The second vessel is a large “‘ quick-freeze ” 
stern-operating trawler, ordered by Chr. Salvesen & 
Co., Ltd., Leith. She will be 240 ft. in length, between 
perpendiculars, and will be built under licence to the 
patents owned by Messrs. Salvesen for this type of 
trawler. The vessel will be propelled by Lewis-Doxford 
four-cylinder opposed-piston oil engines. The quick- 
freeze plant is being designed by Messrs. Salvesen. 


PERSONAL. 

Mr. H. A. R. BINNEY, C.B., has been appointed direc- 
tor and secretary of the British Standards Institution, 
24-28, Victoria-street, London, S.W.1, in succession to 
the late Mr. Percy Goon, C.B.E. 

Mr. F. S. WHALLEY has relinquished the position of 
chairman of the Vulcan Foundry Ltd., Newton-le- 
Willows, Lancashire, but is remaining on the board. 
BRIGADIER JAMES STORAR, the vice-chairman, is succeed - 
ing Mr. Whalley as chairman. 

Str HENRY WILSON SMITH, a Second Secretary to H.M. 
Treasury, has resigned to join the board of Powell 
Duffryn Ltd. 

Mr. H. L. SATCHELL, M.B.E., director and manager, 
Rugby Works, the British Thomson-Houston Co., Ltd., 
has been elected President of the Engineering and Allied 
Employers’ Leicester and District Association. 


Mr. F. A. KIMBERLEY has been appointed President 
of the British Cycle and Motor Cycle Manufacturers and 
Traders Union, Ltd., in succession to Mr. C. DOUGLAS 
TERRY. The vice-presidents are Mr. J. Y. SANGSTER 
and Mr. H. E, PRICE. 


Mr. LESLIE TURNER, B.Sc., M.1.C.E., P.P.1.Struct.E.. 
M.Cons.E., has been joined in partnership by Mr. J. M. G. 
ForsyTH, B.Se., A.M.1.C.E., A.M.1.Struct.E. In future 
the firm will practise under the name of Leslie Turner 
& Partners, 5a, The Pavement, Grove-road, Sutton, 
Surrey. 

Mr. E. Fost has been appointed secretary general of 
the Radio Marine Associated Companies (R.A.M.A.C.), 
a world organisation of companies operating marine 
radio services, 109, Eaton-square, London, W.1. Mr. 
Fost succeeds Mr. J. CONNELL, who is retiring from the 
post which he has held since the formation of the 
Association. 


Mr, W. G. ASKEW, M.C., A.I.M., who has been assistant 
editor of Metal Industry and of the Insitute of Metals 
publications, and editor of Chemistry and Industry, has 
been appointed to the staff of George Kent Ltd., Luton, 
Bedfordshire, as technica] journalist. 


Mr. D: MCKENNA has been nominated by the British 
Transport Commission to be a member ‘of the Transport 
Users Consultative Committee for London, in place of 
Mr. J. H. F. BENFORD, who has resigned on his retirement 
from the service of the London Transport Executive. 


Mr. F. J. Jones, A.M.I.Mech.E., who is now living 
near Ulverston, Lancashire, has retired after 31 years 
of service as an engineer with Shell-Mex & B.P., Ltd., 
Shéll-Mex House, Strand, London, W.C.2. 


Mr. H. 0. SMALDON, head *of' the public-relations 
department, Metals Division, Imperial Chemica] Indus- 
tries Ltd., retired on December ‘31, 1950. His successor 
is Mr. C, N. SHERWOOD. 


Mr. C. J. Horron, for many years representative of 
Hopkinsons Ltd., Huddersfield, has now retired and 
is succeeded by Mr. J. H. FIELD. 


Mr. J. K. Ciark, B.Eng., A.M.I.E.E., A.M.I.Mech.E., 
has been appointed chief engineer, Electro Chemical 
Engineering Co., Ltd., Netherby, 161, Queens-road, 
Weybridge, Surrey. 

Mr. H. T. WorbDswortH, commercial director of 
Sanderson Brothers & Newbould Ltd., Newhall-road, 
Sheffield, has assumed the position of general manager. 
Mr. J. R. A. Buti has been appointed sales manager 
and given a seat on‘ the board. “Mr. E..0. STUBBINGS, 
a member of the board since 1938, has been made 
London director. 


After 43 years’ association with the steel industry, 
Mr. C. H. DOLPHIN has retired from the office of publicity 
manager of the English Steel Corporation Ltd., and 
Darlington Forge, Ltd. 

Mr. F. May, the secretary; MR. L. HALPIN, the sales 
manager, and Mr. J. H. Osporn, the elder son of the 
chairman, have been made local directors of Samuel 
Osborn & Co., Ltd., Clyde Steel Works, Sheffield, 3. 
Mr. E. Pastey, chief metallurgist, and Mr. H. DAKIN, 
forge manager, have been appointed directors of the 
Titanic Steel Co., Ltd., Sheffield... Mr. W. T. HILL, 
commercial manager, has been appointed.a director of 
the Osborn Foundry & Engineering Co., Ltd., Sheffield. 


CHARLES CHURCHIEL & Co., LTp., Coventry-road, 
South Yardley, Birmingham, have been appointed sole 
selling agents for two British lathe manufacturers, 
namely, TIMBRELL & Wricut, LTp,, and ANDERSON 
(N.M.) Lp. 


The registered offices of MARCONI’S WIRELESS TELE- 


‘aRaPH Co. Lip. and the MARCONI INTERNATIONAL 


MARINE COMMUNICATION Co. LTD., are now at Marconi 
House, Strand, London, W.C.2.- (Telephone: TEMple 
Bar 1577). The export.department of Marconi’s Wireless 
Telegraph Co. and the contracts division of Marconi 
International Marine: Communication Co. wil) be housed 





jn the Strand building. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bark 3663 and 3664. 


All editorial correspondence should-be addressed 
to the Editor and all other correspondence to the 


Manager. 


Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 


places abroad, with the exception 
Siecle GE a £410 0 
ee eee ee £4 5 O 


Subscribers receiving incomplete copies . through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
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LESSONS IN ECONOMICS. 


WueEn, on Tuesday last, Mr. Hugh Casson, 
F.R.I.B.A., the Director cf Architecture for the 
Festival of Britain, addressed a meeting of the 
London Society on the subject of “‘ Planning the 
South Bank Exhibition,” he quoted a topical 
epigram to the effect that ‘“‘ Democracy is the 
system under which you say what you like and do 
what you're told.”” We are tempted to go farther 
and to say that, as at present experienced and 
administered in this country, it is a system whereby 
‘* you pay all you have got and take what you are 
given.”’ This is not the place in which to discourse 
of the tensile strength of ewe mutton—that latest 
demonstration of the dictum that “‘the female of 
the species is more deadly than the male ”—though 
it might be regarded as within the purview of any 
journal concerned with technicalities to philosophise 
upon the curious circumstance that the nation 
which introduced refrigerated sea transport to the 
world now has less use for. it than ever before. 
There are, however, other lessons in practical 
economics which, it is evident, are going to be 
brought home very forcibly to the people of this 
country in the near future ; not least the soundness 
of the ages-old maxims that they cannot both eat 
their cake and have it, and that only in the sweat 
of their brow can they expect to eat bread. 

Despite the spate of mutual well-wishing that 
marks the beginning of a New Year, it is already 
becoming clear that 1951 promises to be a year of 
shortages and of compulsory austerity. Shortages 
of fuel and of electricity, which characterised the 





latter months of the old year, are becoming inten- 
sified. Restrictions in the use of electric light and 
power ; reductions in, and general deterioration of 
train services; lack of coal, iron ore, scrap steel, 


‘|zinc, copper, paper, and steel sheets (so significant 


a feature of export trade)—these are hard facts 
which are beginning to vie with the progress of the 
war in Korea for front-page space in newspapers 
which, in normal times, attached little news-value 
to anything industrial except a major strike. 
From one trade after another come complaints of 
shortage of labour—or, at least, of suitable labour ; 
and this in spite of the fact that the population of 
these islands has never been larger, more expen- 
sively educated, or better supplied with machines 
for doing with ease things that formerly had to 
be done by hand. National finances have now 
reached a stage at which no ordinary mind can 
comprehend them, but it does appear that the time 
is ripe for someone to produce a national balance- 
sheet of energy input and output ; some statement 
which would explain to the common man bow it is 
that, with all the modern devices for getting things 
done, less seems to be done per head, or per pair of 
hands, than in the days which lacked such advantages. 

The short answer to the problem, presumably, is 
that there are too many people engaged in non- 
productive occupations; though it is becoming 
increasingly more difficult, in the complexity of 
modern life, to decide which occupations are 
essential to the common weal and which are not. 
The machinery of government employs much too 
large a proportion of the population ; yet a govern- 
ment must have some machinery if it is to function 
at all, and it does not follow that, if the total of 
Government and local-authority personnel were 
forcibly reduced to the proportion of, say, 50 years 
ago, the whole of the manpower thus released would 
be transferable to productive work—assuming a 
precise definition of ‘ productive” to be possible. 
A large part of it would have to be employed on 
work not so very different, but merely under 
different (though possibly more efficient) direction. 
Apart from this, however, the unfortunate fact 
remains that a considerable part of the personnel 
thus released would probably be found incapable of 
any kind of work much different from the fundament- 
ally futile pursuits in which they were previously 
engaged. 

One primary difference between the conditions of 
the present and those of pre-war lies in the fact 
that the individual now has so many fewer oppor- 
tunities to decide for himself what amenities he 
really wants, and is prepared to pay for rather than 
do without them. A little more realism in this 
respect would probably help materially to ease 
current difficulties, though the cure might be locally 
painful in its application. To bring it about 
would involve, for a start, a drastic reduction in 
subsidies, direct and indirect ; a determination, in 
fact, that every tub should stand on its own bottom, 
to use a homely simile that has not been heard 
very much in recent years. A certain amount of 
lip-service has been given to this principle in some 
of the Acts of Parliament which nationalised basic 
services ; for instance, in the stipulation that the 
railways, and the National Coal Board, should pay 
their way, “taking one year, with another.”” The 
effect has been negatived, however, by the accept- 
ance, as ptinciples, that these organisations (or 
the public as a whole) should undertake a host of 
responsibilities which, in earlier years, individuals, 
families, or firms were expected (and were quite 
willing) to undertake for themselves, if they wished 
to enjoy the corresponding benefits. A great part 
of the whole vast machinery of “ welfare ” really 
comes into that category. 

A case in point, of a somewhat different nature, 
is indicated by the letter which we print on another 
page, suggesting an amalgamation of the Iron and 
Steel Institute, the Institute of Metals, and the 
Institution of Metallurgists in order to ease the 
burden of the metallurgist who would like to 
belong to more than one, or perhaps to all three, 
but who feels that the financial strain is too great. 
The occasion for the letter was provided by the 
Institute of Metals, which issued, in December, 
an ‘“ Appeal to the Non-Ferrous Metal and Engi- 
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of the Work of the Institute.” This appeal 
pointed out that the Institute’s annual expenditure 
(largely incurred in preparing and printing its 
Journal and the Metallurgical Abstracts) had 
increased from 8,179l. in 1939-40 to 25,660]. in 
1949-50, and that, in spite of the fact that the 
subscriptions were raised by one-third in 1947, 
there is now a deficit in the regular income of about 
2,0001. per annum. The Council expressed the 
hope that firms engaged in the industry or as con- 
sumers of the industry’s products would not only 
“respond generously’ to the appeal (preferably 
under covenant) but would also ‘‘encourage as 
many as possible of the members of their technical 
staffs to join the Institute and to take an active 
part in its affairs.” 

That it should be necessary for any scientific or 
technical society to make such an appeal is regret- 
table, but it is a symptom of the times and, we 
fear, is likely to be followed by others. It is 
reasonable enough that the particular section of the 
community or of industry that stands to benefit 
by the work of any such society should accept 
responsibility for its maintenance—as, indeed, has 
always been done; but, in the past, there have 
usually been wealthy and public-spirited individuals 
and corporations at hand, who were ready to put 
down considerable sums to support causes which they 
believed to be of potentially, even though indirectly, 
beneficial. Many quite minor individuals, too, 
though living on a very modest scale, had the means 
available to pay regular subscriptions to three or 
four societies, because the decision lay with them 
to select the manner in which they would spend their 
small surplus of income over essential expenditure. 

There are now no wealthy individuals—certainly, 
none who can afford to indulge in long-term and 
large-scale philanthropy as it was practised very 
widely before the 1914-19 war; and years of con- 
tinuing predatory taxation make it every clearer that 
no private reserves can be built up in the foreseeable 
future to warrant a resumption of such liberality. 
That source of financial support for worthy causes 
has gone. At the same time, the small man finds 
that he is working for an increasing proportion of 
his time to pay for “services” which, in many 
cases, he would be content to do without or to provide 
for himself, if he were given any option. If, then, 
the individual is to find himself pressed, in addition, 
to pay, at the behest (or ‘‘ encouragement ”’) of his 
employers, subscriptions which he honestly feels 
that he cannot afford, his personal reactions are 
likely to be the reverse of enthusiastic. Should he 
happen to be in business on his own account, and 
therefore assessable to income tax under Schedule D, 
he may be able to persuade the Inland Revenue 
to grant relief from taxation in respect of it; but 
this does not apply to assessments under Schedule E, 
under which employees are taxed. 

This is a matter to which the Chancellor of the 
Exchequer might well give sympathetic considera- 
tion in framing his next Budget, for it is obviously 
desirable that, in an era when such stress is laid on 
the need for a high standard of technical competence 
—a qualification which a man must work hard and 
continuously to maintain if his knowledge is not to 
become rapidly cutmoded—no avoidable obstacle 
should prevent him from maintaining it. The 
granting of such relief, however, does nothing to 
reduce the total burden—it merely shifts the load 
on to other shoulders, probably no better able to 
bear it. So we come back to the original thesis, 
that the only solution is to cut out, at once and 
ruthlessly, everything possible that is unnecessary 
and non-productive in the vast field of Government 
expenditure—not only in the astronomical quan- 
tities of *‘ paper work,’’ which is so much easier to 
initiate than to regula‘e, but in the provision of 
enforced ‘‘ services and controls,” with their hordes 
of officials, immense office buildings, and multiplica- 
tion of what the late J. E. Hodgson, in his book, 
The Great God Waste, called “‘ ticket offices.” If all 
the technical institutions in the country could be 
combined into one, it is our belief that the individual 
member would be little better off in the long run ; 
the only result would be, in effect, the creation of 
another Government department, to which he would 
have sold his freedom for something much less 
nourishing than a mess of pottage. 





THE CENTRAL VALLEY 
PROJECT, CALIFORNIA. 


THE activity which has been, and is being, 
displayed in the construction of public works in the 
Great Central Valley, California, forms a striking 
example of the energy, enterprise and industrial 
application of the people of the United States. 
The same high standard is being maintained in 
projected developments of the Central Valley 
Basin, which are described in a report* prepared 
under the supervision of the Bureau of Reclamation. 
In the new political configuration of the world 
which has developed, partly as the result of two 
great. wars, the United States has been allotted the 
position of undisputed leader of the western powers. 
Such a distinction carries with it responsibilities, 
but it may be doubted if the extent to which those 
responsibilities have been accepted, and met, is 
fully appreciated in Europe. It appears to be 
taken as a matter of course that the United States 
should furnish financial aid to other countries to 
the extent of hundreds of millions of pounds and, 
for a war of international significance, should 
provide military assistance, in the form of men, 
money and matériel, far greater than that of all 
other countries combined. 

These matters are seen in a proper perspective 
when it is remembered, possibly one should say 
when it is realised, that the population of the 
United States is only a little over three times that 
of the United Kingdom. The relative performances 
of the two countries in some spheres might suggest 
that it is ten times. The wealth and industria! 
activity of the United States owe much to the rich 
mineral deposits of the country, but also much, 
possibly more, to the activities of the inhabitants. 
This has been indicated in many of the reports 
prepared by the productivity teams which have 
reported on various industries. The national income 
of the country is about six times that of the United 
Kingdom so that, as the population is three times 
greater, it would appear, in broad terms, that, 
on the average, each individual inhabitant is doing 
twice as much work. 

The particular matter which has given rise to these 
reflections may also be examined in terms of popu- 
lation. The State of California has a population 
approaching seven millions, but the Great Central 
Valley, which covers more than one-third of the 
total area, has a population of only about 1,500,000. 
The valley is flanked by two ranges of mountains, 
the Sierra Nevada on the east and the Coast Range 
on the west. The main valley floor is a gently 
sloping practically unbroken alluvial plain 400 miles 
long and averaging about 45 miles wide. The nor- 
thern portion is drained by the Sacramento River 
and the southern by the San Joaquin River. These 
flow towards each other, join in a delta, and find a 
common outlet to the sea in San Francisco Bay. 
The climate is characterised by rainy winters and 
dry summers; 85 per cent. of the precipitation 
occurs from November to April. The rainfall 
decreases from north to south, being as little as 
6 in. per annum at Bakersfield, which is situated 
about 100 miles north of Los Angeles. 

The Sacramento River, fed by the snow and rain 
falling in the high mountains of the Sierra Nevada, 
provides about two-thirds of the water supply to 
the valley, and in the wet season overflows and has 
caused serious floods. The San Joaquin River 
drains a less mountainous area and a large part of 
the run-off occurs from December to April. The 
general position is that while there is an adequate 
supply of water in the Great Central Valley, it is 
badly distributed, both geographically and in time, 
The largest irrigable areas of the valley lie in the 
south, where the rainfall is lowest, and a plan 
covering the construction of regulating dams and 
distributing canals was approved by the State 
Legislature in 1921. In later years, the scope of the 





* A Comprehensive Report of the Development of the 
Water and Related Resources of the Central Valley Basin, 
for Irrigation, Power Production and other Beneficial Uses 
in California; and Comments by the State of California 
and Federal Agencies. Submitted to the President of the 
United States by the U.S. Department of the Interior in 





August, 1949. The report is to be submitted to Congress. 


project was extended and, in 1931, the expenditur 
of 1,000,000 dols. was sanctioned. In addition t 
investigational work by the State, the United State 
Bureau of Reclamation has studied the problem: 
of the valley for many years. In 1935, a direc 
Federal contribution of 12,000,000 dols. was mad: 
towards necessary works, and this has been followe 
by the adoption of the whole scheme as a Federa! 
responsibility. About ten years ago, the total cos: 
of the works proposed was estimated at 264,990,001) 
dols.; it was considered that the whole projec: 
would ultimately become self-supporting. 

The most striking engineering feature of the wor! 
which has been carried out is the Shasta Dam on 
the Sacramento River, of which a full description 
has already appeared in these columns,* but other 
works of magnitude, either constructed or in cours: 
of construction, are the Friant Dam on the Sai 
Joaquin River; the Friant-Kern Canal, 160 mile~ 
long, carrying irrigation water to the southern part 
of the valley; the 120-mile Delta-Mendota Cana| 
carrying surplus Sacramento River water to the San 
Joaquin River area; and the Contra-Costa Canal 
serving for domestic, industrial and_ irrigation 
water supply. The whole scheme, in addition. 
maintains a navigational flow on the Sacramento 
River and protects the delta from the intrusion of 
sea water. Further, the hydro-electric plant at 
the Shasta Dam will have an ultimate capacity of 
375,000 kW and that at Friant Dam one of 75,000 
kW. At Shasta, plant of 150,000 kW is already in 
operation. To ensure adequate power supply at 
times of low water flow, a 240,000-kW steam plant 
is being built in the delta area. 

These extensive works do not represent the 
whole of the developments considered desirable in 
the Central Valley and the report prepared in 1949 
recommends many further undertakings. The 
complete plan covers 38 major reservoirs, hundreds 
of miles of main canal, thousands of miles of laterals 
and drains, 28 hydro-electric power plants, together 
with stand-by steam plants and the necessary 
transmission system and. substations. It provides 
for the irrigation of 2,000,000 acres of land now 
inadequately supplied from ground water ; 400,000 
acres which suffer damage in occasional dry years ; 
the protection of 360,000 acres in the delta from 
the intrusion of salt water from San Francisco Bay ; 
the irrigation of 3,340,000 acres of land not at present 
supplied ; and the furnishing of 300,000 acre-ft. of 
water annually to municipalities and other users. 
The total capital cost of the works is estimated at 
1,810,800,000 dols. 

The scheme which has been prepared has been 
subject to criticism in some of its details by. the 
State of California, but in its broad lines, it would 
appear likely that it will be proceeded with. It 
would not be quite correct to suggest that this vast 
expenditure is proposed solely for the benefit of 
1,500,000 people. About 40 per cent. of the present 
population lives in the towns, 35 per cent. in rural 
areas and 25 per cent. in farms. At the present 
time, some 3,500,000 acres of land are irrigated and 
with the extension of irrigation services it is safe 
to assume that the rural and farming population 
will increase. The same thing will no doubt apply 
to the towns as power and industrial-water supplies 
are extended. Navigational improvements on the 
Sacramento River, leading to an increase of traffic. 
may also be expected to result in an increase in the 
riverside population. In spite of these considera- 
tions, however, the whole project is a remarkable 
example of capital and energy devoted to the 
development of a relatively small area. 

The expenditure of more than 1,800 million dols. 
is not being undertaken without consideration of the 
value ot the benefits to follow. It is estimated that 
the total annual value of the irrigation services will 
be 228 million dols.; the savings resulting from 
salinity control in the delta, 1,600,000 dols; the 
value of municipal water supply, 8 million dols. ; 
the reduction of damage as a result of flood control. 
about 8 million dols. ; and the return on commercial 
power supplies, 28 million dols. The figures add 
up to an annual return on the capital spent of about 
275 million dols., although it must be some yeat* 
before the whole of the benefits can be ‘ealised. 





* ENGINEERING, vol. 157, pages 1, 41, 81, 141 (1914)- 
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NOTES. 


THE INDUSTRIAL SITUATION. 


A statement made to a Press conference by the 
Chancellor of the Exchequer (the Rt. Hon. H. T. N. 
Gaitskell, M.P.) on Wednesday, January 10, re- 
corded that considerable economic recovery took 
place in this country during 1950, but admitted 
that the prospect of maintaining the standard 
of living during 1951 is gloomy. In the first 
ten months of 1950, he said, the volume of indus- 
trial production was 8-5 to 9 per cent. greater than 
in the same period in 1949 ; and as the number of 
employed rose only by 1-5 per cent. the output per 
man-year had increased by about 7 per cent. 
Analysis showed that about one-fifth of this rise in 
production was accounted for by the vehicle groups, 
and that vehicles and machinery together accounted 
for one-third of the exports in 1950. If iron and 
steel, non-ferrous metals and electrical goods were 
added, the proportion rose to nearly one-half. All 
groups, with the exception of coal, had shown an 
increase. This steady rise in productivity would 
have been impossible without the re-equipment and 
modernisation of the factories, which had main- 
tained industry in the forefront of technological 
growth and skill. This modernisation was indeed 
an essential element in building up the economic 
strength of the country. Turning to the future, the 
Chancellor said that, in 1951, the nation would have 
to face three major economic problems : the impact 
on industry of rearmament, the continuing rise in 
the prices of imports, and the scarcity of raw 
materials. Formidable though these problems were, 
at least they would be met with a balance of pay- 
ments in hand, with much higher, although still 
too low, reserves, and with production and capital 
equipment in good shape. It was brought out in the 
course of the conference that the world shortage of 
raw materials formed an outstanding problem ; and 
Mr. Gaitskell expressed the hope that it would 
soon be possible for Great Britain, the United 
States and France to announce their proposals for 
dealing with this situation. 


Jormnt ENGINEERING CONFERENCE IN LONDON. 


Provisional details have now been announced of 
the Engineering Conference which is to be held in 
London from June 4 to 15 next, in connection with 
the Festival of Britain. The Conference is being 
organised jointly by the Institution of Civil Engi- 
neers, the Institution of Mechanical Engineers and 
the Institution of Electrical Engineers, and is 
intended “‘ to record the contributions to the advance 
of civilisation by the engineers and scientists of this 
country during the past hundred years”; though 
the hope is expressed “that distinguished foreign 
engineers will supplement the story in the discus- 
sions . . . putting into proper perspective the 
contribution of their own lands.” The Conference 
will be open to all members of the three institutions 
named, and also to members of the institutions and 
societies participating in the Conference of Common- 
wealth Engineering Institutions and the Conference 
of the Engineering Societies of Western Europe and 
the United States of America. The opening session 
will be held in the Great Hall of the Institution of 
Civil Engineers on June 4, at 3.0 p.m., and will be 
followed, on succeeding days, by 28 sectional 
meetings, held concurrently by the three Institu- 
tions. The papers, which will be presented in 
abstract, will be available before the Conference. 
A programme of visits to works, ete., is also being 
arranged, and opportunities will be afforded to visit 
the Exhibition. In the evenings, there will be 
various social functions. The notice adds that 
* the attendance of ladies will be weleomed.” Some 
of the subjects covered by the programme of papers, 
~ Railways,” for instance, are too extensive to be 
dealt with in a single session. In such cases, two or 
more sessions will be devoted to them, on successive 
days but in the same hall, even though the branch of 
the subject to be discussed may not come normally 
“ithin the purview of the institution in whose hall 
they are held. For example, the three sessions on 
the subject of “‘ Power ”’ will be held in the hall of 
the Institution cf Electrical Engineers, though the 
sceond of the three will discuss civil engineering 
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aspects and the third will be concerned with those 
of mechanical engineering. Preliminary reply 
forms have been circulated to the members of the 
three institutions, and are returnable not later 
than the end of February. Selecting reply forms 
will be issued at a later date. 


Tue INsTITUTION OF MECHANICAL ENGINEERS. 


At a joint meeting of the Institution of Mechanical 
Engineers and the Institution of Electrical Engi- 
neers, held at the former Institution, Storey’s 
Gate, London, on Friday, January 5, the attention 
of the members was directed to the findings of the 
mechanical-handling productivity team, as ex- 
pressed in a paper presented by Mr. A. Roebuck, 
M.I.Mech.E., Mr. H. 8S. Carnegie, M.I.Mech.E., 
M.J.E.E., and Mr. E. G. Taylor, B.Sc. (Eng.), 
M.I.E.E. Initially, the chair was taken by Dr. 
H. J. Gough, C.B., F.R.S., past-President of the 
Institution of Mechanical Engineers, owing to the 
indisposition of the President, Dr. S. F. Dorey, 
C.B.E., F.R.S., but after extending a welcome to the 
electrical engineers he invited Sir Archibald Gill, 
President of the Institution of Electrical Engineers, 
to take his place. In their paper, which was pre- 
sented by Mr. Roebuck and followed by the showing 
of a film, the authors enlarged upon the main 
conclusions and recommendations of the team of 
which they were members, which visited the United 
States under the auspices of the Anglo-American 
Council on Productivity. The scope for reducing 
production costs and increasing productivity was 
greater, they said, in materials handling than in 
any other factor. Materials handling accounted 
for 15 to 85 per cent. of the cost of production ; 
moreover, it added nothing but cost to the finished 
product. Before and after their visit to the United 
States, the team had visited factories in Britain ; 
they had found that some of them were as efficient 
as any on the other side of the Atlantic, but such 
factories were exceptions to the general standard in 
this country. Although one American firm, for 
example, had spent 130,000/. in two years on new 
portable materials-handling equipment, leading to 
a 10 per cent. increase in production, the oppor- 
tunities in this country were not limited to large 
firms ; efficient methods were found in small fac- 
tories. It was not sufficient to carry out improve- 
ments in mechanical handling and to leave the 
matter there; a continuous review to determine 
further improvements, which might call for a 
different layout of plant, was essential. No new 
or unknown mechanical device, not available on 
the British market, was responsible for the American 
increase in manufacturing efficiency. The spread- 
ing of knowledge of improved materials handling 
was fostered in the United States by the trade unions 
and management associations, and especially by 
the universities and other educational authorities, 
who made special provisicn for dealing with the 
subject. It was a subject of national importance. 
In this country a lead should be given by engineer- 
ing institutions, management, trade associations, 
the Trades Union Congress, the Federation of 
British Industries, and the British Employers’ 
Confederation. 


CENSUS OF PRODUCTION FOR 1951. 


The scope of the Census of Production to be taken 
in 1952, in respect of the year 1951, and the infor- 
mation to be furnished, have now been settled after 
consultation with the Census of Production Advisory 
Committee. A note on the subject, issued by the 
Board of Trade, states that all establishments within 
the field of production, including those engaged in 
building and contracting, will be included in the 
Census. The statutory form of return will include 
questions on employment, wages and salaries, plant, 
machinery and vehicles, new building work, power 
equipment and fuel usage, shift-working, materials 
and fuel purchased, work given out, stocks at the 
beginning and end of the year, output, and transport 
payments. In the materials section, only one figure, 
namely, the total cost of materials and fuel pur- 
chased, will be required, as was the case in 1949 and 
1950. In addition, however, firms will be required to 
state the quantities of a limited number of selected 
materials used, as information concerning these is 
specially needed. In the output section, firms will 





be asked for information regarding their sales of 
each of a number of products, on the lines of the 
detailed form used for 1948. The lists of products, 
however, have been simplified and _ shortened. 
Information concerning power equipment and fuel 
usage is to be collected for the first time since 1930, 
and will be of value in making comparisons with 
other countries and in showing how far the use of 
power in industry has increased in the past 20 vears. 
Details of the census forms to be used will be sent 
to trade associations shortly, but firms may obtain 
further particulars from the Census of Production 
Office, Neville House, Page-street, London. 8.W.1. 


An Earty APPRENTICESHIP INDENTURE. 

The Council of the Maudslay Society have recently 
received an interesting addition to their archives, 
in the form of a Photostat copy of the apprenticeship 
indenture of Charles Smith, founder of the A. O. 
Smith Corporation, of Milwaukee, Wisconsin, U.S.A.., 
now one of the biggest steel-fabricating companies 
in America. Charles Smith, who was of English 
birth and parentage, was bound apprentice to 
Maudslay, Sons and Field, of Lambeth, in 1837. 
As the wording of the document differs in certain 
details from others that have been quoted from 
time to time, and contains particulars of the wages 
then paid, we reprint it below. It reads: ‘ This 
Indenture witnesseth that Charles Smith, aged 
sixteen years, of his own free will and consent, and 
with the consent of Charles Samuel Smith his father, 
doth put himself Apprentice to THomas HENRY 
Maupsiay, JOHN Maupstay, JOSEPH MaupsLay, 
and JosHvua Fre.p, Engineers of Lambeth, to learn 
the art of a Viceman and with them, after the 
manner of an Apprentice, to serve from the fourth 
day of April 1837 unto the full end and term of five 
years from thence next foliowing, to be fully com- 
plete and ended; during which term the said 
Apprentice his Masters faithfully shall serve, their 
secrets keep, their lawful commands every where 
gladly do. He shall do no damage to his said 
Masters, nor see to be done of others, but to the best 
of his power shall prevent, or forthwith give warning 
to his said Masters of the same ; he shall not waste 
the gcods of his said Masters, nor lend them unlaw- 
fully to any; he shall not contract Matrimony 
within the said term; he shall not play at Cards, 
Dice, Tables, or any other unlawful Games, whereby 
his said Masters many [sic] have any loss, with 
their own goods or others during the said term ; 
he shall not be engaged in any other business ; 
he shall not haunt Taverns or Play-houses, nor 
absent himself from the service of his said Masters 
unlawfully, but in all things, he shall behave himself 
towards his said Masters, as a faithful, diligent, and 
active Apprentice, during the said term. And the 
said Thomas Henry Maudslay, John Maudslay, 
Joseph Maudslay, and Joshua Field, in consideration 
of his faithful services, shall teach and instruct, or 
cause to be taught and instructed their said Appren- 
tice in the art of a Viceman unless by improper con- 
duct he become unworthy, in which case one month 
shall be deemed a sufficient notice for his dismissal ; 
paying unto the said Apprentice the sum of Six 
shillings per week for the first year ; Eight shillings 
per week for the second year ; Ten shillings per 
week for the third year ; Twelve shillings per week 
for the fourth year ; & Fourteen shillings per week 
for the fifth year; he working the usual hours 
observed in the Manufactory of his said Masters, 
and being paid for overtime according to the 
customary rates therein established. And in case 
of sickness, or absence from work, an abatement 
to be made in the same proportion. And for the 
true performance of all and every the said Covenants 
and Agreements, each of the said Parties bindeth 
himself unto the other by these presents. In 
Witness whereof, the Parties to these Indentures 
above-named, have put their Hands and Seals this 
Fourteenth day of July, 1837.” The document is 
signed by “Charles Smith,” “C. S. Smith,” and 
‘‘for self & Partners Thos H. Maudslay,” and, as 
witness, by ‘“‘ D. Fitzpatrick.” Daniel Fitzpatrick 
was eventually taken into partnership; he died on 
October 5, 1865—the last member of the firm who 
had been personally associated with Henry Mauds- 
lay. It is an interesting feature of the indenture 
that one of the partners named should be John 




















Maudslay, as no reference to him had been found 
previously that was of later date than a notice in 
the London Gazette of January 30, 1835. The 
firm appear to have treated their apprentices 
generously in the matter of wages ; even 80 years 
later, in some provincial engineering works, trade 
apprentices were being paid less than Charles Smith 
received. James Nasmyth, in 1929, received only 
10s. a week, though he was then 21. The Maudslay 
Society are indebted for their copy of this informa- 
tive and historical document to Mr. L. B. Smith, 
of the A. O. Smith Corporation, who is a great- 
grandson of “ the said Apprentice.” 


British Counci, CouRSES FOR OVERSEAS 
VISITORS. 


The 1951 programme of general and educational 
courses and specialist courses arranged by the 
British Council for visitors from overseas has 
recently been issued. Among the 13 specialist 
courses may be mentioned a two-weeks’ course on 
* Technical Training in the United Kingdom, with 
Special Reference to Heavy Engineering,” to be 
held from June 17 to July 3, mainly in Glasgow, 
the last two days being spent in London. This 
course bas been arranged in consultation with Dr. 
D. S. Anderson, Director of the Royal Technical 
College, Glasgow, which is the most senior tech- 
nical college in the United Kingdom, and in co- 
operation with the Scottish Engineering Employers’ 
Association, the Corporation of the City of Glasgow 
and Glasgow University, which has the oldest 
Chair of Engineering in Great Britain; it will 
cover the theoretical and practical training of 
all grades of engineering personnel from craft 
apprentices to university graduates. Visits will be 
arranged to the Festival of Britain Exhibition of 
Engineering which is to be held in Glasgow during 
the summer. This year, Glasgow University will 
celebrate its 500th anniversay, and the course has 
been planned to coincide with a Royal visit in 
connection with the celebrations. Other courses 
which are of interest to engineers include ‘‘ Water 
Pollution,” to be held in London and Birmingham 
from May 21 to June 2, in which lectures will be 
given on the practical and theoretical aspects of the 
treatment of sewage and trade-waste waters by 
members of the staffs of municipal sewage-disposal 
undertakings and of the Water Pollution Research 
Laboratory of the Department of Scientific and 
Industrial Research; visits to sewage-disposal 
and waste-treatment plants will be arranged. 
‘Industrial Standardisation as Developed in the 
United Kingdom,” a course intended for officials 
concerned with developing and using engineering 
and commercial standards, is to be directed by the 
British Standards Institution and will take place 
in London from August 27 to September 8. There 
will be lectures on the history and philosophy of 
standardisation, organising and administering a 
national standards body, the use of standards in 
industry, consumer-goods standards, approval and 
certification marking, the mandatory use of stan- 
dards, and international aspects ; the lectures will 
be supplemented by visits to factories and institu- 
tions. A course on “ Industrial Medicine” will 
b e held from March 1 to 20; on ‘‘ Port Health and 
Sanitary Control ” from April 23 to May 4; and on 
“Cartography” from May 16 to 30. As the 
Festival of Britain is to take place from May 1 to 
September 30, a number of special short courses 
related to the Festival have been arranged, includ- 
ing One on “ British Scientific Institutions,” from 
July 8 to 14; and one on “ Industrial Design * from 
August 19 to 25. Full particulars of these arrange- 
ments are given in a brochure entitled Short Courses 
and Summer Schools in Creat Britain, 1951, which 
can be obtained from the office of the British 
Council, 65, Davies-street, London, W.1. 





LECTURES ON SURVEYING FROM PHOTOGRAPHS.—A 
course of six weekly lectures on‘‘ Elementary Surveying 
from Photographs” is to commence at 6.30 p.m. on 
Tuesday, January 23, at the London County Council 
Brixton School of Building, Ferndale-road, 8.W.4. The 
lecturer is Dr. E. A. Miskin, of University College, London, 
and the fee is 20s. Application to attend, stating name, 
address, and the position held by the intending student, 
should be made to the secretary of the School of Build- 
ing at the address given above. 
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LETTERS TO THE EDITOR. 


THE DEVELOPMENT OF TANK 
DESIGN. 


To THE EpiTor oF ENGINEERING. 


Sir,—In commenting on your leading article, 
“The Development of Tank Design,” the author 
of the letter in your issue of December 29, on page 
569, cites a number of developments in Germany and 
German-occupied countries. The examples quoted, 
I feel, call for some comment, especially as some of 
the explanations given do not agree with other 
information on this subject made available during 
or since the war. 

First, the question of tank armament. There is 
no denying that during the war both the Germans 
and Russians showed a better appreciation of the 
importance of gun power than, unfortunately, this 
country or the United States. But it is not true to 
say that the Germans regarded tanks as mobile 
artillery, if this term is used in its accepted sense, 
or that they always built a tank round a gun. For 
instance, the development of the Pz. Kpfw. III 
and IV, the two original German medium tanks, 
shows progressive increase in gun size with only 
minor modification of the vehicle design, and, when 
the war ended, work was in progress on mounting 
heavier guns in the Panther and Tiger II. An 
equally good example of the progressive ‘ up- 
gunning ”’ of essentially unaltered vehicle designs is 
provided by the Russian T34 medium and KV-Stalin 
heavy-tank series. The Czech-built vehicle, which 
has been singled out in the letter, started in the 
German Army as the Pz. Kpfw. 38t, a light tank 
with a 37-mm. gun, then became the Pz. Jag. 38t or 
Fahrgestell 38t, a self-propelled gun carriage, and 
finally the Jagdpanzer 38, an assault-gun type of 
vehicle with a 75-mm. gun. It is, therefore, yet 
another example of mounting heavier guns than 
those originally intended on a satisfactory chassis 
design—a method which brought the minimum of 
changes and minimum loss of actual unit production 
but which was hardly one of designing a tank round 
a gun. 

The history of German armoured vehicles shows 
the Jagdpanzer as a development of two earlier 
classes of vehicles, whose characteristics it com- 
bined: of the Sturmgeschiitz, a completely- 
armoured low-silhouette, turretless infantry-support 
gun, and of the lightly-armoured, improvised anti- 
tank guns. It showed itself to be an improvement 
on both these earlier types and, compared with the 
tank, it offered a much quicker way of mounting 
a heavier gun on a given chassis. However, it 
did not, as is sometimes claimed, show itself to be 
either materially lighter or more mobile than a corre- 
sponding turreted vehicle, as a close study of such 
German and Russian developments will show. In 
fact, it is generally regarded that vehicles with 
limited traverse are less manceuvrable and efficient 
because the whole vehicle must be turned to fire. 
The increased proportion of limited-traverse vehicles 
in the German production programme was strongly 
opposed by the Inspector General of Panzer troops 
and other German armoured-force officers, but in 
the end, production considerations over-ruled such 
opposition. 

It is, moreover, difficult to speak of the Jadg- 
panzer as a single class, as this designation covered 
vehicles ranging from the mobile 16-ton Jagdpanzer 
38 to the slow and heavy 70-ton Jagdtiger armed 
with a 12-8-cm. Pak 44. The former was used 
chiefly in co-operation with the infantry, for close 
support and as a mobile anti-tank gun. The heavier 
vehicles, which were used by armoured forces, 
exploited their comparatively heavier fire power, 
taking over from tanks the tasks in a fire fight and 
giving the latter greater freedom to manceuvre. 
Jagdpanzer, therefore, were far from being hit-and- 
run “‘ fighter tanks,” and the role of the medium 
and heavy types in the German Army, and of similar 
vehicles in the Russian Army, approached more 
closely that of heavy tanks, which also relied on 
their heavy, long-range fire power. Medium tanks 
remained throughout the war the principal mobile 
weapon. 

Again, because no specific references are given, it is 





difficult to draw any definite conclusions from the 
figures given of tank and Jagdpanzer losses. They 
would have an entirely different significance in the 
case of the Jagdpanther armed with the 8-8-cm. 
Pak 43 than in that of the Jagdpanzer 38, for 
instance. Generally, 4s some Allied statistics also 
showed, where tank destroyers had more powerful 
guns than tanks they were correspondingly more 
effective. In the case of vehicles closely matched, 
such as the Tiger II and Stalin mentioned, results 
more equal may be expected. 

As for recoilless guns of the balanced-thrust type. 
several German, American and Russian types were 
used in the field during the war. It is not, therefore, 
so surprising that some should have been tried on 
tanks and self-propelled carriages—as indeed they 
were, although none was tested in the field. Judging 
by military journals, interest in this type of arma- 
ment for tanks has increased since the war, although 
one disadvantage of it is the greater weight of each 
round for any given performance. The largest- 
calibre armoured-vehicle weapon actually used 
was the 38-cm. rocket projector of the Sturm Mérser 
Tiger, ten of which were built in 1944. For sheer 
size in mechanised equipment—and wasted produc- 
tive effort—it is easily surpassed, however, by the 
60-cm. ‘“* Karl ” self-propelled, mortar. In connec- 
tion with armament and the experimental gyro- 
stabilised mounting mentioned, it is worth recalling 
that gyro-stabilised guns were used on production 
versions of the American Sherman tanks from 1942 
onwards. 

Lastly, the general question of mobility, which 
is the one point in your article where it is suggested 
that no substantial development took place during 
the war. I feel that by comparison with advances 
in other respects and with the position before 
the war, the view that little, if any, progress was 
made is entirely correct. 

Yours faithfully, 
R. M. OGoRKIEWICz. 
City and Guilds College, 
Exhibition-road, 
London, S.W.7. 
January 2, 1951. 





THE INSTITUTE OF METALS. 
To THE EpIToR OF ENGINEERING. 


Smr,—Many metallurgists will have been con- 
cerned recently to note the appeal being made to 
industry by the Institute of Metals for financial 
assistance. The thought that this important body 
is not able to live within the means provided by its 
increased subscription rate and other existing 
sources of income is disturbing. Particularly is it 
disturbing to a member of many years standing to 
note that the increasing cost of the services is 
developing at a time when many metallurgists are 
withdrawing from membership, or are contemplat- 
ing such withdrawal, as a means of reducing the 
costs of their professional societies. Those of us 
who are members also of the Iron and Steel Institute 
are aware that the financial position of that body, 
too, is not as easy as we should like it to be. In 
addition to the two societies mentioned above, 
metallurgists generally feel that they must be 
members of their professional institution—the 
Institution of Metallurgists. 

It is time to realise, Sir, that the cost of member- 
ship of the three bodies is beyond the purse of most 
younger metallurgists and of many who are not, by 
any means, in the lower income groups. It is also 
time to consider whether the best use is being made 
of the levy which their members are able to pay 
in trying to maintain three separate organisations 
to meet the requirements of a profession which is 
not, by appropriate standards, a large one. The 
writer, and many friends, have felt for some time 
that serious thought should be given to meeting «1! 
the requirements of British metallurgists by one 
organisation, on the well-established pattern of cur 
engineering colleagues. 

The excellent work done in the past by the Insti- 
tute of Metals and the Iron and Steel Institute is 
recognised very widely. The very young but lus‘y 
Institution of Metallurgists has already made :‘s 
presence felt and has shown the value of the fune- 
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iions it performs. All ot the services provided by 
these bodies are required by the profession, but the 
difficulties of the times in which we live demand that 
if these services are to be maintained, it must be 
in the most economical fashion. It is extremely 
doubtful if this requirement is met by maintaining 
ihree separate organisations. The writer would 
appeal to the governing bodies of the three institu- 
tions to give full consideration to the possible 
cconomies of amalgamation before the economic 
difficulties of the times operate further to imperil 
wv curtail the valuable service which all three 
provide. 
Yours faithfully, 
F. H. Keatine. 
imperial Chemical Industries, Limited, 
(Billingham Division). 
Billingham, 
Co. Durham. 
January 3, 1951. 





THE TRAINING OF MECHANICAL 
ENGINEERS. 
To tHE EpiTor OF ENGINEERING. 

Smr,—In your issue of November 24, on page 413, 
you published a letter from Mr. H. N. D’Aeth, of 
Durban, Natal, deploring the lack of practical know- 
ledge which characterises so many of the young men 
now being turned out as “engineers” by the 
universities. I suggest that the first thing needed 
to improve the quality of such men would be a 
regulation that no university should grant any 
degree iniplying a knowledge of engineering, such 
as “‘ B.Se. (Eng.),” to any man who has not already 
worked in overalls on the factory floor continuously 
for at least four consecutive years, apart from any 
time spent in a laboratory or drawing office. A 
simple B.Sc. degree, without qualifications, should 
be ample for the others and would not be so mislead- 
ing to employers and to the public. If the academic 
opposition should prove too great to permit of this 
reform, then perhaps it is not too much to hope 
that the proposed Royal College of Technology will 
refuse to admit any student of mechanical engineer- 
ing who has not previously learnt the nature of that 
art and craft by a proper apprenticeship in the 
shops. Holders of the College’s diploma would 
then be recognised as really sound engineers, of the 
type that Whitworth hoped to produce by his 
system of scholarships. 

Meanwhile, it would be a good thing if examination 
papers for engineering degrees contained a number 
of really practical questions in addition to the usual 
theoretical ones. The sort I have in mind might 
be, for example, (a) “‘Comment on the annexed 
drawing of an engine bedplate from the points of 
view of the pattern shop, the foundry and the 
machine shop ” ; (b) “‘ Describe in order the various 
operations required in the production of a finished 
Stephenson reversing link from the rough forging ” ; 
(c) ‘‘ What exactly would you do, and what tools 
would you require, to remove a burst tube from a 
water-tube boiler and to replace it by a new one ?” 
There should be a considerable number of such 
questions from which the candidate might choose 
according to his experience; there would be no 
difliculty about devising them, for any experienced 
engineer could think of suitable ones as fast as he 
could write them down. The trouble might be, 
however, to find professors capable of judging the 
answers submitted. 

Yours faithfully, 
** M.D. Mecu. 3%.” 
January 2, 1951. 


{Our correspondent elects to remain anonymous, 
but we might add to his letter the assurance that he is 
ful'y capable, not only of answering the questions which 
he has posed, but of carrying out the operations indi- 
cated. His question on a Stephenson reversing link, 
however, suggests that he is thinking in rather out- 
moded terms; to describe the present practice of 
flame-cutting from a template and then milling and 
grinding would be no proof of craftsmanship or ability to 
do the same job without the modern tools—if that is 
what “‘ M.I.Mech.E.” has in mind. It is not unknown 
for the holder of an engineering degree (gained without 
previous experience on the shop floor) to develop into 
a tloroughly practical engine-shop manager.—Ep., E.] 
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THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 


(Continued from page 22.) 

Question II, which covered certain aspects of 
track design and maintenance, and was discussed 
at the 15th Session of the International Railway 
Congress Association, consisted of three parts: 
improvements in fishplated rail joints ; the use of 
long welded rails ; and (in full) ‘expansion gaps : 
determination of standard allowances.” The first 
two parts were reported in the two previous articles 
in ENGINEERING, and a report on the third part is 
given below. 

EXPANSION Gaps IN Ralzs. 

Mr. P. Croom-Johnson’s report, which was 
published in the March, 1950, issue of the Monthly 
Bulletin of the Association, contains a table showing 
the standard expansion gaps, in relation to the 
temperature, for nine railways. British Railways, 
with standard 60-ft. rails, prescribe a gap of % in. 
for temperatures below 50 deg. F.; } in. for 50 deg. 
to 75 deg.; } in. for 75 deg. to 100 deg.; and no 
gap for temperatures above 100 deg. The tempera- 
ture is measured by special thermometers inserted 
into the heads of short pieces of rail brought to the 
relaying site. Their reply to the question ‘‘ How 
were these dimensions established?” is to the 
effect that studies of cases of track buckling revealed 
several contribviory causes and it has not proved 
necessary to vary the prescribed gaps. In common 
with most of the railways, they do not consider it 
practicable to lay down tolerances for the gaps. 
London Transport, also with 60-ft. rails, allow 4 in. 
for temperatures below 48 deg. F. ; 3 in. for 49 deg. 
to 75 deg. ; } in. for 76 deg. to 100 deg. ; and } in. 
above 100 deg. 

An experiment carried out by the South African 
Railways in 1933 gave the average coefficient of 
expansion for steel rails as 0-000012 per deg. C. 
It also revealed that expansion took place in the 
direction tending to loosen the keys. Keys were 
generally tightened during the day time, when the 
expansion was greatest. When they had been 
hammered home, it was impossible for the rail to 
resume its original position when contracting, with 
the result that a certain amount of creep could be 
expected on chaired tracks. Mr. Croom-Johnson 
concludes that “‘ it is not clear from the replies how 
rigidly the prescribed openings are observed in 
practice. It is known, for instance, that a casual 
observation of the track will often reveal consider- 
able variation of rail-gap dimensions over a short 
distance. The fact that these divergencies are not 
normally accompanied by serious risk of distortion, 
and that the restoration of gaps is not infrequently 
a laborious operation, may account for the reliance 
placed on local observation and adjustments. It is 
generally recognised that special care must be given 
in these matters during rapid seasonal increases in 
temperature, particularly when the daily range of 
temperature is considerable.” 

Mr. O. Leduc, who summarised the information 
supplied by a number of European railways, states 
that they base the gap on the theoretical value of ex- 
pansion, according to the length of rail, the coeffi- 
cient of expansion and range of temperature. Some 
railways, however, use a gap which would be taken 
up at a temperature somewhat lower than the 
maximum temperature. The maximum gap does 
not exceed 15 mm.; as a value greater than this 
would cause serious wheel impact, it is not possible 
to increase the length of rails beyond 20 m. 
(65 ft. 7 in.). Thus, the French National Railways 
have given up laying 24-m. rails with joint gaps 
corresponding to free expansion for a wide variation 
of temperature. Railways which have laid rails 
longer than this have only been able to do so either 
by allowing the joints to close at a relatively low 
temperature, or by free expansion of the rails being 
inhibited by the resistance of the fishplates and of 
the track on the ballast. 

Mr. B. Renda, who covered papers submitted by 
other European railways, states that these railways 
have long since abandoned the criterion of free 
expansion. They favour restricted expansion due 
to the resistance of the rail fastenings and to the 








action of the ballast on the track. The Italian 
State Railways calculate the gaps, assuming that 
the resistance between the track and the ballast 
is 6 kg. per centimetre of rail, and allowing a maxi- 
mum longitudinal compressive force of 50 tons in 
each rail at the hottest times in the summer. The 
figuré of 6 kg. per centimetre is based on a number 
of experiments, carried out from 1934 to 1943, on 
tracks laid with stone ballast which covered the 
sleepers to a depth of 10 cm. at the outer ends and 
of 5 cm. between the rails. Such track had a high 
resistance to longitudinal compressive stresses. For 
experimental purposes, the rails were heated elec- 
trically ; a stress of about 240 tons was measured 
at a temperature of 130 deg. C. (266 deg. F.) before 
any displacement of the track was observed. The 
track was not subjected, however, to dynamic 
loads due to the passage of trains. The summary 
of this, the final part of Question II, is given below 
in the form agreed after discussion at the Congress. 

‘The general experience is that the gaps between 
rails can be less than those theoretically calculated 
on a free-expansion basis—in fact, they can be 
reduced to a half or even less. The more the type 
of track resists creep, the smaller the gap can be. 
Unless special arrangements are made for the joint, 
this is a weak point in the track, which may be the, 
focal point of a buckle. It is therefore important 
that the space allowed for expansion, having regard 
to the type of track concerned, is not all taken up 
at too low a temperature, otherwise there is risk 
that excessive forces will arise in the rail. In the 
course of maintenance work, and particularly before 
the first hot weather of the year, the rail gaps 
should be restored to normal. Examination should 
be made to ensure that the fishplates will allow the 
rail ends to move freely. This might involve, for 
example, the unscrewing or the screwing-up of the 
fish-bolts. It is, however, permissible to allow some 
tolerance in the gaps, compared with that provided 
at the time of laying. Checking of joint gaps should 
be done at times when the temperature is not 
particularly high.” 

(To be continued.) 





ELECTRICAL TRANSMISSION 
CONTROL CENTRES. 


Tue establishment in this country, some 20 years 
ago, of the national electrical transmission system, 
commonly known as the grid, brought with it the need 
for providing control centres from which operating and 
other instructions could be issued to the power station 
and line engineers regarding loading, frequency, 
voltage and power factor, as well as the shutting down 
and starting-up of plant. In addition, the issue and 
recall of permits-to-work on the system were supervised, 
breakdowns dealt with and the relevant records kept. 
Control rooms for this purpose were established in 
various parts of the country, that for the south-east 
and east of England areas being in London, at Park- 
street, Southwark, adjacent to the Bankside generating 
station.* A similar room for the more limited area 
covered by the London Power Company was also 
established at Horseferry-road, London, S.W.1. 

Shortly before the outbreak of war, precautionary 
arrangements were made for operating the seven areas, 
into which the grid was divided, in parallel and estab- 
lishing a national control system. Two emergency 
control rooms were built for this purpose in the London 
area, one of which was bombed during an early air raid. 
Thereafter, the control staff was divided between the 
Bankside control room and the second emergency 
control room in Islington. In the autumn of 1940, 
however, it became clear that safer accommodation must 
be provided, both for the national and south-east 
England control staffs, especially in view of possible 
damage to communication circuits. Arrangements 
were therefore made to establish a separate national 
control room, as well as an area control room for south- 
east England, in two disused lift shafts at the Post Office 
station of the London Passenger Transport Board.t As 
a result of these and other measures, a control centre 
with communication facilities was always available in 
every district and most of them were used from time 
to time, although not necessarily on account of war 
damage. 

The original intention of operating the grid by areas 
has now been modified. At the present time it is 
organised as a single interconnected system, with two 
area control rooms for the areas north and south of 





* See ENGINEERING vol. 137, page 497 (1934). 
t+ See ENGINEERING vol. 163, page 251, (1947). 
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the Thames and with others at Glasgow, Newcastle- 
upon-Tyne, Manchester, Leeds and Birmingham. In 
addition, there is a national control room in London 
with special functions. Owing to congestion and the 
increasing obsolescence of the indication and communi- 
cation equipment, it has further become essential for 
the original London control room to be moved. Pending 
the provision of permanent accommodation, the 
national control room and the two London control 
rooms have therefore been housed in a temporary 
building in Paternoster-square, London, E.C.1, and 
these were formally opened on Wednesday, January 3. 

One function of the national control room, a photo- 
graph of which is reproduced in Fig. 1, is the general 
co-ordination of interconnected operation through the 
area control rooms mentioned above. Within the limits 
of security and line capacity, the operation of the grid 
is effected on an economic basis. Arrangements are 
therefore made in the national control room for 
transfers of energy between areas, so as to secure the 
maximum use of high efficiency generating plant. For 
this purpose, inter-area transfer programmes are 
prepared in advance each week in the light of the 
latest information on plant availability, relative 
generating costs and anticipated demands in each of 
the areas. These programmes are reviewed and, if 
necessary, revised at regular intervals each day,| transmitted between the different parts of the country. ; 
depending on the actual conditions. In making this} 4 permanent record of the various quantities is pro- 
revision, account is taken of the wide differences in| vided by the frequency meters, clocks and time-error 
fuel costs between individual generating stations, due | recorders, which are also visible on the board. Eventu- 
to the different sizes of machine, steam pressure and | ally this panel will carry a diagram of the new 275-kV 
other operating conditions, as well as age and the cost of grid on which the position of each circuit breaker 
coal transport. In fact, it has been found that careful operating at that voltage will be indicated automatic- | 
attention to these matters may result in substantial} ally. It should, however, be insisted that “ national 
savings by transmitting energy from the cheaper to| control ” has no concern with the operation of individual 
the dearer regions in the country. generating stations and control equipment. 

Other important responsibilities of the national In moving the area control room to Paternoster- | 
room are the co-ordination of main transmission-line square the opportunity has been taken to re-arrange 
and generating-plant maintenance programmes ; and | the original south-east and east England areas nt 
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Fig. 2. 





the control of frequency and time on the inter-| two more or less equal parts and thus to enable more 
connected system. Temporarily, too, it is concerned | efficient use to be made of the existing equipment and 
with sending out instructions to the areas regarding! staff. The area covered from Paternoster-square is | 
load shedding. ‘These are timed so as to prevent the| therefore now known as the Thames Control Area 
frequency falling below 48 cycles. Instructions for| and extends from the Wash to Littlehampton. It is, 
this and other purposes are transmitted to the eight} however, controlled from two different equipments | 
area control rooms by the teleprinters illustrated in| in separate rooms in the building which roughly cover | 
Fig. 2, so that a record is preserved of all messages. | the areas north and south of the Thames, respectively. 
These teleprinters can be interconnected, so that one} In contradistinction to the operation of the national | 
message can be transmitted simultaneously to all the! control room, the two main functions of the area control | 
area control rooms. Suitable telephone communication | engineers are to arrange for the loading of the generat- | 
is also provided. ing stations and the switching of the line circuits. 

The information required by the national control | These functions are carried out with the aid of wall 
room staff is displayed on a curved panel, which can} diagrams, which show all the circuits and items of | 
be seen in the background of Fig. 1. This panel} equipment in their correct relative positions and by | 
carries a diagram on which any lines which are out of | telephone messages to points on the system. No| 
service for maintenance, or due to breakdown, are! direct switching, however, is done from ‘the control | 
marked. The engineer-in-charge can therefore see} room, this operation being carried out locally under | 
what parts of the system are available for duty. There| the instructions of the control engineer in accordance 
is also a simplified diagram, visible on the right of | with the British Electricity Authority’s safety rules. | 
Fig. 1, which shows the inter-area lines only and| Besides showing the grid system in outline, the dia- 
incorporates meters indicating the power that is being| grams incorporate instruments indicating the power 
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TELEPRINTER INSTALLATION. 


flow in the lines and other important information. 
Each area control room also contains a reproduction 
of the national control diagram, which is kept 
‘“‘ dressed” from information received over the tele- 
printers. The area control engineers are therefore 
aware of the conditions elsewhere in the country which 
may affect the operation of the system under their 
charge. 

In general, the lay out of the two area control rooms 
is similar. In the Thames North room, the loading 
and switching diagrams are, however, at opposite ends, 
while in the Thames South room they are in a continuous 
line. The former arrangement has the advantage of 
being quieter when a number of telephone calls are in 
progress as the control desks are separated by the 
maximum distance. Its drawback is that the engi- 
neers have their backs to the diagram. The switching 
diagram in the Thames North control room was 
brought from the previous control centre and consists 
of about 40,000 1-in. squares of plastic material, which 
are mounted on vertical strips 6 in. wide. Different 
symbols are engraved on the squares, which are also 
suitably coloured. Labels can be fixed to indicate the 
presence of earths on the apparatus under maintenance, 
to show equipment covered by permit-to-work cards, 
and to signify special requirements. In the Thames 
South control room the switching diagram is tem- 
porary and consists of plywood with plastic discs to 
indicate the positions of switches and isolators. ‘The 
circuits are represented by strips of suitably-coloured 
adhesive tape, the same material being used on the 
loading diagrams in each control room. Each ot the 
diagrams has a background of metal-faced plywood, 
so that small permanent magnets can be placed to 
indicate lines that are out of use. 
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BREAKDOWN OF CORNISH ENGINE 





Fic. 1. ‘“ Ourpoor” Enp or Bream, AND Pump Rop. 











Fic. 3. Broken Portion oF Bram. 


BREAKDOWN OF CORNISH ENGINE | were badly splintered, thus allowing the piston suffi- 
AT SOUTH CROFTY. cient extra stroke to break the bottom of the cylinder. 


The cylinder cover was also broken, and the main 
THE dwindling number of Cornish engines still at | beam across the engine house was damaged. When 
work in the county of their origin suffered a further, | the piston struck the bottom of the cylinder, the links 
and a sudden, diminution on Friday, December 29, | connecting the piston rod to the beam were sprung, 
when the 90-in. engine at the Cook’s Kitchen shaft of | and the cast-iron filling pieces inside them were flung 
the South Crofty tin mine at Pool broke its beam jout. One piece went through a window and 100 ft. 
and was completely wrecked. The accompanying |across the yard, and another, weighing about 70 lb., 
illustrations show, in Fig. 1, the exterior of the engine | went down the staircase and smashed the bottom stair 
house, with the ‘‘ outdoors ” end of the beam broken | just as the engineman, who was on his way down, took 
away from the pump spear; in Fig. 2, the fracture | his foot off it. Fortunateiy, he escaped injury. 
in the cast-iron beam; in Fig. 3, the broken-off Mr. A. Treve Holman, of Messrs. Holman Brothers, 
portion of the beam, which was about 10 ft. long; | Limited, Camborne, who is the chairman of the Cornish 
and, in Fig. 4, the damage to the spring beam. The | Engines Preservation Society, and to whom we are 
engine was just beginning its “indoors” stroke, |indebted for the foregoing particulars, was of the 
under a full head of steam, when the beam fractured, | opinion that the water load of about 88 tons, added 
the broken part falling across the top of the pump |to the weight of the rods—making possibly 100 tons 
shaft ; fortunately, it did not fall into the shaft. As|in all—probaply put considerably more load on 
the indoors end of the beam came down with great |the beam than it was originally intended to bear, 
Viclence, it was arrested by the spring beams, which |even though the engine was provided with a balance 
were of pitch-pine, 18 in. square in section. These | bob. Like so many mine-pumping engines, the 
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CORNWALL. 


SES 


a 
- ¢ 


* ~ 
TA 


om, 
« 


: ' 
a 
t: 
&® 





Fic. 4. DamacEe To Sprina Beam. 


| Cook’s kitchen engine had worked at a number of mines. 
| According to the survey of surviving engines made in 
| 1943 by the Cornish Engines Preservation Society, it was 
designed by Matthew Loam, son of Michael Loam, an 
eminent Cornish engineer of the mid-Nineteenth Cen- 
tury, and was constructed in 1873 by Messrs. Harvey 
|and Company, of Hayle, for a Welsh colliery. In 1881, 
|it was transferred to Tresevean, and, to adapt it to an 
| existing engine house, was given a new cast-iron beam— 
| the one which has now failed. Later, it was moved to 
| Wheal Grenville, and finally, in 1922, to South Crofty, 
where it was re-erected in the only concrete engine-house 
ever constructed for a Cornish pumping engine. As 
|stated above, the cylinder diameter was 90 in. The 
| stroke was 10 ft. in the cylinder and 9 ft. in the shaft, and 
the engine raised 575 gallons of water per minute from * 
a depth of rather more than 2,000 ft. when making 
| five strokes per minute. 
| We understand that the other Cornish engine at 
| South Crofty—the 80-in. engine at Robinson’s shaft, 
| built by Sandys, Vivian and Company, of Copperhouse 
| —is still working satisfactorily, though now 97 years old. 
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THE SWANN DIPLOMA OF THE 
ASSOCIATION OF SUPERVISING 
ELECTRICAL ENGINEERS. 


Tue Swann Diploma of the Association of Supervising 
Electrical Engineers was established in 1944 after 
Mr. H. W. Swann, O.B.E., who was then president, 
had drawn attention to the need for a test which would 
ensure that the engineer was competent in the electrical 
work for which he was responsible. It has since been 
awarded as the result of an examination, the syllabus of 
which has recently been revised in the light of experience 
and on the advice of the examiners and Diploma 
Committee. As a result, there will now be separate 
examinations and diplomas in electrical-installation 
practice and electrical maintenance ; and the existing 
combined examination for both subjects will be 
abandoned. Where a candidate shows a high standard 
of knowledge in technical matters, or in administration 
and organisation, he may be awarded credits. He 
may also be awarded honours when exceptional overall 
ability is shown. 

Alternative qualifications, such as the Higher 
National Certificate or the City and Guilds Final 
Certificate in electrical engineering practice, give 
exemption from Part I of the diploma examination, 
which will consist of a written paper submitted by the 
candidate and completed with the free use of reference 
books in his own time and place. In the second part 
of the examination, which will be oral, the candidate 
will appear before an examiner and advisers, the latter 
being members of the Association who are experienced 
in the practical aspects of the test subject. The 
candidate will then be questioned on the knowledge 
disclosed in the written paper and will also be asked to 
demonstrate the correct method of solving practical 
problems in connection with electrical-installation 
work or the design and operation of distribution 
systems. He will further be asked questions to 
indicate his knowledge of the rules and regulations 
applicable to electrical systems. 

Full particulars of the regulations and syllabus 
for the next examination, which will be held in May, 
this year, can be obtained from the secretary, 54, 
Station-road, New Barnet, Hertfordshire. It is also 
announced that the Council have appointed Dr. F. T. 
Chapman as chief examiner in place of Professor R. O. 
Kapp, who has retired. 





LITERATURE: ‘‘ SEWAGE TREATMENT,”’ ETC, ERRA- 
ruM.—In the reviews printed under the heading of 
‘* Literature,”’ on page 5, ante, a modified layout of the 
book titles was used for the first time. We regret that 
in reviewing together two books by Mr. L. B. Escritt, the 
word “and ” connecting the two titles was set in italic 
type instead of roman, thus suggesting that there was 
only one title. In fact, the title of the first book is 
Sewage Treatment : Design and Specification, and, that of 
the second is A Code for Sewage Practice. 


RESEARCH GRANTS FOR STUDENTS IN NORTHERN 
IRELAND.—The Department of Scientific and Industrial 
Research have announced that Senior Research Awards, of 
up to 6001. a year, are now available to science graduates 
of exceptional ability from Northern Ireland, who wish 
to devote the whole of their time to research. The 
grants are tenable for two years at any institution in 
Great Britain (or, in certain cases, abroad) approved by 
the Advisory Council. Applicants will compete with 
candidates from all parts of Great Britain. Further 
particulars are given in the publication, Notes on Grants 
Awarded by the Department of Scientific and Industrial 
Research to Research Workers and Students, H.M. Sta- 
tionery Office, Kingsway, London, W.C.2. [Price 4d.] 


LECTURES ON LIQUID FUELS.—<A course of six lectures 
on “ Liquid Fuels, their Properties and Utilisation,” 
will be delivered in the Denartment of Applied Chemistry 
of the Northampton Polytechnic, St. John-street, Lon- 
don, E.C.1, at 7 p.m., on Tuesday evenings, commencing 
on February 6. The lecturer will be Mr. G. F. J. Murray, 
B.Se,, A.M.I.C.E., A.M.I.Mech.E. The first lecture will 
deal with fuel oil and its characteristics, methods of 
analysis, viscosity-temperuture relationships, and blend- 
ing; the second, with other liquid fuels, their charac- 
teristics and analyses; the third with the layout of 
liquid-fuel burning systems, storage and pumping ar- 
rangements and burners; the fourth with applications 
of liquid fuel for central heating, power-station boilers, 
metallurgical furnaces and kilns and drying plants ; 
the fifth with applications of fuel oil to marine boilers, 
and the sixth with oil as applied to the gas-making process. 
The course is intended to provide a survey of present-day 
knowledge and the standpoint of the user of liquid fuels 
will be stressed throughout. The fee for the course is 
1l., payable in advance, on enrolment at the Northamp- 
ton Polytechnic office any week-day between 10 a.m. 
and 7 p.m., or by post. 


LABOUR NOTES. 


THE critical nature of the existing fuel situation 
arising from the insufficiency of Britain’s coal supplies, 
and the serious consequences which it may impose 
upon all sections of the nation’s economy, continue to 
overshadow all other industrial and labour news. 
Statistics issued by the Ministry of Fuel and Power 
on January 4 show that 204,116,000 tons of deep-mined 
coal were produced during the 52 weeks of 1950. 
Although this was 1,459,000 tons above the production 
of deep-mined coal during the whole of 1949, which 
amounted to 202,657,000 tons, it-was still 884,000 tons 
short of the minimum objective set for the industry 
by the Economic Survey for 1950. Including opencast 
coal, of which 12,185,000 tons were produced in 1950, 
against 12,439,000 tons in 1949, the total quantity 
of saleable coal mined during 1950 was nearly 1,700,000 
tons less than the minimum amount anticipated by the 
Survey. It is estimated by the Ministry that over 
ten and a quarter million tons of deep-mined coal were 
lost during 1950 owing to recognised holidays, disputes, 
and similar brakes on production. Distributed stocks 
fell to a total of 13,340,000 tons on December 30, 1950, 
nearly two million tons less than were in hand on 
December 31, 1949. Coal exports during the first 
51 weeks of 1950 were more than one million tons below 
those for the corresponding period in 1949. 





A number of Ministers were present during the dis- 
cussions between Mr. C. R. Attlee and the 27 members 
of the executive committee of the National Union of 
Mineworkers on January 3. The Prime Minister is 
understood to have presented the view that, as the 
Government had fulfilled its undertaking to nationalise 
the industry, it was the duty of the miners to produce 
sufficient coal to meet the country’s needs. He 
urged that the men should mine three million tons more 
during the first four months of this year than they had 
produced during the corresponding period in 1950. 
Mr. Ernest Bevin, the Foreign Secretary, made it clear 
that coal must be exported, not imported, in substantial 
amounts if sufficient food was to continue to come to 
Britain from overseas. Mr. James Griffiths, Secretary 
for the Colonies, who is a former official of the Union, 
and Mr. Philip Noel-Baker, the Minister of Fuel and 
Power, supported the appeal of the Prime Minister. 
Mr. Arthur Horner, the general secretary of the N.U.M., 
was the speaker for the Union. He is believed to have 
made it clear that production depended upon maintain- 
ing the industry’s man-power and that the present level 
of the labour force could only be maintained, and 
recruiting stimulated if sufficient improvements in 
wages and conditions were introduced. 





The strong appeal that had been made to the N.U.M. 
to do all in its power to see that the maximum possible 
amount of coal was mined during the coming four 
months was referred to in the official statement issued 
after the meeting with Mr. Attlee. This declared that the 
Union’s executive committee fully realised the serious- 
ness of the situation and were determined to give their 
full co-operation to the task. There had been a frank 
discussion of the problems to be overcome and of the 
extra efforts that would require to be made if the 
additional three million tons were to be produced 
during the coming months. The Government were 
confident, the statement concluded, that the negotia- 
tions proceeding between the Union and the National 
Coal Board would be continued “‘in a sympathetic 
spirit.” It may be recalled that these negotiations 
between the two bodies, which were started recently, 
commenced as a result of proposals made by the Union 
some time ago that a pension scheme for the industry, 
an additional week’s holiday with pay, and further 
wage increases should be conceded as a means of 
improving the colliery labour force. 





A seven-point appeal to the miners, drawn up by the 
Minister of Fuel and Power, with the object of improving 
coal production, is contained in the January issue of 
Coal, the monthly journal of the National Coal Board, 
published for the information of employees in the 
industry. Mr. Noel-Baker asks managers to deal 
fairly with real grievances, asks all the men to attend 
regularly, asks facemen to produce “a few extra 
shovelsful,” and the younger miners to earn more 
money for themselves by working longer stints. He 
also emphasises the importance of more Saturday work 
and of an increase in recruitment. He states that about 
one miner in ten leaves the industry each year and he 
urges all who have not finally decided to leave to give the 
industry the benefit of the doubt. 





Saturday-shift working showed a further improve- 
ment on January 6, when 693 pits out of a possible 
total of 835 were in production, compared with 546 on 





December 30. The total on January 6 was, however, 





smaller than had been expected. It was reported the 
90 collieries out of 190 in the Scottish coalfield were idk 
The Saturday shift at Hucknall Colliery, Nottingham 
shire raised nearly fifteen hundred tons of coal an: 
an additional four hundred tons were secured by som 
of the men who worked a Sunday shift on January 7 
The appointment of local sub-committees to tack! 
persistent absenteeism was decided upon by th 
executive committee of the Yorkshire area of th 
N.U.M. at a meeting at Barnsley on January 6. Loca! 
officials in the area will be instructed then to ca! 
special meetings for consideration of the facts and t 
give rulings on absenteeism. 





Engineers in the employment of Messrs. Imperi:! 


Chemical Industries Limited, are to receive an increas: 


of 3d. an hour in their wage rates as from January | 
last. An announcement by the firm, on January %. 
stated that the increase would be applicable to all 
grades of the company’s employees covered by the E.C.}. 
engineering wage agreement. 


Operatives in the Sheffield special-steels industi\ 
are to receive increases in their remuneration varying 
from 5s. to 88. a week, according to their grade. Those 
concerned number about 15,000 and are not affected by 
national agreements. These increases are retrospective 
and will date from the first full pay week after Monday. 
November 13, 1950. 


At least 75,000 employees in the Civil Service, main]; 
clerical assistants and typists, will benefit from an 
award by the Civil Service Arbitration Tribunal, which 
was announced on January 6. Copy typists will receive 
from 9s. to 13s. a week more ; shorthand typists, from 
8s. to 148. a week extra ; women clerical assistants, an 
addition of from 5s. to 14s. a week; and male clerical 
assistants an addition of from 10s. to 138. a week. 
These pay advances, which will vary according to the 
grade and service of the recipient, will cost 1,250,0001. a 
year. Except in the case of male clerical assistants, 
whose grade only came into existence on January 1, the 
advances will be retrospective to October 1, 1950. It 
was the second award to civil servants in eight days. 
As the result of an award by the Tribunal on Decem- 
ber 30, about 100,000 clerical employees in Government 
Departments received increases, back-dated to October 
1, 1950, ranging from 20/1. to 50/. per annum. These 
were estimated to cost about 3,000,000/. a year. 





The rates-of-wages index figure for all employees 
was increased by two points at the end of November 
last. Since the index was commenced on June 30, 
1947, an increase of two points in the all-employees 
figure has occurred only once previously, at the end 
of March, 1948. In November last, the figure for 
men only rose by three points to the new high level 
of 113, and the figure for juveniles only by two points 
to a level of 117. For women only, the figure remained 
stationary at 111. 





Owing to the serious financial difficulties which con- 
front the company, the Great Northern Railway 
decided to dismiss about one thousand of its railway 
personnel as from to-morrow week, but. the notices 
were withdrawn on January 9 as the result of a decision 
by the Governments of Northern Ireland and the 
Republic of Ireland to acquire the railway jointly as a 
going concern. Negotiations between Ministers of the 
two Governments have been in progress in Dublin for 
some days prior to this decision. 





Drastic reductions in the supply of steel sheet to the 
motor-car industry were announced by the Society of 
Motor Manufacturers and Traders on January 9. The 
reduction during the three months ending March 31 
would probably amount to from 15 to 20 per cent. of 
the industry’s present allocation, and the production 
of vehicles might have to be reduced to a like extent. 
As from next Monday, many sections of the industry 
would be able to work only a four-day week. This 
state of affairs, the Society declared, would continue 
until more steel became available, which might not 
be for some time to come. 


Output for the last quarter of 1950 was estimated 
by the Society to amount to 140,000 motor cars and 
65,000 commercial vehicles and the cut in production 
would fall principally on motor cars, which were 
Britain’s largest dollar earners. It was understvod. 
the Society stated, that there could be no increased 
supply of steel sheet from British sources until the ew 
mills at Margam, South Wales, came into opers:ion- 
which would probably be some time during the co-1!n¢ 
summer. The causes of the shortage were attri! ted 
to cuts in imports and rearmament requirements. 
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NAVAL GEARING: WAR 
EXPERIENCE AND PRESENT 


DEVELOPMENT.* 
By Cor. (E) J. H. Jovani, D.S.C., R.N., 
A.M.I.Mech.E. 


(Concluded from page 27.) 


In the field of small gearing, several methods of 
producing heat-treated steel gears are in use. 
Three of these methods may be used in the production 
of large marine gears, namely: (1) hobbing and 
Shaving the already heat-treated material. Shaving of 
material up to 80 tons per square inch ultimate tensile 
strength has been accomplished, though this may 
exceed the economic limit. (2) Cutting and grinding 
the already heat-treated material. Steel of 80 tons 
per square inch ultimate tensile strength, similar to 
En 30, has been used for gearwheel rims finished in this 
way. (3) Hobbing or cutting, case-hardening and 
grinding. Steel similar to En 36 has been used for 
70-in. diameter gearwheel rims. Until recently, the 
use of a medium-carbon steel for gearwheels was 
justified on the grounds that wheel-teeth wear could 
relieve errors in alignment, or, alternatively, by local 
yielding at the root, avoid fatigue failure. Experience 
of bruised teeth, and knowledge of the increased yield 
strength of carbon steel at rapid rates of loading has 
shown that neither of these safeguards really exist. 

The primary quality required of gear materials is 
resistance to failure in bending under the stress con- 
centration to be found at the root, say, 1-3 to 1-7. 
Another desirable quality is resistance to pitting and 
wear. This latter is, in general, a measure of the 
hardness. With regard to resistance to fatigue in 
bending, data from full-size specimens are difficult to 
find, and tests are now going on by A.V.G.R.A. to 
provide further information on typical steels. As 
freedom from tooth failure by root fracture is the 
primary requisite, the justification for a difference of 
allowable loading between naval and merchant ship 
Sears, based on difference of hours running at full 
bower, disappears. Neither type of ship can afford 
such failures. A difference in standards of production 
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- Paper presented at a meeting of the Institution of 
©chanioal Engineers held in London on December 15, 
1950. Abridged. 





— Single helical. 
- Double helical. 


ENGINEERING. 


NAVAL GEARING. 






































a 
(133.",) Pinion 5 =2 
————— Full load. ——-+—~— Three-quarter load. 
— — — — Half load. 
Corrected over two-thirds of each helix. 
Fig. 1A. 
5 re . — 
| 
4-—————“+—_— = 
} | 
aI 
8 3 3 | 
“ | 
| | 
ss 
> 2 
g 
g | 
1}—__-- Ss 
F o 
a 
oe 
a, | | 
| | | 
° % % % Full 
(133.0) Loud 


—————— No correction. 

—-—-+— Corrected over two-thirds of each helix. 

— — — — Corrected over two-thirds with ends shaved in 
addition. 


would be the only possible justification for different 
loading standards. 

An increase in root strength of hobbed and shaved 
gears may shortly be obtained by skin hardening 
through induction heating, using a steel of adequate 
carbon content. This process should not incur exces- 
sive distortion. It is not yet available for production, 
however. With small gears this method of surface 
hardening does not produce an increase in operating 
strength comparable with that obtained with the 
same increase of hardness in a through-hardened steel, 
but with large gears experience suggests that the 
converse is true. Increased interest in the processes 
of case-hardening and grinding resulted. For gear- 
wheels too large in diameter for case-hardening, air- 
hardening steel could be used, but grinding would still 
be necessary. 

The inherent possibilities and limitations of the two 
techniques, of hobbing and shaving heat-treated steel, 
and of case-hardening and grinding, have thus become 
prominent. It will be of value to examine two current 
designs of similar power using these two techniques, 
and loading based on existing experience, and the 
production development and testing work now being 
undertaken to maintain production standards. 

Two alternative designs have been accepted for a 
ship in which the gearing is a significant part of the 
machinery weight, namely, double-helical, hobbed 
and shaved gears; and single-helical, case-hardened 
and ground gears. The first of these relies on fulfilment 
of the basic requirements of: close temperature 
control; reduction of undulations to a degree per- 
mitting rapid removal of material by shaving, and, or 
alternatively, lapping, and close control of helical 
angles; and safeguarding the gear meshing by ade- 
quate control of the boring and adjustment of gearcase 
housings and bearings. In addition, the first design 
is based on either the use of the strongest material 
that can be hobbed and shaved accurately, and pro- 
duced in the quantities required in an emergency, or 
the use of a slightly inferior but more readily available 
material necessitating correction of the helical angle 











of the pinion to provide even distribution of loading at 
high powers. 

The loading chosen is based on experience with 
these materials and on the results of the United States 
National Boiler and Turbine Laboratory back-to-back 
tests. With the second design, the material of the 
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a Loading with continuous correction. 
6 Loading with continuous over-correction of 4 x 10-3 in, at 
centre of each helix. 
No alignment error. 
§ x 10-3in. alignment error. 
{ x 10-3 in. alignment error. 
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a Test pinion (second reduction). 
6 Loading pinion (second reduction). 


will be similar to specification En 36, but will have a 
low carbon content. Both designs are required to fit 
the same shaft and turbine centres. No correction of 
the pinion for deflection is envisaged for the second 
design. 
The following are details of materials accepted at 
present :— 





| | Ultimate 
Specifica- . . Tensile 
Type of Gear, | tion of | eee of Strength, 
Material. . : Tons per 
sq. in. 
| 
Primary and | En 30 0-3 per cent. carbon ; | 60-65 
main wheels | | 4} per cent. nickel- 
chromium 
Primary and sec-| En 26 0-4 per cent. carbon ; 70-75 


2-5 percent. nickel- 
chromium - molyb- 
denum 


ondary pinions 


A great deal of information on the aspects of design 
and production standards which control the load- 
carrying capacity of gearing can be gained from 
back-to-back testing on shore, and accordingly tests 
have been arranged of hobbed and shaved gears, to be 
carried out by Pametrada, using: (a) spare gearing 
made for the steam gunboats; (b) gearing of harder 
materials in the same gearcases ; and (c) gearing with 

inions corrected to compensate for deflection under 
oad. Sets (b) and (c) will be produced by A.V.G.R.A. 
Tests of case-hardened and ground gears are to be 
carried out by Pametrada using gears produced by 
A.V.G.R.A., representing a primary train of a double- 
reduction set. Similar tests are to be carried out by 





56 


JAN. 12, I95I. 





ENGINEERING. 





Messrs. Vickers-Armstrongs Limited, Barrow, using 
gears produced by A.V.G.R.A. and ground by the Maag 
Gearwheel Company of Zurich, representing the 
secondary train. A second set of test gears has been 
made by Maag employing steel supplied by Poldi, 
which they are accustomed to using. 

The limitations on the length : diameter ratios of 
pinions caused by deflection are illustrated in Fig. 11, 
on page 55. This diagram has been drawn for only 
one value of tooth stiffness and bearing size, but its 
general implications apply to pinions as a whole; it 
shows the load concentration on single and double 


helical pinions. With an > ratio of 2-5, where / is the 


7 
effective face width and d the pitch-circle diameter, 
the maximum loading with simple straight correction 
would be 2,000 Ib. per inch, and with parabolic correc- 


tion, 1,000 Ib. per inch. With the same ~ ratio, the 


maximum loading for uncorrected pinions would be 
4,500 and 3,300 Ib. per inch on the forward and after 
helices respectively. Ideally, the helix angle should be 
continuously varied over the whole width, this being 
referred to as parabolic correction. An approximation 
to this may be obtained by two or more steps in each 
of which the helical angle is kept constant; this is 
known as straight correction. 

The idea of correcting pinion helices was considered 
by Parsons, but gears are only now being made of 
sufficient accuracy to permit the application and 
measurement, of these corrections. While correction 
for deflection and misalignment is common practice in 
the automobile and traction fields, its application to 
the marine field has been delayed, not merely because 
of practical difficulties, but also because of a number 
of uncertainties. These were: the limits within which 
the position of the centre of the bearing reaction is 
known. and hence, in part, the amount of deflection 
imposed ; the limits within which the value of tooth 
stiffness is known ; the effect of wear at partial loads ; 
the problems of meshing; and the lack of actual 
practical experience. An adequate estimate of the 

sition of the centre of the bearing reaction can be 

rn by assuming that the pressure carried by the oil 
film is inversely proportional to its thickness. Depar- 
tures from parallelism of the journal and bearing axes 
shift the centre of pressure less than one-fifth of the 
bearing length. An estimate of tooth stiffness can be 
made from available information. Wear at partial 
loads does not affect the correction given to traction 
and automobile gears of hard material. The use of a 
dummy pinion, with teeth made to the unloaded and 
uncorrected helix angle, to be used against the wheel 
in the meshing frame and in the gearcase bearings, 
should enable satisfactory meshing and alignment to 
be maintained. The necessary tests are now being 
undertaken. 

The simplest form of correction of double-helical 
gears is to hob or grind the pinion to the helix angle 
which will give similar loading at each end of the helix 
under load. An improved form is to provide the un- 
loaded helix angle on the inner thirds of each helix and 
to apply the corrected helix to the outer two-thirds 
only, as shown in Fig. 12. Shaving back the outer 
quarter gives further improvement, as shown in Figs. 
13 and 14, and safeguards against high end-loading 
due to small errors in alignment. It is hoped to apply 
this kind of correction to the gears of existing ships 
when the wheels are shaved. One of the sets to be 
tested by Pametrada will have a correction applied in 
this way ; the other will have a continuous correction 
over the whole face. This has been provided by using 
correcting-cam control of the hob saddle-nut as used 
in master screwcutting lathes. A slight over-correction 
to safeguard against alignment errors can be provided 
with advantage, as indicated in Fig. 15. 

The test pinions will be ground over half their faces 
to the nominal helix, and over the halves nearer the 
driving ends they will have an increased angle to com- 
pensate for deflection. This will provide approxi- 
mately 20 per cent. reduction in maximum loading at 
the designed power. The loading pinion will be 
ground to the nominal helix over a third of the length 
only, and corrections will be applied to each end, as 
shown in Fig. 16. With these corrections the local 
loading at the designed power will be reduced to half 
that otherwise imposed Without them it would not 
be certain that this pinion would outlast the test 
pinions and, hence, be available for later testing of 
other sets. 

For second-reduction gears an investigation was 
made into the amount of tip relief required to relieve 
the stress concentrations due to the “ digging-in ” 
effect at the roots of the mating teeth, the buttress 
effect of the adjacent unloading tooth section, and the 
improvement of local lubrication conditions ; the tip 
relief required at 24,000 h.p. was estimated to be 
0-002 in. Provision has a been made for end 
relief of 0-003 in. over a distance of } in., for both the 
secondary and primary gear-trains. In both cases the 


roots of the teeth are to be polished in a direction 





perpendicular to the groove, to improve fatigue 
strength. 

Two additional tests will be carried out in the 
second-reduction series. In one, both pinion and wheel 
will be made of steel to specification En24, and skin 
hardened by induction heating, and, in the other, a 
case-hardened and ground pinion will drive an air- 
hardened hobbed and shaved wheel with ultimate 
tensile strength of 60 to 65 tons per square inch. The 
outcome of these tests will not be known for some time, 
but the following implications of the two designs may 
be noted. Serving as an articulated design for two 
turbines at their present accepted loadings, they could 
transmit 5,800 h.p. to a shaft running at 100 r.p.m., 
from turbines running at 2,500 r.p.m. With the same 
diameters, and face widths increased to give length : 
diameter ratios of 1-8 and 2-6 for the single and 
double helical gears respectively, and if the tests 
confirm that the corrections for deflection are fully 
effective, they could transmit 10,000 h.p. The amount 
of additional power, which the tests confirm can be 
carried safely, will be of great interest. 

While a great deal of work has been carried out in 
the past few years in improving marine gears, much 
remains to be done. As in other fields of engineering, 
the ideas which collectively provide the thread of 
development, and which have come to many different 
persons in various countries, have, in their translation 
into practice made demands on the techniques of 
various branches of engineering. The future pace, 
certainty, and effectiveness with which Wevelopment 
will proceed will depend on the continuance and im- 
provement of this co-operation. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ LIMATULA.”—Single-screw oil tanker, built by 
Messrs. Smith’s Dock Company, Limited, South Bank- 
on-Tees, for the Anglo-Saxon Petroleum Company, 
Limited, London, E.C.3. Main dimensions: 425 ft. 
between perpendiculars by 54 ft. 3 in. by 31 ft.; dead- 
weight capacity, 9,445 tons on a draught of 25 ft. 74 in. 
Werkspoor six-cylinder single-acting four-stroke Diesel 
engine, to develop 2,700 b.h.p. at 120 r.p.m., constructed 
by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Newcastle-upon-Tyne. Service speed, 12 knots. 
Trial trip, November 28 and 29. 


S.S. ‘* SINGAPORE.”—Single-screw cargo vessel, to 
carry twelve passengers, built and engined by Messrs. 
John Brown and Company, Limited, Clydebank, for the 
Peninsular and Oriental Steam Navigation Company, 
London, E.C.3. Fifth of the company’s “S ”’ class of 
cargo liners. Main dimensions: 525 ft. by 70 ft. by 
43 ft.; deadweight capacity, 10,750 tons on a draught 
of 29 ft. 6 in.; gross tonnage, about 9,000. Geared 
steam turbines to develop 13,000 s.h.p. Service speed, 
about 18 knots. Launch, November 30. 


M.S. “‘ CALLISTO.”—Single-screw cargo vessel, built by 
Messrs. Short Brothers, Limited, Sunderland, for Messrs. 
Hudig & Veder N.V., Rotterdam. Main dimensions: 
435 ft. between perpendiculars by 58 ft. 9 in. by 38 ft. 
to upper deck ; deadweight capecity, about 10,250 tons 
on a draught of 25 ft. 9in. N.E.M.-Doxford four-cylinder 
opposed-piston oil engine to develop 3,300 b.h.p., con- 
structed by the North Eastern Marine Engineering 


Company (1938), Limited, Wallsend-on-Tyne. Launch, 
December 8. 
M.S. “ BRITISH BIRCH.”—Single-screw oil tanker, 


built by Sir James Laing and Sons, Limited, Sunderland, 
for the British Tanker Company, Limited, London, 
E.C.2. First vessel of an order for two. Main dimen- 
sions: 464 ft. between perpendiculars by 61 ft. 9 in. 
by 34 ft.; deadweight capacity, 12,250 tons on a draught 
of 27 ft. Four-cylinder opposed-piston oil engine, to 
develop 3,100 b.h.p. at 105 r.p.m., constructed by 
Messrs. William Doxford and Sons, Limited, Sunderland. 
Service speed, 114 knots. Launch, December 11. 


S.S.  ‘* GENERAL PUEYRREDON.”’—Single-screw oil 
tanker, built by Messrs. Cammell Laird and Company. 
Limited, Birkenhead, for the Yacimientos Petroliferos 
Fiscales, Buenos Aires, Argentina. Second vessel of an 
order for four. Main dimensions: 565 ft. 9 in. overall 
by 71 ft. by 39 ft.; deadweight capacity, about 18,000 
tons on a summer draught of 31 ft. Two-cylinder tur- 
bines with double-reduction gearing and two Babcock 
and Wilcox oil-fired boilers, to develop 6,000 s.h.p. 
Launch, December 12. 


M.S. “‘ Kine Crry.’’—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Sir William Reardon Smith 
and Sons, Limited, Cardiff. Second vessel of an order 
for two. Main dimensions: 436 ft. 2 in. overall by 
55 ft. by 28 ft. 4 in.; deadweight capacity, 8.820 tons 
on a draught of 25 ft. 24 in. Doxford four-cylinder 
opposed-piston oil e:.gine to develop 3,000 b.h.p. at 
100 r.p.m., and a speed of 12 kiots in service. Trial 
trip, December 18. 





THE CONTROL OF 
HYDRO-ELECTRIC PLANT.* 


_By A. C. H. Frost and W. BrirTLepank. 


As most of the world’s hydro-electric plants have 
been designed as isolated schemes, numerous methods 
of control have been evolved for starting and stopping 
the machines. These range from those in which all the 
operations are performed manually by mechanical de- 
vices, to those which are fully automatic. In the latter, 
the closure of one electrical circuit results in the starting 
up, synchronising and loading of the set, while the 
closure of another circuit reduces the load, switches 
off and shuts down the machine. Manual (mechanica!) 
control, though formerly universal and cheapest, is 
now less common. It is a relatively simple, though 
expensive, matter to fit solenoids to the servo-motor 
pilot valves and to motorise the sluice valves, so as to 
permit centralised push-button control, preferably 
from a gauge panel in the turbine room. Where 
stations on isolated systems are left for long periods 
without attention, it is essential to provide compre- 
hensive alarms of plant irregularities or overloading. 

A variety of methods can be employed for starting 
or stopping turbines, either semi- or fully automatically. 
These range from the sequential system, in which the 
various mechanisms and auxiliaries are put into opera- 
tion one after the other as each previous operation is 
completed, to a scheme employing a moving controller, 
which sets independent operations in motion as it 
passes through successive positions. The most desir- 
able scheme, however, is that known as the sequential- 
parallel system, in which simplicity of electrical 
equipment and circuits is combined with minimum 
starting time. In this system, a starting impulse 
energises a master-control relay which starts the stand- 
by lubricating and governor-oil pumps and at the same 
time initiates the opening of the main inlet valve and 
starts a relay for the “ excessive-starting-time ” 
alarm. The slowest operations involved in starting 
the machine are thus arranged to run in parallel, so as 
to minimise the starting time. When the first stage 
has been proved complete, by pressure switches and 
flow relays on the oil systems and limit switches on the 
main inlet valve, the guide vanes are opened. The 
essential auxiliaries commence running as the machine 
gathers speed and the stand-by pumps are automatic- 
ally shut down. During the final stage, the fact that 
the normal auxiliaries are working is proved, after 
which the “ final-stage signal ” relay is energised and 
the excessive “‘starting-time”’ relay de-energised. 
Failure at any part of the sequence results in a “‘ failure 
to start ” signal being given, so that the master-control 
relay is de-energised and the plant shut down. 

The “ final-stage signal” relay brings in the auto- 
matic synchronising equipment or gives a “‘ ready to 
synchronise’? signal. On receipt of a ‘“‘ shut-down ” 
impulse, the master-control relay is tripped, thus 
energising the closing circuits of the guide vanes (or 
nozzles) and the main inlet valve. As the generator 
voltage falls, the normal auxiliary pumps stop and the 
stand-by pumps commence to operate. Brakes are 
applied to the main shaft when the speed falls below 
50 per cent. of the normal and are released after the 
turbine has come to rest by a “‘ time-delay stopping ” 
relay, which also shuts down the stand-by pumps. 
With any system of automatic control it is desirable 
to provide automatic starting and stopping facilities 
at the machine itself. Manual push-button control 
should also be fitted in case the automatic gear fails. 

To safeguard the starting and normal running of the 
plant to the maximum extent without undue complica- 
tion, interlocks should be provided in manually- 
controlled stations to prevent the inlet valve opening 
before the guide vanes or nozzles are fully closed ; and 
to ensure that the brakes are released and the jacks 
lowered before the guide vanes or nozzles are opened. 
In semi-automatic and fully-automatic stations it is 
necessary to interlock the operation of the “‘ final-stage 
signal ” relay with the normal running of the lubricating- 
oil, governor-oil and cooling-water pumps, so that 
before the turbine is loaded the fact that all the 
auxiliary services are available can be checked. 

The great advantage of hydro-electric over steam 
machines lies in the greater rapidity with which they 
can be started and loaded. Synchronising, however, 
provides a wide variation of treatment. Multi-pole 
machines require less critical synchronising and in 
many cases abroad the field switch is merely closed 
after the main circuit breaker. Some of the newest 
Continental stations employ automatic synchronising, 
even at attended stations, presumably fearing costly 
damage from human errors. This tendency is to be 
deprecated, unless very rapid starting is the prime 
consideration, as operators should be kept in practice 
for emergency manual synchronising. Manual control 








* Paper read before the Supply Section of the Iistitu- 
tion of Electrical Engineers on Thursday, December 7, 
1950. Abridged. 
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is often transferred from the turbine panel to the 
switchboard in mid-European stations, where there is 
pictorial representation of the hydraulic conditions, 
but this elaboration is unnecessary since safe and rapid 
operation is attainable by semi-automatic control gear 
and the switchboard staff does not need intermediate 
indications, 

Where topography favours the development of a 
tiver system in several steps, the resulting chain of 
stations forms an interdependent group for storage and 
generation purposes. The group output is then often | 
collected at one major high-voltage substation, where | 
the load on each machine is indicated and the group | 
and station total loads recorded. A mimic diagram | 
showing all the switches and machines, preferably with 
automatic indication, is essential; and all feeders 
should have ammeters for thermal supervision. For 
isolated systems it is essential, and for satellite groups 
desirable, to have accurate frequency indication and 
recording with facilities for time-error display. Reser- 
voir levels (and tail-race levels when these are subject 
to large fluctuation) should also be recorded as well 
43 indicated. Telephonic communication should be 
established between the group centre and each power 
Station and the caretaker’s and water bailiff’s cottages. 
The employment of buried pilot lines for this purpose 
should be seriously considered and the circuits should 
be physical pairs, separate from all control wires. 
Power-line carrier systems, however, provide as good 
or better quality, with comparable reliability and 
many more channels than pilot lines. 

The manual (mechanical) system of control is quite 
adequate for modern plant if the operating staff is 
sufficient in number and ability. It is, however, 
Testrictive if the subsequent installation of remote 
control is contemplated. Manual (push-button) con- 
‘tol, though technically attractive, is costly and can 
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only be fully justified when future conversion to auto- 
matic control is intended, or when skilled mechanical 
staff can be dispensed with. When starting time is 
important, the human element renders fully automatic 
control the most rapid method with semi-automatic 
control a close second. Manual (push-button) starting 
is quicker than manual (mechanical) control, on account 
of control centralisation. Local attendance for the 
switchboard is largely a question of transmission or 
distribution conditions. When it is required, however, 
consideration should be given to the local semi-auto- 
matic control of associated generating plant to minimise 
the number of staff on each shift. For remote control, 
unless high-speed loading is demanded, manual syn- 
chronising and semi-automatic control are adequate. 
Synchronising is, however, difficult over long pilot 
wires and is not at present practicable over carrier 
channels. To overcome these limitations, fully auto- 
matic control with remote manual loading may be 
necessary. 

There is a strong case for providing semi-automatic 
starting equipment even at attended stations. Where 
hydro-electric power is used mainly to meet the 
peak load, rapidity of starting and loading is essential 
and automatic control is the most favourable. The 
maximum flexibility is therefore desirable. All the 
factors discussed in the paper tend to favour semi- 
automatic control whether the power station is attended 
or not. Such a solution facilitates standardisation. 
Indeed, the authors are convinced that a standard 
design of control system can be achieved for almost 
any make and type of turbine. Moreover, the form 
of each equipment can readily be such as to enable 
automatic synchronising to be added. Twelve years’ 
experience with semi-automatic control gear on the 
Galloway seheme has shown it to be an outstanding 
success. 
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APPARATUS FOR ACCELERATED 
WEATHERING TESTS. 


ADVANCE information concerning the probable dura- 
bility of their products under a variety of weather 
conditions is invaluable to manufacturers of paints, 
plastics, fabrics, rope, cable, etc., and it is with the 
object of providing such information speedily that 
Messrs. J. B. Marr and Company, Limited, Beacon 
Lodge, Strawberry Vale, Twickenham, Middlesex, 
have designed their accelerated weathering equipment, 
| Shown in the accompanying illustration. The appa- 
| ratus was originally produced for the Paint Research 
Station at Teddington, of which some particulars will 

be found on page 356 of our 164th volume (1947). 
| Three machines have been installed at this Station for 
| testing paint coatings. The machine consists of a 
drum, 4 ft. in diameter and 1 ft. 6 in. deep, rotating 
|about a vertical axis and containing a removable 
| three-tier rack capable of holding 120 specimen panels, 
each measuring 6 in. by 3 in. The drum and its 
| cover and the panel racks are made either from No. 16- 
gauge hot-galvanised steel or from Staybrite stainless 
steel. The drum is rotated on ball bearings at a 
speed of 2 or 3 revolutions per hour by a motor and 
oil-immersed worm gears contained in the fabricated 
steel base of the apparatus, the primary drive being 
by “V-belt and stepped pulleys. A freewheel 
mechanism allows the drum to be spun round quickly, 
thus enabling the operator to examine or change any 
particular specimen. 

An adjustable triple-head spray unit, to simulate 
rain or for projecting corrosive liquids on to the 
specimens, is suspended centrally in the drum from 
the overhead gantry seen in the illustration. Needle 
regulating valves are fitted in the air and liquid-supply 
pipes and the sprays are controlled by electric valves 
operated by time switches which are adjustable to 
any pre-arranged sequence. The sprayed liquids drain 
away through the hollow drum spindle. Two 900-watt 
direct-current self-adjusting carbon-arc lamps are 
suspended in the drum eccentrically, so that the 
sequence and intensity of the light can be varied during 
the rotation of the drum. The cover of the drum 
and the arc lamps are suspended from the gantry 
and are raised and lowered by the self-sustaining 
winches shown. The instruments and electrical equip- 
ment are mounted on the black Bakelite panel seen 
on the right in the illustration. They comprise a main 
isolating switch-fuse ; switches and fuses for the drum 
motor, arc lamps, and spray-controlling apparatus ; 
arc-lamp regulators and ammeters ; electrically-driven 
time switches for the arcs and the spray; manual 
switches to cut out the time switches, and electrically- 
driven direct-reading time meters for providing con- 
tinuous records of the duration of exposure of the 
specimens to the sprays and the light. 











BRITISH AIRCRAFT INDUSTRY EXPoRTS.—The Society 
of British Aircraft Constructors have announced that ex- 
ports by the British aircraft industry have increased from 
14-51. million in 1946 to 351. million in 1950 ; the exports 
are mainly service aircraft for the British Commonwealth, 
Western Union, and other allied countries. In addition. 
11 foreign countries hold a total of 24 licences to manu- 
facture British aircraft and engines. 





ROAD AND RAIL TRANSPORT IN EAST ANGLIA.—A 
combined commercial organisation for road and rail 
services is to be established in East Anglia by the 
British Transport Commission to cover most of Norfolk, 
Suffolk and the part of Essex outside the London area. 
Mr. G. G. Goodings has been appointed area freight super- 
intendent. The administrative headquarters will be in 
Norwich, with subsidiary offices in Ipswich and Col- 
chester. Rate quotations and arrangements for con- 
signments will still be made through the local stations of 
British Railways and the depots of British Road Services. 





‘* FESTIVAL OF BRITAIN ” VISITS TO FACTORIES.— British 
manufacturers who are willing to receive visitors at their 
factories during the Festival of Britain this summer, 
are invited to send particulars to the Council of Indus- 
trial Design. The Council will compile a list of such 
firms and arrange for it to be available at all indus- 
trial information bureaux in the official Festival exhibi- 
tions. The list will be issued to visitors on presentation 
of a trade or business card. Manufacturers who would 
like their names to appear on the list should write to 
Mr. S. D. Cooke, Council of Industrial Design, Tilbury 
House, Petty France, London, 8.W.1 (Telephone : 
ViCtoria 8484), enclosing, in addition to the name and 
address of the factory, some particulars of the goods 
they make, the approximate number of employees or 
other indication of size, the most convenient days and 
hours for receiving visitors and the person to whom 
visitors should apply in advance. Details of languages 





spoken by staff available as conductors will be welcome. 
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TESTING MACHINE FOR COMBINED 
TENSION AND TORSION.* 


By H. V. Potuarp, A.M.I.Mech.E., and H. J. TapsELL: 
A.C.G.I., M.I.Mech.E. 


Srnce 1940, continuous investigations of the high- 
temperature creep behaviour of various materials 
under combinations of tension and torsion stresses 
have been made at the National Physical Laboratory 
to determine the laws governing time-dependent plastic 
flow (creep) under complex stress systems. The 
associated problem of the plastic flow of the materials 
at high temperatures under time-independent conditions 
(the normal rate of stressing in tensile and torsion testing) 
has been under consideration, and a machine has 
been constructed for the purpose of studying the 
problem. It is illustrated diagrammatically in Figs. 1 
and 2 and by the photograph reproduced in Fig. 3, and 
has a capacity of 2,400 lb. in tension and 1,200 Ib.-in. 
in torsion. It can be used for carrying out tests on 
specimens under tension, torsion, tension with any 
fixed static torsion, torsion with any fixed static tension, 
or combined tension and torsion, with the ratio of 
tensile load to twisting moment remaining constant 
throughout the test at any desired value from 0-2 to 10. 

The specimen (in Fig. 1) for the combined-stress 
work is in the form of a thin-walled tube over the effec- 
tive test section. It is held between two adaptors, the 
upper one being connected to a universal joint a, 
permitting self-alignment on the vertical axis but pre- 
venting rotation in the horizontal plane. The lower 
adaptor is part of a specially designed tension-torsion 
extensometer,{ e, the lewer end of which terminates 
in a second universal joint, b, also permitting axial 
alignment, but in this case containing a thrust bearing 
and being free to rotate in the horizontal plane. The 
required twisting moment is applied to pulleys on 
the universal joint b by means of two pairs of flexible 
cables, connected to a common yoke which is operated 
by a ram in the torsion cylinder c, receiving oil pressure 





* Communication from the National Physical Labora- 
tory. Abridged. ’ 

t ENGINEERING, vol. 150, page 24, etc. (1940). 

¢ Ibid., and Aircraft Engineering vol. xxi, page 4 
(1949). 
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from a motor-driven pump. A second motor-driven 
pump supplies oil pressure to the ram in the tension 
cylinder d, thus applying load to the specimen through 
the rods r and the platform p. 

All the moving parts connected to the upper end of 
the specimen are balanced, thus relieving the specimen 
of any initial or unwanted axial stresses. The balance 
weights w are accommodated in the four hollow vertical 
columns of the machine. An important feature is 
that the applied loads are entirely “ floating,” the 
specimen being free to develop axial or torsional strain 
without affecting the applied loads. An electric furnace 
fis provided for the high-temperature tests. The load 
controls (Fig. 2) consist of an ‘‘ On-Off”? valve (not 
shown), a multi-way valve m and three levers which 
control the varying load, the fixed static load and the 
constant tension/torsion ratio, respectively. Oil-circuit 
diagrams are shown in Figs. 4, 5 and 6, opposite. In 
these diagrams, the tension and torsion pumps are 
lettered T, and §,, respectively, and the corresponding 
rams T, and 8,; g, A, ¢ and j are the four valves, as in 
Fig. 2; mis the multi-way valve, with its connections 
numbered ; and z indicates the return pipes to the 
sump. 

For tests in tension only, or tension at a fixed value 
of torsion (Fig. 4), the tension pump pumps oil 
through the varying-load control valve g to the tension 
cylinder. The torsion pump pumps oil through the 
static-load control valve h to the torsion cylinder. 
The jockey weight on the static-load control is set at 
zero or at any required value of static torsion. Moving 
the jockey weight along the lever of the varying-load 
control varies the tensile load. For tests in torsion 
only, or torsion at a fixed value of tension (Fig. 5), 
the procedure is as for tensile tests, but with the 
connections between the cylinders and the load-control 
valves reversed by means of the multi-way valve. 

With tension and torsion increasing at a constant 
predetermined ratio (Fig. 6), the fulcrum x of the 
constant-ratio control lever is set to give the required 
ratio of tensile load to twisting moment. The tension 
valve i being connected to the tension cylinder and the 
varying-load control valve g, the pressures in g and 





# are always equal. The pressure in the torsion 
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valve j varies proportionally with that in the tension 
valve i, the ratio depending on the position of the 
fulcrum x. The valve j is connected to the torsion 
ram. The pressures in the tension and torsion cylin- 
ders are therefore maintained at a constant ratio 
while increasing the tensile and torsional stresses in the 
specimen by means of the varying-load control. The 
fulcrum 2 is a ball bearing; all other pivot points are 
hardened-steel knife edges and seatings. Provision has 
been made to balance the constant-ratio lever at all 
positions of the fulcrum 2. 

The pumps are of the double-helical gear type, 
providing oil pressures free from pulsations. The 
maximum working pressures are 60 lb. per square inch. 
Release valves have been incorporated to prevent 
over-running of the rams. To increase the accuracy 
of the machine over a wide range of stresses, when 
testing materials in the lower range, an alternative pair 
of jockey weights is used, weighing a quarter of the 
weight of the heavier ones. 

The behaviour of the machine has been checked and 
proved satisfactory by carrying out tests on a spring- 
steel specimen in tension and torsion and comparing 
the results with those of a material of which the moduli 
of elasticity and rigidity were known. A close agree- 
ment was found. The specimen used was in the form 
of a thin-walled tube having an outside diameter of 
0-581 in. and a bore of 0-501 in. Curves illustrating 
this check are shown in Fig. 7, opposite. Curve 4 
shows the results of a tensile test, from which a value 
of 30-3 by 10 lb. per square inch is obtained for E. 
The average value obtained from several tests on this 
material in another testing machine was 30-4 by 10* lb. 
per square inch. 

Curve 6 shows the results of the torsion test. The 
value of N from this is 11-6 by 10* Ib. per square inch, 
compared with an average of 11-9 by 106 Ib. per square 
inch obtained in another testing machine on this 
material. The curves c, and c, show the results ob- 
tained during a combined-stress test in which the ratio 
of tensile stress to torsional stress was maintain 
constant at 1-0. All four curves show satisfactory 
linearity in the relationship between the scale readings, 
the load and the torque. 
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ANNUALS AND REFERENCE BOOKS. 


Whitaker’s Almanack, 1951.—In more than one 
respect, the 1951 edition of Whitaker is particularly 
noteworthy. In the first place, it is the largest issue 
yet published—there are 1,156 pages in the complete 
edition ; and, in the second, it is the first since before 
the war to appear on the traditional publishing date 
of December 15—a most creditable performance, 
bearing in mind the various upheavals of the past 
year and the great amount of resetting that is now 
involved in keeping such a compendium up to date. 
It is significant that the largest single increase in the 
pages devoted to a particular section, since Whitaker 
first appeared in 1869, is in the space occupied by 
Government departments and other public offices ; 
ten pages then, but 92 pages now. Among features 
which war-time exigencies had crowded out, but which 
are now restored, are the lists of the professors in the 
Universities of Oxford and Cambridge, and the section 
on Customs and Excise duties, stamps and taxes ; 
and—of especial interest in this Festival year—sections 
on London and its buildings, with some notes on the 
damage sustained during the war. Reference should 
be made, too, to the brief memorial, above the ‘‘ Preface 
to the 83rd Annual Volume,” to the late Sir Cuthbert 
Wilfrid Whitaker, F.S.A., who was the editor of 
Whitaker for 55 of those 83 years. The Almanack is 
published by J. Whitaker and Sons, Limited, 13, 
Bedford-square, London, W.C.2, at 12s. 6d. net for 
the complete edition, bound in red and green cloth, 
or 78. 6d. net for the shorter edition, in an orange paper 
cover. The library edition, containing the full text with 
the addition of 13 maps in colour, and bound in leather, 
will be on sale in the course of January at 25s. net. 


Overseas Economic Surveys : Sweden.—The value of 
United Kingdom exports to Sweden increased more 
than threefold between 1938 and 1948; and, in the 
latter year (the latest for which the figures are given 
in this official survey by the Commercial Relations and 
Exports Department of the Board of Trade), Sweden 
bought more heavily from the United Kingdom than 
from any other country, the United States coming 
second. Britain was also the largest purchaser of 
Swedish products in 1948, and British economy con- 
tinues to depend to a great extent on Swedish iron ore, 
and Swedish timber and paper pulp, to mention only 
three important items. There are, however, many 
lesser-known fields in which the potential demand in 
Sweden for British-made goods is not yet satisfied, and 
manufacturers who contemplate the possibility of 
initiating or developing trade there will find a great 
deal of valuable information in this report ; it is one 
of a series, all produced since 1947 and now numbering 
nearly 30. The report on Sweden is priced at 3s. 6d. 
net, and can be obtained through any bookseller or 
directly from H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. 
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BRITISH STANDARD 
SPECIFICATIONS. 


THE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Steels for Chemical and Petroleum Industries.—A 
new publication containing, in one cover, a series of 
specifications for steels (B.S. Nos. 1501 to 1506) has 
been prepared as part of a comprehensive scheme for 
codes for pressure vessels designed for use in the 
chemical, petroleum and allied engineering industries. 
Each specification is further divided into a number of 
sub-sections which are, in effect, separate specifications. 
Thus B.S. No. 1501, covering carbon and alloy-steel 
plates, bars and sections, contains 11 of these speci- 
fication items, each dealing with a particular type of 
plates, sections and bars, and given a distinguishing 
number attached to the 1501. B.S. No. 1502 is 
omitted as it is in course of preparation. B.S. No. 1503 
covers carbon and alloy-steel forgings and contains 
11 specification items, while B.S. No. 1504 covers 
carbon and alloy steel castings and contains 12 speci- 
fication items. Like B.S. No. 1502, B.S. No. 1505 is 
omitted as it is still in course of preparation. B.S. 
No. 1506 covers carbon and alloy-steel bars for bolting 
material and contains 16 specification items. The 
present series of steels forms a complement to B.S. 
No. 1500, which relates to fusion-welded pressure 
vessels, and provides a range of materials for use in 
the construction of vessels to that code. Having in 
mind the comprehensive character of the present 
series and the possibility that further steels may be 
added from time to time, it was felt that some 
rational system of numbering should be adopted by 
means of which an indication could be provided of 
the type of steel, irrespective of the form. An appendix 
explains in detail the system which has been adopted 
and indicates the basis on which it has been built. 
[Price 12s. 6d., postage included.] 


Code on Ventilation.—The Council for Codes of 
Practice for Buildings, Construction and Engineering 
Services, operating under the egis of the Ministry of 
Works, has issued, in final form, a further chapter, 
C.P. No. 3: Chapter 1 (C) of the Code of Functional 
Requirements of Buildings. The chapter is entitled 
** Ventilation” and deals with requirements for the 
ventilation of buildings for human occupancy in relation 
to the rate of fresh-air supply, air movement, tem- 
perature of incoming air, humidity and purity of air. 
Recommended minimum rates of fresh-air supply are 
given for factories, hospitals, houses and flats, offices and 
places of general — assembly. Appendices furnish 
information on the general principles of natural and 





mechanical ventilation and the factors governing the 
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postage included. ] 


Housings for Hydraulic Seals.—The preparation of 
a new specification covering the dimensions of the 
housings for hydraulic seals has been undertaken at 
the request of the Inter-Services Engineering Stan- 
dards Co-ordinating Committee of the Ministry of 
Defence. The specification, B.S. No. 1658, has now 
been issued and deals with the basic dimensions for 
the standardisation of housings intended to accommo- 
date hydraulic seals for use with reciprocating shafts 
where the friction caused by the seal is not of major 
importance and the working pressures do not exceed 
5,000 Ib. per square inch. It does not apply to seals for 
use in aircraft, but concerns both long and short hous- 
ings of the gland-box and piston-head types in the 
range of sizes from ? in. to 20 in. in inner diameter and 
? in. to 21-5 in. in outer diameter. [Price 2s., postage 
included. } 


Draughtsmen’s Drawing Pins.—A new specification, 
B.S. No. 1677, covering draughtsmen’s drawing pins, 
has been prepared in collaboration with the Drawing 
Office Material Manufacturers’ and Dealers’ Associa- 
tion, as one of a series of specifications relating to 
drawing-office equipment and materials. The publica- 
tion concerns drawing pins made specially for use in 
the drawing office. There are two main types, one 
with the pin screwed into the head and the other with 
the pin gripped firmly in the head by the action of a 
press. Materials, dimensions, general requirements, 
and finish are specified, and the two types produced, 
the one with a domed head and the other with a 
bevelled head, are illustrated. [Price 1s., postage 
included. } 





SCHOLARSHIPS IN NAVAL ARCHITECTURE AND MARINE 
ENGINEERING.—Among the scholarships in naval archi- 
tecture to be offered for competition this year are the 
Trewent, worth 1751. per annum, the Vickers-Armstrongs, 
valued at 2201. per annum, and the Denny, worth 1751. 
per annum. All are tenable for three or four years 
according to the length of the course at the university 
selected. The age limit for the Trewent scholarship is 
19 and that for the Vickers-Armstrongs 23, and both are 
open to British apprentices or pupils in private shipyards. 
The age limit for the Denny scholarship is 19 and it is 
open to British subjects who have not yet begun their 
apprenticeship. A Denny scholarship in marine engi- 
neering, also worth 1751. per annum, is offered under the 
same conditions as the Denny scholarship in naval 
architecture. Detailed particulars regarding any of the 
above scholarships are obtainable from the secretary, 
Institution of Naval Architects, 10, Upper Belgrave- 
street, London, S.W.1. Intending candidates should 
note that entries for all the above scholarships close 
on May 31. 
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NOTES ON NEW BOOKS. 
The Physics of High Pressure. 


By Dr. P. W. BRIDGMAN. New impression with 
supplement. G. Bell and Sons, Limited, York House, 
Portugal-street, London, W.C.2. [Price 35s. net.] 


WITH this new impression, Professor Bridgman’s well- 
known volume on the physics of high pressure, which 
has been out of print for several years, makes a welcome 
reappearance. The book was first published in 1931 
and contained a fairly complete account of the state 
of knowledge of the high-pressure field at that time. 
In the past 20 years, however, a great deal more has 
been discovered, and it is unfortunate, therefore, that 
the account of the work of this period has been con- 
densed into an appendix of some 40 pages, practically 
all of which is given over to a report of the author’s 
own work. However, a list of papers by the author 
is appended and reference is made to a previous biblio- 
graphy published by him in 1946 which was fairly 
complete at that time. The reader who wants further 
information, therefore, should be at no loss to find it. 
In the more recent work, the range of pressures has 
been extended—an extension made possible by 
improvements in materials and experimental tech- 
niques. The chief limitation on the accuracy of the 
measurements, in many instances, is not the ultimate 
strength of the material of the apparatus, but its rate 
of plastic flow under high stress, It is interesting to 
read of the development of equipment capable of 
producing a compressive stress of 425,000 kg. per 
square centimetre (2,700 tons per square inch), and 
that, even at this pressure, it has not been found 
possible to convert graphite into diamond at room 
temperature. The new impression of the book has 
been made by a photographic process, but an oppor- 
tunity has been taken to correct minor misprints and 
to replace seven pages, which were in error, with new 
material. 


Scottish Railways. 


By O. S. Nock, B.Sc., A.M.I.C.E., M.I.Mech.E. 
Thomas Nelson and Sons, Limited. Parkside Works, 
Edinburgh 9. [Price 18s. net.] 

THERE is a strong though somewhat undefinable 
fascination about Scottish Railways, a fascination that 
has grown since the early pioneering days, and which 
neither grouping nor nationalisation has done anything 
to reduce.” This opening sentence from Mr. Nock’s 
preface sets the general tone of his book. On the same 
page, he admits that ‘‘ the fascination is stimulated 
by the Scottish environment ”’ (which is certainly an 
understatement) and disarms possible lay criticism 
by a semi-apologetic confession that ‘‘ as an engineer 
myself, I have perhaps dwelt unduly upon engineering 
matters.” Five of the eleven chapters deal directly 
with engineering subjects (three of them with loco- 
motives) and there are numerous technical comments 
and asides throughout the book, but it can be read with 
pleasure, we should suppose, by anyone who takes an 
intelligent interest in railways or in Scotland. It is 
to be commended especially to those who have travelled 
by rail in that country—particularly to the north of 
the Clyde and the Forth—and who can draw on their 
own memories to supplement Mr. Nock’s easily-flowing 
text and liberal, but always careful, provision of his- 
torical and technical facts. The colour plates are not 
quite up to the same level, however; and there is no 
index. 





An Ultraviolet Multiplet Table. 
By CHARLOTTE E. Moore. United States National 
Bureau of Standards Circular No. 488, Section 1. The 
Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. [Price 
45 cents.] 
Tuts table is an extension of a previous one, known as 
the Revised Multiplet Table, which was issued in 1945 
by Princeton University Observatory, and the arrange- 
ment follows the same plan. The new table has been 
prepared primarily to assist astrophysicists who have 
found it both necessary and possible to extend their 
spectroscopic observations to include an examination 
of the ultraviolet spectrum of the sun. Normally, this 
region of the solar spectrum is obscured by ozone 
in the earth’s atmosphere, but, in recent times, the 
use of V, rockets as automatic recording platforms 
has enabled the spectroscopic horizon to be widened. 
By this means, the range of observation had been 
extended downwards by 1949 to a wavelength of 
approximately 2,300 A.” No attempt has been made 
to include all the multiplets involving lines of wave- 
length less than 3,000 in the new table, but the 
selection made has been approved by various scientific 
establishments in America including the Mount 
Wilson and Yerkes observatories, and it has been the 
aim of the author to include all the lines in the ultra- 
violet solar spectrum which are likely to be of import- 
ance, 


THERMOSTATIC EXPANSION 
VALVE. 


For large refrigerating plants, with capacities of 
up to 50 refrigerating tons, where the refrigerant used is 
Freon 12, and up to 100 tons with methyl chloride, a 
new thermostatic expansion valve of all-metal construc- 
tion, designated the Teddington Type TLX, has been 
developed by the British Thermostat Company, Limi- 
ted, Windmill-road, Sunbury-on-Thames, Middlesex. 
The valve, which is remotely connected to the tempera- 
ture-sensitive element, may be installed either inside 
or outside the refrigerated space, as convenient, and 
it may be applied to any multi-circuit evaporator, 
provided that all the circuits are equally loaded. 

The valve is shown in section in the accompanying 
figure. It consists of two main parts, the thermostatic 
element and the valve assembly a, and the valve 
body 6, which incorporates the refrigerant inlet and 
outlet ports. The interior of a bellows c is connected 
by capillary tubing d to the temperature-sensitive 
element—a liquid-filled phial which is located in the 
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suction line between the evaporator and the compressor. 
Any change in the temperature of the refrigerant here 
causes a change in the vapour pressure of the liquid 
within the phial, which is transmitted to the bellows c, 
causing them to expand or contract, and in so doing 
to open or close the valve e, the spindle f of which is 
held in contact with the bellows plate by a spring g. 
Thus liquid refrigerant from the receiver is allowed 
to enter the evaporator at the required rate to main- 
tain a constant difference of temperature between the 
outlet of the expansion valve and the point in the 
suction line where the temperature-sensitive element is 
installed. The temperature difference can be adjusted 
within a range of from 5 deg. to 15 deg. F., by means of 
a screw h, which alters the setting of the spring g. 
The valve body can be easily detached from the valve- 
assembly housing, to facilitate soldering the inlet and 
outlet couplings without damage to the valve assembly, 
and to enable the working parts of the valve to be 
inspected without breaking the line connections. 





ALMANACS AND CALENDARS.—We have received a 
daily tear-off wall calendar from Messrs. Richard Sutcliffe, 
Limited, Universal Works, Horbury, Wakefield, and a 
wall calendar from the United States Lines, 50, Pall Mall, 
London, S.W.1, which displays the twelve months of 
1951 on one sheet. Messrs. British Insulated Callender’s 
Cables, Limited, Erith, Kent, have sent us a three- 
monthly tear-off wall calendar which also shows at a 
glance the complete calendars for the years 1950, 1951 
and 1952. <A tear-off wall calendar of six sheets, each 
reproducing in colours paintings illustrating work 
performed on contracts recently undertaken by the 
company, has reached us from Messrs. John Laing and 
Son, Limited, Bunns-lane, London, N.W.7; as well as 
a desk calendar with movable monthly cards from 
Messrs. Stewarts and Lloyds, Limited, Brook House, 
Upper Brook-street, London, W.1. We have also 
received a monthly tear-off wall calendar from Messrs. 
Boulton Paul Aircraft, Limited, Wolverhampton : 
and a monthly tear-off desk calendar from Messrs. Fords 
Advertising, Limited, 151, Whiteladies-road, Bristol, 8. 
Weekly engagement pads have come to hand from 
Messrs. F. G. McNamara, Limited, 31, Henrietta-street, 
London, W.C.2, and Messrs. J. E. Raistrick, Limited, 
Reliance Works, Park Royal-road, London, N.W.10. 
Messrs. Raistrick have also sent us a monthly tear-off 





engagement pad. 





BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Building 
Research Station. National Building Studies. Technical 
Paper No. 9. Test Walls for Assessing Construction 
Times with New Building Blocks. By W. KINNIBURGH. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 9d. net.] 

Domestic Water Heating. By ROLAND GRIERSON. [Iliffe 
and Sons, Limited, Dorset House, Stamford-street, 
London, S.E.1. [Price 25s. net., postage 5d.] 

Der Kreisel. Seine Theorie und seine Anwendungen. 
By Proressor R. GRAMMEL. Volume II. Die 
Anwendungen des Kreisels. Springer-Verlag, Reich- 
pietschufer 20, Berlin W.35, Germany. [Price 30 D.M. 
in paper covers, 33 D.M. bound.] 

The International Mercantile Diary and Year Book, 1951. 

@ The Syren and Shipping, Limited, 26-28, Billiter- 
street, London, E.C.3. [Price 30s. net.] 

University of Michigan. Proceedings of the Thirty-Fifth 
Annual Highway Conference. Held at Grand Rapids, 
Michigan, March 14, 15, 16, 1950. University of 
Michigan, Ann Arbor, Michigan, U.S.A. ([Gratis.] 

Colonial Office. Appointments in His Majesty’s Colonial 
Service. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 2s. net.] 

Ministry of Transport. Railway Accidents. Report on 
the Derailment which Occurred on Sth June, 1950, 
near Tollerton in the North Eastern Region, British 
Railways. H.M. Stationery Office, Kingsway, London 
W.C.2. [Price 1s. 3d. net.] 

Horizontal Diesel Engines. By Dr. R. A. COLLACOTY. 
Temple Press, Limited, Bowling Green-lane, London, 
E.C.1. [Price 8s. 6d. net.] 

Konstruieren im Maschinen- und Gerdtebau. Volume I. 
Das Gestalten der Form. Edited by Dr.-Ine. H. 
RbéeNITz. B.G. Teubner-Verlag, Poststrasse 3, Leipzig 
C.1.,Germany. [Price 3-07 dols.] 

Kolbenmaschinen. By PROFESSOR ALFRED OPPITZ. Carl 
Winter, Universitaétsverlag, Lutherstrasse 59, Heidel- 
berg, Germany. [Price 11:10 D.M. in paper covers, 
12-90 D.M. bound.) 

Metall- und Legierungsregister. Compiled by Dr.-ING. 
WALTER KRAvUSKOPF. Carl Hanser-Verlag, Leonhard - 
Eck-Strasse 7, Munich 27, Germany. [Price 7:40 
D.M.]) 

Chimie Organique. III. Fonctions Complexes. By 
PROFESSOR A. KIRRMANN. Librairie Armand Colin, 
103, Boulevard Saint-Michel, Paris (5e), France. 
[Price 180 francs.] 

Melbourne and Metropolitan Tramways Board. Report 
and Statement of Accounts for the Year Ended 30th June, 
1950. Offices of the Board, 616-622, Little Collins- 
street, Melbourne, Victoria, Australia. 

The British Electrical and Allied Industries Research 
Association. Technical Report No. G/T 241. An 
Experimental Synchronous Contactor for Repeated 
Automatic Operation. By H. W. BaxTErR. [Price 3s.) 
No. G/T 244. Flameproof Electrical Apparatus. 
Flange Gap Protection and Container Pressure with a 
Fourth Series of Industrial Atmospheres. Compiled 
by A. P. Paton. [Price 7s. 6d.] No. L/T 222. <A 
Review and Discussion of Dielectric Constants of Ionic 
Crystals. By B. Szicgeti. [Price 4s. 6d.] No. O/T 5. 
Current-Carrying Capacity of Bare Stranded Conductors 
—Second Report. By E. E. HuTCHINGS and R. G. PARR. 
[Price 9s.] No. Z/T 80. The A.C. Argon Arc Process 
for Welding Aluminium. The Oscillographic Analysis 
of the Application of a Commercial High Frequency 
Spark Injector Unit. By Dr. L. H. Orton, J. C. 
NEEDHAM, and J. H. Cone. [Price 5s. net.] Offices 
of the Association, Thorncroft Manor, Dorking-road, 
Leatherhead, Surrey. 

Mechanical World Year Book, 1951. Emmott and 
Company, Limited, 31, King-street West, Manches- 
ter 3. [Price 3s. 6d. net.] 

Mémento d’Electrotechnique. By A. CurcHop. Second 
edition, revised by L. VELLARD. Volume IV. Appli- 
cations de VElectricité. Dunod, 92, Rue Bonaparte, 
Paris (6e), France. [Price 2,150 francs.] 

Handbuch der Holzkonservierung. Edited by PROFESSOR 
JOHANNES LigsE. Third revised edition. Springer- 
Verlag, Reichpietschufer 20, Berlin W.35, Germany. 
[Price 52-50 D.M.] 

The M.M. Year Book, 1951. The Machinery Market. 
Limited, 146a, Queen Victoria-street, London, E.C./. 
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CuTTING O1Ls.—A handbook entitled “‘ Cutting Oils ” 
has been published by the Shell Petroleum Company, 
Limited, St. Helen’s-court, Great St. Helen’s, London, 
E.C.3. Compressed into its 50-odd pages is a great 
deal of information on such matters as the cooling and 
lubricating action of cutting oils, neat cutting oils, 
soluble cutting oils and the testing, selection, use and 
handling of cutting oils. Useful advice on the pre- 
cautions to be taken against dermatitis and many inifor- 
mative line drawings and half-tone reproductions of 
photographs showing cutting operations are included. 
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GEARED DIESEL MACHINERY 
FOR TANKER ‘‘ ATLANTIC 
DUCHESS..”’’ 


THE use of geared Diesel engines for the propul- 
sion of various classes of merchant vessels is gaining 
in popularity. This is not surprising, as many 
advantages can reasonably be claimed for this 
means of propulsion, over the more usual directly- 
coupled engine. The initial cost of geared Diesel 
machinery, for example, usually is lower and there 
is a considerable reduction in space occupied by 
the engine room, which, in some cases, may be as 
high as 20 per cent. Engine overhauls and adjust- | 
ments are rendered easier aS the parts are much | 
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| Gray and Company, Limited, West Hartlepool, is, 
|therefore, of particular interest as this vessel is 
| believed to be the first tanker of any size to be 
| fitted with geared Diesel engines. The engines were 
constructed at the shipbuilders’ Central Marine 
Engine Works, and are coupled to a reduction 
gearbox designed and manufactured by Messrs. 
David Brown and Sons (Huddersfield), Limited, 
Park Gear Works, Huddersfield. Before describing 
the machinery in detail, however, some particulars 
may be given of the Atlantic Duchess. 

This vessel was launched on June 15, 1950, and 
completed her trials by the middle of November. 
She was built for one of the companies of Mr. 8S. G. 
Livanos, of London and New York, and has been 
designed to carry approximately 12,500 tons on 
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smaller and more convenient, therefore, to handle, 
and, should a major overhaul become necessary, it 
is quite feasible to remove an engine from the 
vessel and replace it with another kept for the 
purpose. This scheme would only apply, of course, 
in the case of a fleet fitted with the same make and 
type of engine ; for a single vessel it would obvi- 
ously prove uneconomical. The use of geared Diesel 
engines also gives greater reliability as, in an emer- 
gency, an engine can easily be disconnected from 
the gearbox and the necessary repairs carried out 
Without stopping the propeller, a great advantage 
in single-screw vessels. Furthermore, in a large 
installation of this type, some engines can be shut 
down when the ship is running light or in a partly- 
loaded condition, and the others operated at their | 
most efficient rating. The motor tanker Atlantic 
Duchess, recently completed by Messrs. William | 








on Test Bep. 


a mean draught of 28 ft. The principal dimensions 
are: length, 470 ft. between perpendiculars ; 
breadth, moulded, 62 ft. 6 in. ; and depth, moulded, 
35 ft. 6 in. The tank spaces are divided into 
27 compartments and the cargo is handled by two 
steam pumps manufactured by Messrs. J. P. Hall 
and Sons, Limited, London-road, Peterborough, 
the main pump room being situated amidships 
between Nos. 5 and 6 tanks. There is a further 
pump room forward and this accommodates a 
ballast pump and an oil-fuel pump. The captain’s 
and officers’ quarters are arranged in the bridge 
house and the officers’ smoking room is aft on the 
boat deck. The engineers’ accommodation, together 
with the dining saloon, is situated at the forward 
end of the poop deck, the galley and mess rooms at 
the after end of this deck, and the crew accommo- 
dation and recreation room are on the upper deck, 
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The propelling machinery consists of two Gray- 
Polar Diesel engines, manufactured under licence ; 
these are connected through a gearbox to a single 
propeller shaft, the gearbox incorporating hydraulic 
couplings on each engine input shaft. The engines 
operate at 250 r.p.m. and each develops 2,360 brake 
horse-power, the power available at the gearbox 
shaft coupling being 4,300 brake horse-power at 
110 r.p.m. of the propeller. Fig. 1, herewith, shows 
the two engines on the works test bed, and one of 
them is illustrated separately in Figs. 2 and 3, on 
page 62, where it is shown prepared for hoisting into 
the ship. A clearer idea as to the actual layout 
of the engine will be gained from the drawings 
reproduced in Figs. 4, 5, 6, 7 and 8, on Plate IV, 
Figs. 4 and 5 showing elevations at frame Nos. 
21 and 37, respectively, Fig. 6 an elevation of 
the engine and boiler rooms, Fig. 7 a plan of the 
boiler and generator flat, and Fig. 8 a plan of the 
engine room. The two engines are direct-reversing 
six-cylinder two-stroke cycle single-acting units 
having a bore and stroke of 500 mm. and 700 mm., 
respectively. The mean brake pressure is 5-23 kg. 
per square centimetre, or 74-4 lb. per square inch, 
and the fuel consumption is stated to be 0-353 lb. 
per brake horse-power per hour when using fuel 
having a calorific value of 19,000 B.Th.U. per 
pound. 

The engines are of the trunk-piston type and, 
although of compact design, are notably acces- 
sible, large doors being provided at the front and 
rear of the crankcase to give access to the main 
and big-end bearing and running gear. Each bed- 
plate is of cast iron and is fitted with cast-steel 
whitemetal-lined main bearings. A sump for the 
lubricating oil is attached to the bedplate and the 
lubricating-oil returns are led from each sump to 
drain tanks situated in the engine-room double 
bottom. Each bedplate is bolted to built-up seat- 
ings formed in the ship’s structure and incorporates 
a Michell-type thrust block. This is supplied with 
oil from the main lubrizating system; after 
passing through the bearing, the oil overflows into 
the sump. Journal bearings are provided at each 
side of the thrust bearing and the thrust shaft is 
bolted to the flywheel. A semi-built type of crank- 
shaft is employed ; this is machined from Siemens- 
Martin steel and is drilled as usual for lubrication, 

Iron castings are used for the entablatures and 
cylinder frames, the former being cast in pairs and 
the latter singly. They are bolted together through 
machined faces and the resulting assembly is held 
to the bedplate by means of through bolts, which 
relieve the castings from tensile stresses. The 
cylinder liners are cast from an iron alloy; these 
are in One piece and are water-cooled above the 
ports only, the remainder being cooled by the 
incoming scavenge air. Two sets of ports are cast 
in the liners, one set for the exhaust and the other 
for the scavenge air, valves of the spring-plate type 
being interposed between the scavenge trunk and 
corresponding ports to prevent the exhaust gases 
from mixing with the scavenge air. 

Cast-iron pistons are employed and each is bolted 
to a skirt of similar material ; this form of con- 
struction can be seen from Fig. 12, on page 74. 
Lubricating oil is used for cooling the piston crowns, 
the oil being led to each piston through suitable drill- 
ings in the connecting rod and gudgeon pin. The 
cylinder covers are separate iron castings and are 
made in two parts to facilitate cleaning of the water 
passages. In the covers are the fuel valves, air 
starting valves and relief valves; the fuel valves 
are of the simple needle type, the housings incor- 
porating fuel filters. Independent fuel pumps are 
provided for each cylinder; these are arranged 
along the front of the engines, and the camshaft is 
driven from the crankshaft through gearing. 
Fig. 13, on page 74, illustrates a typical cylinder- 
head. 

Scavenge air is supplied by two centrifugal 
blowers, one for ahead running and the other for 
astern running, an automatic change-over valve 
ensuring correct delivery of the air. The rotors 
for the scavenge blowers are illustrated in Fig. 11, 
on page 74; the two rotors are fitted to a common 
shaft. The blowers are arranged at the end of the 
engine remote from the flywheel and are driven by 
an extension shaft at the back of the engine ; this 











shaft, in turn, is driven through gearing from the 
crankshaft. A hydraulic coupling is incorporated in 
the transmission shaft and is supplied with oil from 
the relevant forced-lubrication system. Its purpose 
is to reduce the torsional-vibration stresses at the 
critical speeds; the parts forming one coupling 
are illustrated in Fig. 10, on page 74. Two plunger- 
type pumps, driven from an extension of the crank- 
shaft, are provided at the forward end of each engine, 
one circulating the fresh water in the cooling 
system through the cooler and the other the sea 
water. The same crankshaft extensions drive gear- 
type pumps for the engine lubrication systems. 
The engine controls are exceptionally easy to 
operate and are arranged so that those for the 
starboard engine also control the port engine, suit- 
able extension shafts joining the two systems 
together. Part of the control gear can be seen in 
Fig. 14, on page 74. The air starting valves in the 
cylinder covers are designed so that they cannot open 
if the pressure inside the cylinders is too high ; 
this is achieved by using compressed air as the 
operating medium instead of the more usual cam 
mechanism. 

The gearbox, as previously mentioned, was sup- 
plied by Messrs. David Brown and Sons (Hudders- 
field), Limited. This unit, which is illustrated in 
Fig. 9, on page 63, is of the horizontal type with a 
pinion disposed at each side of the main gearwheel, 
the centres of the wheel and pinions being in the 
same horizontal plane. The unit is designed to 
transmit continuously the power from the two 
Diesel engines ; these operate at 250 r.p.m., which 
is reduced to 110 r.p.m. at the propelier shaft. 
The engines are arranged side by side at 9 ft. 6 in. 
centres and each is coupled to its pinion shaft 
by a Vulcan hydraulic coupling in the gearbox. 
The unit is totally enclosed and is fitted with single 
helical gears, generated with profile-ground hobs. 
To keep the weight to a minimum, high grade 
materials have been used throughout. Both the 
gearwheel and pinions, for example, have rims of 
manganese-molybdenum steel; these are heat- 
treated and shrunk on, and are pegged to cast-iron 
centres which, in turn, are pressed and keyed to 
their respective shafts. Assembly of the rims, 
centres and shafts was completed before the teeth 
were cut, to ensure concentricity and all parts were 
balanced before being fitted in the gearbox. 

Journal loads are taken by forged-steel white- 
metal-lined bearings and the propeller thrust by a 
Michell thrust bearing incorporated in the gearbox 
at the after end of the wheel shaft. The Vulcan 
couplings are also supported by whitemetal-lined 
bearings, and Michell thrust blocks are provided 
to take the thrust from the couplings and pinions. 
The casing of the gearbox is a fabricated-steel 
structure and is divided along the horizontal plane 
of the shafts; the portions accommodating the 
gearing and couplings are also divided to facilitate 
machining and assembly. The lower portion is of 
box section and the top part is suitably divided 
to give easy access to the couplings, gears, bearings, 
ete. ; each section is adequately ribbed to minimise 
resonance, Cast-iron bearing caps are used and 
these are bolted and dowelled to the lower portion 
of the case, so that each bearing may be examined 
independently. 

Forced lubrication is employed throughout, the 
oil being supplied from an overhead tank and drawn 
from a sump, bolted to the bottom of the casing, by 
a pump, chain-driven from the propeller shaft. 
Each bearing is provided with an independent feed 
and the gearwheels are lubricated by jets of oil. A 
continuous supply of oil is led to the Vulcan coup- 
lings throvgi: the bore of the pins and the supply is 
regulated by contro: valves situated close to the 
manceuvring platform. The oil is cooled and filtered 
continuously, and a range of thermometers and 
pressure gauges is provided for indicating the state 
of the oil in the various circuits. 

The majority of the auxiliary machinery in 
the engine room is driven by steam ; compressed 
air for starting the main engines, for example, is 
supplied by two compressors, each driven by a 
20-h.p. vertical double-acting steam engine. Other 
steam-driven auxiliaries include two direct-current 
generators and a range of vertical duplex pumps for 
such duties as sea-water circulation, ballast pumping, 
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STARBOARD ENGINE REeaDy FOR PLACING ON BoArD. 


Figs. 2 AnD 3. 
general-service, and pumping the bilges. Steam for 
the engine-room auxiliaries and for the cargo 
pumps and heating coils, is supplied by two Scotch 
boilers arranged in a flat above the propeller 
shaft. 
designed to burn oil fuel under the Howden system 
of forced draught. Each boiler has a single-flow 
tubular air heater, and the air is supplied to both 
units by a single 48-in. double-inlet fan driven by 
two single-cylinder steam engines, one of which 


These have three furnaces each and are| 





Wm . a - . ° a 
acts as a stand-by. The feed water is heate d ee 
Spanner ‘“ Swirlyflo” waste-heat boiler connect 
into the exhaust system of the main engines. 





THE SHEFFIELD TWIST DRILL AND STEEL Company 5 
EXTENSIONS : ERRATUM.—In the reference, on page se 
ante, to the opening of the extension to the works of t : 
above company, in Summerfield-street, Sheffield, it bor 
stated inadvertently that their employees numbe 
11,000 ; the correct figure is 1,100. 


PLATE IV. 








ENGINEERING, January 19, 1981. 


wtb 



















































































AOyYUNgy sSOA,) 
jen Lo 














W270 Lvog 





dayqung 
AO eng 
i 
hy 
aay ung 
lo Pry 
dd ood ae a ae | 
pe yo apsals } 
PS Des purl ysog ? - 
wovpsafjo) 





yuUuvy : 
1M 








AIIA YIddIN 





athens MOI 
W390 dood @ 400g 





140d OL INIHOOT 


w«SSHHONdG OILNVILV,, 















































Hot TI 
yd uaddy p op 1s 









INIT ISVE JAOGV O OZ 


1V174 NO NW1d Lh&y 











- Gury espg 














s, 
y 
ry 











\'\'e 


y = 
wybnvag 
int , wy brT 
TT 
wybnvag 
pepooy 



































oe Eee 
4330 LvOg ~ 





— 






































( <> 144V ININOOT — 

| | IZ INVYA LV NOILIIS VPM 
dY¥WMYOs ONINOOT . 

LE INVA LW NOILDIS “SPY 


("19 abnpg aas ‘uoudisosaq 40.7) 


UHNNVL YO AYHNIHOVW ‘THSHIG GaHaVAD 


a 
ed 
ys 
14, 
the 
vas 
red 











To face page 62.) 





Th 








JAN. 19, 1951. 


ENGINEER 


- sich 





MACHINERY FOR M.V. 


“ ATLANTIC DUCHESS.” 


(For Description, see Opposite Page.) 





Fic. 9. Twry-Enarmve RepvuctTion GEARBOX. 


LITERATURE, 


The Identification of Molecular Spectra. 

By R. W. B. PEARSE, D.Sc., F.R.A.S., and A. G. 

JAYDON, D.Sc. Second edition. Chapman and Hall, 

Limited, 37, Essex-street, London, W.C.2. [Price 

50s. net.] 

TuEsE tables, designed to facilitate the identifica- 
tion of molecular spectra and first published in 
1941, have been enlarged in content and improved 
in presentation. For this second edition, the 
attempt has been made to cover new data up to 
1947 and to include, as far as possible, additional 
references as late as November, 1949. To keep the 
scope of the project within manageable proportions 
some selection of material was imperative. The 
authors’ aim has been to include all recorded 
systems of diatomic molecules, but to restrict 
entries under more complex molecules to such as 
exhibit a well-defined banded structure and are of 
frequent occurrence in spectroscopic investigations. 
Absorption spectra of complex organic molecules 
and of solutions have been omitted. Even within 
the limits prescribed, the existing data were found 
to be far from complete and, to fill the more obvious 
gaps, the authors made a number of new wave-length 
measurements, located some of the most prominent 
band heads, and estimated the corresponding 
intensities from such published photographs of 
spectra as were available. 

The wave-length region covered extends from 
10,000 A to 2,000 A—roughly, from the photo- 
graphic infra-red to the ultra-violet limit of the 
quartz spectrograph; though, in a few cases, 
where the origin of the system lies near the border 
line, one or two bands falling just outside this range 
have been included. The most rational scheme of 
tabulation might appear at first sight to consist of 
a jist of the various bands of the respective systems 
in order of wave length, and this method was, in 
fact, adopted at the outset. Experience showed, 
however, that it possessed a number of disadvan- 
tazes that could best be overcome by subdividing 
the data into two separate sections. It is found 
preferable in practice to identify the molecular 
contribution to a given spectrum system by 
system, rather than band by band. On the other 
hand, it is desirable to be able to make a provisional 
identification of an unknown system as expeditiously 








as possible. This preliminary survey is carried 
out with the aid of Table I, which lists, in order of 
wave length, a selection of the outstanding heads 
which are most conspicuous under various condi- 
tions of excitation for all band systems of frequent 
occurrence. The strongest band of the unknown 
system is compared with this list and a close agree- 
ment of wave length and direction of degradation 
will usually suggest that it is a member of a particu- 
lar system of a certain molecule. Further assistance 
is provided by the inclusion of eye estimates of 
intensity, based on a scale of 10, for the strongest 
band of the system under different conditions of 
excitation, indications respecting the appearance of 
the band, and the special conditions or sources 
favouring its production. 

Confirmation is then sought by reference to the 
individual list for that system contained in Section 
II and, if it is found, the process is continued with 
the strongest of the remaining unidentified ban Is. 
In this section, comprising just over 200 pages, the 
systems are arranged in alphabetical order of the 
chemical symbols of the molecules concerned. 
Where the spectrum is particularly important or 
complex, a few introductory remarks are given, 
with, in the case of the neutral nitrogen molecule, 
a diagram of the established electronic energy levels. 
Mention is generally made of the occurrence and 
appearance of the bands and the transitions respon- 
sible for them ; while, in the list of references, those 
containing useful photographs are indicated. The 
various band systems are dealt with separately in 
order of importance. 

Those inexperienced in the identification of 
molecular spectra will find the ten pages of ‘‘ Prac- 
tical Hints’ invaluable, as they cover points not 
usually dealt with in the general text-books. The 
quickest and surest way of identification being by 
direct comparison of photographs, four new plates 
have been added to render the representative 
selection of the more commonly encountered band 
systems more comprehensive. Of the twelve excel- 
lently reproduced plates, the first ten show positive 
enlargements of band spectra and the last two, 
negatives of comparison spectra furnished by iron, 
copper and quartz mercury arcs and the neon dis- 
charge tube. Finally, to facilitate the checking of 
the presence of atoms, a table of persistent atomic 
lines of the elements is given in the appendix. 





The wide experience of the authors is evident 
both in their wise selection and critical appraisal 
of material and in the care bestowed upon arrang- 
ing the wealth of data in the most conveniently 
accessible form. It is these qualities, above all, 
that make this book an indispensable laboratory 
companion, not only to the academic specialist but 
also to those engaged in such fields as astrophysics 
and chemical technology, where the investigation 
of molecular spectra is assuming an increasing 
importance. 


High-Speed Computing Devices. 

By C. B. TOMKINS, J. H. WAKELIN, and W. W. STIFLER. 

McGraw-Hill Book Company, Incorporated, 330, West 

42nd-street, New York 18, U.S.A. [Price 6.50 dols.] ; 

and McGraw-Hill Publishing Company, Limited, 

Aldwych House, Aldwych, London, W.C.2. [Price 

55s. 6d.) 

APPLIED mathematics comes down ultimately to 
numerical results, and the advanced student of any 
branch of it will do well to supplement his usual 
training with a working knowledge of the numerical 
side of mathematical analysis. In these days, this 
implies some knowledge of calculating machines, 
especially the formulation of computational pro- 
blems in ways related to the physical structure of 
those devices. It is hardly possible, however, to 
cover the whole field in a book of reasonable size, 
so, in Offices and laboratories devoted to this class 
of work, a number of sources of reference may be 
required subsequently. This book by Mr. Tomkins 
and his colleagues clearly indicates the numerous 
ramifications of the subject by the fact that it 
embodies the co-operative effort of a number of 
members of the staff of Engineering Research 
Associates, Incorporated, of Arlington, Virginia. 

The aim of the editor, Mr. Stifler, is to expound 
the mechanical devices and electrical circuits which 
can be incorporated into computing machines, in 
the course of 17 chapters which may be divided into 
three parts : the elements of machine computation ; 
computing systems; the physical components of 
such mechanisms, and their methods of operation. 
In the first of these parts, consisting of seven 
chapters, the editor starts with simple notions of 
counters as elementary components, and introduces 
the matter of functional design by way of a chapter 
on gates and switches. Thus the reader passes to 
the study of the related subject of arithmetical 
systems, and to the important one of numerical 
analysis. 

Physicists and electrical engineers also will find 
much of great interest in the second part of the 
book, in the detailed information given on the 
principal types, ranging from desk calculators and 
punched-card computing systems, to large digital 
computing machines, and analog computers. Poten- 
tial users, too, will no doubt be interested in what 
is said about the work of estimating the size and 
speed in given circumstances, as is perhaps best 
shown by the example investigated in detail in 
Chapter 12. The problem is to calculate, by means 
of a digital computer, the position of a target 
tracked by Raydist equipment, a radio navigation 
and tracking system operating on the measurement 
of the relative phase relationship between con- 
tinuous-wave signals received at different places. 
The chief difficulty here is that of performing the 
arithmetical operations fast enough; about 135 
multiplications are required for each estimate, so 
that, if one estimate is adequate and only one 
multiplier is employed, the multiplications must 
be completed in less than 700 microseconds. This 
particular application merits close study, since it 
exemplifies the general procedure of finding the 
machine requirements for various feasible mathe- 
matical approaches to a solution. 

After a preliminary estimate of the relative speeds 
and capabilities needed in the several parts of the 
machine, the complete coding of a given problem 
must be made before an accurate determination of 
speed can be obtained. The question of whether 
on-line or off-line operation is more suitable can 
be settled only by examining the results of that 
determination in the light of the physical com- 
ponents available for the purpose. This the editor 
proceeds to do in the third part of the treatise, by 





beginning, in Chapter 13, with the organisation 





64 


ENGINEERING. 


JAN. 19, I95I. 











of simple units employing elementary digital com- 
puting components, such as, for instance, switches 
and gates. This leads, in the succeeding chapters, 
to numerous questions of a practical kind. Thus 
the reader learns how the transfer of data in terms 
of time and space influences the choice and arrange- 
ment of the switches and cables throughout the 
computer. In this manner, points relating to input, 
output, and radix-changing devices enter into the 
consideration of the data-conversion equipment, 
and from this the reader proceeds to special physical 
techniques of possible utility in automatic calcula- 
tion. This excellent book, which is replete with 
bibliographical references to original papers on the 
subject, concludes with a concise summary of factors 
that affect the choice of equipment, including such 
topics as cost and maintenance. 





Theory of Flow and Fracture of Solids. 
By Dr. A. Napal. Second edition. Volume I. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 10 dols.]; 
and McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 
858.] 
Various aspects of the plastic deformation of 
solids have long attracted the attention of physical 
investigators, and the theory of the phenomenon 
is now a wide field, well cultivated by mathemati- 
cians. Even when the achievements of those 
workers had attained a remarkable level, the 
engineer showed only a casual interest in them, 
the simplest ideas of the subject serving his purposes. 
In more recent years, however, he has been com- 
pelled to change that attitude, for a number of 
reasons ; One arises from the increasing demand 
for metals to withstand certain forming operations, 
and another from the metallurgical requirements 
in the construction of modern guns. Questions of 
this nature have only been reasonably solved under 
the combined impetus of serious failures, elaborate 
investigations, and the resources of advanced theory. 
A warm welcome is therefore to be extended to Dr. 
Nadai’s treatise, the first of the two volumes which 
together are to form the second edition of his book, 
published 20 years ago under the title of Plasticity. 
The author marshals principles and applications 
in a manner distinguished by profound scholarship 
and a wealth of references to the work performed 
in various countries up to 1949. The great com- 
plexity of the properties discussed in the 37 chapters 
of the book are arranged under three main sub- 
headings: the deformation of solids, and the 
analysis of stress and strain ; the yielding of solids, 
particularly of metals under simple conditions of 
stress ; the elastic, the very viscous and the ideally 
plastic substances, and some of their general proper- 
ties. Any attempt to discuss the chapters separ- 
ately would be out of place, since, as with all serious 
studies, the treatment as a whole is greater than the 
sum of its parts; its practical value lies in the 
generalisation of the results of numerous tests of 
various materials. Thus the serious reader acquires 
knowledge of obscure processes ; how substances 
with seemingly very different mechanical charac- 
teristics behave in a similar manner; and how to 
choose the variables which are to serve as measures 
of particular properties so that the observable 
facts and phenomena of a number of substances 
can be expressed by identical relations. An 
example occurs in Chapter 19, on the yield point 
of mild steel, where the problem of the plastic 
front in a specimen under tension is elucidated by 
reference to tests of nylon. The procedure should 
appeal to the student, since it enables him to discover 
common trends in the behaviour of solids by intro- 
ducing a few ideal substances with properties that 
may be clearly defined, and subsequently analysing 
their behaviour under conditions which have 
important physical and technical applications. 
While the general conclusions which follow from 
Dr. Nadai’s theory may or may not agree closely 
with those deduced from tests of actual materials, 
in many instances they evidently yield quantitative 
information on the stresses involved in the per- 
manent deformation of bars, plates, cylinders, and 
tubes. The book does not describe the physical 


and metallurgical nature of the phenomena thus 


brought to light, but it is undoubtedly of great 
potential value to those responsible for the develop- 
ment of ductile metals for forming by rolling, draw- 
ing or extruding, even though the actual conditions 
of manufacture are complex in character. 

It is worth noting that due attention is paid to the 
various theories of strength formulated for purposes 
of explaining the circumstances in which certain 
classes of solids start to deform permanently, 
because an answer to the question, ‘‘ What com- 
bination of stresses will result in failure ?”’, is still 
a matter of perplexity ; engineers engaged on the 
design of guns prefer the maximum strain theory, 
while those in general practice commonly employ 
the maximum shear theory. One type of failure 
through slip is of fundamental importance in all 
of those theories, and it is well to have the geometri- 
cal properties of the surfaces of slip utilised in 
investigating the conditions of equilibrium of loose 
materials like sand or earth. Most readers of this 
volume will look forward to the second, which 
is to deal more specifically with further applications 
of the theory presented in this contribution to the 
essential literature on the subject. 





Advanced Plane Geometry. 

By C. ZWIKKER. North Holland Publishing Company, 
P.O. Box 103, Amsterdam, Holland. [Price 40s.] 
In this interesting and unusual book, the author, 
breaking from the traditional confines of conic 
sections, attempts to give ‘‘the most important 
properties of algebraic and transcendent curves 
together with their applications.” The curves 
treated include cubics as well as conic sections, the 
cycloid, a number of epicycloids, hypocycloids and 
trochoids, the lemniscate, cissoid, strophoid and 
various spirals. Mention is made of their applica- 
tions to optics, hydrodynamics, electricity and 
magnetism, and of their mechanical uses. Though 
the choice of curves and properties is to some extent 
arbitrary and some of the treatment fragmentary, 
an attempt is made to show the inter-relations 
between the curves. Involutes and_ evolutes. 
tractrices, conchoidal transforms, pedals, orthogonal 
trajectories and envelopes are considered, and use is 
made of projection, inversion and reciprocation. 
An unusual feature is that the point (x, y) is repre- 
sented by the complex number z= 2+ jy. This 
method is compactor and more widely useful than 
either Cartesian or polar co-ordinates alone, though 
there are some results obtained by Cartesian methods 
which have been artificially translated into the 
z-notation and others in which the use of pure 
geometry would have been more appropriate. The 
two good introductory chapters should go far to 
rob the method of any terrors with which unfami- 
liarity may invest it, and the general standard of 
mathematics required of the reader is not high, 
though the calculus is freely used and there are 
occasional references to determinants and elliptic 
functions. The format is good, but the book con- 
tains numerous misprints, mis-spellings and queer 
works (e.g., “‘ semitopangle ”’). It offers no examples. 
contains sundry errors in both figures and text, and 
is written in “‘ Dutch English ” rather than “‘ English 
English”; a distinction which, we are confident, 
the author’s knowledge of the English language will 
assure him not to be made in a derogatory sense, 
but as a statement of fact. But to anyone who 
asks “‘ What is the good of geometry ?” the book 
can be recommended as providing at least a partial 
answer, and it might usefully be placed in the 

mathematical library of any technical college. 





THE DE HAVILLAND CoMET.—The third Comet aircraft, 
constructed by the de Havilland Aeroplane Company, 
Limited, Hatfield, Hertfordshire, made its first flight on 
January 9. It will be the first Comet to be delivered 
to the British Overseas Airways Corporation. It is 
fitted with a four-wheel bogie undercarriage. After 
undergoing routine flight trials, the aircraft will return to 
the shops for fitting the passenger accommodation. 
Meanwhile, arrangements have been made for the 
second Comet, built for the Ministry of Supply, to be 
lent in February to the Corporation by the Ministry 
for proving trials over the main routes. It is hoped that, 
by the end of the year, the British Overseas Airways 
Corporation will have taken delivery of a sufficie: t 
number of Comets to be able to introduce a regular 





Comet service. 
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THE machine-tool industry is always one of the 
first to feel the effects of economic changes. It is 
also an industry of vital strategic importance and 
takes a very large share of the burden of re-arma- 
ment during periods of emergency. A year ago. 
optimism about the prospects of the industry was 
tempered with fears of a general trade recession ; 
to-day, though it is still not clear what defence 
requirements will be in terms of machine-tools, 
there certainly need be no concern over a falling 
market. 

In 1949, about 39 per cent. of the British pro- 
duction of machine-tools was for export, but. 
though there were still arrears of export orders 
amounting to a year’s production, a revival of 
German and Japanese competition threatened to 
aggravate the effects of a fall in general demand. 
At home, it was desirable, and in some cases impera- 
tive, that the British engineering industry should 
acquire more and better tools and replace old ones, 
but it was by no means certain that, in fact, it would 
do so. Despite the pressing need to increase pro- 
ductivity, there was no strong incentive to mecha- 
nise, even on the assumption of continued trade 
prosperity. When 1950 opened, however, these 
marketing fears were still some distance in the 
background, the machine-tool industry was working 
at a high level of output, and some of the larger 
companies were expanding capacity. When figures 
become available they are expected to show that 
deliveries of metal-working machine tools for the 
year will exceed 40/. millions. The value of de- 
liveries from January to August, 190, was over 
11 per cent. higher than in the corresponding period 
of 1949. This certainly overstates the increase, 
since it does not allow for a rise in prices. On the 
other hand, the increase is probably greater than 
is indicated by figures showing the number of 
machine-tools delivered (see Table I, opposite, 
taken from the Monthly Digest of Statistics). From 
these it appears that deliveries in 1950 were only 
2-3 per cent. higher than in 1949, but it is probable 
that the trend towards increased production of more 
complex tools of higher value, noticed in earlier 
years, continued. 

Whatever the increase in deliveries and output 
in 1950, it is clear that more capacity for machine- 
tool production will be required in the next few 
years. So far, apart from orders for reconditioning, 
Ministry of Supply machinery orders arising from 
re-armament have been few. The present scale 
of export and home civilian demand of 40/. millions 
per annum thus compares with 14/. millions (esti- 
mated) in 1938. It is impossible to say with much 
accuracy what this means in terms of quantities, 
but, since prices are now 2} to 3 times higher, the 
industry is unlikely to be producing many more 
machines than in 1938. Comparison with 1938 is 
not altogether fair, however, since re-armament 
requirements caused production to rise in that 
year more than in 1950. In 1935, deliveries, at 
6-71. millions, were only half the 1938 figure, and 
in 1936 an order requiring the enlargement of output 
by 21. millions, on behalf of the Minister of Defence, 
could not be complied with immediately because of 
lack of capacity. 

The industry to-day is not much better placed 
to meet rearmament needs than it was before the 
last war. In view of the deterioration in the terms 
of trade, it is vital that there should be no falling 
off in British exports in 1951; it is even more vital 
that British engineering should receive the tools 
necessary to increase production. There is no 
reason to question the ability or willingness of the 
British machine-tool industry to increase capacity. 
Re-armament requirements were visualised by the 
Machine Tool Trades Association in a report 
published as long ago as August, 1945. In this 
they said, “In assessing what should be regarded 
as the appropriate level of the British Machine Tool 
Industry, the probable necessity for future re- 
armament cannot be allowed to weigh too heavily 
in the scale. Readiness for rapid expansion must 





be the factor with which to meet this possible 
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demand.” During the war, a peak production of 
95,000 machines—twice as many as in 1938—was 
achieved by extensive sub-contracting and by 
working extra shifts, both in the private sector of 
the industry and at the Royal Ordnance Factories. 
It was not, however, achieved until 1942. An 
expansion of this magnitude is not called for in 
present circumstances, but the machine-tool indus- 
try, the manufacturing cycle of which may be any- 
thing up to a year, still requires to know well ahead 
exactly what is required of it, if the transition to a 
new level of production is to be achieved with a 
minimum of friction. 

Not the least of the difficulties will be the recruit- 
ment of additional skilled labour. The increase in 





ently, it is working close to capacity, though few 
defence orders have been placed so far. An index 
of new orders, compiled by the United States 
National Machine Tool Builders Association, stood 
at 98-9 in April, 1950 (the average from 1945 to 
1947 = 100). In August, it stood at 307-3. 

These orders are due partly to the fact that the 
motor-vehicle industry has been rushing ahead 
on what it fears may be its last retooling before a 
war, and partly to a sudden speed-up of orders 
from other users, who, until then, had shown them- 
selves to be in no hurry to replace old and obsolescent 
equipment. In 1949, the American machine-tool 
industry had actually run into a slump, despite the 
fact that 43 per cent. of the machine-tools in use 





TABLE I.—DELIVERIES EX-WOREKES OF BRITISH-BUILT MACHINE TOOLS. 


(Monthly Averages or Calendar Months: Values in £1,000.) 





Metal-working Machine Tools. 


Wood-working Machine Tools. 
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Total. | For Export. Total. For Export. 
| Number. Value. | Value. | Number. Value. Value 
— ee oe ee ee ee cf a. ee 
1935 " =i 7 ‘4 _ 509 = _ | 53 
| | 
j | 

1947 = = Bs a 3,734 2,127 870 | 1,338 254 72 
1948 os he 33 ss 3,737 2,591 940 1,462 347 125 
1949 Ba 5 sg S 3,675 | 2,968 1,168 1,446 394 137 
1949—July = - we 3,818 2,781 1 213 1,387 395 138 
August .. » ei 3,373 | 2,641 1,082 1,174 427 93 
September ar -| 3,113 3,220 1,284 1,263 331 114 
October .. in ei 3,480 2,829 1,109 1,609 354 127 
November a on 4,187 3,685 1,536 1,636 404 127 
December TT Bigs 3665 | 1/309 1/665 461 125 
1950—January .. a ‘a 3,861 2,890 | 1,035 1,479 362 114 
February “a ie 3,362 2,795 1,013 1,243 324 97 
March © .. 5 ss 3,546 3,376 1,257 1,358 412 129 
April i oy i 3,436 3,000 1,059 1,281 357 124 
May s re i 3,876 3,295 1,289 1,296 368 129 
June ¥ aa 3,519 3,061 1,185 1,496 | 420 174 
July ne Se saa 3,912 3,283 } 1,221 | 1,137 | 355 137 
August i a 3,08 | 1,092 1,093 313 | 113 


production since 1948 has been achieved in spite of a 
decline in the labour force from 76,700 in June, 1948, 
to 73,500 in June, 1950, and the shortage of skilled 
grades is so acute as to be a serious problem in 
production planning. It will not be easy to find 
a solution, as the trouble is deeply rooted in the 
trend towards greater mechanisation in industry. 
Where high wages are obtainable from the date of 
entry, in many industries which can use mass- 
production techniques, the difficulty of finding young 
people prepared to enter an apprenticeship for four 
or five years in the machine-tool industry is great. 
That industry has even had difficulty in retaining 
older personnel because of the higher wages obtain- 
able elsewhere. Moreover, the problem is aggra- 
vated by the loss on call-up to the Services ot those 
apprentices who have been obtained, and by the 
failure of many to return. 

Initially, a large part of the re-armament require- 
ments may be met by changing over some of the 
Royal Ordnance factories from civil to war produc- 
tion, but, without knowing the scale of Ministry of 
Supply strategic reserves or how far British require- 
ments will be supplied by the United States, it is 
impossible to tell whether, in fact, re-armament will 
demand much reorganisation in the machine-tool 
industry. From the end of the war until July, 
1950, the Ministry of Supply had disposed of tools 
to the value of 49-4. millions, and, apparently, 
stocks which were intended for release to the general 
public have now been liquidated ; it is not known 
how many machines or what types have been 
Tetained by the Ministry. 

Strategically, it is obviously desirable that there 
Should be as great an interchangeability of weapons 
and equipment as possible among countries par- 
ticipating in the Atlantic Pact. This makes essen- 
tial a close co-operation among the countries con- 
cerned and it may be desirable that the United 
States should meet the re-armament requirements 
of the other countries by sending them these special- 
purpose machine-tools which are already manu- 
factured in quantity in that country. It may be, 
therefore, that an international plan for re-arma- 
ment would make only small demands on the British 
machine-tool industry. There are, however, limits 
to what may be expected from the machine-tool 
industry in the United States. Already, appar- 


in the United States were over ten years old and 
20 per cent. over 20 years old. The industry has 
done its best to cope with the sudden flood of new 
orders ; shifts up to 60 hours a week are being 
worked in some cases, and where labour has been 
available extra shifts have been worked. As in 
the United Kingdom, however, there is a serious 
shortage of skilled labour and, in consequence, pro- 
duction has increased very little. In this situation, 
it is difficult to see how the United States can meet 
its own requirements of machine-tools for re-arma- 
ment as well as those of its Allies. 

Whatever strains the machine-tool industry may 
have to face in future, 1950 was a good year. The 
increase in production has already been noted, 
exports increased, and there were better supplies of 
tools for home industry. From January to August, 
1950, the proportion of deliveries going for export 
(39 per cent.) was 2 per cent. less than in the 
corresponding period in 1949. Tables II and III, 
on pige 66, taken from the Trade and Navigation 
Accounts, show exports of both new and second- 
hand machine-tools. It will be seen that exports 
of both types combined were slightly lower in 1950 
than in 1949. This was due, however, entirely to a 
falling-off in exports of second-hand machine-tools ; 
exports of new machine-tools increased from 37,000 
tons in the period January to November, 1949, to 
39,000 tons in the corresponding period of 1950. 
The increase occurred mainly in exports of presses 
and in the miscellaneous types of tools not separately 
specified in the JT'rade and Navigation Accounts. 
Exports to foreign countries, with the notable 
exceptions of Brazil and Russia, were generally 
lower—in some cases, considerably lower—in 1950 
than in 1949. The increase in exports to Common- 
wealth countries is consequently all the more 
striking. This is, however, simply the continuation 
of a long-established trend. The macbine-tool 
industry in the United Kingdom specialises in 
the production of machines particularly suitable for 
the less industrialised countries, for instance, the 
Commonwealth and South America, which are 
expanding their industrial capacity. Manufac- 
turers in the United States and Switzerland, on the 
other hand, concentrate upon more complex special- 
purpose machines and, consequently, dominate the 
market in the United States and Western Europe. 
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Even the United Kingdom has to import large 
quantities of machine-tools from these countries. 
From January to November, 1950, imports of 
macbine-tools into the United Kingdom, mainly 
from the United States, but also from Germany, 
amounted to 5-4/1. millions, compared with 4-8/. mil- 
lions in the corresponding period of 1949. 

One of the most noteworthy achievements of the 
machine-tool industry in 1950 was the expansion 
in exports to Canada, from 225,000/. for the period 
January to November, 1949, to 863,000/. for the 
period January to November, 1950. The Canadian 
International Trade Fair, held at Toronto from 
May 29 to June 9, gave British manufacturers a 
good opportunity to show the whole range of their 
products to North Americans. They were allotted 
35,000 sq. ft. of space and a hundred companies 
exhibited. Some manufacturers found difficulty in 
allocating machines from their current delivery 
programmes, but, where these were lacking, photo- 
graphs were used to show the extensive range of 
British products. Engineers from Canada and the 
United States are said to have been impressed by 
the British products and, where it was possible to 
make comparisons between identical machines, it 
was generally found that (largely due to devalua- 
tion) British prices were lower—sometimes as much 
as 20 per cent. lower—than those quoted by manu- 
facturers in the United States and Canada. British 
companies made a special effort to minimise those 
persistent obstacles to sales—long delivery and the 
difficulty of obtaining spares. Some manufacturers 
reported to have stocked up with the sole object of 
being able to quote early delivery at the Fair, and 
rapidly disposed of their stock. Canadian buyers, 
however, were not easily convinced that British 
manufacturers could give them as high a standard 
of attention in spares and general service as United 
States manufacturers. British companies are trying 
to overcome this difficulty, either by establishing 
their own sales and “‘ after sales ” organisations in 
Canada, working from well-equipped service depots, 
or by appointing as agents concerns with modern 
plants who can exhibit British tools in action, and 
who have experience of the construction and main- 
tenance of British machines. The Trade Fair pro- 
vided a good impetus to sales and, in 1950, Canada 
became the fourth largest market for British 
machine-tools. 

The Iron Curtain countries remained one of the 
most important markets for the British industry in 
1950. Poland, Russia and Czechoslovakia, in the 
period January to November, 1950, imported 
machines to the value of 1-3/. millions; not much 
less than the value imported by Australia, the 
second largest British market. British exports to 
these countries, however, were 200,0001. less in 
value than in the corresponding period of 1949. 
Considerable publicity was given to the large increase 
in exports to Russia (which more than trebled in 
1950) after it was brought to the attention of the 
general publfc in a speech by Mr. Winston Churchill 
at the end of August. Mr. Churchill brought the 
charge that “‘ the head of Craven Brothers’ machine- 
tool works at Stockport ... had for more than 
two years been asking the Government, the Ministry 
of Supply, whether he should fulfil his contracts for 
making machine-tools for Russia . . . he could not 
get any clear guidance.” 

Another cause for concern was the presence of 
Russian inspectors inside workshops where much 
confidential production was being carried out for 
the British Government. The Prime Minister (Mr. 
Attlee) commented that the Russians’ inspection 
was carried out under conditions which prevented 
any disclosure of secrets. In any event, very few 
engineering products remain on the secret list once 
they are in production, and development work is 
normally carried out of sight of competitors as 
well as foreign inspectors. Mr. Attlee also claimed 
that an Order which came into operation on April 8, 
1949, effectively prevented the export of strategic- 
ally important machines. There seemed, however, 
little purpose in an Order which included, in the 
free list, centre lathes, planing machines, horizontal 
boring machines, etc., up to the largest sizes. Few 
items are of greater strategic war potential than a 
centre lathe. Mr. Attlee also claimed that exports 
4° Russia have not affected injuriously either home 
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or export requirements ; this is borne out by the 
fact that deliveries to Russia in 1950 constituted 
only about 3 per cent. of total deliveries. Never- 
theless, it was obviously desirable that the maximum 
use should be made of capacity to produce machine 
tools for the home market and for export to friendly 
countries. The decision of the Government to take 
full responsibility for deciding what machine tools 
are to be exported to Russia is the right one. 
Under an Order made by the Board of Trade. 
which came into force on October 6, the export of 
power-operated metal-working machine-tools was 
made subject to licence, and the export of some 
equipment on order was prohibited. Exports to 
the Commonwealth and the United States are still 
exempt from the licensing procedure. Licences for 
27 vertical boring machines, which had been on 
order for two years for Russia with Craven Brothers, 
Limited, were withdrawn. 

The war potential of the Iron Curtain countries 
is being increased meanwhile by the development 
of a machine-tool industry in Hungary. The 
Manfred Weiss factory in Budapest, renamed the 
Matyas Rakosi Works, has had some of its shops, 
formerly devoted to heavy engineering of a different 
sort, changed over to machine-tool production. 
It was reported in December, 1949, that production 
was 30 times the pre-war total. By 1954, under 
the Hungarian five-year plan, the industry, already 
manufacturing 28 different types of machine-tools, 
is scheduled to produce at the rate of 18-5/. millions 
a year. Most of the output will be absorbed by 
Hungarian industry, but Hungarian-made machine- 
tools have already been sold abroad. 

Of more concern to British manufacturers is the 
progress made by the Germans, who, before the war, 
supplied about two-thirds of world exports. Half 
of their capacity was lost in the Eastern Zone, but 
output from Western Germany has now made a 
remarkable recovery, and, but for the need to meet 
an insistent home demand, German manufacturers 
would be exporting in quantity. Japanese produc- 
tion is also still predominantly concerned with home 
demand. Obviously, some important decisions of 
policy will have to be made on the machine-tool 
industries in these countries. Both could become 
valuable suppliers of war potential to the Atlantic 
Pact countries, some of whom will find it difficult to 
expand their own production of machine-tools 
quickly in an emergency. On the other hand, in 
normal times strong machine-tool industries in 
these countries would be a serious threat to the 
export trade of other manufacturers. 

As far as the United Kingdom is concerned, the 
desirability of exporting over one-third of the output 
of machine-tools is open to question. The case for 
retaining the bulk of the British output of machine- 
tools at home, and thereby raising the productivity 
of other export industries, is extremely tenable. 
The Team representing internal-combustion engine 
manufacturers, who visited the United States in 
1950, pointed out how difficult it was to plan 
economic and efficient production in the United 
Kingdom when it sometimes took up to three years 
to acquire machine-tools. The vital need for up-to- 
date machine-tools in industry, however, has been 
realised by the Government in some instances. 
Negotiations with the Economic Co-operation Ad- 
ministration secured for the Ford Motor Company 
a grant of Marshall Aid to the value of 1 -6l. millions, 
to pay for machine-tools and equipment to be used 
in retooling the Dagenham factory. In this in- 
stance, of course, there was a definite incentive 
that the Ford Motor Company expected to cover 
the dollar cost of tools purchased from the United 
States from the hard -currency earnings. 

From an elementary study of replacement require- 
ments alone, it may be shown that supplies of 
machine-tools to the home market are at present 
inadequate. The most reliable estimates of the 
number of machine-tools in use in the United 
Kingdom give a figure of 820,000 to 900,000, com- 
pared with 200 000 when the last census was taken 
in 1940. Assuming that the average life of a 
machine-tool is 20 years (the pre-war figure), re- 
placement demand would be between 41,000 and 
45000 per annum. In 1950, the output of the 





British machine-tool industry is not likely to have 
been more than 45,000 machines, of which exports 
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would account for 16,500; new machine-tools were 
being imported at the annual rate of 1,500. This 
would mean total supplies of only 30.000 new 
machine-tools to the home market. Second-hand 
machine tools were available in some quantity. 
Disposals of Ministry of Supply surplus stocks in 
the seven months from January to July were valued 
at 1-41. millions, and 697 second-hand tools, valued 
at 480,000/. were imported. 

Admitting, however, that the British engineering 
industry is not getting machine-tools in adequate 
quantities, it still has to be shown that it would, in 
fact, make good its deficiencies if machine-tools 
were in good supply. Long delivery dates alone 
indicate that industry would buy more machine-tools 
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ment’s financial policy would diminish the incentiy: 
to replace men by machinery. Most compan 
make considerably greater profits after taxation 
than they are allowed to distribute, and the tax on 
profits and incomes makes unwarranted any radici| 
departure in policy such as would be involved for 
many companies in all-out mechanisation. It is 
always a failing of Government interference that :t 
discourages the desire to make changes, since there 
is no knowing how long the interference will last. 
If companies were allowed to keep a higher pro- 
portion of their profits, they would probably we|- 
come a return to unfettered wage bargaining. This 
would certainly greatly benefit the machine-tool 
industry. On the other hand, higher wages would 








TABLE II.—UNITED KINGDOM: EXPORTS OF METAL-WORKING MACHINE TOOLS, BY COUNTRIES. 






































| 1938. 1949.* 1950.* 
| —_ 
| | , | | y. 
] “ae Value, P Value, . | Value, 
| Tons. | £1,000. | Tons. £1,000. | Tons. £1,000. 
| | | | 
British West Africa... au _ | - 163 | | 154 
Union of South Africa .. om 1,754 | 293 ; : 1,009 | 1,044 
British East Africa... at _ - | 245 | , 152 
India nt ‘a _ oe , | 2,276 | 2,299 
Pakistan P v ae } 1,561 261 {| 196 = 
Malaya .. ee as én 474 60 | 126 6 
Australia  ° ee a, Se 393 1,463 1,831 
New Zealand x a os 257 | 43 311 341 
Canada... = re on 308 58 225 863 
Other British Countries 901 132 | 564 422 
Irish Republic ; 93 16 113 111 
Soviet Union 10,103 1,711 180 = 
Finland , cp — _— 113 8 
Sweden .. = —- = 408 | 88 605 | os 
Norway .. - < 40 | 8 411 | 0 
— , es s 140 | 37 226 | an 
Poland... : ae oe — — 1,072 | i 
Netherlands : ; esl 272 | 68 691 671 
Belgium .. ‘ ae cn 195 | 38 272 318 
France .. . x, = 893 | 243 793 646 
Switzerland ae bby: 129 37 | 175 311 
Portugal ayy te oe 21 4 115 70 
ee at 12 3 | 200 160 
Czechoslovakia oa] - - | 316 118 
Greece... os x a 28 3 | | 75 129 
—- ae 5s i a 59 | : | | . | “a 
srae ad ay aa ee 25 | | 1 
Egypt .. ES e al 265 | 50 276 258 
Burma... ie it aia 107 14 40 14 
OMER ket 74 13 14 | mm. 
Brazil aa es hy ae - — 175 | 500 
Argentine Republic. 176 33 874 137 
Other Foreign Countries 3,591 | 851 1,483 | 1,617 
Total ..  ..  ..! 24,192 | 4473 | 42,436 ~=«| ~—s«14,926 | 42,194 15,291 
| 
* January to November. 
TABLE III.—UNITED KINGDOM: EXPORTS OF METAL: WORKING MACHINE TOOLS BY TYPES. 
1938. | 1949.* 1950.* 
ainsioaay co aii ie cee Se Ce a ee (oe ae ain oa ~ 
‘ | , 
Value, Value, Value, 
Tons | £1,000. | Sens £1,000. ns £1,000. 
on _!| - ae,’ Perens = _ ‘ 
! | 
New complete tools : | | _— one 
Boring .. ;: as 1,673 235 2,523 925 2,592 
Drilling a "532 | 444 | 4.129 1,355 4,267 1,356 
Grinding as sal 2.792 736 | 3,251 1,383 3,373 1,492 
Lathes :— ( 
he | | 1,568 900 1,413 822 
~~ -tan and turret woh » 6,727 1,441 | 3,534 1,828 yt yond 
Other 5G 55 aa | | 5,429 2,027 5,5 2, 
Screwing and threading ae | 603 530 586 481 
Milling and gear cutting ; 1,798 424 2,276 1,163 2,685 1,329 
Planing, shaping and slotting 3,535 | 420 | 2,606 764 reo | , a 
Presses oe a8 : ” 3,355 778 5 | wee 
Punching and shearing 1,470 146 {| 2733 628 | 2753 713 
Sawing a Py ; 253 34 760 214 } 612 | 7 
Others .. ‘| 3,342 | 593 | 2,851 964 3,866 | 1,173 
Used complete tools a - | 3 | 5,406 696 2,862 | 477 
arts xo Ries Sal — — 1,421 771 1,526 | 800 
Total 4 24,122 | 4,473 42,436 14,926 42,194 | 15,290 
| 


than it is getting. For all but the simple machines, 
there is a protracted delay before delivery ; in the 
case of more complex machinery, of anything up to 
five years. On the other hand, there is no certainty 
that purchases would be sufficiently far above the 
present level to raise productivity substantially, to 
secure full employment in the machine-too] industry 
if exports fell away and the re-armament demand 
subsided. The first article in this series drew atten- 
tion to the lack of incentive to mechanisation in 
British industry. A strong case can be made for 
an aggressive wage policy, under which tbe trade 
unions would seek to force up the price of labour ; 
fac d with rising wages, managements would be 
obliged to increase mechanisation to maintain profits. 

Against this it may be argued, however. that, 
with a high rate of Profits Tax, there is little incen- 
tive to earn high profits. Even if wage rates were 


* January to Novemb r. 











cause most progressive companies to increase the 
degree of their mechanisation, in order to consoli- 
date their position in the future. 

For the moment, the machine-tool industry need 
concern itself little with the future scale of home 
demand. It is evident that the home market will 
absorb whatever limited supplies are made available 
after something over a third of the output of 
machine-tools in the United Kingdom is sent 
abroad. Re-armament is likely to make consider- 
able demands on the industry, as its capacit) and 
its labour force are limited. The contributions 
which other Atlantic Pact countries will mae t0 
the general re-armament is not clear. How con- 
siderable the demand on the industry in the | ited 
Kingdom will be is not known at present, ut It 
is important that the Government should give the 
industry a good and timely lead if expansion + to 


allowed to rise sharply, it may be that the Govern- | be carried out quickly and without friction. 
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WATERPROOFING 
ELECTRICAL-RESISTANCE 
STRAIN GAUGES. 


By J. D. Topp, M.A. 


Numerous methods have been attempted for the 
insulation of electrical-resistance strain gauges so 
that they can be placed inside concrete, but, as far 
as is known, no method has yet proved really simple 
and satisfactory. The first essential is that the 
gauge should have a high resistance to earth. 
Assuming that the leakage path is in parallel with 
the gauge, and knowing its value, it is theoretically 
possible to make an allowance for the current 
flowing to earth and thus correct for the true change 
in the resistance of the gauge. It has been found, 
however, that for gauges of low earth resistance, in 
the majority of cases, the earth resistance varied 
considerably while the gauge was under test, and 
quite often the gauge itself failed due to corrosion 
of the resistance winding. A number of different 
methods of insulation have been tried in the 
Engineering Laboratory of Oxford University, the 
majority of these consisting of mounting the gauge 
on a piece of brass foil and then completely covering 
it with various insulating substances. None of these 
substances has proved satisfactory and the earth 
resistance varied considerably from gauge to gauge. 

A method has recently been found, however, that 
will give consistent very high values of earth resist- 
ance. In brief, this consists of completely encasing 
the gauge in brass foil. The gauge in use in the 
Laboratory for concrete work is the British Thermo- 
stat type SE/A13. This has a nominal resistance 
of 1,000 ohms, an overall size of 3} in. by } in., 
and is self-adhesive. Pieces of 0-003-in. brass 
foil for the base are cut to 4 in. by 0-8 in. and 
roughened with emery paper. A thin coating of 
solder is applied 0-1 in. wide down the sides of the 
foil and 3 in. wide across the ends. The foil is then 
thoroughly cleaned in trichlorethylene vapour. A 
thin coating of Durofix is applied to the foil, care 
being taken to see that none is placed on the solder ; 
this is then allowed to dry. The gauge, cut to 3 in. 
long, is moistened with acetone, placed in position 
and pressed firmly down for a minute. The upper 
view in Fig. 1 shows the foil with the gauge attached. 
If the gauge is not required for some time, it should 
attain full sensitivity if left to air-dry for a week ; 
if required sooner, it can be heated for four 
hours at 85 deg. C. The leads on the gauge itself 
are cut very short and long leads of plastic-covered 
single-core wire of approximately 0-06 in. external 
diameter are soldered to these ; short lengths of 
Systoflex are cut to cover the bare portions of the 
soldered joint. The leads are bent as near the 
joint as possible, so that they are perpendicular 
to the plane of the gauge. 

A cover is pressed from 0-001-in. brass foil of 
overall size 4 in. by 0-8 in., as shown in Figs. 2 and 3. 
The enlarged portion at one end leaves sufficient 
room for the leads. The cover is tinned round the 
edges and two small holes are punched in the 
enlarged portion for the leads. The leads are slipped 
through the holes and the cover is soldered on to the 
base by running a hot iron quickly round the 
edges. The central view in Fig. 1, shows the cover in 
place over the gauge. The whole gauge is then 
heated to 85 deg. C. for some time, to make sure 
that all the moisture is excluded. Any space left 
inside is filled with white wax, which is introduced 
by means of a hypodermic syringe, a small spot of 
solder covering the hole made by the needle. Hot 
bitumen (Trinidite A.57) is placed round the lead 
outlets, partly to increase the waterproofing and 
partly to increase the rigidity. The lower view in 
Fig. 1 shows the complete gauge ready for use, and 
the dimensions are given in Figs. 2 and 3. The 
ends of the brass foil are generally bent up at right 
angles to form a projection about 1 mm. high to 
ensure that the concrete gets a good hold of the 
gauge. Wires can be attached to the four corners 
of the gauge to hold it in position in a concrete 
mould. The gauges give an earth resistance of 
8.000 to 12,000 megohms when tested in water, 
the limiting factor being the insulation resistance of 
the plastic-covered wire. Gauges cast in concrete 


beams give the same insulation resistance when 
tested at the end of 14 days curing under water. 
An alternative method of bringing the leads 
from the gauge is at present under investigation. 
A thin-walled copper tube of 1 mm. internal dia- 
meter is soldered through the enlarged portion of the 
cover and thin leads of enamel wire are run down the 
centre, the whole tube being filled with wax at the 
same time as the gauge. So far, the tests would 
indicate that the earth resistance obtained by 
this method is of the order of 100,000 megohms. 
A similar method can be used for placing gauges on 
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reinforcing bars. The bar is tinned over a 4-in. 
length with Flexo, the solder then being cleaned off 
over the position the gauge will occupy. The 
gauge is stuck in position and brass foil is soldered 
round the bar, any internal space being filled with 
wax. This method of insulating gauges should have 
a variety of applications in other fields of work, so 
long as the increased force required to strain the 
brass foil does not affect the required measurements. 





THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 


(Continued from page 51.) 


Question III, which was discussed at the 15th 
Session of the International Railway Congress 
Association, was expressed in the following terms : 
“New technical methods adopted for the design 
and construction of large marshalling yards : layout 
and equipment, site and importance of siding groups, 
layout of connections at entrance to groups, longi- 
tudinal and cross sections, braking installations 
(retarders), control of point (switch) operation, 
telecommunications, lighting, staff buildings, etc.” 
In accordance with previous practice, we give, later 
in this article, the summary which was adopted at 
the Congress. As it is rather longer and more 
informative than most of the summaries, it is not 
possible—nor, indeed, desirable in view of the 
small proportion of subject matter which is of 
engineering interest—to deal with the three reports 
on which the summary is based, except to refer to 
developments in the design of retarders. 

MARSHALLING YARDS. 
These reports were published in the April, 1950, 
issue of the Association’s Bulletin. Mr. J. I. Camp- 
bell, M.IL.C.E., and Mr. J. W. Watkins, D.S.O., 
M.C., M.Inst.T., both of British Railways, were 
joint authors of a long illustrated report which 
covered (in addition to British Railways), North 
and South America, Burma, China, Egypt, India, 
Pakistan, Iran, Iraq, Malay States, and British 
Dominions, Protectorates and Colonies. This report 
is probably the best review of the subject available 





at the present time. Mr. M. Marchand, of the 


French National Railways, was responsible for the 
report, almost as comprehensive, which dealt with 
current practice in Denmark, France and Colonies, 
Italy, Luxembourg, Netherlands and Colonies, 
Norway, Poland, Switzerland and Syria; and Mr. 
J. Van Rijn’s report covered other European rail- 
ways, including the Belgian National Railways, of 
which he is chief engineer. 

The report by Mr. Campbell and Mr. Watkins 
gives, inter alia, information on the Toton up 
and down marshalling yards of the London Midland 
Region, British Railways. These yards are equipped 
with hydraulically-operated retarders, as are all 
other yards with retarders in this country, namely, 
Hull (inward), and Whitemoor (up and down). 
Water is used as the hydraulic medium at the Hull 
(inward) and Toton (down) yards, but oil is used 
at Whitemoor (up) and for the recent installations 
at Toton (up) and Whitemoor (down). Oil improves 
the working of the retarders, and obviates the 
necessity for heating the hydraulic system to pre- 
vent freezing in cold weather. At Toton (up) and 
Whitemoor (down) yards, compressed-air accumula- 
tors are employed in the hydraulic system instead 
of the weight-loaded type as they take up less space 
and do not require a large structure. Three im- 
provements have been embodied in the hydraulic 
retarders, namely, the wearing sections on the inner 
and outer braking rails are more easily removed ; a 
screw adjustment is provided on the outer rail to 
take up wear; and lubrication is by high-pressure 
gun. 

Electro-pneumatic and all-electric retarders are 
used in the United States. Since this subject was 
last discussed by the Association in 1930, the 
design of electro-pneumatic retarders has been 
improved. In 1931, a retarder having brake beams 
which grip the rails, after the manner of the jaws 
of a nut cracker, was introduced. The retarder—in 
particular, its overall depth—is designed so that 
it can be fixed to sleepered track, and the only 
foundation normally required is an adequate depth 
of stone ballast. The levers and cylinder of each 
unit, which is 6 ft. 3 in. in length, turn freely on a 
pivot, so that the brake shoes adjust themselves to 
the wheels of the vehicles and exert an equal 
pressure on each side of the wheel. The cylinder 
of each unit is above sleeper level and all moving 
parts are accessible for grease-pump lubrication and 
repair. 

The main part of the summary adopted at the 
Congress, modified as a result of the discussion 
which took place, is as follows. 

“The methods adopted in the design and con- 
struction of marshalling yards are based on the 
fundamental principles laid down at the Congresses 
of London (1925) and Madrid (1930); they aim 
at increasing efficiency, reducing costs and enlarging 
shunting capacity by the application of mechanisa- 
tion and the planning of rational layouts and 
profiles. Each new scheme presents a particular 
problem, from the points of view of cost of construc- 
tion and economy in working. It is desirable that 
the study of schemes should be advanced as far as 
possible by competent staff of the using department 
before constructional plans are prepared. 

“The construction of new yards and, eventually, 
of the necessary locomotive depots, involves the 
finding of suitable sites from the points of view of 
superficial area and contour; when the sites 
selected are remote from populated areas, it is 
necessary to consider means of transport, and hous- 
ing accommodation for staff. Except where special 
cases or local circumstances render all other solutions 
impracticable, the construction of double yards, 
comprising two yards, side by side, each dealing 
with opposite flows of traffic, is justified only 
when the number of vehicles to be dealt with exceeds 
the capacity of a single hump yard. Yards on the 
gravitation principle, wholly or partially, are only 
constructed Where a suitable profile exists or can 
be made. 

“In addition to reception and sorting groups, 
which are usually laid out in sequence, large yards 
should have separate marshalling and departure 
groups ; also storage and lay-by facilities as neces- 
sary. From the points of view of operating con- 
venience and expeditious transfer movements of 





vehicles, it is recommended that the following be 
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provided : departure groups in continuation of the 
sorting groups and marshalling group, and recess 
lines at the sides of the sorting group. 

““The arrangement of communicating and con- 
necting lines, and the siting of the heads of the 
groups of sidings, should be studied with the object 
of facilitating the movement of trains and loco- 
motives so as to reduce to the absolute minimum 
interference between trains, locomotives and shunt- 
ing operations. In these circumstances, construc- 
tional works should be undertaken in order to 
eliminate the more restrictive cross-movements. 
The risk of interference between shunting opera- 
tions and trains can be appreciably reduced by the 
provision of independent facilities ; at large yards 
the provision of direction-reversing loops or equiva- 
lent facilities permits, in conjunction with the use 
of departure groups, of one-way working which 
facilitates operation. 

‘“‘The provision of two lines over the hump at 
the same level enables an appreciable reduction to 
be made in the length of the head of the reception 
lines nearest to the hump ; it also affords the possi- 
bility of more continuous shunting when two hump- 
ing locomotives are employed. On the other hand, 
humping lines at different levels (winter and sum- 
mer) have the disadvantege cf lengthening the 
layout and the length of shunt. Moreover, they 
are unnecessary when the yard is equipped with 
rail-brakes. Subsidiary facilities should be incor- 
porated for accommodating brake vans and loco- 
motives, for rapid repairs to vehicles and for re- 
adjusting displaced loads. 

“Tt is recommended that the heads of siding 
groups should be very compact, adopting for the 
layout curves of minimum radius compatible with 
free movement of locomotives and vehicles. It is 
advisable to use for this purpose specially-designed 
permanent way, particularly short symmetrical two- 
way leads. | Considerations of economy in installa- 
tion and maintenance generally justify the use of 
recovered serviceable rails in the body of the siding 
groups and new rails of standard type for main lines 
in the heads of the groups. In order to reduce the 
number of joints, rails in the body of the sidings 
are sometimes welded. Ballast, the nature of which 
depends upon local or other sources of supply, is 
generally placed on an under-bed of permeable 
material. When the nature of the group neces- 
sitates it, a drainage system ensures the removal of 
surface water. In track-circuited areas, particular 
attention should be paid to ballast and drainage. 

“The reception group is constructed on a fairly 
level gradient, a short rising gradient approaching 
the hump being provided in order to permit the 
uncoupling of vehicles. It is possible, in order to 
reduce earthworks, to allow an appreciable gradient 
between the reception group and the hump, without, 
however, exceeding the capacity of the locomotives 
employed for hump shunting. The relative levels 
of the hump and the sorting groups depend upon 
the drop necessary to ensure under all conditions 
the separation of vehicles by gravity. In order to 
ensure rapid separation of ‘ cuts,’ the radius of the 
vertical curve of the hump should be small ; farther 
on, the profile between the humpand the head of the 
sorting group should be hollow and should include 
a steep initial gradient. After this gradient, the 
profile should be such as to ensure in all instances 
adequate spacing of vehicles up to the braking zone. 
The brakes are established on a falling gradient in 
order to liberate easily vehicles which may have 
been stopped there. 

“The switching area beyond the rail-brakes 
should be on a slightly falling gradient or on the 
level—the gradient being then sufficiently reduced 
to prevent acceleration of free-running vehicles. 
A level profile may pernit, with experienced brake 
operators, of increasing the rate of shunting, because 
it is necessary that the vehicles should have an 
appreciable velocity at the outlet from the brakes, 
with the object of increasing the distance between 
successive cuts, thus reducing the risk of over- 
taking. It is recommended that the longitudinal 


profile of the sorting group should be slightly hol- 
lowed—the ends presenting suitable gradients 
intended to facilitate the running of vehicles without 
risk of inopportune acceleration. Steeper gradients 
should be provided on the outer sidings in order 





to compensate for curve resistance—the cross profile 
being thus slightly cambered. 

“The technical development of equipment at 
large marshalling yards has been characterised in 
recent years by the increased use of rail-brakes. 
The design cf rail-brakes has been improved in 
order to facilitate maintenance and reduce costs 
correspondingly, and, in certain countries, to over- 
come difficulties resulting from important variations 
in the width of wheel tyres. With the object of 
keeping down the cost of equipment, it is possible 
to be satisfied with the installation of one set of 
rail-brakes, both for interval and distance braking, 
each rail-brake generally serving a fan of eight sid- 
ings. In installations of this type, the rail-brakes 
can be operated by one man, located at the side, 
at the head of the sorting group; supplementary 
braking of vehicles which have not been retarded 
sufficiently by the rail-brakes is effected by means 
of either hand brakes on the vehicles, or shoes 
manually placed; or possibly by mechanically- 
operated shoes. 

“The movement of switches by quick-acting 
motors controlled by track-circuit or other equiva- 
lent apparatus, facilitates the work of the switch 
operators ; it enables economies in staff to be made 
and increases the shunting capacity of the yards. 
Apparatus for the automatic control of switch 
operation enables the rate of shunting to be in- 
creased. Its employment has become general 
and it has even been extended to yards not equipped 
with rail-brakes. Automatic switch control must 
enable the routes of several wagons to be recorded ; 
it can be applied either at the head only of the 
switching area or throughout. In the latter in- 
stance, it is possible to dispense with a switching 
operator for the sorting sidings, provided that 
devices can be incorporated to avoid incorrect 
routing of succeeding cuts in the event of one cut 
overtaking another. Some administrations include 
in the automatic switch-operating system a storage 
apparatus which enables successive routes for the 
different cuts to be ‘stored’ before the commence- 
ment of shunting. 

** Electrically-controlled indicators, or teletype 
apparatus, enable hump posts to indicate to the 
brake operator, and simultaneously to the switch 
operator, where employed, the destination and the 
nature of each cut; in certain instances such 
apparatus has avoided the necessity for the prepara- 
tion of cut lists. 

‘**Qutdoor loudspeakers are the most practical 
and most used means for the transmission of orders 
to the yard staff; ‘talk-back’ loudspeakers give 
the same facilities by means of two-way communica- 
tion. Liaison between the shunting control points 
and the yard staff can likewise be effected by means 
of portable radio apparatus. Communications 
between shunting control posts and humping loco- 
motives are usually given by mechanical signal or, 
for preference, by the illuminated type of signal. 
These signals should be repeated as necessary in 
elongated yards and in those yards worked by two 
locomotives. At certain modern yards these signals 
are supplemented by apparatus in the driving cab 
of the locomotives. Wireless, which can be ‘one-way’ 
or preferably ‘ two-way,’ is developing progressively 
because it affords more complete and precise inter- 
communication. It appears desirable in order to 
provide for the future, that the railway administra- 
tions should have the necessary wavelengths 
allotted to them by the appropriate authorities. 

““The economy of night operation depends upon 
the character of the illumination provided ; this 
should receive special attention in the zones of 
intensive shunting or of movements in the zones of 
centralised switch and brake control posts. Many 
administrations consider that, except in the case of 
yards subject to frequent fog, it is advantageous 
to use powerful lights fixed at a considerable height ; 
oblique lighting (flood-lighting) by projectors 
enables a reduction to be made in the number of 
supports and permits them to be placed outside 
the siding groups. The control posts for the 
switches and rail-brakes, which are always provided 
with illuminated diagrams, should be sited and 
arranged in order to ensure the best visibility of 
the ground.” 

(To be continued.) 





400-KW GRID-CONTROLLED 
RECTIFIER FOR TYRE-ROLLING 
MILL. 


A TYRE-ROLLING mill in the works of Messrs. John 
Baker and Bessemer, Limited, Brinsworth Works, 
Rotherham, is designed to produce steel tyres for rail. 
way rolling stock in sizes from about 42 in. to 78 in. in 
diameter. It consists of an external roll, which is 
driven at a constant speed of about 25 r.p.m. by a 
three-phase induction motor, and an internal roll, 
which is driven through double-reduction gearing by 
an 800 h.p. 500-volt direct-current motor. The speed 
of this motor can be varied from 750 to 200 r.p.m., 
the corresponding roller speeds being from 60 to 
16 r.p.m. Speed regulation is effected by obtaining 
the direct-current supply from a grid-controlled recti- 
fier, which has been installed by the General Electric 
a Limited, Magnet House, Kingsway, London, 

C.2. 

Before describing the control equipment it may be 
mentioned that in rolling tyres a hot blank consisting 
of a thick-walled ring with a relatively small internal 
hole is used. This blank is pressed between an inner 
roll, which passes through the central hole, and an 
external roll, the diameter of which is some 2} times 
greater than that of the inner roll. The external roll 
is formed to suit the tread and flange of the tyre. 
Rolling is continued until the internal and external 
diameters of the blank are comparatively large and 
until the cross section of the ring has been reduced 
and formed into the shape of a flanged tyre. A 42-in. 
tyre approaching the completion of rolling is shown 
in Fig. 3, opposite. It is necessary in this process 
that the speed of the direct-current motor driving the 
inner roll shall be increased progressively until the tyre 
has reached its finished diameter. It must also be 
possible also for the motor and the roll to be slowed 
down and stopped quickly when the tyre has been 
finished. 

The 400-kW pumpless rectifier from which the 
direct-current motor mentioned above is supplied is 
illustrated in Fig. 1, opposite, in its cubicle. As will 
be seen, it is of the water-cooled steel-tank type. It is 
fed from a 3-3-kV three-phase system through a main 
transformer and oil circuit breaker. Grid control is 
provided on its six main anodes and it is also fitted with 
field anodes, which supply direct-current at about 220 
volts for exciting the motor field and for control 
purposes. ‘The positive lead for this supply is connected 
to the common cathode and, since there is no control on 
the field anodes, an output of the required voltage is 
available immediately the direct-current circuit breaker 
is closed. 

The control grids of the main rectifier are connected 
through current-limiting resistors of 1,000 ohms each 
to the secondary winding of a six-phase “ peaking ” 
transformer ; and a negative bias is applied to them 
by a three-phase bridge-connected metal rectifier, which 
is fed from a negative-bias transformer. The negative 
direct-current pole of this metal rectifier is connected 
to the neutral of the secondary winding of the “ peak- 
ing ’ transformer and its positive pole to the cathode of 
the main rectifier. The positive output of the peaking 
transformer is therefore in series with the negative- 
bias voltage between the control grids and the cathode. 
As a result, the negative bias applied to the grids pre- 
vents a main anode from carrying current, until the 
positive output of the peaking transformer is suffici- 
ently high to make the grid positive, or in a condition 
when the are will strike. 

The necessary voltage regulation is effected by 
varying the phase relationship between the output of 
the peaking transformer and the voltage applied to the 
main anodes. To do this, the primary of the peaking 
transformer is supplied through a phase-shifting trans- 
former, the primary of which is connected to a ter- 
tiary winding on the main transformer. This phase- 
shifting transformer is normally operated through 
gearing by a motor and also supplies the negative bias 
and field transformers. 

The motor driving the phase-shifting transformer is 
controlled by a master switch with four “ forward ” 
and one “reverse” notches. When this switch is 
moved to the first forward position a contactor in the 
control-grid circuit is closed and the phase-shifting 
transformer is energised, thus reducing the negative 
bias on the grids. The main direct-current con- 
tactor is also closed, so that the mill motor is con- 
nected to the rectifier. Simultaneously, the phase- 
shifter begins to rotate at a speed which increases the 
rectifier output to a value that enables the motor speed 
to be brought up to about 200 r.p.m. in five seconds. 
Overspeeding is prevented by a limit switch which 
open-circuits the phase-shifter motor and prevents 
the phase-shifter from moving beyond the position 
corresponding to a mill speed of 200 r.p.m. 

As the mill approaches this speed, the operator 
manipulates a lever which applies pressure between 
the rolls and starts the rolling operation. He then 
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moves the master switch to the second, third or 
fourth “forward” notch, depending on the rate at 
which it is necessary to accelerate the inner roll. 
The correct value of this acceleration is determined 
by the position of the blank with regard to the rolls. 
When tyres of the maximum size are being rolled, the 
master switch is kept at the required notch until 
rolling has been completed, a limit switch cutting out 
the motor of the phase-shifter when the latter reaches 
a position corresponding to the maximum speed of the 
main motor. With tyres of smaller diameter, it is 
unnecessary for the inner roll to reach its maximum 
speed and the operator prevents the desired mill speed 
from being exceeded by returning the master switch to 
the first forward notch. 

Dynamic braking is provided, so that the mill can 
be stopped as quickly as possible after rolling has been 
completed. This braking is brought into action by mov- 
ing the master switch into either the ‘‘ reverse ’’ or the 
“off” position, depending on whether full or reduced 
braking is required. Moving the master switch to the 
reverse position, causes the main contactor on the 
direct-current control panel, which is illustrated in 
Fig. 2, to open and disconnect the mill-motor armature 
from the direct-current supply. At the same time, a 
second contact on this contactor connects a resistor 
across the motor armature, while the excitation is main- 
tained at its full value. As soon as the motor slows 
down, a second resistor is connected in parallel with the 
first, thus reducing the effective resistance across the 
armature and maintaining the braking effect. After an 
interval, which is determined by lock-out coils on the 
contactors, a third resistor is also connected in parallel 
with the other two, and the mill is rapidly brought to 
rest. When the master switch is moved to the “ off” 
position to secure reduced dynamic braking, the motor 
armature is again disconnected from the supply and 
connected across the first resistor. The other two 
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in circuit by using a resistor, which is connected in 
series with the field coils to reduce the excitation. 

The movement of the master switch to either the 
** off” or “reverse ’’ position also opens the control- 





resistors are, however, prevented from being placed 
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the grids, so that the main direct-current supply is 
interrupted. After a short interval, the circuit of 
the operating coil of the main direct-current contactor 
is broken, thus giving time for the negative bias to 
reduce the current in the direct-current circuit and 
decreasing the duty of the main contactor when break- 
ing the mill-motor circuit. To restore the equipment 
to the starting position, the master switch is moved 
through the “ off ” position to “‘ reverse.” As a result, 
the phase-shifter motor returns the phase-shifting 
transformer to its original position in readiness for 
re-starting. The main direct-current contactor is 
prevented from operating by means of an interlocked 
limit switch until the phase-shifter is in the startiNg 
position. 

The direct-current system is protected by an over- 
load trip on the positive side of the line circuit breaker. 
This circuit breaker can also be tripped by a push 
button in cases of emergency. As the motor field 
coils become fully excited directly the main direct- 
current circuit breaker is closed, a resistor is connected 
in series with them when the motor is at rest to prevent 
overheating and is automatically short-circuited when 
the motor is running. 





CONFERENCE INTERNATIONALE DES GRANDS R&ESEAUX 
ELECTRIQUES A HAUTE TENSION.—Several changes in 
the organisation of the Conférence Internationale des 
Grands Résaux Electriques & Haute Tension, which will 
be held in Paris in 1952, are announced. These include 
the provision of headphones so that delegates will be able 
to listen to simultaneous translations of the discussions 
in English and French; a limitation of the number of 
Papers; and a severer scrutiny of their contents to 
avoid repetition. It is also probable that the conference 
will be held in May, instead of in June, to avoid the hot 
weather. 
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DIESEL-MECHANICAL LOCOMOTIVE 
FOR STEEL WORKS. 


Tue number of Diesel locomotives at present in use 
in steel works in this country is small. Few designs 
have yet reached a sufficiently robust form of construc- 
tion to withstand the arduous and continuous shunting 
duties imposed by the heavy loads. Andrew Barclay, 
Sons & Co., Ltd., Caledonia Works, Kilmarnock, have 
recently designed and built, for the Workington Iron and 
Steel Company, the Diesel-mechanical locomotive for this 
type of work, shown in Figs. 1 and 2, herewith. It has 
an 0-4-0 wheel arrangement to enable it to negotiate 
sharp curves, and is probably the most powerful 0-4-0 
Diesel locomotive to have been built in this country. 
The frame plates are 1} in. thick and the buffer beams 
6 in. thick, and in designing the locomotive accessi- 
bility and the reduction of maintenance costs have 
been first considerations. 

The Diesel engine is a six-cylinder Paxman RPH 
type, consisting of one bank of six cylinders mounted 
on a 12-cylinder V-engine crankcase. The cylinder bore 
is 7 in. and the stroke 7} in. This makes a convenient 
type of engine for a locomotive: the space usually 
occupied by the other bank of cylinders provides a 
suitable mounting for fuel and lubricating oil filters, 
the dynamo, and water-circulating pump, and, since 
the engine casing is lower, the driver has a better view. 
The engine develops 300 brake horse-power at 1,350 
r.p.m. Dry-type was with chromium-plated bores 
are fitted in the cylinders, and the Ricardo Comet 
Mark III combustion system is employed. The C.A.V. 
fuel pumps are controlled through a centrifugal hydrau- 
lic servo governor which is extremely sensitive and 
responds quickly to all movements of the driver’s 
control handle, so that gear changing is simplified. 
The governor is arranged so that, in the event of failure 
of the lubricating-oil pressure, the engine is shut down 
automatically. A hand priming pump enables the 
lubricating-oil system to be primed before starting’ 
Vokes panel-type air filters, fuel-oil filter and lubricat- 
ing-oil filter are fitted, and an Auto-Klean strainer is 
provided in the lubricating-oil cooling system. 

A Vulcan Sinclair rigid traction-type fluid coupling 
is fitted on the engine shaft ; thence the drive is taken 
through a Layrub flexible propeller shaft to a Wilson 
four-speed gearbox. This gearbox is of the epicyclic 
type, with contracting bands to engage the first three 
gears and a multi-plate friction clutch for the fourth 
speed, which is a direct drive. ‘There are no dog 
clutches or sliding gears, the drive being taken up by 
the contracting bands or the multi-plate clutch, en- 
suring a smooth and almost foolproof gear-change. The 
gearbox clutches are operated by compressed air, which 
is controlled by a small valve in the driver’s cab, and 
when changing gear it is only necessary to slow down 
the engine momentarily, thus breaking the drive of the 
fluid coupling, and then move the gear control-valve 
handle. The clutch for the required gear will engage 
gradually, and the engine can be speeded up imme- 
diately to take up the drive. The forward-and-reverse 
gear is made by Messrs. Alfred Wiseman and Company 
and is also operated by compressed air. The reverse 
gears consist of a cluster of spiral bevels, with a dog 
clutch between the two crown wheels, either of which 
may be clutched to a cross shaft, thus reversing its rota- 
tion. This is followed by a double-reduction gear to the 
jackshaft. Ball and roller bearings are used throughout 
the final-drive unit, including the main bearings at the 
ends of the jackshaft, and the gearcase is bolted rigidly 
to the locomotive frames, forming a substantial frame 
stay. Both the gearbox and final-drive unit are lubri- 
cated by oil pumps, that on the latter being arranged to 
operate Barclay’s patent reversing stop, which prevents 
the reverse gear from being moved until the locomotive 
has come to rest. 

A radiator, supplied with water from the engine- 
cooling system, is fitted at each side of the cab to 

rovide warmth in cold weather. Messrs. Barclay’s 
immersion and tubular heaters are fitted in the engine 
to circulate the water in the cylinder blocks, thereby 
safeguarding against damage in frosty weather and 
ensuring easy starting. The tubular heaters are 
fitted under the crankcase and keep the lubricating oil 
in the sump slightly warm. They are supplied with 
electricity from a 240-volt supply in the engine-house. 

Westinghouse compresseud-air brake equipment is 
provided, the air compressor being driven by V-belts 
from an extension shaft at the front of the engine. 
The fuel tank has a capacity of 200 gallons, which is 
sufficient for four or five days’ working under normal 
shunting conditions. The speeds of the locomotive 
in the several gears are 4-43, 7-75, 11-6 and 18 miles 
an hour, with the engine running at 1,350 r.p.m., and 
the tractive efforts at these speeds are 18,600, 10,600, 
7,100 and 4,850 lb., respectively. The performance is 
therefore up to the standard of a normal 16-in. steam 
shunting locomotive. The weight of the engine in 
working order is 35 tons, giving an adhesion ratio of 
4-2 to 1 in first gear. 
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CURRENT RESEARCH BY THE 
MINISTRY OF FUEL AND POWER. 


On Monday, January 8, Dr. H. Roxbee Cox, the 
chief scientist to the Ministry of Fuel and Power, gave 
some particulars of current research work now being 
undertaken by the Ministry, in the course of an address 
delivered at a luncheon of the Coal Industry Society, 
held in London. An abstract of the address is given 
below. 

Referring first to underground gasification of coal, 
Dr. Roxbee Cox said that American and Belgian work, 
and more recent work in French Moroeco, as well as 
the bylk (perhaps all) of the practical work in Russia, 
had been based on systems involving mining. It was 
felt that the economics of underground gasification 
were far more likely to be attractive if the preparation 
of shafts and tunnels by men working underground 
could be avoided. The aim was to produce the gas by 
working from the surface. This was done in two ways. 
A U-shaped channel was made by drilling, from high 
ground, two vertical holes into a coal seam and joining 
them by drilling a horizontal hole from down the 
hillside. Then a small fire was started in the horizontal 
bore. Another method was to connect two vertical 
drillings by the application of pneumatic pressure, 
slightly greater than the pressure exerted by the 
overburden. By both these methods, systems were 
established which supplied gas on an experimental 
seale. The first system started to work on July 13, 
and was still working. By the second method, they 
established a system which had been working for just 
a month. A great deal of coal was not worth mining, 
because it was either too dirty, or lay in seams which 
were too narrow or at too great a depth. Much of this 
coal could be used by the method of underground 
gasification. If underground gasification was success- 
ful technically and attractive economically—and it was 








the object of the experiments to find out whether it 
was so—an additional source of fuel would be available. 

With regard to the quality of the gas: from coal 
which was half dirt, and lying in a wet seam only about 
18 in. thick, gas was obtained, under conditions 
approximating to those which would apply in com- 
mercial operation, of an average of about 75 B.Th.U. 
per cubic foot. Such a gas could be used as fuel for a 
gas turbine generating electrical power; and it was 
with the vision of a plurality of vertical drillings 
connected to a number of gas turbines generating 
power that the Ministry made the experiments, to 
which the National Coal Board had recently decided to 
give direct help. 

The gas turbine could, in fact, be made to work on 
still more feeble gases, and a gas turbine was being 
made, with preheating apparatus included in the 
cycle, to burn weak mixtures of methane in air, which 
were available at all collieries. Again, the National 
Coal Board were collaborating in the venture, and it 
was hoped that an engine would be working at a pit 
about the middle of 1952. This was another attempt 
to exploit a source of fuel not hitherto used ; and, if 
it proved possible to do it on a wide scale, a large 
proportion of the power which the collieries themselves 
needed could come from their own waste. 

The gas turbine, Dr. Roxbee Cox continued, was 
indeed a most flexible engine, which was finding a 
wide variety of applications; but, in all of them, it 
had run on liquid fuel, and, more often than not, on 
distillate fuel. It could be applied much more widely 
industrially, particularly in this country, if it could 
run on coal, but if it was to play a serious part in power 
generation in this country, it would have to be no more 
fussy about the kind of coal than was the modern steam- 
turbine power-station. There was considerable hope 
that the gas turbine would be even less discriminating. 
If so, an engine would be available that would be 
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Fig.1. ABOUT TO DELIVER 
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Fig.2. AFTER DELIVERY 
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capable of running on the low-grade coal which was 
not worth moving from the pithead, and the possibility 
could be contemplated of a colliery power plant in 
which the coal-burning gas turbine and the firedamp 
gas turbine would be integrated in consuming pre- 
viously unusable fuels. Furthermore, if the gas turbine 
was to make good on the railways, it would have to be a 
coal-burner ; and, when such a machine was provided, 
it should not be difficult to achieve with it a coal 
consumption half that of the present form of steam 
engine. There appeared to be, therefore, ample 
incentive to develop the gas turbine as a coal-burning 
machine, and a considerable effort was being made to 
achieve that end. 

There was no particular difficulty in making a gas 
turbine run on the gas from coal, and a 2,000-kW 
turbine was being built which included a high-pressure 
gas producer in the circuit. Coal was used in the gas 
producer, and the resulting gas was burned in the 
combustion chamber of the gas turbine. Apart from 
its own possibilities, this engine was of great interest 
in that it had stimulated the design of a gas producer 
to work at a pressure of six atmospheres, which might 
have much wider applications. A scaled-down version 
of the gas producer was expected to run in about a 
month’s time. 

It was hoped to use pulverised or granulated coal 
directly as the fuel for an open-cycle gas turbine, and 
in the course of the next few weeks an experimental 
engine of this type would run on pulverised coal. 
There was a severe problem of cleaning the ash from the 
products of combustion so that they would not damage 
the turbine, but it was believed that the problem 
could be solved, and a 2,000-kW engine was being built 
to use coal directly as the fuel. It might be running 
on coal before the end of the year. Coal burning was 
being applied also to the closed-cycle type of gas 
turbine, and it was expected that such an engine would 
be working before the end of the year. 

One more project was mentioned: a heat pump, 
the largest of its kind in the world, to heat the London 
County Council’s Concert Hall on the South Bank. 
It would be ready when the South Bank Festival site 
opened on May 1, and would use the low-grade heat 
in the Thames to heat the hall. In hot weather, it 
would run in reverse—as a refrigerator—and cool the 
hall. The motive power was two Rolls-Royce Merlin 
aircraft engines running on town’s gas. The heat pump 
supplied one and a half times as much heat as there 
was in the gas it used. The conventional alternative 
means of using the gas would only supply about three- 
quarters of the heat in the gas. 





FIRST STANDARD LOCOMOTIVE, BRITISH RAILWAYS.— 
The Minister of Transport, the Rt. Hon. Alfred Barnes, 
M.P., will name the first standard locomotive of British 
Railways “‘ Britannia”’ at a ceremony .v be held at 
Marylebone Station, London, on Tuesday, January 30. 
The name has been chosen as a link with the Festival of 
Britain, The engine, No. 70,000, is one of 25 which 
are being built at Crewe for handling express passenger 
and freight trains, and is at present undergoing running-in 
and preliminary tests in the Crewe area and on the main 
line between there and Carlisle. 





FOOT-OPERATED ISOLATING SWITCH FOR WELDING 
PLANT.—A_ 300-ampere foot-operated isolating switch 
has been designed by the Quasi-Are Company, Limited, 
Bilston, Staffordshire, to enable a welder to make his 
elect rode holder “‘ dead ” when he is not welding. It 
Cousists of two 150-ampere blades connected in parallel 
and operated by a quick-break mechanism. It is con- 
tained in an aluminium case, which is mounted on skids. 
The switch is connected in the lead from the welding 
geuerator to the holder, standard push-in type plugs 
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AUTOMATIC METERED 
LUBRICATION SYSTEM. 


A system of automatic centralised lubrication for 
simplifying and expediting maintenance in large 
processing plants and machine shops, which has been 
in use in the United States for about 20 years, has 
recently become available in the United Kingdom. 
The European manufacturing rights of the American 
Trabon lubricating system have been acquired by 
Messrs. Exactor Limited, 108, Park-street, London, 
W.1, from the Trabon Engineering Corporation, 1814, 
East 40th-street, Cleveland 3, Ohio. The advantages 
which are claimed for the Trabon system of centralised 
lubrication are, firstly, that a metered quantity of lubri- 
cant is supplied to each bearing connected in the 
lubricating circuit, and that there is no possibility of any 
bearing being missed ; secondly, the indication that the 
whole system is functioning properly is given at the 
central lubricating pump, and not at each individual 
installation as is the case with certain other automatic 
lubricating systems. If for any reason the metered 
lubricant cannot be delivered to any one bearing, the 
whole system becomes inoperative and this is immedi- 
ately indicated by a pressure rise at the lubricating pump. 

The Exactor-Trabon “ reversing” system, which 
can be adapted to feed any number of bearings with 
oil or grease, consists essentially of a pump which 
may be either manually or power driven, depending 
on the size of the installation, a reversing valve and 
indicator in the pump-delivery line, and a single con- 
tinuous lubricating pipeline which incorporates a 
number of “ reversing feeders "—the metering valves 
which supply the various bearings and control the 
lubricant flow through the circuit. In each operating 
cycle, lubricant is pumped to the first feeder, where it 
actuates a metering piston to deliver a measured quan- 
tity of lubricant to its bearing ; a port then opens and 
the feeder acts as a pipeline through which lubricant is 
pumped to the second feeder, which then delivers its 
charge of lubricant, and soon. When the last feeder in 
the circuit has delivered its charge, the excess lubricant 
passes on to the pump reservoir and, in the case of a 
power-driven pump, the return-oil pressure automatic- 
ally resets a reversing valve and operates an indicator ; 
in the case of a manually-driven pump, the return 
lubricant merely resets a plunger-actuated visual 
indicator, and the pump operator resets a reversing 
valve manually. The second half of the cycle is then 
carried out in exactly the same way in the reverse 
direction, the last feeder in the circuit now becoming 
the first to operate. On power-driven systems, auto- 
matic timers are often incorporated as it would seldom 
be necessary for the pump to operate continuously ; 
a safety device is fitted, to relieve pressure or to switch 
off the pump motor in the event of the system becoming 
jammed. 

The capacity of each reversing feeder in the circuit 
is selected to suit the operating conditions of the parti- 
cular bearing which it serves. Feeders are available in 
a range of sizes with discharge capacities from 0-007 cub. 
in. to 2-0 cub. in. per stroke of the feeder piston. To 
supply a very large bearing, it is possible to combine 
the outlets of several feeders. Figs. 1 and 2 show sec- 
tions through a reversing feeder, just before, and after, 
delivering its charge of lubricant. It will be apparent 
that there are no springs, glands, or exposed moving 
parts, and that there is, in fact, nothing requiring 
routine adjustment. The working parts consist of 
five hardened and ground piston valves working in 
accurately-broached bores, and controlling a sequence 
of symmetrically-arranged ports. During installation, 
the whole lubricating-circuit assembly is filled with 
oil or grease. Referring to Fig. 1, the feeder inlets 
a, @, are connected with the main lubricating- 
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already charged with a predetermined quantity of 
lubricant, ready for delivery to the bearing or distri- 
butor, which is connected with both the outlets c,, c,. 
Assuming that the feeder shown is the first in the 
circuit, adjacent to the feed pump: on commencing a 
lubricating cycle the pump delivers lubricant through 
the inlet a,, forcing the sliding valves d and e over 
their full stroke and moving the primary piston f, 
to block the port g,. (This latter operation is in 
preparation for the reverse half-cycle.) The port h, 
is thus uncovered and pressure acts on the main 
piston i, which begins to move, causing the metered 
oil to be delivered from the bore 6 through the port hg, 
which has been connected with the outlet c, by the 
movement of the sliding valve d. As the main piston ¢ 
completes its stroke (Fig. 2), the port j is uncovered and 
lubricant passes through the passage k,, forcing the 
primary piston f, to uncover the port g,, allowing the 
lubricant to pass out of the outlet a, to the next feeder 
in the circuit, where the cycle of operations is repeated, 
and then on to the third feeder, etc. The first feeder 
is now acting simply as part of the main pipeline, the 
lubricant being pumped through by way of the passages 
G1, hy, js ky Jor Gq It will be appreciated that the 
first feeder has been left with a measured charge of 
lubricant in the main cylinder 6 and with the piston 
valves, d, e, f,;, f, and i re-set for the next half-cycle of 
operations in the reverse direction. Furthermore, 
the main-circuit outlet to the second and subsequent 
feeders is blocked until the first feeder has delivered its 
full charge, i.e., until i has passed j. 

To operate the Trabon reversing system, the pumps 
are required only to overcome the resistance of the 
pipelines and the load at the individual bearings being 
lubricated. Line pressures are usually from 100 Ib. 
to 1,500 lb. per square inch, but may be higher on 
long circuits serving many bearings. The maximum 
practical length of the main hydraulic pipelines is, 
naturally, determined by the type of machinery served 
and the working conditions, but in general the manu- 
facturers recommend that a }-in. diameter main circuit 
should not be longer than 300 ft., although under 
favourable conditions a 500-ft. circuit has been 
satisfactory. Trabon pumps are available in a wide 
range of types and sizes ; the manually-operated pumps 
can, if desired, be used to supply three separate circuits. 
Automatic pumps, which can be driven either by an 
electric motor or mechanically by a linkage from a 
moving machine part, can only operate a single circuit 
unless they are fitted with a manually-operated diverting 
valve. 

In many installations, where a number of bearings 
are situated close together, it is convenient to use a 
more compact form of distributor rather than supplying 
each individual bearing from its own reversing feeder. 
For this purpose the Trabon “‘ M ”-type non-reversing 
feeders have been developed, which may either be 
operated directly from a pump or, more usually, are fed 
from one of the reversing feeders already described. 
Up to 22 bearings can be serviced from one “M” 
feeder. These non-reversing distributors are made up 
of a compact group of feeder elements, available in a 
wide range of capacities, operating in sequence on the 
same basic principle as the reversing feeders, i.e., 
each feeder element must in turn discharge a meas' 
quantity of lubricant to its bearing before the lubricant 
can pass on to the next element. As in the reversing 
feeders, floating pistons are employed, controlled 
solely by hydraulic pressure. The ports are so arranged, 
however, that while hydraulic pressure is available the 
flow through the elements is repeated in the same 
sequence instead of reversing. Bearings on a moving 
machine member may be conveniently lubricated by 
mounting a non-reversing feeder on the moving com- 
ponent, and providing a flexible-hose connection to 
the central source of lubrication. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 

POWER CUTS IN THE SHIPYARDS.—A system of stag- 
gered hours of work began in the Clyde shipyards on 
Monday, January 15, with the object of mitigating the 
effects of electricity power cuts. Firms, or groups of 
firms, will work a short day (10 a.m. until 2.30 p.m.) on 
one day each week, and all will continue to work a 
half-day on Saturdays. The remaining lost time 
will be made up by working a slightly longer day on 
the four full working days. The engineering depart- 
ments of shipbuilding firms are expected to fall into line 
with the scheme, but no hard and fast system has been 
laid down. It is left to each firm to reduce its con- 
sumption of electricity at the peak hours by whatever 
method entails the least interference to production. 
Some may adjust their working hours; others may 
modify their use of heavy machines or processes which 
involve a heavy consumption of power. 

TESTS OF FUEL ErFicieNcy.—Interest in fuel efficiency 
among Scottish industrial firms has been strongly marked 
during the past six months or so, and the diversion of 
one of the Ministry of Fuel and Power's mobile testing 
vans from the South to assist with the volume of work 
on hand has proved particularly helpful. Calls on the 
Ministry’s staff have been very heavy since the com- 
mencement of the winter, and additional members 
are to be recruited to act as fuel engineers. Large firms 
which have booked the use of the resident testing unit, 
in the immediate future, include textile works, paper 
works, engineering shops, and fireclay works. These 
measures will ensure full employment of the van until 
May ; and some forward bookings have been arranged as 
far ahead as the autumn. The biggest task, to be under- 
taken shortly, is the survey of the entire heat-distribution 
system of a large iron foundry. 


THE STEEL INDUSTRY.—The Scottish steel industry 
contributed a fair share towards the record United 
Kingdom production of steel ingots and castings in 1950, 
and in doing so established a new record for the district. 
The output for the year amounted to 2,426,200 tons, as 
compared with the previous highest of 2,381,800 tons, set 
up in 1949, The output of pig iron, at 739,100 tons, 
however, was down on the 1949 total of 768,600 tons, 
but it was noteworthy that the annual rate of pig-iron 
production, towards the end of the year, was 100,000 tons 
above the average for the 12 months. This was due to 
the return to production, at the Clyde Iron Works, of a 
furnace which had been off for the first half of the year 
for relining, and also to the urge to augment metal 
supplies for the steel-melting furnaces in view of the 
growing scarcity of scrap. The steel industry is now 
back into full swing after the New Year holidays, and 
ingot output is on a par with that of a year ago. 


THE CoaL INpustry.—Reflecting the stringency which 
characterised the coal supply position in Scotland 
during 1950, export cargoes dispatched from local ports 
declined to 950,430 tons as compared with 1,248,837 tons 
in the preceding 12 months. Shipments in 1948—the 
first full year following the post-war resumption of the 
trade—totalled 1,319,383 tons. Sales to Denmark were 
well maintained during 1950, but of other major importing 
countries, Eire, France, and Finland received considerably 
less than in 1949. As a result of the restrictive policy 
adopted by the Government, towards the end of the year, 
consignments totalled 58,685 tons in December only, 
against 104,407 tons in the corresponding month of 1949. 


DIESEL-ENGINE CONSTRUCTION IN GLASGOW.—Sir 
John Duncanson, chairman of British Polar Engines, 
Limited, said in Glasgow last week that, in 1946, when the 
company were taken over by the present owners, the 
brake horse-power output was about 25,000 per annuin, 
but last year it rose to 60,000 and it was steadily on 
the upgrade. During this period the whole plant had 
been under reconstruction, and it was only from now 
on that many of the benefits of that reconstruction 
would be felt. The firm possess two factories. A 
new one, which went into production at the beginning 
of 1950, has been designed for an annual output of 
nearly 40,000 b.h.p. A lirge range of work now in hand 
includes geared Diesel machinery of 2,850 s.h.p. for vessels 
of the Ellerman Wilson Line, engines for a new type of 
trawler, and the machinery for the first Diesel-engined 
vessel for the Isle of Man Steam Packet Company. 


Locu SLoY TUNNELLING RECORD.—Thirty workmen, 
operating three shifts a day on a subsidiary Loch Sloy 
electricity scheme, created what is claimed to be a new 
British small tunnelling record, by driving 278 ft. in the 
week ended midnight on Sunday. They are engaged in 
cutting a tunnel to divert water from the Cobbler moun- 
tain peaks into the Loch Sloy dam, part of a secondary 
catchment area. The previous best weekly performance 
is stated to have been 245 ft. cut in the Glen Shira 
scheme, Inveraray. 








ELECTRICITY IN SCOTLAND.—At a recent meeting of 
the Edinburgh City Council the Lord Provost (Sir 
Andrew Murray) complained of the lack of co-ordination 
between the British Electricity Authority and the North 
of Scotland Hydro-Electric Board in the provision of 
electricity in south Scotland. Last year an extra 
1,000 MW of generating plant had been installed in 
England and nothing in Scotland. It was pointed out 
that if the same progress had been made with steam as 
with water power stations about 140 MW of new capacity 
would have been commissioned. A further meeting on 
the subject is to be held on Monday, January 22. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


IRON AND STEEL INDUsTRY.—The heavy aggregate 
tonnage output of iron and steel is insufficient for the 
current needs of customers and the prospective require- 
ments of buyers threaten severely to tax the productive 
capacity of the works in the Tees-side area. Some 
curtailment of output in the first quarter of the year is 
inevitable owing to the shortage of fuel, iron ore, and iron 
and steel scrap, but the obstacles to the resumption of 
adequate deliveries of much needed commodities are not 
insurmountable and there is hope that they will be over- 
come. Throughout last year, production costs advanced 
steadily and these, with the rise in ore freights, repre- 
sent considerable additional charges which must be borne 
eventually by the consumers. An early rise in market 
quotations is regarded as not unlikely. 


TRADE IN MANUFACTURED IRON AND STEEL.—A 
shrinkage in certain steel deliveries has increased the 
demand for semi-finished and finished-iron commodities 
and manufacturers now have well-filled order books. 
The continued pressure for big parcels of steel semies is 
taxing the efforts of home producers to meet the situation. 
but the distributable tonnage is still large. Re-rollers, 
however, are calling for greater quantities of billets 
than are coming to hand. Rearmament plans have given 
a farther impetus to the demand for several classes of 
steel, but the recent increase in sales are believed to be of 
speculative character. Galvanised-sheet makers have 
more work than they can handle and, for the present, 
are not accepting offers of new business. 


CoaL OUTPUT IN DURHAM DIVISION.—A total of 
approximately 540,500 tons of saleable coal was mined in 
the Durham Division during the week ended January 13, 
against only 388,000 tons during the week ended January 
6. No coal was lost owing to holidays or disputes during 
last week, but there was a loss of some 104,000 tons 
during the preceding week. The Ministry of Fuel and 
Power estimates that there were 106,900 wage earners on 
colliery books in the Division on January 6, compared 
with 109,700 on January 7, 1950. 


PROPOSED AIRPORT FOR NORTH-EASTERN COUNTIES.— 
During the present week, the Minister of Civil Aviation 
(Lord Pakenham) has been visiting the North-Eastern 
Counties. It is understood that he has been discussing 
various schemes for the establishment in that area of a 
regional airport capable of handling traffic to and from 
the Continent. Woolsington, Croftand Boldon are among 
the sites that have been suggested. 





LANCASHIRE AND SOUTH 
YORKSHIRE. 


SHEFFIELD IRON AND STEEL INDUsTRY.—Sheffield 
steelmakers who specialise in the production of forgings 
and castings for the motor-car industry are perturbed by 
the necessity for motor-car manufacturers to work short 
time owing to scarcity of steel sheets. Some departments 
here will be seriously affected. The scarcity of materials 
is unrelieved, and, in the case of wire-drawers, production 
has had to be cut by 30 per cent. on account of restrictions 
upon the use of zinc. Another source of anxiety is the 
incessant rise in costs of production as alloys become 
dearer. The rise in the price of wolfram ore, by another 
10s. per unit, making the new range 440s. to 460s, 
nominal, means dearer tungsten. The wages of about 
15,000 Sheffield steelworks employees have been ad- 
vanced by 5s. and 8s. a week under a new agreement 
governing the special-steel trades. The rise does not 
apply to employees of large bulk-steel firms in Rother- 
ham, Stocksbridge and South Yorkshire, whose wage 
fluctuations are on a separate basis. Men employed 
on engineering conditions, and working a 44-hour week in 
Sheffield steelworks were recently given rises of up to 8s. 
for unskilled and of up to 11s. for skilled men, under a 
national agreement. It is understood that the national 
drive for iron and steel scrap is making headway ; 
merchants hope that about half a million tons will be 
collected from various sources. The Park Gate Iron 
and Steel Company, Limited, last year, reaped some of 
the reward for extensive reorganisation and re-equip- 
ment. The total production of steel in 1950 was 322,580 
tons, namely, an increase of 6 per cent. over the previous 
record year, 1949. There are still many vacancies 





for skilled men in the engineering and steel trades, bu 
there is no housing accommodation for those who migh 
otherwise transfer their homes to Sheffield and district. 
THE SOUTH YORKSHIRE COAL TRADE.—The deman 
for coal is greater than the supply, and, to consery 
fuel some firms have instituted economy campaign- 
in the form of more scientific stoking and the reclamation 
of supplies often allowed to go to waste. Railway- 
locomotive depots are working on reduced supplies. 
and it is hoped to effect considerable economies by « 
decision to make drastic cuts in train services. In the 
Eastern Region of British Railways, which is largely 
supplied with locomotive coal from this area, 174 trains 
have been cancelled on each of the five week-days, Monday 
to Friday, 166 on Saturdays and 111 on Sundays. Indus- 
trial users are working on lower stocks than usual at this 
time of the year. An effort is being made to maintain 
coke works operating at full heats to ensure a continuance 
of supplies of metallurgical coke and coke-oven gas. 





THE MIDLANDS. 


SUPPLIES OF STEEL SHEET AND COKE.—The recent 
cut in sheet-steel supplies caused considerable alarm 
in motor-trades circles and in some Midland factories 
supplying pressings and components. It was thought. 
and in some parts of the district, freely stated, that 
motor-vehicle manufacturers would be forced to work 
a four-day week. It now appears, however, that this 
may have been unduly pessimistic. Certainly, up till 
the present, only limited short-time working has been 
announced, and some firms have stated their ability to 
continue much as before. Delay in coke deliveries 
continues, and in some cases foundries have reported 
having stocks sufficient for a few days only. Coke 
breeze has also been proving difficult to obtain in the 
quantities required for the chain makers of the Dudley. 
Old Hill and Cradley districts, but, so far, has not caused 
any diminution of output. 

Non-FERROUS METALS.—The ban on the use of ziuc 
and copper for certain manufactured goods, which was to 
have come into force on February 1 but is now postponed 
to March 1, threatens some firms, particularly in Birming- 
ham, with extinction. It has been announced that the 
Government Departments concerned are prepared to 
consider allowing firms to use up stocks of the prohibited 
metals, and to finish work in progress. What will 
happen after that cannot at present be forecast. 

SUPPLIES OF AcID.—Following upon the cut in supplies 
of zine, the Board of Trade announced that the quantities 
of hydrochloric and sulphuric acids would be reduced by 
20 per cent. So far as the galvanisers are concerned. 
this is not regarded as important, since the shortage of 
zine will naturally cause a reduced demand for pickling 
acids, but in some branches of the iron and steel industry 
the reduction in acid supplies may well prove awkward. 

THE WEST MIDLANDS CoaL INDUSTRY.—All 61 pits 
in the West Midlands Division have again been open 
for the voluntary Saturday morning shift, and the output 
figure shows an improvement over the previous week. 
The production, however, is still short of the output 
realised in the corresponding week of 1950. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


MINERS’ VIEWS ON COAL-INDUSTRY REORGANISATION. 
—During the past week South Wales miners have 
expressed strong criticism of the plan announced some 
while ago by the National Coal Board involving an outlay 
of 102,000,0001., for the re-organisation of local mines, as 
part of a country-wide 15-year plan for the industry. 
The executive council of the South Wales area of the 
Nationa! Union of Mineworkers, which were the first in 
the country to make known their reactions to the scheme, 
have described them as being “ far too cautious and not 
bold enough to meet the very serious requirement of 
reconstruction of the mining industry.”” The amount of 
capital set aside was “‘ completely inadequate to modern- 
ise this backward industry.” The burden for the provi- 
sion of the necessary new capital should be borne by 
national Exchequer funds as the industry was of prime 
importance in the economic life of the nation. The 
South Wales executive also called for a new national 
wages structure, housing priorities, free transport and 
new measures for the safety and health of the miners. -_ 

WELSH STEEL-SHEET INDUSTRY.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was a noticeable reduction i 
orders placed for tin-plate by both home and export 
buyers. The unmilled orders on makers’ books are 
numerous, but the high output from the works enables 
suppliers to dispose of many of their commitments eveTy 
week. An acute shortage of scrap is evident in the South 
Wales steelworks, and importations from the Continent 
are also decreasing. The supplies from home sores 
are still not sufficient to make up for the stringency of 
foreign supplies. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Radio Sec- 
tion: Monday, January 22, 5.30 p.m., Victoria-embank- 
ment, W.C.2. Discussion on ‘‘ How Reliable is a Radio 
Valve ? ” opened by Dr. G. H. Metson. South Midland 
Centre: January 22, 6 p.m., James Watt Memorial 
Institute, Birmingham. “ Electrical Installations in 
Large Chemical Factories,”” by Mr. D. B. Hogg. Mersey 
and North Wales Centre: Monday, January 22, 6.30 
p.m., Royal Institution, Colquitt-street, Liverpool. 
“Control of Hydro-Electric Plant,” by Mr. A. C. H. 
Frost and Mr. W. Brittlebank. East Midland Centre: 
Tuesday, January 23, 6.30 p.m., Loughborough College, 
Loughborough. ‘“‘ Design of Power Transformers to 
Withstand Surges Due to Lightning,” by Mr. A. T. 
Chadwick and others. Scottish Centre: Tuesday, 
January 23, 7 p.m., 39, Elmbank-crescent, Glasgow, C.2. 
** Performance of the British Grid System in Thunder- 
storms,” by Dr. J.S. Forrest. Supply Section : Wednes- 
day, January 24, 5.30 p.m., Victoria-embankment, 
W.C.2. “ Planning of an Electricity Board’s Distribu- 
tion System,” by Mr. G. O. McLean. Southern Centre: 
Wednesday, January 24, 6.30 p.m., Technical College, 
Brighton. ‘‘ Design and Operation of a 30-MeV Synchro- 
tron,” by Mr. D. W. Fry and others. North Midland 
Centre: Saturday, January 27, 10 a.m., College of 
Technology, Leeds. Discussion on “The M.K.S. 
System,” opened by Mr. A. H. Greenwood. 

ROYAL Society OF ARTS.—Monday, January 22, 
6 p.m., John Adam-street, W.C.2. Cantor Lecture III. 
“The Plastics Industry,” by Dr. John C. Swallow. 
Wednesday, January 24, 2.30 p.m., “Dry Rot and 
Timber,” by Dr. W. P. K. Findlay. 

INSTITUTE OF METALS (London Section) and Society 
or CHEMICAL INDUSTRY.—Monday, January 22, 6 p.m., 
London School of Hygiene and Tropical Medicine, 
Keppel-street, W.C.1. ‘“‘ Friction and Lubrication of 
Solids,” by Pr. F. P. Bowden, F.R.S. 

SHEFFIELD SOCIETY OF ENGINEERS AND METAL- 
LURGISTS.—Monday, January 22, 6.15 p.m., Royal 
Victoria Station Hotel, Sheffield. ‘“‘ Abbey Works of 
the Steel Company of Wales, Ltd.,’’ by Mr. W. F. Cart- 
wright. Thursday, January 25, 6.30 p.m., Grand 
Hotel, Sheffield. ‘‘ Cast Corrosion-Resisting Alloys,” 
by Mr. M. M. Hallett. 

INSTITUTION OF WORKS MANAGERS.—Glasgow Branch : 
Monday, January 22, 7.15 p.m., 39, Elmbank-crescent, 
Glasgow, C.2. ‘‘ Legal Assets of Industry,” by Mr. A. 
Armour. London Branch: Wednesday, January 24, 
6.45 p.m., Waldorf Hotel, Aldwych, W.C.2. ‘“ What is 
Production Control ? ’’ by Mr. H. F. Webb. 

INSTITUTION OF PRODUCTION ENGINEERS.—Man- 
chester Section: Monday, January 22, 7.15 p.m., College 
of Technology, Manchester. ‘ Jet Engines,” by Mr. 
EK. E. Storm. Leicester Section: Tuesday, January 23, 
7 p.m., Bell Hotel, Humberstone-gate, Leicester. ‘ Pro- 
duction and Control in Hosiery Industry,” by Mr. W. W. 
Noakes. South Wales and Monmouthshire Section: 
Thursday, January 25, 6.45 p.m., South Wales Institute 
of Engineers, Park-place, Cardiff. Film Display. 

INSTITUTION OF CIVIL ENGINEERS.—Railway Division : 
Tuesday, January 23, 5.30 p.m., Great George-street, 
S.W.1. “* Reconstruction of Culvert 146 near Ayton, 
after Its Destruction by Flooding in 1948,” by Mr. John 
Graham. 

{NSTITUTION OF MECHANICAL ENGINEERS.—Tuesday, 
January 23, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. Meeting in conjunction with Education Group. 
“ Training of Craftsmen,” by Mr. J. Loxham. Friday, 
January 26, 5.30 p.m., meeting in conjunction with 
Steam Group. Discussion on ‘‘ Causes of Breakdown 
in Steam Plant.” North-Western Branch: Wednesday, 
January 24, 7 p.m., North Western Electricity Board 
offices, North-road, Lancaster. ‘“ Operating Experiences 
with High-Pressure Steam Power Plant,” by Mr. W. N.C. 
Clinch. Thursday, January 25, 6.45 p.m., Engineers’ 
Club, Manchester. Annual Meeting. “A Single-Cycle 
Test Apparatus for Studying ‘ Loop-Scavenging ’ in a 
Two-Stroke Engine,” by Mr. H. Sammons. London 
Graduates’ Section: Saturday, January 27, 3 p.m., 
Storey’s-gate, S.W.1. Annual Lecture on “A Com- 
mentary on Some Human and Engineering Aspects of 
Mechanical Manufacture in the Last Two Centuries,” by 
Dr. D. F. Galloway. Birmingham A.D. Centre : Tuesday, 
January 23, 6.45 p.m., James Watt Memorial Institute, 
Birmingham. ‘ Post-War Public-Service Vehicle Main- 
tenance,” by Mr. T. H. Parkinson. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScOTLAND.—Tuesday, January 23, 6.30 p.m., Engineer- 
ing Department, University, Glasgow. ‘“‘ Servo Control 
Problems,” by Mr. A. J. O. Cruickshank. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
January 23, 7 p.m., Grand Hotel, Sheffield. Annual 
Meeting. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.— North 
East Centre: Tuesday, January 23, 7 p.m., Dunelm 
Hotel, Old Elvet, Durham. ‘“ Brakes and Clutches,” by 
Mr. Ivan M. Waller. 

ROYAL UNITED SERVICE INSTITUTION.—Wednesday, 
January 24, 3 p.m., Whitehall, S.W.1. ‘“‘ The Common- 
wealth of To-Day,” by Mr. L. S. Amery. 

LIVERPOOL ENGINEERING SocleTy.—Wednesday, 
January 24, 6 p.m., 24, Dale-street, Liverpool. ‘‘ Launch- 
ing of Ships,” by Mr. T. U. Taylor. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham 
Branch: Wednesday, January 24, 7.15 p.m., James 
Watt Memorial Institute, Birmingham. ‘“ Running and 
Feeding of Castings,” by Mr. H. B. Farmer. East 
Midlands Branch: Saturday, January 27, 6 p.m., College 
of Technology, The Newarke, Leicester. ‘‘ Castings for 
Internal-Combustion Engines,’ by Mr. C. R. van der 
Ben and Mr. H. Haynes. 


RoyaL Soctety.—Thursday, January 25, 4.30 p.m., 
Burlington House, Piccadilly, W.1. ‘‘ Molecular Struc- 
ture in Terms of Equivalent Orbitals,” by Mr. G. G. Hall 
and Sir John Lennard-Jones, F.R.S. 


INSTITUTE OF REFRIGERATION.—Thursday, January 
25, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, S.W.1. ‘“‘ Refrigeration 
in the Meat Trade,”’ by Mr. J. A. Brewster. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
January 25, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“* Prestressed Concrete,” by Mr. J. W. H. King. Midland 
Counties Branch: Friday, January 26, 6 p.m., James 
Watt Memorial Institute, Birmingham. Joint Meeting 
with the INSTITUTION OF CIVIL ENGINEERS (Midlands 
Association). ‘‘ Construction of a Large Modern Tin-Plate 
Cold-Reduction Plant,’’ by Mr. A. Sutcliffe and Mr. G. E. 
Garrard. 


INCORPORATED PLANT ENGINEERS.—South Yorkshire 
Branch: Thursday, January 25, 7.30 p.m., Grand Hotel, 
Sheffield. ‘‘ Lubrication,’’ by Mr. G. D. Jordan ; ‘* Pro- 
ducers,” by Mr. L. Cawthorne ; and ‘* Norwegian Electric 
Steel Works,”” by Mr. G. E. Simm, Junr. Birmingham 
Branch: Friday, January 26, 7.30 p.m., Imperial Hotel, 
Temple-street, Birmingham. ‘“* Presentation of a Tech- 
nical Paper,” by Mr. D. H. Bramley. 


NorTH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 26, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘ Electronics in Naval 
Architecture,” by Professor L. C. Burrill and Mr. A. G. 
Boggis. 

JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Sec- 
tion: Friday, January 26, 7.30 p.m., Grand Hotel, 
Sheffield. ‘‘ Erection of a Spirally-Guided Gas Holder,” 
by Mr. R. A. Benson. North-Western Section: Saturday, 
January 27, 2.30 p.m., 16, St. Mary’s Parsonage, Man- 
chester. ‘‘ A Marine Engineer’s First Voyage,’”’ by Mr. 
W. H. G. Powell. 





PERSONAL. 


THE honorary freedom of Oxford has been conferred 
upon LORD NUFFIELD in recognition of his great achieve- 
ments in the industrial and other fields. 


StmR ARCHIBALD MCKINSTRY has retired from the 
board of Babcock and Wilcox, Ltd. 


Dr. O. H. WANSBROUGH-JONES, C.B., O.B.E., has 
relinquished his post of scientific adviser to the Army 
Council on appointment as principal director of scientific 
research (defence) at the Ministry of Supply. 


Mr. P. V. HUNTER, C.B.E., past-president, has been 
elected an honorary member of the Institution of Elec- 
trical Engineers. 


Mr. R. C. S. WALTERS, M.I.C.E., M.I.W.E., M.Cons.E., 
is the President, for 1951, of the Société des Ingénieurs 
Civils de France, British Section, in succession to Mr. W. 
HAWTHORNE, M.I.C.E., M.1.E.E. 


Mr. P. Sison Ham, B.A., F.S.E., has been elected 
President of the Society of Engineers, 17, Victoria-street, 
London, 8.W.1. 


COLONEL S. M. Carrns, O.B.E., has been appointed 
managing director of Robert Boby Ltd., in succession to 
MaJ.-GEN. C. A. L. DUNPHIE, C.B., C.B.E., D.S.O., who is 
taking up another appointment in the Vickers Group. 
Mr. W. HyNaArD and Mr. J. P. WESSON have been 
appointed special directors. 


Mr. J. TAYLOR THOMPSON, M.C., M.I.C.E., J.P., Civil 
Engineer, North Eastern Region, British Railways, is to 
be Civil Engineer, London Midland Region, on the retire- 
ment of Mr. J. Briacsy M.1.C.E., on April 30. Mr. 
F. E. Campion, M.I.C.E., assistant Civil Engineer, 
Southern Region, is to be Civil Engineer of this Region, 
on the retirement of Mr. V. A. M. ROBERTSON, M.C., 
M.1.C.E., M.I.Mech.E., on March 31. 


On January 12, Capt. (E) A. B. VICKERY, O.B.E., 
A.M.I.Mech.E., R.N., relieved Capt. (E) L. F. INGRAM, 





A.M.I.Mech.E., M.I.Mar.E., as assistant Engineer-in- 








Chief (New Construction). Capt Ingram has now 
assumed responsibility as Fleet Engineer Officer, Home 
Fleet. 

BRIGADIER J. V. TOPHAM has been appointed to 
succeed SiR WILLIAM CHRISTIE, K.C.I.E., C.S.I., M.C., 
who is relinquishing the position of secretary of the 
British Engineers’ Association, 32, Victoria-street, Lon- 
don, S8.W.1. 

Mr. R. L. CHANTRILL, B.Sc., M.I.E.E., chief technical 
engineer, the British Thomson-Houston Export Co., Ltd., 
Rugby, has been elected a director of the company. 

Mr. L. S. PopMoRE, A.M.I.C.E., M.Inst.W., has relin- 
quished his position on the board of Hills (West Brom- 
wich), Ltd., as from December 31, 1950. 

Dr. T. J. Lewis, B.Sc. (Eng.), has been elected to a 
W. T. Henley Fellowship for research work in electrical 
engineering at Queen Mary College, London, E.1. 

Mr. J. Mut, A.M.I1.E.E., for the last five years with 
the Technical and Scientific Register of the Ministry of 
Labour, has been appointed registrar and secretary of 
the Professional Engineers Appointments Burean, 
9, Victoria-street, London, S.W.1, in succession to Dr. 
H. J. Nichols, C.1.E., M.1.C.E., who bas resigned. 

Mr. C. A. CLENCH, M.I.Mech.E., has been appointed 
chief generation engineer (construction) of the London 
Division, British Electricity Authority. 

Mr. G. F. CoLe has been appointed general manager 
of Clarkson (Engineers) Ltd., Nuneaton. Mr. E. 58. 
PEARSON succeeds Mr. Cole as secretary to the company. 

Mr. DONALD Rak, a departmental director of McKech- 
nie Brothers Ltd., Rotton Park-street, Birmingham, 16, 
has been appointed general manager. 


Mr. R. J. O. PLOWRIGHT has resigned his position as 
a director of Plowright Bros. Ltd., Chesterfield, in whicb 
firm the Bestwood Co. Ltd. have acquired an interest. 
Mr. R. LANCASTER and Mr. N. HALFNIGHT have joined 
the board. Mr. A. J. BEELEY, a former director, is 
shortly to rejoin the board of Plowright Bros., and will 
succeed Mr. R. J. O. Plowright as general manager. 
The other directors are Mr. J. AusTIN, Mr. G. W. 
Boocock and Mr. W. OaTEsS. MR. ROBERT PLOWRIGHT 
continues as chairman. 

Following the retirement, on December 31, 1950, of 
Mr. J. G. Lowe, the comptroller and secretary of the 
Metropolitan-Vickers Electrical Co., Ltd., Manchester, 17, 
Mr. E. SALMON has been appointed comptroller and Mr. 
D. THOMSON, secretary, as from January 1, 1951. Mr. 
W. D. TayLor succeeds Mr. Lowe as secretary of Metro- 
politan-Vickers Electrical Export Co., Ltd. 

Mr. E. G. O'BRIEN, assistant general superintendent 
of transportation to the Canadian Pacific Railway, 
Montreal, has retired after 49 years of service with the 
company. His successor is Mr. V. G. SMART, who has 
been Mr. O’Brien’s assistant since 1948. 

Mr. BRUCE WoopHoUsE has been appointed Press 
officer to the Machine Tool Trades Association, Victoria 
House, Southampton-row, London, W.C.1. 

Mr. L. SHAwcROSS has been made representative for 
Northern England of the Carborundum Oo,, Ltd., Man- 
chester, 17, in succession to Mr. J. R. THOMSON, who has 
left the service of the company. 

STANDARD TELEPHONES AND CABLES LTD., have 
formed a heat-treatment group as a part of their Indus- 
trial Supplies Division, Footscray, Sidcup, Kent. 


THE SOUTH AFRICAN FEDERATED CHAMBER OF INDUS- 
TRIES have vacated their offices in Maritime House and 
are now at 306, Charter House, Rissik and Anderson 
Streets, Johannesburg. : 

The Industrial Department of PaiLips ELECTRICAL 
LTp., which was previously at 122, Snow-hill, Birming- 
ham, is now accommodated in the main branch premises, 
at 28 a and oc, Ludgate-hill, Birmingham. 

A new selling company, BRUSH BAGNALL TRACTION 
Ltp., Falcon Works, Loughborough, has been formed to 
further the Diesel-electric locomotive sales of the 
BRUSH-ABOE GROUP and their associate company, W. G. 
BAGNALL, LTp. The chairman of the new company is 
Mr. A. P. Goon, the managing director, is the Hon. A.C. 
GEDDES, and the sales manager, Mr. P. J. MARTIN. 

TUBE INVESTMENTS LTD., The Adelphi, London, W.C.2,» 
announce that their subsidiary T.I. (Group Services) Ltd., 
have established a Transport Sales Development Depart- 
ment, at Broadwell Works, Oldbury, Birmingham. Mk. 
E. BRYAN has been appointed the director. 

FREDK. Jones & Co., LTp., Perrin-street, London, 
N.W.5, and J. C. BroapBent & Co., LTD., Redcar, 
Yorkshire, producers of slag wool, have amalgamated. 

The offices of the LAPOINTE MACHINE TOOL Co., LTD., 
have now been transferred to the works at Watford and 
all communications to the firm should be addressed to 
Otterspool, Watford By-pass, Watford, Hertfordshire. 
(Telephone : Gadebrook 3711-2.) 

C. MACKECHNIE JARVIS & PARTNERS, consulting engin- 
eers, have now removed to 28, Victoria-street, London, 
S.W.1. (Telephone: ABBey 4841.) 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, - 
LONDON, W.C.z. 
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ENGINEERING APPOINT- 
MENTS IN THE COLONIAL 
SERVICE. 


ENGINEERS are accustomed, unfortunately, to 
receiving less credit than is their due, but in no 
direction has this been more marked than in connec- 
tion with the development of overseas territories. 
The man in the street who is even moderately well 
informed on current affairs and economic history— 
who, in short, reads his newspaper intelligently 
and has sufficient interest in the world around him 
to supplement that reading by the serious study 
of more permanent records—could probably quote 
offhand the names of quite a selection of adminis- 
trators who have helped to build what was commonly 
called “‘the British Empire”; but it is doubtful 
if he could name even one or two of the engineers 
without whose aid the Empire builders would have 
laboured in vain. It is no longer fashionable in this 
country to speak of ‘the British Empire ”—only 
visitors from overseas persist in doing that; but 
the work of the engineers goes on, and, because 
most engineering work is cumulative in its effects, 
the more that they do, the more and greater become 
the opportunities for them to extend their beneficent 
activities. Roads, bridges, water supply, irrigation 
and drainage schemes, land reclamation, power 
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of many educationists. and even—we admit it— 


stations, docks and harbours—the Empire builders 
may visualise such things, but it is the engineer 
who works out the details and transforms the 
vision into material fact. 

To judge by the Proceedings of many of the 
learned institutions, the speeches of politicians and 


it might be supposed that the need for engineers of 
the pioneering variety was declining and that a 
sufficiency of research workers would solve all 
problems. Common sense indicates, however, that 
the constructional work of the world must go on, 
and it is a matter of ordinary observation that the 
amount of it is not regulated by the needs of the less 
developed countries, but by the extent of available 
finance. Increasingly, as technical education 
spreads, the countries themselves are learning to 
produce their own engineers ; but it will be a long 
time before they can do without the resources and 
experience of the older industrialised nations, 
especially in the major works, The ability to 
scheme and to build is only a part of the essential 
requirements ; the ability to design, and to supervise 
the building of structures which will endure, and 
which will retain their efficiency and effectiveness, 
is possibly of even greater importance in circum- 
stances where a high maintenance cost may be a 
more serious burden than the initial outlay. 

Many of these engineering works are under- 
taken by services, organisations, and commerical and 
industrial companies; although recent events in 
South America have brought out the weakness of 
a privately-owned undertaking when it becomes 
sufficiently prosperous to attract the attention of 
Governments with an urge to nationalise. There 
are still, however, many ‘posts available under the 
wegis of His Majesty’s Colonial Service, which offer 
to-day as excellent opportunities as they ever did 
for the competent engineer who is imbued with 

public spirit, self-reliance, an eagerness to know other 
countries than his own, and that very real desire 
to be ‘‘ making and doing ”’ (rather than filling forms) 
that so many present-day industrial occupations 
somehow fail to satisfy. Those who fit that broad 

specification will do well to study the booklet* 
prepared by the Colonial Office, in which the possible 
Openings are reviewed—and reviewed, it may be 
added, without any attempt to hide the difficulties 
inherent in the appointments. Engineering offers 
no easy road to riches at any time, and engineers in 
the Colonial Service are unlikely to find themselves 
among the lucky few who are the exceptions to that 

general rule. 

With an agreeable candour, the compilers of the 

brochure point out that ‘the Colonial Engineering 

Service requires of the engineer certain qualities 

which may not be required of the engineer in an 

old-established and well-ordered community.” He 

may, for instance, be given charge of the construc- 

tion of a new headquarters station in some remote 

spot, where he may find himself not only without any 

skilled labour, but obliged “‘ to supervise the burning 

of his own bricks, having first sought and found the 

clay for the purpose’; or the water engineer may 

be “confronted with the task of transporting some 

miles of large-diameter piping over country where 

any sort of wheeled transport is impossible.” Such 

difficulties, it is pointed out, “tend to decrease 

rather than increase” ; though it may be suspected 

that they tend to change their character rather than 

to become appreciably less numerous, However 

that may be, it is undoubtedly true that such pro- 

blems, while they ‘“‘ may be a tax on the engineer, 

certainly enliven his professional interest.” 

The areas with which the Colonial Service is now 

principally concerned are West Africa, East Africa, 

Malaya and Hong Kong. Candidates who are 

already fully qualified by training and experience 

will usually apply for specific vacancies as these 

are advertised, and, therefore, are likely to be 

posted to a particular Colony; but the Colonial 

Service also provides for an intake of ‘‘ Engineering 

Probationers ” and ‘‘ Pupil Engineers,” and these, 

on completion of a course of training under the 

direction of the Department, are liable to be 

sent anywhere that they may be required. The 

main difference between the two classes of 

“trainees” is that the engineering probationer 

(having previously obtained an engineering degree) 











receives his practical training in the United King- 
dom, whereas pupil engineers—who may be selected 
for civil, mechanical or electrical training—receive 
theirs in a Colonial Public Works Department aml 
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normally continue to serve in the Colony in which 
they were trained. Engineering probationers, at 
present, are accepted only for training in civil engi- 
neering, which they receive with some large firm of 
engineering contractors, serving for a year on design 
and for a further year, ‘‘ under close supervision,” 
On the actual works. It is Observed in the brochure 
that it was found necessary to establish these 
training schemes because ‘‘candidates . . . 
often lack the necessary practical training and 
experience after their University Degree in Engi- 
neering”; which is one clear answer to the young 
men who assume that three or four vacation courses 
in assorted engineering works will give them all the 
practical experience necessary. 

Reference has been made above to the four 
principal regions or areas to which appointments 
are made, but the full list is considerably longer. 
The Department of the Secretary of State for the 
Colonies administers the public services in eleven 
Colonies or Protectorates in Africa; six in South- 
Kast Asia and the Far East; seven in the West 
Indies ; in Fiji and various smaller islands in the 
western Pacific; in Cyprus, Gibraltar, Malta and 
Aden ; and in the Bahamas, Bermuda, the Falkland 
Islands, Mauritius, St. Helena and the Seychelles. 
It will be seen that the possible variety of ex- 
perience is great; but the difficulty of deter- 
mining in advance the effective remuneration of 
particular appointments, in terms of purchasing 
power, in cases where a candidate is applying for a 
specific post and not merely seeking admission to 
the Service, must be considerable. The brochure 
gives details of salary scales, of course, and an 
appendix is devoted to the rates of income tax 
current in the principal Colonies and Protectorates ; 
but comparative tables of figures do not tell the 
whole story. The needs and expenses of an engineer 
may vary very widely indeed according to the 
nature of the work on which he is engaged, and are 
not necessarily directly comparable in cost with 
those of officials in other branches of the Colonial 
Service. It would be interesting to know to what 
extent (if at all) the Treasury are advised by ex- 
perienced engineers in determining the scales of 
allowances for outfit, etc. 

In certain important respects, the engineering 
appointments appear more attractive than do those 
in some of the other branches ; for example, while 
the probationers and pupil engineers are entering 
upon a career and, therefore, cannot expect much 
freedom of choice in the posts to which they will 
be sent, there are also immediate appointments to 
be filled, for which older men are eligible. Candi- 
dates seeking to be engineering probationers and 
pupil engineers are preferred not to be older than 23, 
though they may be accepted up to the age of 30 
in special circumstances ; for immediate appoint- 
ments, however, it is stated that, while ‘‘ the normal 
rule is that candidates should be under 40, candi- 
dates over this age may sometimes be considered.” 
The table given in Appendix VIII to the brochure 
(“Seale of Recruitment ’’) showing the number of 
appointments made in each year from 1939 to 
1949, inclusive, does not distinguish between the 
permanent and the non-permanent appointments, 
or indicate whet proportion of the posts were 
pensionable. In the nature of the work, some must 
be only temporary ; though it is to be supposed 
that, if a man demonstrates his competence, he 
would not be turned adrift if his services could be 
used elsewhere on a new engagement. 

It may be some encouragement to possible candi- 
dates, who have not yet made up their minds to 
apply, to know the numbers of appointments in 
recent years. In 1945, they numbered only 50, but 
in the following year they were 158. There was a 
decline to 108 in 1947, but in 1948 the number 
rose again, to 129; and in 1949 there was a marked 
increase, to 221. These were engineering appoint- 
ments only, but there were other branches—town 
planning, mining, aviation, commerce and industry. 
etc.—which, presumably, require a proportion of 
engineers also. It is evident, therefore, that the 
Colonial Service now offers careers, or ad hoc appoint- 
ments, which should be worth consideration by men 
whose professional ambition inclines to something 
wider than what has been described as “the ant- 
heap life ” of big cities and industrial areas. 





A PIONEER OF TECHNICAL 
EDUCATION. 


In a pamphlet, dated March 4, 1799, Count 
Rumford set forth his ideas about the formation 
of what is now the Royal Institution of Great 
Britain. The pamphlet is entitled “‘ Proposals for 
Forming by Subscription in the Metropolis of the 
British Empire, a Public Institution for diffusing 
the knowledge and facilitating the general intro- 
duction of useful Mechanical Inventions and 
Improvements, and for teaching, by courses of 
Philosophical Lectures and Experiments, the Appli- 
cation of Science to the Common Purposes of Life.” 
This definition of intention may be applied almost 
as it stands to the institution to be known as 
Anderson’s University, the foundation, nature and 
constitution of which were provided for in the will 
of John Anderson, for 39 years Professor of Natural 
Philosophy in the University of Glasgow. The 
will, however, is dated May 7, 1795, preceding 
Count Rumford’s proposal by four years. 

To what extent Rumford’s ideas were influenced 
by those of John Anderson cannot be known, but 
it is significant that in the elaborate provisions 
made in the will for the government of the pro- 
posed ‘‘ University’ it is laid down that there 
should be a committee of ‘‘ Ordinary Managers,” 
nine in number, elected from among the trustees 
and that there should also be a committee of 
‘* Visitors ”’ to supervise the activities of the trustees 
and managers. To this day, the Royal Institution 
is governed by Managers and Visitors. The latter, 
however, are elected by the members, whereas 
Anderson’s Visitors were to be ex officio outsiders, 
such as the Lord Provost of Glasgow and the 
Moderators of the Presbyteries of Glasgow and 
Dumbarton. The college, founded in 1796 under 
Anderson’s will, was named Anderson’s Institution ; 
the term ‘ University ’’ was, however, revived in 
1828 and was in use until 1877. A further con- 
nection between the Royal Institution and Ander- 
son’s foundation is furnished by the fact that the 
first professor to take office at the former, Dr. 
Thomas Garnett, came from Anderson’s Institution 
in which he had been the first holder of the Chair of 
Natural Philosophy. 

John Anderson was born in 1726 and died in 
1796. He was a man of great energy and clearly of 
considerable ability, but suffered from what in 
obituary notices would probably be called a com- 
bative disposition, but which might be more cor- 
rectly described as a quarrelsome one. He was 
appointed Professor of Oriental Languages in the 
University of Glasgow in 1754, at the early age of 
28, and in 1757 was transferred to the Chair of 
Natural Philosophy, which he held until his death. 
His university career appears to have been marked 
by quarrels with his colleagues, and it has been 
stated that he became ‘‘ the best hated man in the 
University.”” He was engaged in no less than six 
legal actions, all of which were concerned in one 
way or another with college discipline. It seems 
probable that the trouble that Anderson caused 
was mainly due to his energy and reforming zeal. 

Anderson was of considerable mechanical ability : 
he invented a gun-recoil mechanism and developed 
an alloy for the casting of cannon, and it is stated 
that fire balloons made of paper varnished with 
boiled oil were adopted by the Revolutionary 
Government in France on Anderson’s suggestion. 
They were used to carry propaganda across the 
German frontier. It is, however, as a pioneer of tech- 
nical education that Anderson will be remembered. 
He departed from university tradition in the early 
years of his professorship by adding ‘‘ to his custo- 
mary course of Lectures in Physics, which were 
strictly mathematical, one of a more popular 
nature, illustrated by experiment.” The lectures 
were a@ great success and enabled ‘a large class of 
Operative mechanics and artisans” to receive 
instruction in science. This particular activity 
would no doubt to-day be known as adult education. 
To help his students, he compiled and published, 
in 1786, a book which he entitled Institutes of 
Physics. This ran to five editions, the latest, which 
appeared in 1795, containing 507 pages. In it, 
almost the whole range of scientific knowledge as 





it existed at that time was reviewed. In a recently 
published* life of Anderson, it is stated that 
** perusal of the ‘ Institutes of Physics’ leaves one 
in no doubt that Anderson was giving technica! 
education of a nature never before attempted.” 

This worthy memorial volume, the title of which 
is given below, is based on a draft prepared by 
Professor Muir, who died in 1945, and has been 
edited by Dr. Macaulay, who has received much 
assistance from various members of the staff of 
what is now the Glasgow and West of Scotland 
Technical College. This is the direct descendant of 
Anderson’s Institution, which was founded under 
the terms of his will. In some respects, his will 
was an absurd document. It nominated 81 trustees 
for the proposed “ University.” All were named 
in the will. They represented various classes, such 
as tradesmen, agriculturists, manufacturers, lawyers 
and natural philosophers. It also named 36 pro- 
fessors and the ex officio Visitors. It also provided 
that no person connected with the University of 
Glasgow ‘“‘as a Chancellor, Rector, Dean, Visitor, 
Principal, Professor, Lecturer or Servant, or con- 
nected in any other way can be connected 
with Anderson’s University as a Trustee, Ordinary 
Manager, Operator or Maker of Instruments, or can 
enjoy any office of Honour, respect or profit of any 
kind.” 

Anderson’s will made no financial provision for 
the foundation of his “ University,” but he left 
** the most valuable collection of scientific apparatus 
in Britain, or perhaps in Europe,” had an excellent 
library, and no direct dependants, and his property 
was left to the “‘ University.” It was set up a 
year after his death in premises in George-street 
and apparently was well attended from the first. 
It was provided in the, will that at least once a 
year a course to be called “‘ The Ladies’ Course of 
Physical Lectures’ should be held; the course 
was also open to men. In the first session the 
attendance at the course was 972, of which about 
half were women. This was a pioneer step in the 
education of women. The extent to which Ander- 
son’s ideas were ahead of those of his time is shown 
by the fact that Queen Margaret’s College for the 
education of women was not established until 1883. 

From 1796 to 1828 Anderson’s foundation was 
known as Anderson’s Institution, but in the latter 
year it was renamed Anderson’s University and 
carried that title until 1877, when the trust deeds 
were altered by Act of Parliament and it became 
Anderson’s College. In 1823, a considerable number 
of the students of the class for mechanics seceded 
and formed the Glasgow Mechanics Institution. It 
maintained a separate existence until 1886, but in 
1881 changed its name to the College of Science and 
Arts. In 1886, under the auspices of a Royal 
Commission on Scottish Educational Endowments. 
the two institutions, with some others, were amal- 
gamated to form the present Glasgow and West of 
Scotland Technical College. Much detail filling in 
this very brief summary of the history of the 
institution will be found in the memorial volume. — 

There is, however, one matter forming part of 
that history of which a little more may here be 
said, as it has close bearing on Anderson’s claim 
to be a pioneer of technical education. When 
Dr. Garnett left Anderson’s Institution to go to 
the Royal Institution, George Birkbeck was ap- 
pointed in his place. He inaugurated courses of 
lectures on ‘‘ Mechanic Powers ” for working trades- 
men. They were very successful, and ultimately, as 
already mentioned, the ‘‘ Mechanics’ Class ” seceded 
and founded a new institution. Birkbeck had 
resigned his professorship in 1804 and settled in 
London as a physician. In that city he was active 
in the foundation of the London Mechanics’ Insti- 
tution, which was opened in 1824. He sought and 
obtained information from the Glasgow Mechanics 
Institution in connection with the matter. ‘The 
college which was founded was the first mechanics 
institution in England. It still exists, under the 
well-known name of Birkbeck College. 





* John Anderson, Pioneer of Technical Educaiion, and 
the College he Founded. By Professor James Muir, 
D.Sc., M.A. (Cantab.), A.R.T.C., F.Inst.P. Edited by 
Dr. James M. Macaulay. John Smith and Son (Glaszow), 
Limited, 57-61 and 66, Vincent-street, Glasgow, ©-?. 
[Price 8s. 6d.] 
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NOTES. 


INSTITUTION OF ELECTRICAL ENGINEERS. 


Ir is announced that the Council of the Institution 
of Electrical Engineers have awarded the Faraday 
Medal for 1951 to Mr. Thomas Lydwell Eckersley, 
F.R.S., for his achievements in the field of radio 
research and, in particular, for his outstanding 
contributions to the theory and practice of radio- 
wave propagation. Mr. Eckersley was educated at 
Bedales School, at University College, London, and 
at Trinity College, Cambridge. He joined the staff 
of the National Physical Laboratory in 1910, and 
during the 1914-18 war served with the Royal 
Engineers on wireless intelligence. On the cessa- 
tion of hostilities he joined Marconi’s Wireless 
Telegraph Company, Limited, and has since done 
outstanding work in predicting the performance of 
short-wave services, in the course of which he has 
enunciated a theory of the diffraction of waves round 
the earth’s surface and has applied the phase 
integral theory to propagation problems. By 
another method he has propounded a theory of pro- 
pagation in the ionosphere, and his experiments in 
connection with the interpretation of random 
echoes from this layer has led him to announce his 
well-known theory of scattering. He was also the 
first to employ the method of spaced frames to 
achieve a direction-finding system which is sub- 
stantially free from polarisation errors. He has 
been awarded the Duddell premium of the Institu- 
tion four times and has been the recipient of 
the Kelvin premium. It is also announced that 
Mr. P. V. Hunter has been elected an honorary 
member of the Institution of Electrical Engineers 
for his outstanding services to the electrical industry 
and to the Institution. Mr. Hunter was educated 
at Wisbech Grammar School, and received his 
technical training at Faraday House and with 
Messrs. Willans and Robinson. In 1904, he joined 
Messrs. Merz and McLellan, consulting engineers, 
and was head of their electrical department until, 
in 1919, he became joint manager and chief engineer 
of the Callender’s Cable and Construction Company, 
Limited. At present he is deputy-chairman of 
British Insulated Callender’s Cables, Limited, and 
chairman of British Insulated Callender’s Construc- 
tion Company, Limited. Mr. Hunter is well known 
as the inventor of the split-conductor and other 
systems of automatic discrimination for electric 
power transmission networks, as well as of improved 
forms of transmission cables. During the 1914-18 
war he was engineer-director of the Experiments 
and Research Section of the Anti-Submarine 
Division of the Naval Staff and early in the 1939-45 
war he invented the buoyant cable which contributed 
to the defeat of the magnetic mine. He served 
as President of the Institution in 1933-34, and has 
done outstanding work on a number of Institution 
and other committees, besides serving as chairman 
of the National Register of Electrical Installation 
Contractors. 


THE LiceNnsING oF IRON AND STEEL MANUFACTURE. 


In an announcement made on January 15, the 
Ministry of Supply states that after May 15 it will 
be illegal, under Section 29 of the Iron and Steel 
Act, 1949, for any persons, other than the Iron and 
Steel Corporation of Great Britain and the publicly- 
owned companies, to carry on any of the activities 
specified in the second schedule of the Act, except 
under licence from the Ministry of Supply, unless 
the output of the products of any such activity 
does not exceed 5,000 tons a year. These activities 
comprise the working and getting of iron ore, the 
smelting of iron ore in a blast furnace, with or 
without other metalliferous materials, the produc- 
tion of steel, including alloy steel in the form of 
ingots, ang the changing of the cross-sectional 
shape of steel by hot rolling in a rolling mill. Subject 
to certain prescribed conditions, the Minister of 
Supply is required to issue a licence, under Section 30 
of the Act, to any business which was carrying on 
any of the second-schedule activities on Novem- 
ber 24, 1949, and furnishes, not later than April 15, 
1951, the particulars specified in that section. 
Persons desiring a licence under Section 30, who 
have not already heard from the Ministry of Supply, 





should submit to that Ministry, not later than 
April 15, 1951, a statement of the particulars 
required under the Section. A form for the purpose 
may be obtained from the Iron and Steel Division, 
Ministry of Supply, Room 633, Bush House (S.W. 
Wing), Strand, London, W.C.2. The Ministry’s 
announcement adds, in conclusion, that although 
persons whose production in respect of the second- 
schedule activities does not exceed 5,000 tons in 
any year are not required to obtain a licence, it 
will be of advantage to those whose average annual 
output in 1946 and 1947 exceeded 2,500 tons, if a 
licence under Section 30 is obtained. In such cases 
a licence will authorise production up to double 
the average annual output in 1946 and 1947, and, 
therefore, more than 5,000 tons a year. 


THE INSTITUTION OF MECHANICAL ENGINEERS. 


Discussions at meetings of engineering institutions 
are, perhaps, most fruitful and interesting when new 
theories, developed to explain well-known pheno- 
mena, and possibly to indicate methods of over- 
coming the associated difficulties in practice, are 
released from the rarified air of the laboratory and 
subjected to the critical examination of engineers 
who are more conscious of experience in the field. 
Such were the conditions at the meeting of the 
Institution of Mechanical Engineers held on Friday, 
January 12, when two papers of the Hydraulics 
Group were presented. Laboratory experiments 
and theoretical calculations in connection with 
‘““ Water Hammer in a Pumping Main and its Pre- 
vention,” were described by Mr. A. M. Binnie, 
M.A., and Dr. D. G. Thackrah, M.A. Of the six 
methods available for avoiding this trouble, the 
authors selected the use of automatic air-inlet valves 
fitted at the positions where the column of water 
would break when there was a sudden stoppage of 
the pump. After giving a theoretical analysis, they 
turned to experimental results, from which emerged 
the important point that the rebound pressure (con- 
sequent on a sudden stoppage) decreased with an 
increase of the initial velocity of the water in the 
pipe; further, the longer the pipe-line, assuming a 
small static head, the more efficient was the air 
valve. The authors then examined the effect of a 
sudden stoppage in an unprotected line; from 
experiments, the velocity of the shock wave was 
found to be 4,450 ft. per second. The use of a 
spring-controlled relief valve to mitigate the effect 
of water hammer was almost useless. Discussing 
the paper, Mr. G. A. Wauchope drew attention to 
the influence of the ratio of length to head on the 
difficulty of the problem. Mr. H. R. Lupton, M.C., 
M.A., said that air in long pumping mains was 
anathema to engineers, because it caused unpre- 
dictable pressures. On the Metropolitan Water 
Board they were making and installing special 
valves, which he described, to allow water to by-pass 
the pumps in the event of a failure of the electricity 
supply. Mr. P. Linton, B.Sc. (Eng.), offered a 
rapid graphical solution for the authors’ analysis, 
and Mr. H. W. Puttick described his experience of 
drilling small holes in non-return valves to eliminate 
knocking. The second paper, ““The Automatic 
Hydraulic Ram,” which was presented by Mr. 
C. W. J. Taffs, M.Sc.(Eng.), in the absence of tne 
author, Dr. J. Krol, gave a mathematical analysis 
and experimental results ; the automatic hydraulic 
ram makes use of water hammer to pump water 
above the level of the source. Mr. H. Green, 
commenting on the paper, said that his firm pos- 
sessed the original patent granted to Montgolfier 
in 1796, as well as a ram which was still in use 
after 126 years. They had manufactured thousands 
of these rams; some supplied as little as half a 
gallon a minute. He drew attention to the com- 
pound ram and described some improvements which 
had been applied. It had been found by experience, 
he said, that the weight of the impulse valve did 
not affect the efficiency of the ram. 


METHANE UTILISATION IN BELGIAN CoaL MINEs. 


Considerable progress is being made in Belgium 
with the utilisation of methane (“ firedamp’’) 
which is drawn from the coal measures before work- 
ing begins. The pioneer plant operating on this 
system was installed at Mansfeld, in the Ruhr, in 
1943 and a certain amount of gas is still being 





produced there. During the past year, more ambi- 
tious plans have been put into operation in the Saar, 
and in the Mons area. According to recent reports 
in the Belgian journal Revue Générale de Gaz, there 
are three main groups of collieries employing this 
system: three plts at Monceau-Fontaine, near 
Charleroi, two more at Ressaix, near Binche, and a 
third group round Frameries, which lies to the 
south-west of Mons. The Frameries group was the 
first to apply the method, and on November 17, 
1949, a supply of gas was begun from these pits to 
the coke ovens at Tertre, which is the largest carboni- 
sation centre in Belgium. Since the beginning of 
August, 1950, a second colliery has been contributing 
to the supply, which was expected to reach 2} million 
cub. ft. per day, the equivalent of about 100 tons of 
coal. The total output of all three groups is probably 
at least 5 million cub. ft., and this will be increased 
as new pipe lines are laid. The method adopted at 
Frameries involves the drilling of five boreholes into 
the coal face, 50 yards long and roughly parallel. 
By this means, a great deal of the methane held 
under compression in the coal substance can escape, 
making the seam much safer to work. Tubes from 
each borehole lead to two main pipe-lines, 6 in. and 
9 in. in diameter, which run over half a mile to the 
main shaft. At the top of the shaft, the “* Distri- 
gaz’ Company (who are buying the gas) have 
installed a booster capable of passing the gas on to 
Tertre and maintaining a slight suction at the coal 
face ; 600,000 cub. ft. of gas, having a calorific value 
of 1,000 B.Th.U. per cubic foot, can be drawn off 
daily. If the booster is stopped, pressure rises to 
about 40 in. w.g. at the coal face and the rate of 
flow falls to about 20 per cent. of the normal value. 
Naturally, there is a problem in finding a satisfactory 
outlet for so much methane. At Frameries there 
is no difficulty, as all the gas can be used for firing 
the coke-ovens at Tertre, thereby releasing about 
double the volume of town’s gas for other uses. 
Methane cannot simply be mixed with coal gas, as 
its burning properties are very different ; if it is 
to be used by a gas undertaking for distribution, 
therefore, its composition must be suitably altered. 
This is the line of approach at the central group of 
pits, near Binche, and the Monceau-Fontaine group 
has now been joined up to this group by a pipe-line. 
A methane cracking plant has been obtained from 
the United States, which will convert the firedamp 
into a gas having a calorific value and chemical 
composition similar to that of coal gas. This 
contribution to Belgium’s fuel economy is being 
achieved not at the expense of the miner, but to his 
advantage, as the safety of working is greatly 
improved ; at Frameries, the amount of methane 
in the return air dropped from 2-3 per cent. to less 
than 1 per cent. as a result of introducing the 
process. In Britain, the National Coal Board and 
the Gas Council are interested in the process, which 
is being operated on a small scale at Point of Ayr 
Colliery. 


Tue InstTITUTE OF REFRIGERATION. 


At the 51st anniversary dinner of the Institute 
of Refrigeration, at the Savoy Hotel, London, on 
Wednesday, January 17, the President, the Rt. Hon. 
Viscount Bruce of Melbourne, C.H., F.R.S., an- 
nounced that H.M. the King had been graciously 
pleased to extend his patronage to the 8th Inter- 
national Congress of Refrigeration, which will be 
held in London from August 29 to September 11 
this year, under the auspices of the International 
Institute of Refrigeration. The Congress will dis- 
cuss a number of scientific, technical, engineering 
and economic aspects of refrigeration, and will 
be contemporaneous with the Heat Transfer Con- 
ference and the Low-Temperature Physics Con- 
ference. Further particulars can be obtained from 
the secretary, 8th International Congress of Refri- 
geration, Dalmeny House, Monument-street, Lon- 
don, E.C.3. When making the announcement, Lord 
Bruce was responding to the toast of the Institute, 
which had been proposed by H.E. the Hon. E. J. 
Harrisor, Resident Minister for the Commonwealth 
of Australia. Mr. Harrison said that, in Australia, 
they were celebrating the 50th anniversary of 
federation, so that their history and that of the 
Institute had something in common. Refrigeration 
had meant much to Australia—the country was 
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rendered more habitable and the movement and 
export of foods were facilitated. In the past five 
years, 3,000 firms had introduced 150,000,000/. of 
capital into Australia. Nevertheless, Australia was 
only producing to 70 per cent. of its capacity ; 
100,000 emigrants from the Mother Country were 
needed annually. 


RE-OPENING OF BATTERSEA BRIDGE. 


Battersea Bridge, over the River Thames, which 
has been closed to vehicular traffic since March 16, 
1950, was re-opened without ceremony in the early 
morning. of January 17. During the intervening 
ten months, it has been under repair following 
severe damage when the collier John Hopkinson, 
belonging to the British Electricity Authority, 
collided with the centre span, 177 ft.in length. Both 
ends of the span were damaged, as also were five of 
the main cast-iron ribs supporting the roadway. 
Before the repair work could be begun, timber-pile 
stagings had to be erected in the river; but, as a 
navigable channel had to be maintained for the col- 
liers serving power stations above the bridge, it was 
only possible to work at one end of the span at a 
time. The five damaged ribs were removed (one at a 
time, to avoid weakening the structure unduly) and 
replaced by new castings, made to measurements 
taken on site. When erected, each new rib was 
prestressed to a load of 200 tons, to relieve such 
damaged ribs as remained to be replaced. While 
the bridge was closed, the opportunity was taken 
to remove the tramway tracks, lay electricity supply 
cables in conduits beneath the footways, and to 
arrange for an electric lighting installation which 
eventually will replace the present gas lighting. 
The repair work, which was estimated to cost about 
35,0001., has been carried out under the direction 
of Mr. J. Rawlinson, M.LC.E., Chief Engineer of 
the London County Council. 


NaTIONAL COLLEGE OF RUBBER TECHNOLOGY. 


In 1948, at the request of the rubber industry, 
th> Ministry of Education set up the National 
College of Rubber Technology. The College provides 
a three-year full-time course, which fits students for 
responsible posts in technical control or in research, 
and also provides part-time day and evening courses, 
Students are drawn from the industry and from boys 
leaving school. Advanced post-graduate research 
is also being developed. Although the Ministry of 
Education is primarily responsible for the finances 
of the College, the rubber and allied industries 
provide scholarships for selected full-time students 
and make contributions to other special schemes. 
Since its establishment, the College has been housed 
in the Northern Polytechnic, Holloway-road, 
London, N.7, but work has recently been started on 
a new building on an adjacent site. The National 
College of Rubber Technology will thus become, in 
1952, the first of the national technological colleges 
to occupy premises built specifically for it ; it will 
then be possible to accept a larger number of 
students and to install modern equipment for 
which there is no room at present. The adminis- 
tration of the College will be separate from the 
Northern Polytechnic, and research and instruction 
in the science and technology of rubber and plastics 
will be self contained. Students will, however, 
continue to study chemistry, physics and mathe- 
matics in the Polytechnic, and for this purpose the 
new building will have passages communicating 
with the Polytechnic ; students of the College will 
also be able to share the amenities of the older 
institution. The new building will comprise class- 
rooms and a large lecture theatre, laboratories for 
research and for work on rubber chemistry, rubber 
physics, latex and physical testing, engineering 
shops for the maintenance of rubber-processing 
equipment and for instrument making, storage 
accommodation, processing and curing shops, etc. 





ENGINEERING AND MARINE EXHIBITION, 1951.—The 
Engineering and Marine Exhibition will be held tbis 
year at Olympia, London, W.14, from Thursday, August 
30, to Thursday, September 13. The organisers are 
Messrs. F. W. Bridges and Sons, Limited, Grand Build- 
ings, Trafalgar-square, London, W.C.2 (telephone: 
WHitehall 0568-9), trom whom further particulars may 
be obtained, 





LETTERS TO THE EDITOR. 
NATIONAL ELECTRICITY SUPPLY. 


To THE Eprror oF ENGINEERING. 


Str,—The letter from Mr. H. M. Peacock on 
page 20 of your issue of January 5, illustrates certain 
misconceptions which are all too common. Elec- 
tricity, a high-grade form of energy, is in general 
use for many purposes where lower-grade energy 
might be used—it is used because thereby capital 
expenditure or human effort is saved. It is true 
that the electricity peak load includes an excessive 
amount of electricity for space heating, and this arises 
because the high-temperature radiant electric fire 
is so efficient a means of giving heat. Much of this 
load could well be removed from the peak by 
properly designed methods of floor and wall heating 
supplied off peak. There is room for district heat- 
ing in our economy, but the difficulties of making 
it must be faced. Heating by low-temperature 
water or steam requires prodigious capital expendi- 
ture on pipework, valves and road works, and these 
are requirements which our national economy is ill 
equipped to meet at present. 

All forms of space heating are wasteful in fuel, 
not because the energy is extravagantly produced 
but because it is carelessly dissipated. We live 
and work in houses and factories where the fabric 
has a coefficient of dissipation often as high as 
U = 0-4, whereas in America the Federal Housing 
Administration require U = 0-1 for an electrically- 
heated house. (U is the coefficient of thermal 
transmittance in B.Th.U. per square foot per hour 
for 1 deg. F. difference of air temperature.) 

Might I suggest that methods of building to 
secure U = 0-1 would throw no greater strain on 
national resources than district heating, and would 
give a much greater national saving of fuel than 
could any change in our methods of producing heat 
and electricity. 

Yours faithfully, 
71, Holmfield-road, D. H. Parry. 

Leicester. 

January 9, 1951. 





THE VELOCITY OF LIGHT. 
To THE EpITor OF ENGINEERING. 


Str,—Our attention has been drawn to the 
article on ‘The Velocity of Light” on page 442 
of your issue of December 1. In the first paragraph 
of this article, you refer to the famous scientist 
Ole Roemer as ‘“‘the Dutch astronomer.” I beg 
to correct this : Roemer was a Dane born and bred. 
He made his discovery of the velocity of light 
during a stay in Paris, but he lived most of his life 
in Denmark, where he was Professor of Astronomy 
at the University of Copenhagen and Director of 
the Observatory. For a while, also, he was chief 
of police in the city of Copenhagen. 

Yours faithfully, 
J. M. Vinter Hansen, 
Royal Observatory, Senior Astronomer. 
Copenhagen. 

January 5, 1951. 

[We are obliged to our correspondent for correcting 
this misstatement, which was due to an error in trans- 
cription.—Eb., E.] 





NATIONAL TRAFFIC CENSUS, 1950.—The Ministry of 
Transport have announced some details of the pilot 
traffic census held from August 14 to 20, 1950, to find out 
how the traffic flow had varied since the 1938 census. 
On trunk roads and class I roads, horse-drawn traftic 
had decreased by 71 per cent., pedal cycles by 35 per 
cent., and all passenger vehicles (motor cycles, cars, 
taxis, omnibuses and coaches) by 6 per cent. ; motor cars 
and taxis decreased by 11 per cent., whereas motor 
cycles increased by 16 per cent., omnibuses and coaches 
by 34 per cent., and goods vehicles by 59 per cent, 
There was an overall increase in mechanically-propelled 
vehicles of 6 per cent. On class II roads, horse-drawn 
traffic decreased by 80 per cent. and pedal cycles by 
30 per cent., whereas all mechanically-propelled vehicles 
increased by 12 per cent., omnibuses and coaches by 
42 per cent. and goods vehicles by 44 per cent. The 
changes of traffic volume at the various points, however, 
showed considerable variations from the 1938 values. 





OBITUARY. 


ee 


DR. H. R. WRIGHT. 


WE regret to record the death of Dr. H. R. 
Wright, chairman and managing director of Siemens 
Brothers and Company, which occurred at Forest 
Lodge, Keston, Kent, on Saturday, January 13, at 
the age of 73. He was well known in the electrical 
industry, especially in the communications branch, 
as an able administrator and organiser. 

Henry Robert Wright was born in London in 
1877, where his father, who was connected with 
chemical works in Manchester and Widnes, was 
living at the time. He was early encouraged 
to become interested in scientific matters, and it is 
recorded that, at the early age of ten years, he 
entered the ranks of inventors by devising a coin- 
feed apparatus. He received his scientific and 
technical education at the Regent-street Polytechnic 
under Professor H. J. Spooner and later studied 
under Professor Arnold at the Technische Hoch- 
schule, Karlsruhe, and at the Technische Hochschule 
and University of Munich. He received the degree 
of Doctor of Philosophy from the latter institution 
at the early age of 21. He then acquired a practical 
experience of Continental dynamo design in Vienna 
under Professor Pichelmayer before obtaining an 
appointment with Siemens Brothers and Company, 
Limited, at Stafford. 

When this organisation decided to separate its 
“heavy ” and ‘‘ weak” current activities, especi- 
ally by interesting themselves in the field of tele- 
phony, he became assistant to Mr. F. Hird, and 
was responsible under him for the extension of the 
well-known works at Woolwich. During the next 
24 years he was successively concerned with the 
activities of nearly everyone of the departments of 
the firm, at first in the technical branches and then 
on the administrative side. He was appointed 
general manager to the company in 1925 and 
became managing director, in succession to Mr. 
Hird, in 1931. While retaining this position, he 
later became chairman, a position he was still 
holding at the time of his death. He was also 
chairman of the Siemens and General Electric 
Railway Signal Company, Limited; of Britannia 
Batteries, Limited ; and the Fixed Price Light Com- 
pany, Limited, besides being managing director of 
Siemens Electric Lamps and Supplies, Limited, and 
a director of Enfield Cable Works, Limited, Nalder 
Brothers and Thompson, Limited, Elliott Brothers 
(London), Limited, and other companies. 





MonD NICKEL FELLOWSHIPS.—Awards for 1950 have 
been made by the Mond Nickel Fellowships Committee 
to Mr. D. Alexander, of the University of Otago, New 
Zealand, Mr. F. R. H. Allon, of John I. Thornycroft and 
Company, Limited, Mr. K. W. J. Bowen of the University 
of Cambridge, Mr. M. G. Gemmill, of the United Steel 
Companies, Limited, and Mr. W. B. Hall, of Nchanga 
Consolidated Copper Mines, Limited, Northern Rhodesia. 
At a later date the Committee will invite applications for 
awards for 1951. Particulars may be obtained from the 
Committee, 4, Grosvenor-gardens, London, 8.W.1. 

ELECTRICITY SUPPLY IN SINGAPORE.—The report of 
Mr. C. C. Paine, municipal electrical engineer of Singa- 
pore, for the year ending December 31, 1949, shows that 
the amount of electricity generated during the twelve 
months was 158,385,010 kWh, an addition of 32,025,175 
kW, or 25-34 per cent. over the figure for 1948. The 
peak load was 32 MW, or 6-2 MW higher than in the 
previous year. Of the total consumption, 71,657,200 
kWh, or 55°49 per cent., was consumed for power; 
37,589,489 kW, or 29-11 per cent., for “lighting and 
fans’; and 18,698,448 kWh, or 14-48 per cent., for 
cooking and heating. 





Tue LATE Mr. F. G. TICEHURST.—We regret to record 
the death of Mr. Frederick George Ticehurst, which 
occurred on Thursday, December 28, at thegage of fifty- 
eight. After receiving his technical education in Brigh- 
ton, Salford and Manchester, he served his apprenticeship 
with Lancashire Dynamo and Crypto, Limited, and was 
subsequently engaged in the engineering office and 
estimating department of that firm. He joined ihe 
staff of the British Electric Transformer Company vai 
1929, and three years later received an appointment 
the Transformer Department of the British Electrical 
and Allied Manufacturers Association, of which he was 
second in command for 16 years. 
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CHEMISTRY RESEARCH. 


THE work of the Chemical Research Laboratory, is 
described in the Report of the Chemistry Research Board, 
with the Report of the Director of Chemical Research for 
the Year 1949.* Outside inquiries are being received in 
increasing numbers and advice is being given on corro- 
sion problems, new analytical methods, spectroscopy, 
etc. Supplies of pure hydrocarbons, obtained from the 
United States, have been distributed to other scientific 
and industrial laboratories for use as chemical standards 
for spectrometry, and arrangements are being made 
for further supplies to be prepared in the Laboratory. 
A standard data sheet is being prepared giving ultra- 
violet and infra-red absorption spectra of authenticated 
compounds, which should be useful to spectroscopists 
in science and industry; and the Laboratory has 
agreed to maintain a national collection of cultures of 
industrially-important bacteria. 

Work on the corrosion of metals and corrosion- 
inhibitors constitutes one of the most important of the 
Laboratory’s activities; a brief account of some of 
this work was given on page 39 of our 168th volume 
(1949). A valuable contribution, of particular interest 
to the automobile industry, is the development of a 
corrosion inhibitor for use with glycol anti-freeze 
solutions in the cooling systems of motor vehicles. 
It has been effectively demonstrated in tests on a 
number of working vehicles with cast-iron cylinder 
blocks and heads, that the addition of 1-5-per cent. 
sodium benzoate and 0-1-per cent. sodium nitrite to a 
20-per cent. ethylene-glycol solution adequately pro- 
tects both cast-iron components and soldered joints. 
Further tests are to be carried out to see whether the 
benzoate/nitrite inhibitor is equally effective in a 
stronger glycol solution (334 per cent.). Other tests, 
still in progress, on aluminium-alloy cooling systems 
indicate that the addition of the inhibitor tends to 
increase the total corrosion, but that the attack is much 
more uniform and, for that reason, the depth of 
penetration is less than that found with uninhibited 
glycol systems. 

Studies on the corrosion of low-alloy steels have 
been abandoned for the time being in order to under- 
take an investigation, for the British Shipbuilding 
Research Association, on the corrosion of steel tubes 
in Scotch marine boilers. The wrought-iron tubes 
which used to be employed in such boilers are no longer 
manufactured ; mild-steel tubes which are being used 
instead, have an appreciably shorter life under service 
conditions, tending to become perforated by corrosion 
pitting. The researches are therefore directed towards 
developing methods for improving the corrosion resist- 
ance of mild-steel tubes; and, also, to studying the 
effects of the design and operation of boilers on the 
corrosion of the tubes. The first of four model boilers, 
to the design of the British Shipbuilding Research 
Association has been erected by the engineering 
staff of the laboratory, and preliminary operating 
tests have been carried out. Laboratory tests on 
mild-steel specimens exposed to boiling water and salt 
solutions under atmospheric pressure have indicated 
that pitting can occur, during the initial heating 
period, in distilled water and in tap water, but the 
addition of more than 0-5-per cent. sea water tends to 
promote general corrosion. 

Various studies on protective coatings for metals 
are in progress. It has been found that electro-plated 
zinc can be made resistant to attack by sulphur-dioxide 
vapour by treating it with phosphate, without further 
painting. Field and laboratory tests are being carried 
out, in collaboration with the Institute of Petroleum, 
on 11 oil-type temporary protectives. A rubber- 
latex temporary protective has been developed, in 
conjunction with the British Rubber Producers Asso- 
ciation, in which 5 per cent. sodium benzoate and 
0-4 sodium nitrite are added to natural or vulcanised 
latex. This film, which can be produced in thick- 
nesses up to yy in., is effective in protecting steel, cast 
iron, solder and soldered joints, aluminium, tin-plate 
and chromium-plate, and is now available commerci- 
ally. Wrapping papers for steel, impregnated with 
3-per cent. sodium benzoate and amounts of sodium 
nitrite ranging between 0-25 and 1-5 per cent., were 
found to give excellent protection against corrosion, 
provided that the chlorides present in the paper were 
below 0-05 to 0-1 per cent., depending upon the 
amount of nitrite. 

The work carried out by the Chemical Research 
Laboratory on the corrosion of underground cast-iron 
pipes by sulphate-reducing bacteria in sulphate-bearing 
clay soils has been referred to previously in these 
columns (page 39 of our 168th volume, and page 518 
of our 167th volume, 1949). Further developments 
have now taken place in this work, and field tests are 
being carried out on the use of selenate, added to the 
Protective coating, as a corrosion inhibitor. In 
August, 1949, the experimental lengths of cast-iron 








* H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 38. net.] 





water mains with various types of protection, which 
had been laid in September, 1946, were examined. 
The pipes protected with 3-in. bitumen and 3 in. 
concrete showed practically no corrosion; those 
surrounded by 9 in. of gravel were slightly pitted, where- 
as the pipes which had been treated only with a single 
hot dip in coal-tar enamel were severely pitted all 
round. Although cathodic protection of cast-iron 
water mains, by applying current and using a “ sacri- 
ficial” anode, has been widely used in America and 
the Near East, in this country it is only in the experi- 
mental stages; certain authorities have, however, 
instal ed such systems, and the Laboratory are keeping 
in close contact with them. 

Details of the methods which have been successfully 
developed for extracting gallium and germanium from 
flue dust have been supplied to the Association of 
British Chemical Manufacturers; there should be no 
difficulty, the report states, in their technical applica- 
tion. Work on the analysis and concentration of 
uranium and other metals continues. In the spectro- 
scopic laboratory a general analytical procedure for 
siliceous ores is under development. For recording 
freezing-point curves of organic compounds, a new 
instrument has been developed, in which mixing 
is effected by agitating the liquid against a steel helix, 
by applying a pulsating gas pressure and setting up 
oscillations in the liquid. Other activities include the 
preparation of long-chain organic compounds for use 
as reference standards for lubricating oils; work on 
light-alloy glued joints, to investigate the relative 
advantages of chemical pre-treatment and mild abrasion 
of the surfaces before gluing, has been discontinued, as 
it has been found to require a comprehensive effort 
beyond the available resources of the Laboratory ; 
it is, however, suggested that the abrasion treatment, 
which, in general, appeared to give somewhat lower 
joint strengths with the glues under test, may be 
more convenient in certain applications. 

During the year 1949 Dr. R. P. Linstead, C.B.E., 
F.R.S., resigned his appointment as Director of the 
Laboratory. At the time that the Report was comp'led, 
a successor had not been appointed. There were also 
changes on the Chemical Research Board: Professor 
H. V. A. Briscoe, Professor Sir Cyril Hinshelwood, 
F.R.S., and Mr. F. A. Robinson retired on completing 
their term of service, and in their places three new 
members, Professor M. G. Evans, F.R.S., Dr. H. W. 
Thompson, F.R.S., and Dr. F. Roffey, were appointed. 





PROGRESS OF BRITISH ROAD 
SERVICES. 


ACCORDING to a statement issued by Lord Hurcomb, 
G.C.B., K.B.E., chairman of the British Transport 
Commission, the organisation of British Road Services 
is, in general, complete, and it is expected that this 
year will be one of consolidation. The work carried 
out so far is considerable as, during the last three years, 
some 2,900 separate road-haulage concerns have been 
merged into a national network comprising 40,000 
vehicles ; these are based on 1,000 depots and sub- 
depots and, in all, employ approximately 75,000 
persons. The units, of course, vary in size but usually 
consist of between 100 and 200 vehicles, which is consi- 
derably greater than the fleets operated by the average 
haulier. During 1950, the total number of vehicles 
operated fell by 0-3 per cent., but the total monthly 
tonnage lifted increased by 6 per cent. to 3,700,000 tons 
in November, and the loaded miles run by 20 per cent. 
Furthermore, out of 59,000,000 miles run by British 
Road Services lorries in November, only 10,000,000 
miles were run empty. 

The organisation has now reached the stage when the 
Executive are confident that they can take over the 
5,000 or more original permits and these will not 
be renewed when they terminate in the near future. 
In many instances, a slight extension or modification 
to the permit may enable a haulier to carry on and, 
in such cases, the Executive will probably renew the 
permits. Not all permits, therefore, will be cancelled 
and it has been estimated that in Scotland only 80 
permits will be revoked. The same applies to special 
services, including those for farmers, and it has been 
agreed, in principle, to renew the permits of certain 
hauliers employed by farmers if there is any doubt 
whether the Executive can provide the kind of service 
required. : 

The organisation, of course, has not been built up 
without due regard for the welfare and terms of 
employment of the personnel. During the last three 
months, for example, three national agreements cover- 
ing rates of pay and conditions of service have been 
negotiated. They cover both the clerical and engineer- 
ing staffs, for whom standard rates of pay and conditions 
of service did not exist previously. Arrangements 
have also been made to extend the educational facilities 
within the organisation and early this year a college 
will be opened at Watford to give selected members 





of the staff training in the wider implications of their 
work. 

Other notable achievements of the past year include 
the negotiation of a national insurance scheme for 
British Road Services. This was negotiated with the 
whole of the British insurance market through a panel 
of brokers and covers third-party liability in respect of 
all vehicles, the Executive’s liability for the goods 
they carry, and certain other risks. On the engineering 
side, it is hoped to effect substantial economies by 
putting maintenance, repairs and overhauls on a more 
systematic and economical basis. Much has already 
been done in this connection, but it is understood that 
the Executive do not intend to abandon the system 
whereby a large part of this work is let out to con- 
tractors. Much has been done, also, with regard to the 
sorting out of stores taken over with the various road- 
haulage concerns. The capital represented by these 
stores was, of course, out of proportion to actual 
requirements and all unwanted stores gradually are 
being disposed of and useful stores brought under proper 
control. The same applies to the buildings taken over 
with the vehicles, many of which are quite unsuitable 
for use within the organisation and have either to be 
sold or adapted to actual requirements. The Railway 
Executive and, in some cases, the Docks and Inland 
Waterways Executive, with their extensive properties, 
have given much assistance here by providing accom- 
modation for joint use, and in such cases the resulting 
co-ordination has considerably improved the overall 
service, 





PORTABLE EQUIPMENT FOR 
PLACING CONCRETE. 


Tue Ministry of Works field test unit has been 
experimenting for some time with a light portable 
structure designed to facilitate the placing of concrete 
and hardcore, in laying foundations. It consists 
of a lattice boom, pivoted at one end on a steel frame- 
work which encloses the concrete-mixer, and supported 
at the other end on another framework, mounted on 
two pneumatic-tyred wheels, which can be pulled round 
by hand into any required position. A skip holding 
7 cub. ft. of concrete travels along the boom and can 
be emptied at any desired point, either by tipping or 
through a bottom door. The overall length of the 
boom is 40 ft. 9 in., giving the skip a working radius of 
38 ft. 6 in., which will cover the area of a pair of 
small houses. It was found on test that the skip 
could be traversed, emptied and returned in the time 
required to mix a full batch in a 10/7 cub. ft. mixer, 
which could be thus kept continuously at work. The 
height of the discharge end of the boom can be adjusted 
on the outer framework and the skip can be raised or 
lowered by means of a handwheel. The whole equip- 
ment can be dismantled into sections of about 1 cwt. 
in weight, except for the boom, which consists of two 
halves, each weighing about 2 ewt.; thus it can be 
moved about the site by hand and re-erected where 
required. Allowing for the time taken in moving it, 
the experiments showed that concrete footings could be 
laid at the rate of 1 cubic yard per man-hour, as against 
0-11 to 0-37 cubic yard by the ordinary method of 
wheeling the concrete in barrows from a centrally-placed 
mixer. An agreement has been entered into by the 
Ministry of Works with Messrs, Frederick Parker, 
Limited, Viaduct Works, Catherine-street, Leicester, to 
manufacture the equipment, which has been named the 
“* Carry-Boom ”’ and is on sale at the price of 185l. 





WORLD METALLURGICAL CONGRESS AND NATIONAL 
METAL CONGRESS, DETROIT.—The American Society for 
Metals are organising a World Metallurgical Congress, 
to be held in Detroit, in association with the 33rd National 
Metal Congress and Exposition. The arrangements 
provide for visitors to the World Congress from overseas 
to assemble in New York on September 10. They wil! 
then be divided into small groups, according to the main 
technical interests of the individuals concerned, and 
proceed on guided tours of New England and the eastern 
and north central industrial states. During these tours, 
local conferences will be held and visits paid to represen - 
tative undertakings engaged on many branches of iron, 
steel, and non-ferrous metal work and research. The 
tours will each last about three weeks and will finish at 
Detroit in time for the participants to take part in the 
National Metal Congress and Exposition, which will be 
held there from Thursday, October 11, to Saturday, 
October 20, inclusive. The World Congress will be 
held, simultaneously with the National Congress, during 
the five days from Monday, October 15, to Friday, 
October 19. A main function of the World Congress will 
be to discuss the conservation and use of metals re- 
quired for military purposes and to suggest substitutes. 
Further information may be obtained from Mr. W. H. 
Eisenman, secretary, American Society for Metals, 
7301, Euclid-ayvenue, Cleveland 3, Ohio, U.S.A., by 
whom applications must be received before April 30. 
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THE MECHANICAL ENGINEERING 
RESEARCH LABORATORY, EAST 
KILBRIDE.* 


By Tue Late G. A. Hankins, D.Sc. 


THE new mechanical engineering research laboratory 
now being built at East Kilbride, about 10 miles south 
of Glasgow, will be the national research establishment 
for mechanical engineering and mechanical-engineering 
science, and almost the first large Government research 
laboratory to be built in Scotland. Hitherto, the chief 
centre of mechanical engineering research under the 
Department of Scientific and Industrial Research has 
been the Engineering Division of the National Physical 
Laboratory, and over a period of many years this 
Division has dealt with a wide range of topics and won 
a high reputation in the field of engineering research. 
Mechanical engineering, however, is a particularly 
important branch of industrial activity and although 
much engineering research is already in progress in 
Government departments, universities and industry, 
there is a very great need for the existing work to be 
supplemented by research on a substantial scale on 
basic and generic problems of wide importance in the 
general development of mechanical engineering. 
Accordingly, the purpose of the new Mechanical Engi- 
neering Research Laboratory will be research in the 
national interest, mainly on the basic and generic 
subjects of mechanical-engineering science, and the 
general encouragement of the application of scientific 
knowledge in the mechanical-engineering industries. 
The laboratories at East Kilbride will be the centre 
for the work, and the necessary buildings will be 
erected there and the equipment installed. This will 
take several years, but there will eventually be about 
five acres of laboratories and buildings of various kinds 
and a total staff of about 600. The main site of the 
Laboratory is within the south-eastern boundary of 
the new town, about one mile from East Kilbride 
station. The total area made available to the depart- 
ment by the East Kilbride Development Corporation 
is roughly 70 acres. 

The research work is organised in seven main divi- 
sions, each responsible for research in a group of related 
subjects of mechanical-engineering science. The titles 
of the divisions are : Division A, Properties and strength 
of materials ; B, Mechanics of solids, stress analysis, 
and vibration ; C, Mechanics of fluids, including hydrau- 
lic machinery ; D, Lubrication, wear, and corrosion ; 
E, Mechanisms and engineering metrology ; F, Mecha- 
nics of formation and machine shaping of materials ; 
and G, Heat transfer and applied thermodynamics. 
Each division will require one or more major buildings 
for the experimental work, together with accommo- 
dation for about 50 people. In addition, an adminis- 
tration building, a large central workshop, a canteen, 
a boiler house and electrical substations will be required. 

Construction and building work were commenced 
on the site in October, 1949. The first buildings to be 
completed will be the workshop, a general-purposes 
building, which will later become the properties-of- 
materials laboratory, the canteen, and the boiler house. 
The workshop is a single-storey building with a ground 
floor area of about 20,000 sq. ft. It will be equipped 
with modern machine tools and will supply the main 
needs of the various divisions of the Laboratory. 
The general-purposes building is an E-shaped building 
with two large single-storey bays, each about 5,000 sq. 
ft. floor area, together with two-storey office and small- 
laboratory accommodation. In the initial stages this 
building will be used for experimental work on materials, 
fluid flow, heat transfer, mechanics of solids and 
mechanics of formation on a limited scale. It will also 
provide temporary accommodation for the library, 
administrative and clerical staff. These buildings will 
be ready for occupation this summer. The hydraulic- 
machinery and heat-transfer laboratories are urgently 
required, since existing facilities for research in these 
subjects in this country are very small. The detailed 
designs of these laboratories are now completed ; 
building is expected to start early this year. 

At Thorntonhall, on the western boundary of East 
Kilbride, an existing house and several large huts were 
made available to the D.S.I.R. by the East Kilbride 
Development Corporation early in 1949. One of these 
huts and part of another have been equipped as a 
temporary lubrication-iesearch laboratory and a 
considerable amount of research in this important 
subject is in progress there. Another hut is equipped 
with modern machine tools to supply the needs of the 
lubrication research and to form the nucleus of the 
workshop on the main site ; a small laboratory has been 
equipped for research on machine shaping of materials. 

Under the guidance of expert committees, fully 
representative of engineering science and industry 
throughout the country, comprehensive plans have 





* Paper presented at a meeting of the Institution of 
Engineers and Shipbuilders in Scotland, held on Tues- 
day, January 9, 1951. Abridged. 
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been made for the future research programmes and 
work of the seven divisions, and a brief review is given 
below, starting with Division A (Properties and 
strength of materials). 

The main objective of engineering research on the 
properties of materials is to enable engineers to use 
existing materials to the highest degree of efficiency 
and to assist in the development of new and better 
materials. Work of this nature can vary from funda- 
mental research on the physics of solids to laboratory 
testing of particular engineering components. The 
production and use of new and better materials, com- 
bined with improved efficiency in the use of existing 
materials, are probably the most important factors in 
engineering progress, and although it may not be the 
direct job of the research engineer to evolve new 





materials, it is his job to determine by laboratory 
experiments the best way in which new and existing 
materials can be used in engineering practice, and to be | 
able to state the desirable properties to those directly | 
concerned in producing new materials. Researches on | 
engineering materials have been one of the main| 
activities of the Engineering Division of the National 
Physical Laboratory for many years, and as soon as| 
the necessary facilities are available the greater part | 
of the existing work will be transferred to the Mechani- | 
cal Engineering Research Laboratory. Research of | 
this kind requires special equipment, such as large 
testing machines for the application of static, impact 
and repeated loads, and one of the large bays of the 
general-purposes building is to be equipped with | 
suitable machines for this work. 
One of the most important researches to be trans- | 
ferred is that on size effect in the fatigue failure 7 
engineering components such as large shafts, railway | 
axles, piston rods, etc. Researches have been in 
progress on the fatigue of metals for many years, 
since at least 90 per cent. of the failures of high-speed 
machinery that occur in service are due to this cause ; 
but it is now clear that in the presence of stress con- | 
centrations, such as fillets, screw threads, corners of | 
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adverse size effect. This means that for experimental 
purposes, and for the development and checking of 
basic theory, large fatigue-testing machines are essential. 
Fig. 1, on this page, shows one of the large machines 
that will be used for this work at the Laboratory. This 
machine is capable of applying a direct load of 60 tons 
at 2,000 cycles per minute. 

Another important section to be transferred and 
developed is that on research on the properties of 
materials at high temperatures. The marked improve- 
ments in steam-turbine efficiency in recent years, and 
the success of the gas turbine, are largely due to the 
development of improved and new materials which 
permit much higher maximum working temperatures. 
Indeed, for increased efficiency in heat engines of all 
types there is a continuous demand for materials that 
will function satisfactorily at temperatures much above 
those at present in use. In developing new materials 
for use at high temperatures and in settling the working 
stresses of various parts in relation to temperature and 
length of service, extensive use has been made of 
creep tests at high temperatures, and special machines 
and testing techniques have been developed. The 
need for accurate laboratory creep tests, particularly 
those of long duration, both by Government depart- 
ments and industry, is great, and will increase in the 
future. In addition, more detailed studies of the 
behaviour of engineering materials at high tempera- 
tures under fatigue and vibratory stresses are urgently 
required. Moreover, it is important that the creep 
of metals should be fully understood, not only under 
the comparatively simple conditions of tension creep 
tests, but also under combined tension, bending and 
torsion stresses. To meet these needs a specialist 
laboratory has been designed. 

Turning now to Division B (mechanics of solids, 
stress analysis, and vibration), the accurate determina- 
tion of stress under working conditions is the basis of 
all engineering design, and one of the main objects of 
research in this division will be the development of 
new and improved methods for the determination of 
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and components. Work of this nature must necessarily 
be a combination of analytical methods, based on the 
theory of elasticity, with experimental methods such 
as the use of electrical-resistance strain gauges and 
photo-elastic stress determinations. The experimental 
methods are valuable as a confirmation of analytical 
work, and of direct use in cases in which the mathe- 
matical treatment is known to be inadequate. The 
work will be developed in close association with that 
of Division A, since good design is the proper propor- 
tioning of a particular part in the light of the knowledge 
of the properties and strength of the material of which 
the part is made and the stresses which it will be 
required to carry in service. Also, in modern engineer- 
ing practice vibration problems are of great importance 
and it would be of direct value to industry if centralised 
knowledge and up-to-date equipment were available 
so that specific vibration problems could be studied 
and help given in the solution and avoidance of diffi- 
culties. It is intended to form a research team and 
develop equipment for this purpose. 

In brief, the main research programme of the division 
will be as follows: extensions of the basic theory of 
elasticity for both two and three-dimensional problems, 
including elastic instability ; experimental solutions of 
problems in elasticity using modern techniques, for 
example, strain gauges, photo-elasticity, etc.; par- 
ticular classes of design problems such as pressure 
vessels, screw threads, springs, gear teeth, joints, etc. ; 
vibration problems treated both analytically and 
experimentally ; general development and use of all 
types of strain gauges; determination of static and 
dynamic stress and stress distribution in engineering 
components and structures; general design and 
development of static and dynamic testing machines ; 
and of load- and strain-measuring equipment. It is 
particularly important in the work of the division that 
the resul's obtained should be presented in a form in 
which they can be readily assimilated and used by 
designers ini industry. 

An illustration of one type of work envisaged is a 
recent investigation at the National Physical Labora- 
tory into the distribution of load in screw threads.* 
Observation has shown that when distortion or fracture 
occurs in service the affected section is usually that of 
the bolt just inside the nut from the loading face. 
Moreover, fatigue tests on nut and stud assemblies 
almost invariably result in failure of the stud at the 
section mentioned. It is apparent, therefore, that the 
transference of load from a nut to a bolt (or vice versa) 
does not take place at all uniformly along the length of 
the nut. Before, however, attempts at improvement 
in the load distribution can be made by alterations in 
design, it is necessary to know the existing stress dis- 
tribution. Various investigators have attacked this 
problem, and Dr. Sopwith’s work refined and extended 
their theories. One diagram from his paper reveals 
that the theoretical maximum load per unit length of 
helix is about three times that of the mean value, and 
that the experimental work of another investigator is in 
general agreement with the theory. This particular 
work also involved the consideration of improved forms 
of nut and bolt which would result in more uniform 
distribution of load. 

Although British scientists in the Nineteenth Cen- 
tury played an important part in laying down the 
theoretical foundation of general fluid mechanics, the 
efforts of their Twentieth Century successors have been 
greater, and the results far more spectacular, in the 
realm of aeronautics than in any other branch of this 
subject. There is no doubt, however, that modern 
aerodynamic knowledge and methods of attack have 
much to offer in other fields and it is with the object of 
meeting present-day requirements that Division C 
(mechanics of fluids, including hydraulic machinery) 
has been formed. The scope of a research programme 
to cover the needs of all industries requiring a closer 
knowledge of the behaviour of gases or liquids (or a 
mixture of both) would be a very extensive one, and 
rather than try to cover all potential requirements it 
was decided to make a start where the need was 
greatest, i.e., in the provision of a hydraulic-machinery 
laboratory designed largely for the investigation of 
fluid flow and allied problems in turbines and pumps of 
various kinds, valves, pipes, ducts, and other associated 
equipment. 

The flow conditions in individual components of 
hydraulic machines often involve three-dimensional 
motion and therefore tend to become complex. There 
is, in fact, no agreed basis for the design of centrifugal 
pumps, and very little is known about the real reasons 
for very favourable results in some designs and less 
favourable in others. In trying to overcome such 
difficulties, three courses are open to the investigator. 
If his experimental resources are limited he will have 
to resort to the empirical process of trial and error 
built up on past experience ; alternatively and prefer- 





* “The Distribution of Load in Screw Threads,” by 
z G. Sopwith, Proc. I.Mech.E., vol. 159, page 373 
(1948), 


ay he may adopt a laboratory technique using small- 
scale models designed to operate under conditions 
homologous to the prototype ; thirdly, he may attempt 
to obtain a solution by mathematical analysis evolved 
from classical theories and fundamental research. In 
the proposed laboratory the techniques will tend to be 
confined to the last two methods. Accurate experi- 
ments on small-scale models of pumps, turbines, valves, 
etc., will be carried out. The use of scale models and 
wind tunnels for research in aerodynamics is well known, 
but the same principles can be applied to scale models 
of water pumps and turbines, and to their components. 
The plant required for these model experiments will 
be substantial and will involve water flows of the 
order of 30 cusecs or more, and powerful service pumps. 
The models will be manufactured to a high degree of 
precision ; heads, water quantities, and speeds are to 
be controlled to close limits and will be accurately 
measured. In experiments on fluid mechanics it is 
not essential to use the same fluid in the model as in the 
prototype provided the general principles of dimensional 
analysis and geometrical similarity are observed. For 
example, air as a working fluid is sometimes much 
cheaper and more convenient to use than water in 
hydraulic experiments. 

The fundamental research envisaged will have as its 
immediate objective the closer understanding of basic 
principles affecting the design and operation of machi- 
nery and will, for example, include further elucidation 
of the behaviour of incompressible fluids, the mechan- 
ism of boundary-layer flow and turbulence, leading to 
a fuller understanding of fluid friction and surface 
roughness. Emphasis will also be laid on studies to 
assist in a clearer understanding of the phenomenon 
of cavitation. In the form envisaged, the laboratory 
will offer six main experimental facilities: a covered 
sump and main test bay about 120 ft. in length by 50 ft. 
span, for open-circuit experiments on turbine and pump 
models, pipes, valves, etc. ; a closed circuit for precision 
testing of pump models and for general pump research 
(maximum flow about 20 cusecs) ; a variable-pressure 
water tunnel for turbine research and for general 
research into hydrofoil shapes and cavitation pheno- 
mena; an aerodynamics laboratory about 80 ft. in 
length by 40 ft. span ; an oil and special-fluids labora- 
tory ; and flow measurement and calibrating arrange- 
ments. 

It is interesting that certain design problems of the 
laboratory could not be solved from available data 
and in consequence models had to be used. One 
example was the design of the main water sump of which 
an }th-scale model, shown in Fig. 2, opposite, was 
constructed and tested at the National Physical 
Laboratory. By the use of this model the volume and 
proportions of the sump to eliminate surface waves 
and vortices in the vicinity of the pump intakes were 
determined. At the same time the model gave reason- 
able assurance that there would be no recirculation of 
air bubbles. 

(T'o be continued.) 





THE BRITISH ASSOCIATION MEETING AT EDINBURGH.— 
This year’s meeting of the British Association is to be 
held in Edinburgh, from Wednesday, August 8, to 
Wednesday, August 15. H.R.H. the Duke of Edinburgh, 
has consented to act as President. Sir Claude Gibb, 
C.B.E., F.R.S., will be President of Section G (Engineer- 
ing) and Professor Andrew Robertson, F.R.S., last year’s 
President of the Section, will act as vice-president. 
Professor W. Fisher Cassie, of King’s College, Newcastle- 
on-Tyne, will be Recorder of the Section, and the secre- 
taries are Mr. E. C. Cherry, City and Guilds College, 
Exhibition-road, London, 8.W.7, and Mr. D. H. McPher- 
son, University College, Southampton. Dr. G. B. 
Warburton, 11, Gracemount-road, Edinburgh, 9, and 
Mr. J. D. Robson, Engineering Department, Mayfield- 
road, Edinburgh, 9, are the local secretaries. The 
London address of the Association is Burlington House, 
Piccadilly, W.1, and the secretary is Mr. D. N. Lowe. 
O.B.E. ae 

DISCUSSION ON STEELS FOR GAS TURBINES.—Arrange- 
ments have been made for the ‘‘ Symposium on High- 
Temperature Steels and Alloys for Gas Turbines,’ which 
was to have been held last October but had to be post- 
poned, to take place at the Institution of Civil Engineers 
on Wednesday and Thursday, February 21 and 22. The 
fifth Hatfield Memorial Lecture, on “‘ Turbine Problems 
in the Development of the Whittle Engine” will be 
delivered by Air Commodore Sir Frank Whittle, K.C.B., 
C.B., F.R.S., at 8.30 p.m., on February 20, in the York 
Hall, Caxton Hall, Caxton-street, London, S.W.1. 
Further particulars regarding the meetings may be 
obtained on application to the secretary of the organising 
body, the Iron and Steel Institute, 4, Grosvenor-gardens, 
London, S8.W.1. The programme of papers to be pre- 
sented, as published on page 221 of our previous volume 
(on September 15, 1950), is practically unchaged, but 
Sir Andrew McCance, D.Sc., F.R.S., will occupy the chair 





instead of the President, Mr. J. R. Menzies-Wilson. 





OIL SHALE IN SPAIN. 

Tue United States Bureau of Mines has issued a 
report (No. 4736) on the mining and processing of oil 
shale in the Puertollano area in the province of Ciudad 
Real, Spain, about 125 miles south of Madrid, where 
the production of shale oil has been carried on commer- 
cially since 1922. The oil-shale deposit is estimated 
to amount to about 100 million tons and, by tests, 
contains about 36 gallons of oil per ton. The main 
shale bed is from about 9 ft. to about 15 ft. thick and is 
estimated to be capable of providing about 1,600,000 
barrels of oil per annum for 40 years. The present 
plant, which is stated to be old and in poor condition, 
treats daily some 220 tons of shale, which is mined from 
ashaft. The oil is extracted in 36 Scottish-type retorts, 
and refined on the site, yielding 12-4 per cent. of 
petrol, 0-7 per cent. of gas oil, 82-1 per cent. of light 
fuel oil or Diesel-engine fuel, 2 per cent. of paraffin 
wax and 2-7 per cent. of lubricants. As a by-product, 
25,000 lb. of ammonium sulphate is produced per 
month. A Government-controlled corporation, known 
as Empresa Nacional ‘* Calvo Sotelo ” de Combustibles 
y Lubricantes, established in 1942, is constructing a 
new plant for Puertollano, with 312 retorts and a 
refinery, to handle 1,320,000 tons of shale annually 
and to produce 132,000 tons of crude oil and 8,800 tons 
of sulphate of ammonia. 





BOOKS RECEIVED. 


Overseas Economic Surveys. Uruguay. Economic and 
Commercial Conditions in Uruguay. By C. G. HARRIs. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. 6d. net.) 

Department of Scientific and Industrial Research. Road 
Research. Technical Paper No. 21. The Investigation 
of Road Foundation Failures. By W. A. LEwis. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. 6d. net.) 

Sourcebook on Atomic Energy. By SAMUEL GLASSTONE. 
Macmillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 24s. net.] 

How to Write Technical Books. By JOHN GLOaG. 
George Allen and Unwin Limited, Ruskin House, 
40, Museum-street, London, W.C.1. [Price 12s. 6d. 
net.) 

Physics. By S. G. STARLING and Dr. A. J. WOODALL. 
Longmans, Green and Company, Limited, 6 and 7, 
Clifford-street, London, W.1. [Price 42s. net.] 

Elementary Theory of Structures. By Dr. James C, 
GRASSIE. Longmans, Green and Company, Limited, 
6 and 7, Clifford-street, London, W.1. [Price 25s. net.) 

Steam-Plant Operation. By EVERETT B. WooprvurFF and 
HERBERT B. LAMMERS. Second edition. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 7 dols.) McGraw-Hill 
Publishing Company, Limited, Aldwych House, Ald- 
wych, London, W.C.2. [Price 59s. 6d.) 

Economics of Fuel Gas from Coal. By BATTELLE 
MEMORIAL INSTITUTE for Bituminous Coal Research, 
Incorporated. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 5 dols.]) McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 42s. 6d.) 

Building Technicians’ Pocket Diary, 1951. Association 
of Building Technicians, 5, Ashley-place, London, 
8.W.1. [Price 5s. post free.]} 

Wales and Monmouthshire. An Illustrated Review. 
Edited by D. J. Davies. The National Industrial 
Development Council of Wales and Monmouthshire 
Limited, 17, Windsor-place, Cardiff. [Price 5s.] 

Cdlculo de Concreto Armado. By PROFESSOR TELEMACO 
VAN LANGENDONCK. Associacéo Brasiliera de Cimento 
Portland, Séo Paulo, Brazil. 





ELECTRICITY SUPPLY IN THE UNITED STATES.—Accord- 
ing to some figures given in The Economist, the capacity 
of electrical generating plant installed in the United 
States rose from 40,000 MW at the end of the war to 
65,000 MW at the end of last year. This gives a reserve 
of 12 per cent., compared with 5 per cent. after the war, 
and is considered by the National Security Resources 
Board to be an inadequate margin if hostilities were 
renewed. 

THE FARADAY LEcTURE.—It is announced by the 
Institution of Electrical Engineers that the Faraday 
Lecture, the primary object of which is to increase the 
interest of the general public in electrical matters, will be 
given at the Central Hall, Westminster, London, S.W.1, 
at 6.30 p.m. on Wednesday, February 14, 1951. Admis- 
sion will be free without tickets. The subject of the 
lecture, which will be illustrated by experiments, is 
“* Lamps and Lighting—a Record of Industrial Research,” 
and the lecturer is Mr. L. J. Davies, head of the Research 
Laboratory of the British Thomson-Houston Company, 
Limited. The lecture will be repeated at various towns 
throughout the country. 
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LABOUR NOTES. 


INCREASED pay for the miners in return for improved 
supplies of coal for the nation formed the basis of the 
agreement reached between the National Coal Board 
and the executive of the National Union of Mineworkers 
in London on January 11. The Union’s demands for 
higher wages and improved working conditions were 
laid before the Board on January 10 and, on the 
following day, the two bodies met together to work 
out a settlement. At the close of a meeting lasting 
for over six hours, it was announced that the Board 
agreed in principle to the establishment of a supple- 
mentary pension scheme for the industry and that it 
had undertaken to make an initial payment of two 
million pounds towards the setting up of a pension 
fund as a token of its willingness to introduce additional 
paid holidays for the miners each year as soon as coal 
production warranted. The Board was unable to 
grant a second week’s paid holiday during the current 
year, however, owing to the decline in output which 
would result and which could be ill-spared, but it reiter- 
ated its acceptance of a policy of more paid holidays. 


Craftsmen, day-wage miners, and colliery enginemen 
will benefit from the new wage rates which were 
arranged. These provided for an additional ls. 2d. a 
shift for adult day-wage men employed underground, 
and for the maximum rate for these men to be increased 
by ls. 2d. Their national weekly minimum rate would 
be thus increased by 7s. to 61. 7s. as, owing to the 
provisions of the five-day week agreement, miners 
working five shifts in any week are paid for six. The 
raising of the maximum rate would enable most men 
receiving wages in excess of the minimum to benefit by 
the full 1s. 2d. Adult surface employees working 
at the day-wage rate would receive an extra 10d. a 
shift and their maximum rates would be increased by a 
like amount. Their national weekly minimum rate 
would be increased by 5s. to 5l. 10s. The rates for 
juveniles, surface and underground employees alike, 
would be increased by 10d. a shift up to a limit of the 
new weekly minimum for adults, and their weekly 
minimum would be advanced by 5s. 


National shift rates for skilled and semi-skilled 
craftsmen would be advanced by 2s. and the under- 
ground allowance increased from 2s. 6d. to 28. 10d. a 
shift. Colliery enginemen would receive an extra 
2s. a shift and a new maximum of 28s. a shift in place 
of the existing 26s., while the minimum for these men 
would be advanced to 25s. The Board also consented 
to remove, subject to some limitations, the anomaly 
by which miners in receipt of minimum rates make 
part payment for their concessionary coal, while others 
receiving higher wages do not. By these measures 
the Board hoped to persuade miners to continue in the 
industry, to attract new man-power to coalmining, 
and to create that atmosphere of mutual goodwill 
which it considered necessary for an all-out drive to 
mine increased quantities of coal. 


With a view to securing immediate improvements 
in coal production, a number of concessions were agreed 
to by the N.U.M., and a joint committee of representa- 
tives of the Union and the Board will be formed to 
supervise their fulfilment. The Union consented to 
press for the acceptance of foreign miners at all pits 
where a labour shortage exists, for the maximum 
attendance at Saturday shifts and the working of such 
shifts at as many collieries as possible, for the reduction 
of absenteeism and the suppression of unofficial strikes, 
for the re-assessment of tasks at the coal-face, and for 
the working of overtime, when necessary, to enable the 
cycle of operations to be completed every 24 hours at 
all collieries. The introduction of Italian labour into 
Lancashire pits was agreed to in principle by a large 
majority at the annual delegate conference of the 
Lancashire area of the Union at Bolton on January 13. 
Saturday shifts were worked at 774 collieries, out of a 
total of 950, on January 13, but in Scotland, where 
177 pits out of 190 were in production, absenteeism 
averaged nearly one in four. 


Appeals by three former officials of the Transport 
and General Workers’ Union against their suspension 
from holding office in the Union until after the end of 
the current year have been rejected by the Union’s 
appeal committee, according to an announcement on 
Monday last. Disciplinary action against the three 
men was taken by the executive committee of the 
Union on account of the part they took in connection 
with the unofficial strike at Smithfield meat market in 
July, 1950. At the time of that strike, two of the 
three were members of the Union’s executive com- 
mittee, one was chairman of the Smithfield meat-trade 


committee, another was the chairman of the Smithfield 
co-ordinating committee, and the third was a member 
of the co-ordinating committee. It may be mentioned 
that the members of the appeals committee are all 
rank-and-file members of the T.G.W.U. A meeting 
of employees at Smithfield market was called later in 
the week to protest at the dismissal of the appeals and 
to consider what action should be taken. 





The joint offer by the Governments of Northern 
Ireland and the Republic of Ireland for the Great 
Northern Railway, which, as announced on page 54, 
ante, the two Governments have decided to take over 
in the near future, will be based upon the average 
Stock Exchange quotations for the various stocks of 
the owning company during the three years 1948 to 
1950. At such a valuation, the total compensation to 
be paid to the company’s stockholders is likely to be 
less than four million pounds, according to an announce- 
ment made in Dublin on Thursday of last week. The 
committee of the Shareholders’ Protection Association 
met in Dublin on January 15 to consider the situation 
and there are indications that the Governments’ offer 
was regarded as insufficient. The railway traverses 
both parts of Ireland and the company has been in 
serious financial difficulties recently, owing to the 
rising costs of coal and labour. As a result of this 
financial embarrassment, notices of dismissal were given 
to about one thousand of the company’s staff, but 
these were withdrawn on January 9, when the decision 
of the two Governments was made known. 


Sunday work at Liverpool and Birkenhead docks 
will be banned if a decision to that effect, reached at a 
mass meeting of 2,000 Merseyside dockers in Liverpool 
on January 14, is enforced. The men left idle three 
ships at Liverpool and nine at Birkenhead, which were 
being loaded with machinery and vehicles for Australia, 
while they attended the meeting. This had been sum- 
moned by the ‘* Merseyside port workers’ committee ” 
after a private meeting of the members of that body, 
which is an unofficial organisation and not recognised 
by the Union concerned, the Transport and General 
Workers’ Union. Local officials of the Union had 
previously appealed to their members not to place an 
embargo on Sunday work, and the majority of the 
registered dockers on Merseyside accepted that advice 
and worked on January 14 as usual. The mass meeting 
passed a resolution repeating their demands for wage 
concessions and expressing their dissatisfaction at not 
being kept fully informed of the progress of negotiations 
on their claims. ae: 

At one Liverpool dock, about one hundred men, 
employed on cargo-handling in the ships’ holds, failed 
to report for duty last Sunday, as a result of which 
over three hundred deck hands and quayside employees 
had to return home after signing the dock employment 
register. The difficulties at Liverpool have arisen as a 
result of the dockers’ dissatisfaction with their em- 
ployers’ offer of an increase, on a national scale, of 2s. 
to their basic daily-wage rate. Some 98,000 dock 
employees throughout the country would benefit from 
the advance, but the T.G.W.U. asked for a pro rata 
increase in the piece-work rates, which the employers 
were not prepared to concede, at any rate for the time 
being. Such a concession would amount to an overall 
increase in piece-work rates of 10 per cent., as it is 
customary for such rates to be raised by 5 per cent. 
for each shilling rise in the basic daily-wage rate. The 
employers are also understood to have requested the 
abandoning by the men of certain restrictive practices 
in the loading and unloading of ships. 


Some aircraft personnel employed by the Royal 
Aircraft Establishment at Aberporth, South Wales, 
decided unanimously at a meeting on January 12 to 
ask their Union, the Amalgamated Engineering Union, 
to tender 21 days’ strike notice on their behalf. 
According to a statement issued locally by the A.E.U., 
the difficulty has arisen owing to the high fares charged 
by local omnibus firms for the conveyance of the men 
between their homes and the Aircraft Establishment. 
Considerable discontent exists among them owing to 
the withdrawal of the assisted travel schemes which 
have been in operation hitherto. Rather more than 
200 persons are understood to be involved in the 
dispute. ya ee 

The prohibition on the use of zinc and copper in the 
manufacture of a large variety of industrial and 
domestic articles, which was to have been effective 
from February 1, has been postponed by Mr. George 
Strauss, the Minister of Supply, until March 1. Firms 
will be permitted to continue to use, until June 30, 
stocks of semi-fabricated metal and partly-processed 





articles in their possession on March 1. The change in 





the Government’s decision is attributed to the urgent 
representations which have been made by the metal 
industries that the ban on the use of these metals 
would cause considerable unemployment and adversely 
affect the export trade. It had been represented to 
the Ministry that enforcement of the Order as from 
February 1 would have caused some 370 factories in 
the Midlands to close. 


A statement issued by the Ministry on January 16 
declared that careful consideration had been given 
to representations from industries affected by the 
proposed prohibition and, in particular, to the anxiety 
expressed that the early enforcement of the ban would 
cause serious dislocation for many firms and, in some 
cases, lead to a cessation of production. A major 
concern among employers was that, if their factories 
were compelled to close owing to the ban on the use of 
these metals, they would lose their skilled men, without 
any hope of regaining their services when the factories 
were able to return to production. 





Following a meeting with officials of the National 
Union of Railwaymen on Tuesday last, it was announced 
that the Railway Executive had agreed to postpone 
until January 29 the road-rail integration scheme for 
the delivery of goods in London and Glasgow, on 
condition that the 1,900 goods staff then on unofficial 
strike returned to work immediately. A mass meeting 
on Wednesday agreed to this condition and negotia- 
tions will be begun between the two sides on nine points 
put forward, on behalf of the men concerned, by the 
Union, which is itself a party to the co-ordination 
scheme. The Union’s suggestions were made with a 
view to securing that their existing agreed pay rates 
and service conditions should be guaranteed to any 
railwaymen displaced by the scheme. 





The strike commenced on January 7 at St. Pancras, 
where nearly 1,000 cartage men, loaders, porters, and 
other goods staff, including women lorry attendants, 
ceased work owing to a fear that they would become 
redundant because of the introduction of the new de- 
livery scheme. They also expressed their concern that 
the London-Glasgow scheme might be only the first 
of several such measures, and that these would be likely 
to make redundant considerable numbers of railway 
goods staff. The strike subsequently spread to the 
railway depots at Nine Elms, Brompton and Fulham, 
Camden Town, and Plumstead. 





BRITISH STANDARD 
SPECIFICATIONS. 


THE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Methods of Testing Vulcanised Rubber.—A revision of 
B.S. No. 903, dealing with methods of testing vulcanised 
rubber, has been issued. The publication was first 
issued in 1940 and its scope has been widened to cover 
synthetic as well as natural rubber. The various 
methods of analysis and test covered by the specifica- 
tion include acetone extract, chloroform extract, 
alcoholic-potash extract, total sulphur, rubber-com- 
bined sulphur, sulphide sulphur, natural-rubber hydro- 
carbon, nitrogen, chlorine, isobutene-diene, total fillers, 
ash, glue, cellulose and water extract. Methods for 
physical testing include accelerated ageing, density, 
tension and compression stress strain, hardness, 
rebound resilience, abrasion resistance, tear strength, 
swelling in liquids, permeability to gases and liquids, 
electric strength and surface and volume resistivity. 
For ebonite the following tests are included, cross- 
breaking strength, impact strength, plastic yield, 
compression strength, and linear coefficient of thermal 
expansion. Methods for the preparation of samples 
and the conditioning of test pieces are included in the 
publication, which is a cloth-bound book of nearly 250 
pages. [Price 21s.] 

Guards for Shaft Couplings.—A new specification, 
B.S. No. 1649, has been prepared with the co-operation 
of the Engineering Branch of the Factory Department 
of the Ministry of Labour and National Service. It 
concerns guards for couplings and associated shafting 
and stipulates the general requirements for guards 
which should be applied to couplings between units, 
such as a motor and a pump, and for guards for a length 
of shafting and coupling. Different forms of guards 
are shown in one appendix, while a second appendix 
contains recommendations for the responsibility of the 
provision of guards. Care has been taken not to define 
the guards in detail, thus avoiding restriction in design. 
[Price 2s., postage included.] 
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SOME ASPECTS OF THE 
MANUFACTURE AND USE OF 
BEVEL GEARS.,* 


By E. B. Wusoy. 


In some respects, it is hard to justify a paper on 
gears comprising much which must be common know- 
ledge to many engineers here to-day. There are, 
however, some specialised aspects of bevel gearing 
where the problems and practice differ from those 
encountered in other forms of gearing and it is with 
these that this paper is mainly concerned. Much of 
the paper refers to work done by the Gleason Company 
and is derived from experience gained by the use of 
Gleason machines. No apology is made for this 
apparent partiality since the Gleason Company has, 
from the inception of machine-cut bevels, been domi- 
nant in this field, and an overwhelming majority of 
the world’s bevels have been produced on their ma- 
chines. Moreover, it is due to their technical leadership 
and progressive policy that bevel gears are made to-day 
to meet every engineering requirement, and made, too, 
at an economic cost which encourages their use where- 
ever angular drives are required. 

Although bevel gears range in size from the smallest 
instrument gears to giants of 100 in. in diameter for 
heavy industrial use, it is perhaps the automobile 
industry which has set the pace in development.» Here 
the demand arose for a right-angle drive to transmit 
power over a wide range of torque and speed, and, at 
the same time, to act as a speed reducer of suitable 
ratio. Not only had this dual demand to be fulfilled 
reliably and in the smallest space, but also, and most 
difficult of all, silently, so that it is never heard to 
complain of the load it has to carry. 

Most gear makers would willingly accept the most 
stringent demands for measured accuracy in their 
products in place of the users’ simple edict that the 
gears must be silent; for not only does the latter 
involve factors quite apart from the quality of the 
gears themselves, but often the means of measurement 
does not exist in practical form, but relies on audibility 
to the human ear, of which no two, out of countless 
millions, are necessarily alike and, even in the same 
person, vary from day to day. Perhaps this should 
be qualified by the admission that progress in the 
measurement and analysis of noise is such that it is 
now of some help in determining the source of vibration ; 
but, for most practical purposes of acceptance, it is 
the ear that counts and in the case of disagreement 
we have still more confidence in our ears than in noise 
meters. This demand for silence in automotive drives 
was responsible for the introduction of the spiral-bevel 
gear, and later, to some extent, for the Hypoid. More- 
over, the great quantities of gears required for the 
expanding motor industry created a demand for ma- 
chines and equipment to produce them rapidly, 
consistently and at low cost. 

Perhaps it is convenient to enumerate here the 
different types of bevel gears in general use and to 
make some reference to their application and limita- 
tions. They are: straight-tooth bevel gears; straight- 
tooth bevel gears with localised tooth contact (Coniflex) ; 
curved-tooth bevel gears with zero spiral angle (Zerol) ; 
curved-tooth spiral bevel gears; and curved-tooth 
spiral bevel gears with off-set axes (Hypoid gears). 
Descriptions of some of the systems employed for 
producing these, with illustrations of the principles 
involved, have been collected and given in the form of 
an appendix. 

_Straight-tooth bevel gears are recommended when 
silence and smoothness are not essential. They are 
not usually recommended for high peripheral speeds of 
engagement, but they have been used satisfactorily in 
many high-speed applications. There seems to be 
little valid reason for imposing arbitrary speed limits 
on their use, provided that some noise is acceptable. 
No reversal of axial thrust on either member takes 
place with the reversal of the direction of load, and 
thus, under all conditions, such thrust as there is will 
be away from the cone apex on both members. Being 
the simplest form of bevel gear to make and mount, 
they should be used wherever possible for short quanti- 
ties to save the rather heavy cost of development, 
setting and tooling associated with spiral-bevel, Zerol 
or Hypoid gears. 

Coniflex or straight-tooth bevel gears with localised 
contact, perhaps, should not be in a separate category 
since they are really only an improved form of straight- 
tooth bevel gear. The teeth are relieved at the ends, 
per:nitting rather more latitude in mounting position 
as compared with a straight-tooth gear cut with a 
full-length bearing. The easement at the ends of the 
teeth also allows more displacement without concen- 
tration of load at the ends of the teeth. 

Zerol bevels may be used to replace straight-tooth 

* Paper presented to the British Gear Manufacturers 
Association at a meeting held in London, on Tuesday, 
January 16,1951. Abridged. 
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bevels without changing the method of mounting. 
The relative curvature of the teeth is arranged so as to 
give localised tooth contact, as in the case of spiral-bevel 
gears. In practice, the spiral angle along the face 
varies from zero degrees at mid-face to a maximum 
of about 6 deg. at the ends, but it is generally desirable 
in Zerol gears to keep the lengthwise curvature down to 
a minimum. Consequently, Zerol gears are frequently 
made with a narrow face width, not exceeding one 
quarter of the cone distance. In this form, Zerol gears 
can be produced by the duplex method, whereby both 
members are cut with spread-blade cutters finishing 
both sides of the teeth simultaneously. The use of 
this system provides a rapid means of production and 
is well suited to be finished by profile grinding; it 
has, therefore, useful applications for auxiliary drives 
for gas turbines, etc., where the accuracy obtained by 
grinding reduces the dynamic loading at high speeds. 
Although Zerol gears can be produced more rapidly 
by the duplex method, their use is not restricted to this 
system, and each side of the tooth can be generated 
separately on the cutting and grinding machines 
when the full face width of one third of the cone 
distance is required. Ground Zerol gears of this type 
have been used extensively for planetary reduction 
gears for aircraft engines, where the greater accuracy of 
size and pitch, coupled with control over the tooth 
bearing, has resulted in more even load-sharing over 
the planets and consequently greater load capacity 
for the whole gear set. 

Spiral bevels are inherently smoother and more silent 
in operation than any of the above, and they have a 
wide range of use and application. Generally speaking, 
a quite remarkable standard of silence has been estab- 








(3.4) 


lished for spiral bevels, and, in — of the inherent 
difficulties of mounting and manufacture, a noise level 

rmitted in their counterparts—helical gears, connect- 
ing parallel shafts—is not acceptable in spiral bevels. 
Care is necessary in their design, particularly in pinions 
having a small number of teeth, to make sure that the 
proper correction factors are applied to avoid under- 
cutting, without, at the same time, making the teeth 
too pointed and the cutter blades too narrow at the 
tips; also, the choice of pitch and spiral angle to realise 
satisfactory overlap under operating conditions must 
receive attention if the best results in silence are to be 
obtained. The direction of thrust is usually reversed 
with reversal of load, and therefore both members must 
be properly provided with a bearing arrangement 
which is capable of withstanding thrust in both 
directions. A system of gear cutting to give accurate 
control of localised tooth contact was originated by 
Gleason for spiral bevels and is referred to later in 
more detail. Spiral bevels can also be finished by 
profile grinding, though this is the exception rather 
than the rule. 

The Hypoid gear owes its development primarily 
to the demand in the motor industry for an inaudible 
rear-axle drive, coupled with a transmission shaft 
below axle level. In both respects it has a slight but 
perceptible advantage over the spiral bevel. It is also 
sometimes convenient to use Hypoid gears on account 
of the non-intersection of the axes. The teeth of a 
Hypoid combination are a little stronger than their 
equivalent spiral bevels, but operate under more severe 
conditions of surface sliding contact. In spiral bevels 
there is no lengthwise sliding motion along and between 
the teeth, but immediately the axes are off-set longitu- 
dinal sliding is introduced; very slight with small 
offset, but increasing rapidly as the ratio of off-set to 
diameter becomes quantitatively greater. The per- 
missible off-set is therefore determined by the load and 





operating conditions and, for normal power drive load- 
ings, should not exceed 40 per cent. of the cone distance. 
For very heavy loading and arduous duty, such as 
on commercial-vehicle axle drives, the maximum 
recommended is about 20 per cent. of the cone distance. 

Since this off-set in axes involves a difference in 
spiral angle between the gear and pinion, they are 
designed so that the spiral angle of the pinion is always 
greater than that of the gear, thus increasing the size 
of the weaker of the two members. Thus the hand of 
spiral is determined according to whether the pinion 
is considered to be off-set above or below centre when 
looking on the face of the gear. In Fig. 1, (a) and (b) 
are referred to as having an off-set below centre and 
must have a left-hand spiral pinion, and (c) and (d) 
are referred to as above centre and must have a right- 
hand spiral pinion. It will be seen that the hand of 
spiral cannot be reversed at will as in the case of spiral 
bevels. Moreover, it is not possible to engage two 
coaxial Hypoid gears face to face with one pinion 
in the manner of straight-tooth or spiral-bevel gears, 
commonly used as reversing drives. The principles 
employed for cutting and, where necessary, for grinding 
Hypoid gears are similar to those for spiral bevels. 

Although gears in all of the categories mentioned 
are usually employed in right-angled drives, they can 
be made to suit most shaft angles likely to be required. 
There are, however, some limitations as to cone dis- 
tance, which depends on the size of machine, and 
pitch angle, which in most machines ranges from 5 deg. 
minimum to 85 deg. maximum. Thus the minimum 
shaft angle for 1:1 ratio gears is about 10 deg., and 
correspondingly greater with increase of ratio. In 
exceptional circumstances, these limits can sometimes 
be exceeded and bevel gears down to 3 deg. have been 
generated, while, at the other end of the scale, up to 
90 deg. can theoretically be generated with straight- 
sided cutters. Bevel gears having a pitch angle over 
90 deg. (i.e., re-entrant) have been made on standard 
machines, the profile having straight sides and the 
mating gear profile modified with a reduced curvature 
in order to provide conjugate mating surfaces. 

Bevel gears (other than the Hypoid) have general limit- 
ations as to ratio analogous to those applying to spur 
and helical gearing, and do not enjoy the advantages 
of the worm gear in this respect. The Hypoid gear 
falls between bevels and worms, but in practice its 
ratio limitations for power drives are nearly equivalent 
to those of bevel gears. The maximum size for case- 
hardened gears is governed by control of distortion and 
the practical limit at present is about 26 in. in diameter. 
Larger gears than this for heavy loads may be flame- 
hardened on the teeth only, but the permissible load 
must be relatively less than that for case-hardened gears. 

In some respects, straight-tooth and spiral-bevel 
gears are similar to spur and helical gears, but 
there are points of divergence which have important 
practical implications in the ag manufacture and 
mounting of bevel gears. In the first poe the virtual 
pitch diameter of straight-tooth bevel gears is greater 
than the pitch diameter in the plane of rotation in 
proportion to the secant of the pitch angle. Conse- 
quently, straight-tooth bevel gears have profiles with 
less curvature than the profiles of teeth of spur gears 
of the same pitch diameter and number of teeth. The 
same comparison applies to spiral-bevel gear teeth 
when compared to helical gear teeth. With bevel gears 
of large pitch angle, the difference is considerable and 
thus, on ratios greater than 3:1, the bevel crown gear- 
tooth profile closely resembles the basic crown gear 
tooth, which has straight profiles. Therefore the crown 
gear teeth on ratios in excess of 3:1 can be made 
with straight profiles, provided that conjugate tooth 
action be restored by increasing slightly the profile 
curvature of the pinion teeth. This principle is now 
frequently employed in the production of spiral-bevel 
and Hypoid gears for automobile axle drives, cut by 
the Gleason Formate method. 

The second point of divergence is the tapering form 
of bevel-gear teeth, which restricts the face width to 
approximately one-third of the cone distance. It will 
be seen that the tapered section of the tooth will be 
weaker and less rigid at the toe, so that no practical 
benefit will accrue from increasing the width of face 
beyond the amount stated. Thus the designer has 
no option but to increase the diameter of the bevels 
for increasing loads, whereas on spur and helical gears, 
within certain limits, increase in load can be met with 
increased face width. This is not often a serious 
limitation and is mentioned only as it is sometimes 
overlooked. 

Thirdly, in generated straight-tooth bevel gears the 
profile shape varies at every position along the tooth 
from toe to heel. In most spiral-bevel systems this is 
also true, and, moreover, the spiral angle varies simi- 
larly from toe to heel and is not constant. By compari- 
son, spur and helical gears which have constant profile 
shapes and helix angles are more simply checked in 
both these respects by direct measurement, whereas 
for bevel gears, and especially spiral-bevel gears, such 
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a system of measurement and checking would be 
complicated and impracticable. Therefore, a different 
approach to the checking and testing of bevel gears is 
necessary and it is preferred to check the tooth marking 
of a pair of gears, which is an indication of correct 
engagement both in respect of profile shape and 
lengthwise curvature. 

Fourthly, bevel gears will only engage together 
properly when their pitch-cone apices coincide, which 
involves not only correct location of the axes, but the 
correct location of each member along its axis. By 
comparison, spur and helical gears require their axes 
to be correctly located, but the position of each member 
along its axis is not of such precise importance. Fifthly, 
space restriction arising from the intersection of the 
axes of bevel gears causes difficulty in providing gear 
mountings of equivalent rigidity to those of spur and 
helical gears, and frequently involves the overhung 
mounting of one member. Finally, the forces resulting 
from gear-tooth engagement are more complex and 
generally more difficult to contain in the case of bevel 
gears than in that of their counterparts. The fourth, 
fifth and sixth points of divergence are of the greatest 
practical importance in considering the mounting of 
bevel gears, and it will be seen that from the limitations 
of accuracy and rigidity of mounting arose the need 
for a specialised technique in cutting bevel gears. 

The first requirement is that the bevel-gear casings 
should be accurately machined so that the axes of the 
bores intersect at the desired angle. The permissible 
tolerance for intersection should not exceed 0-002 in. 
for gears up to 10 in. in diameter, and if the gear is to 
transmit greater loads in one direction than in the 
other, the tolerance should be applied so that the 
major load will tend to correct rather than to increase 
the inaccuracy. The angle of intersection should be 
held to within 3 minutes, and again arranged so that the 
major forces tend to correct rather than magnify the 
error. It is desirable that both members should be 
adjustable axially, either by an arrangement of shims, 
graded distance pieces or suitable ring nuts. 

Apart from accuracy of the initial mounting position, 
rigidity to maintain this position under load is of the 
utmost importance and difficult to achieve. Due to 
space restrictions caused by the intersection of the 
axes it is not always possible to provide bearings of 
adequate size to straddle both the gear and pinion, 
and therefore an overhung pinion is unavoidable. 
There is consequently a tendency for the pinion axis to 
tilt under load, as shown in Figs. 2 and 3, with con- 
centration of load at the large end or heel of the tooth ; 
this causes noise and may lead to failure. 

To reduce pinion tilt to reasonable proportions the 
bearing spread, measured from planes passing through 
the centre of the balls or mid points of the rolls, should 
be at least twice, but, for heavy loads, preferably 
two and a half times, the overhang measured to the 
mean pitch plane of the pinion. The size of the pinion 
shank, also the size and inherent rigidity of the bearings, 
must be taken into account. Moreover, in the case of 
tapered-roller bearings, the choice of the most suitable 
cone angle to suit the journal : thrust ratio of the loads 
is important. Most ball and roller bearings deflect 
more per unit of load under initial loads than with 
subsequent increments up to their maximum capacity. 
Therefore, wherever practicable, bearings should be 
pre-loaded so as to cut out that part of the bearing 
deflection curve where it is inherently spongy at low 
loads. This will, at the same time, reduce axial deflec- 
tion under thrust loads, and it is fairly simple to arrange, 
although there is some divergence in the practices 
employed for assessing the amount of pre-load. A 
torque reading taken by spring balance or similar means 
on the pinion assembly is often used, although there is 
some advantage in the method of applying a known 
axial load and reading the axial deflection on an 
indicator. In either case, the values should be estab- 
lished to suit the assembly in conjunction with the 
bearing makers. Most pre-load arrangements are in- 
clined to be temporary and pre-load wears off with use; 
but, provided that the rate of wear is not excessive, 
it is generally advantageous and is accepted practice. 

The provision of adequate pinion threads, nuts and 
washers should not be overlooked, particularly in 
Hypoids or spiral bevels with high spiral angles. The 
crown-wheel mounting is of equal importance, although, 
as it is normally straddle-mounted, it presents a less 
difficult problem. Often the thrust component on the 
crown gear is not treated with sufficient respect and 
the bearing behind the gear is too close under the 
gear itself, whereas it should be back by an amount 
equal to a minimum of one third, but preferably one- 
half, of the mean pitch diameter from the mean pitch 
plane of the gear. This permits of a rigid design of 
carrier—which should be made to support the back of 
the crown wheel, shares the load more evenly between 
the two bearings, and makes any deflection in the 
bearing of less consequence to the gear engagement. 

The rigidity of the gearcase affects both members, 
and little purpose can be served by generalisation. 
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Each individual design can only be treated on its own, 
but each cannot receive too much attent on in respect 
of general shape, sections and ribbing. One point 
which is sometimes overlooked is that the outer races of 
bearings are not of sufficient sections to carry the loads 
without serious deflection unless there is strong annular 
support from the housing. Therefore, stiff bearing 
seatings and interference fits are advantageous, and 
when light alloys or other materials having a low 
elastic modulus and high coefficient of expansion are 
used, it is rather surprising to note the extremely thick 
sections round the bearing to give equivalent support 
to iron or steel housings. In housings made in materials 
having a large coefficient of expansion, the effect of 
temperature change is often considerable and it is 
necessary so to locate the gears that this has the 
least possible effect on the mounting distances. 

Even the best mountings deflect under load and are 
liable to change with temperature, and, moreover, 
some latitude is necessary in setting to position. 
Therefore, bevel gears are cut with localised tooth 
contact to counteract the effects of changes in position. 
Referring again to Figs. 2 and 3, these show the effect 
of pinion tilt on a spiral-bevel pair. To avoid a hard 
bearing at the heel, the concave side of the pinion 
tooth is generated from a cutter having a slightly 
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lack of resistance in the mountings to thrust loads, is 
to cause incorrect profile bearing. Therefore, it is 
desirable for the profile bearing to fade out both 
towards the flank and tip, so as to avoid concentrations 
of load at the edges. In the case of the Gleason spiral- 
bevel and Hypoid systems, changes in cutting to 
modify profile bearing can readily be made, either on 
both the convex and concave sides of the pinion tooth 
or on each side separately. Changes are usually made 
to the pinion tooth only. The reason is that each side 
of the pinion tooth is usually finished separately on two 
different machine settings and can therefore be con- 


TABLE I.—SUMMARY OF DISPLACEMENTS. 


Pinion Bearing Preload 16 in.-lb. Torque (with Oil Seal) ; Differential Bearing Preload 0-018 in. on Caps. 









































| Scale Load 120 Ib. 240 Ib. | 360 Ib. 
= | Torque on Axle Shafts 6,930 Ib.in. 13,860 Ib.-in. 20,790 Ib.-in. 
| Direction of Drive Shaft ..| Forward. Reverse. | Forward. | Reverse. Forward. | Reverse. 
Indicators. Lift. 
Pinion .. = 3—4 —0-001 +0-0045 —0-0015 +0-0075 —0-0035 + 0-0105 
Gear .. 1—} (2 L + 2 R) | +0-0002 —0-0005 +0-0008 —0-0015 +0-0015 —0-002 
Relative 1—3 | 0-002 0-005 0-004 0-009 0-0065 0-012 
Side Movement. 
Pinion Pe 7-8 | —0-001 +0-003 —0-0025 +0-0065 —0-003 +0-009 
Gear .. . 5-6 +0-0005 +0-0045 +0-001 +0-009 +0-001 +0-016 
Relative 5+7 | 0-0005 0:0075 0-0015 0-0155 0-002 0-026 
End Movement. 
Pinion — 4 (15 +16) —$ (17+18) —0-001 ' +0-002 —0-0027 +0-004 —0-004 +0°005_ 
Gear .. os 10—4$ (18 +14) 0 —0-0005 +0-0005 —0-0005 +0-0012 —0-0005 
Relative > 10 +4 (15+16) 0-0015 | -0025 0-0037 0-005 0-006 0-006 





larger diameter than that used for the gear tooth. This 
difference in diameter determines the length of tooth 
contact and it will be seen that, the greater the tilt of 
the pinion under load, the greater must be the difference 
in the radii of the cutters from which the two contacting 
surfaces are generated and, consequently, the shorter 
must be the contact in any position. Thus, given a 
flimsy mounting, the gear maker can only make the 
best of a bad job and cut the gears with a short contact; 
but they will not run so smoothly and quietly, or carry 
the load as well as those on which a longer contact 
is permissible. 

The effect of pinion tilt can also be counteracted in 
the cutting of straight-tooth bevel gears. Prior to 
the introduction of Coniflex, the central toe bearing 
was obtained by cutting the pinion tooth with less 
taper. The control of the bearing by this means is not 
so accurate as that obtained in the Coniflex system, 
where the cutters are fed in to a greater depth at both 
ends of the tooth, thus easing the bearing at both ends. 

The effect of displacement of the pinion along its 
axis, which may arise either from maladjustment or 











trolled more conveniently, whereas the gear tooth is 
generally finished spread-blade at one setting and 
changes cannot be made so readily. ee 

In spiral-bevel and Hypoid drives, however, it 18 
more usual for pinion tilt to occur in combination with 
axial movement, and this may result in a bias marking, 
as shown in Fig. 4. This can also be counteracted in 
the gear cutting. Gear mountings are also liable to 
change with temperature, and, in particular, when 
housings are made in light alloys, this factor must be 
taken into account in the cutting. Expansion through 
rise in temperature will increase the mounting distance 
of both gear and pinion, and it may be necessary to cut 
gears to run correctly at the extended mounting dis- 
tances prevailing under operating conditions. _ In 
such cases, the correct axial setting of the gears in 4 
gearcase at normal temperature is difficult and must 
rely on a measurement to location or datum faces, 
since the usual brush marking to check tooth contact 
is of no value. 

The correct cutting development must therefore take 
into account all changes in position of the gears that 
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will occur when the assembly is put into service, but 
it is first necessary to establish the direction and 
amount of the deflections for which allowances should 
be made. This can be accomplished by mounting the 
gears into their casing and subjecting the whole unit to 
a dynamic load test, the deflections being measured 
by a number of indicators. Fig. 5 shows a motor-car 
Hypoid axle on test in the works of Messrs. Buck 
and Hickman, Limited, Whitechapel-road, London, 
E.2; Figs. 6 and 7 show the position and key numbers 
of the indicators; and Table I summarises the dis- 
placements under three different load conditions. Such 
a procedure can only be undertaken at considerable 
expense and, in practice, experience can be a guide to 
reasonably accurate results. By experience and calcu- 
lation it is possible to assess approximately, from the 
engineering data and designs, the amounts to allow 
for deflection. The procedure is to cut and check the 
gears in a tester, and then to mount and run them 
under load in the assembly. The gears should pre- 
viously be lightly copper-etched to give clear indication 
of the position of hard contact. They are then dis- 
mantled and remounted on the tester, which is re-set 
to reproduce the markings obtained in the assembly. 
Useful as this procedure may be, there is nothing to 
compare with the quantitative analysis of the dynamic 
load test to bring weaknesses home to the designer. 

In order to establish the suitability of a pair of 
gears for the deflections in the mountings recorded in 
the dynamic load test, the gears are mounted on a 
Gleason tester and subjected to a vertical and horizontal 
check. The gears are first mounted at the correct 
settings, in which position a central toe marking, as 
shown in Fig. 8 (a), should be realised. The pinion 
axis is then displaced vertically in relation to the gear 
axis, firstly by lowering it to bring the contact marking 
to the toe. The profile marking must then be restored 
to the correct shape by horizontal adjustment of the 
pinion mounting distance and it should then resemble 
the pattern shown in Fig. 8 (b). The pinion axis is 
then raised in relation to the gear axis to bring the 
marking to the heel, and again a horizontal adjustment 
to the pinion mounting distance (but this time in the 
opposite direction) is necessary to correct the profile 
marking to resemble the pattern shown in Fig. 8 (c). 
The procedure is then repeated for the opposite sides 
of the teeth. The results may conveniently be tabu- 
lated as in Table II, and compared with the data ob- 
tained from the deflection tests. Those given are 
typical of a Gleason spiral-bevel or Hypoid pair, having 
a Spiral angle of 40 deg. to 45 deg. 

The vertical and horizontal check is also used for 
determining the quantity and direction of bias and, 
by this means, it is possible to correct the type of 
bearing referred to previously and illustrated in Fig. 4, 
Opposite. This depends on the ratio of the total 
vertical movement to total horizontal movement in 
transferring the marking from a correct profile marking 
at the toe to correct profile marking at the heel. 
The requisite ratio needs to be established for each 
application and will be found to alter appreciably with 
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the spiral angle. Often several cutting changes are 
necessary before the correct development is reached in 
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A=4: Runs 1-12 
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It will be found that the shape of the pinion tooth 
changes more in hardening than that of the gear 
tooth and that this usually takes the form of a reduc- 
tion in the lengthwise curvature of the pinion tooth ; 
thus, alterations in the cutter diameters from which 
the two sides of the pinion teeth are generated are 
frequently necessary to counteract this characteristic. 
It will also be found that the width of the profile 
bearing on the convex side of the pinion teeth will 
have a tendency to decrease considerably and to a 
greater extent than on the concave side of the teeth ; 
therefore, a wide or slightly bridged profile bearing is 
sometimes necessary on the convex side of the pinion 
tooth in the soft condition. In practically all cases 
the ratio of the total vertical to horizontal movement 
alters during hardening and this usually takes the 
form of bias-in; that is to say, a diagonal marking 
from the tip of the toe to the flank at the heel on the 
concave side and vice versa on the convex side of the 
pinion tooth. A decrease in the numerical value of 
the ratio of total vertical to horizontal movement is 
necessary in the soft state to counteract this. The 
greatest difficulty in the manufacture of case-hardened 
spiral-bevel and Hypoid gears arises from changes dur- 
ing case-hardening, and successful results depend on 
the consistency obtained during these processes. 

The crown gears are normally quenched in special 
press dies, arranged to keep the gears flat and round 
and, in all respects, as near as possible to the shape and 
size of their original state. The latest type of press 
employs a controlled cycle of oil circulation throughout 
the cooling process. There are also developments for 
quenching pinions, which include the rotation of the 








TABLE II. 
Concave Side (Drive). } Convex Side (Reverse). 
—_— — ee —— — - —————- — —EE 
Toe. Heel. Total. | Toe. | Heel. | Total. 
| 
i dP ee oe ee ee 
me In. | In. | In. In. In. 
a * oni +0-009 —0-012 0-021 7. i. we — —0-004 +0°017 | 0-021 
a... —0-010 +0-016 0-026 i ms. ed +0-006 —0-025 | 0-031 
| | | 
+ Vis up on the wheel head or down on the pinion head. — Vis down on the wheel head or up on the pinion head. + H is 


out on the wheel head. — H is in on the wheel head. 
the soft state, but this can readily be accomplished 
once experience has been gained. 

If the gears have not to be hardened, the difficulties 
end here; but most spiral-bevel and Hypoid gears 
have to be case-hardened. Allowances must be made, 
therefore, for changes in shape during this process, 
so that the correct horizontal and vertical settings 
are realised on the finished gears in the hard state. 


pinion within a system of rollers bearing on location 
journals, and which comprise also the same oil-circula- 
tion system. 

Moreover, it is necessary to select steels which have 
the minimum deformation during heat treatment and 
to keep the strictest control over every phase of manu- 
facture ; in the first place of the steel, and then in the 
forging and annealing or normalising process, and 
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finally in the carburising and hardening. Great pro- 
gress has been made in recent years in the development 
of suitable steels for this purpose. In particular, the 
use of fine-grained steels suitable for quenching and 
hardening directly from the carburising furnace, 
without the intermediate stage of cooling and reheating, 
is of great advantage; also, the substitution of car- 
burising by enriched gases in a controlled-atmosphere 
furnace, for pack carburising, provides better control 
and gives more consistent results. 

It is along these lines that some of the most important 
developments are taking place, and in this respect, 
developments in the United States are in advance of 
those in this country. This is accounted for partly 
by the vast quantity of gears over which the high 
capital cost of equipment can be spread, and partly 
by the abundance of natural propane gas, which is used 
both for the enrichment and the control of furnace 
atmosphere. It is to be hoped that the ingenuity of 
technicians in this country will be successful in over- 
coming these disadvantages and that equally satis- 
factory processes may be developed here. 


APPENDIX. 


Form milling is usually done on a horizontal milling 
machine with a form-milling cutter; the blank is set 
to make the root of the gear horizontal and the cutter 
is set over to taper the teeth. This method, without 
set-over, is used extensively for rough-gashing straight 
bevel-gear blanks prior to generating. ‘“ Revex ” 
(Gleason) roughing is a rapid method of gashing blanks. 
It resembles rough milling without set-over, and the 
diameter of the cuter is larger. 

The Revacycle (Gleason) process may be described 
as “ broaching with a disc broach.” The profile of a 
tooth cut by this method is a circular arc; the root 
and blank cone angles do not converge to the theoretical 
cone apex, these being modified to give a parallel root 
land keeping the sides taper. The tooth marking is 
localised. To finish the tooth space in one revolution 
of the cutter from the solid blank, tooth depth is 
limited to 0-40 in. and length to one third of the cone 
distance. It is claimec that the Revacycle process is 
the most rapid method of cutting straight bevel gears. 

The basic principle of the Gleason process of profile 
generation is shown in Figs. 9, 10 and 11. The tooth 
profile is generated by rolling the teeth of the gashed 
blank between the reciprocating tools (Fig. 11). The 
Coniflex (Gleason) method of profile generation is a 
development from this method, the tool describing 
a flat arc as it moves along the face width. Each tool 
cuts a shade deeper at the heel and toe of the tooth, 
as in Fig. 12. 

The Gleason Company have developed the planing 
method of profile generation primarily for the manu- 
facture of large spiral-bevel gears with cone distance 
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exceeding 11 in. A single straight-side rack tool is 
reciprocated in a straight slide by a simple crank 
drive, while the blank rotates on its own axis, and the 
cradle which carries the tool slide is given a slight 
rocking motion. These motions together produce a 
localised tooth marking. 

The principle of curved-tooth generation of profile 
cutting is to curve the basic crown tooth to have a 
gradual increase in spiral angle throughout the length 
of the tooth from toe to heel. This has no real value 
in spiral-bevel gears where overlap is not realised. 
The Gleason Company use a circular mill face; the 
inside blades cut the convex tooth face length and the 
outside blades cut the concave tooth face length. As 
the cutter rotates on its axis it is rolled in the roughed 
gear. This generating motion is analogous to a 
straight-side profile rack tooth of a basic crown gear, 
rolling in mesh with the gear being cut. For ratios 
lower than 2: 1, providing the face width is a third of 
the cone distance or less, the gear is cut spread-blade, 
making the tooth space parallel throughout the face 
width. The pinion is cut by the single-side method, 
illustrated in Fig. 13, or by the fixed setting method if 
two machines are used. Many variants of this process 
have been developed by the Gleason Company. They 
are: jobbing systems; duplex spread-blade systems ; 
the duplex helical system ; the parallel-depth system, 
and the Formate bevel-gear system. The basic 
principles are the same, except in the last mentioned 
case, in which the larger of the mating pair is cut 
without generation. The limitations are, the pitch 
angle must be greater than 71 deg. 34 min. (3 : 1 ratio), 
1] in. maximum cone distance and number of teeth 
is 31 minimum and 75 maximum. It is claimed that 
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the. Formate method is the most rapid yet devised for 
finishing the larger of a pair of gears ; the surface finish 
is superior since no facelets are produced as in genera- 
tien, and the finishing-cutter life is considerably im- 
proved. 

Klingelnberg spiral-bevel gears are generated by 
a conical worm-shaped hob with an included angle 
of 60 deg. ; a taper shank integral with the hob pro- 
trudes'from the: large end for machine location. The 
pitch surface is made slightly concave (about 0-1 mm. 
to 0-3 mm., depending on the module) to give local- 
ised tooth marking. This curvature increases the 
pressure angle on the concave side and decreases 
the pressure angle on the convex side towards the 
heel of the tooth, giving a biased tooth marking. 
Generation is achieved by planetary feeding of the 
hob about a cone centre; it is analogous to hobbing 
cylindrical gears with tangential feed. The tooth 
has parallel depth and the tooth spiral along the face 
width is part of an involute, giving constant normal 
pitch throughout the tooth length; the face width is 
limited to 2/7 of the cone distance. 

Dr. B. Mammano has developed various systems 
based on face-mill hobbing. Of these the Craven and 
the Oerlikon machines are typical representatives. 
These two systems are continuous as spur and helical 
hobbing, the cutter blades are in groups, and each 
successive group passes through successive tooth 
spaces. If the cutter were generating a basic crown 
gear w’th straight side profile rack teeth, the path of 
the cutting edges would be circular, producing basic 
crown-gear teeth curved similarly to portions of 
cycloids, as in Fig. 14. The teeth have parallel depth 
throughout the face width, which is limited to one third 
of the cone distance. 

There is a range of curved-tooth grinding machines 
(Gleason) capable of producing the same shape of tooth 
as Gleason cutting machines. The figures for machine 
settings are generally convertible from cutting to 
grinding, or vice versa. 





TRACTOR-MOUNTED ROCK-DRILLING EQUIPMENT: 
ERRATUM.—We regret that, in our article on page 23, ante, 
on the tractor-mounted rock drill developed by Messrs. 
Holman Brothers, Limited, it was stated in error that 
the compressor-trailer was fitted with a 12-h.p. Diesel 
engine made by W. H. Dorman and Company, Limited. 
In fact, a Dorman 2DL two-cylinder Diesel engine, 
developing 32-5 b.h.p., is fitted. 





ALMANACS AND CALENDARS.—Wall calendars with 
tear-off sheets showing the current month in heavy 
type, and the preceding and following months in smaller 
type, have reached us from the _ Allis-Chalmers 
Manufacturing Company, 728, Salisbury House, London 
Wall, London, E.C.2; the Anderson-Grice Company, 
Limited, Taymouth Engineering Works, Carnoustie ; 
the Bristol Aeroplane Company, Limited, Bristol; and 
from W. Ottway and Company, Limited, Orion Works, 
Ealing, London, W.5. Ruston and Hornsby. Limited, 
Sheaf Ironworks, Lincoln, have sent us a tear-off wall 
calendar having two months to each page, and the North 
British Locomotive Company, Limited, Glasgow, a tear-off 
wall calendar of six sheets containing half-tone il!vstra- 
tions, elevations and technical details of representative 
locomotives constructed by the firm. A monthly te:r-off 
engagement pad has been received from the Charing Cross 
Electrical Installation Company, Limited, 61, Chandos- 
place, London, W.C.2; and a monthly tear-oi wall 
calendar from Petrochemicals, Limited, Parti: gton 
Industrial Estate, Urmston, Manchester. 
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STANDARDISATION OF NEW 
COACHING STOCK ON BRITISH 
RAILWAYS.* 


By 8. G. Smira. 


On the formation of British Railways, it was decided 
to retain, if possible, the 63 ft. 6 in. length for coaching 
stock recommended by a Commission on post-war 
coaching stock, but to obtain a better width at cant-rail 
level, the 8 ft. 2§ in. originally proposed giving too 
much incline to the body sides. A decision was also 
taken to adopt welded-steel body framing, partly for 
greater strength and partly because of difficulties in 
obtaining timber. Arrears of new construction and 
restrictions in capital investment precluded any reduc- 
tion in passenger-carrying capacity, any increased cost 
or markedly improved standard of amenity, and for this 
reason it was proposed to follow conventional layouts, 
paying regard to the best features in the designs of the 
former companies, 

The member for civil engineering on the Railway 
Executive produced a rolling-stock gauge for coaches 
giving a wide route availability over the whole of 
British Railways. This gauge gave a 9-ft. maximum 
width, and an 8-ft. 8}-in. width at cant-rail height. 
This profile was associated with two lengths of vehicle, 
63 ft. 6 in. and 57 ft., and a list of prohibitions and 
restrictions was given—very short for the 57-ft. coach 
and a little longer for the 63-ft. 6-in. coach. The 
permissions and restrictions were based on a relation- 
ship between overall length and bogie centres which 
would give a 1-in. throw-over at the middle and ends 
of the vehicles under the following circumstances : 
63-ft. 6-in. coach—end throw-over on 42-chain curve, 
middle throw-over on 5l-chain curve, bogie centres 
at 46 ft. 6 in.; 57-ft. coach—end throw-over on 
36-chain curve, middle throw-over on 39-chain curve, 
bogie centres at 41 ft. As the width at cant-rail was 
still about 1 in. less than on the previous regional 
designs, curved sides were adopted to provide maxi- 
mum shoulder width for passengers. The new gauge 
also required that destination boards should be carried 
on the body-side instead of the roof, and a periscope 
on the roof was adopted as a guard’s look-out. The 
63-ft. 6-in. length was adopted for all corridor passenger 
vehicles ; in certain types this allows one extra com- 
partment compared with existing practice. The 57-ft. 
length was adopted for vans, both corridor and non- 
corridor, and is available for non-corridor stock requir- 
ing the widest freedom of running. 

Every endeavour has been made to economise in 
materials by reducing the sizes of the members, welding 
instead of riveting, alteration of design from timber to 
steel construction, and the use of light alloys where the 
additional cost could be justified. The vehicles can 
almost be referred to as lightweight stock, particularly 
the latest London Midland Region all-steel stock, 
which have been designed as light as possible without 
using light alloys. If cost had not been a paramount 
consideration, it would have been possible to use 
aluminium alloys or stainless steel. Even so, there 
are problems of manufacture and maintenance with 
these materials which call for a thorough investiation 
under British conditions before wholesale adoption. 
Trials have been carried out recently with a stainless- 
steel coach, an experimental aluminium coach has 
been completed for the Western Region, and British 
Railways intend to construct, as soon as opportunity 
offers, a complete aluminium train in order to obtain 
full-scale data. 

Automatic couplers and Pullman gangways were 
adopted after an examination of the advantages and 
disadvantages of these arrangements, in comparison 
with serew couplings and a form of British standard 
gangway. These arrangements, though heavier and 
more costly, provide greater safety because of their 
greater resistance to breaking loose, particularly in the 
event of accidents, and their efficiency in preventing 
telescoping, and because they are safer for staff coupling 
and uncoupling coaches, as well as saving time. The 
Buckeye drophead type of coupler, as already used on 
two Regions, has proved satisfactory and is being 
adopted without alteration. Investigations are pro- 
ceeding, however, into an alternative design of solid- 
shank coupler, which is widely used throughout the 
world but is difficult to couple to vehicles not carrying 
automatic couplers. If this difficulty can be overcome, 
advantages in weight and cost should result. It is 
necessary to provide retractable side buffers with 
either arrangement so that stock equipped with auto- 
matic couplers may work with vehicles fitted with 
Screw couplings, and for this reason it is more costly 
and heavier than the arrangement with screw couplings 
and side buffers. At some future date, however, when 











: * Paper read before the Institution of Locomotive 
Engineers, London, on Wednesday, January 17, 1951. 
Abridged. 


all stock is fitted with automatic couplers or when it 
can be arranged for stock so equipped to work inde- 
pendently of other stock, it will be possible to dispense 
with retractable side buffers, thereby reducing the tare 
weight by nearly one ton. 

Present-day British coaches have a lower resistance 
to deformation under heavy shunting impacts and 
collisions than is thought necessary in many other 
countries, as shown in the accompanying table. 


End Load Vehicle Will 








Country. Resist Without Permanent 
Deformation, Tons. 
Britain, S.R. .. ao ‘ | 80 
Britain, L.N.E.R. oa ~ 120 
Switzerland is ~ a 140 
Germany a ea = 200 
U.S.A. and Canada ae ee 356 
Russia - = 360 


ot 





To give a greater margin of safety, it was considered 
desirable to raise the British figure to 200 tons, and 
examination of the existing frame designs, particularly 
those of the L.N.E.R. and 8.R., which had used auto- 
matic couplers for many years, indicated that stresses 
were not uniformly distributed. To obtain a more 
even distribution of stress, while retaining B.S. mild- 
steel sections, a new frame design was prepared. By 
better stress distribution in the members the required 
resistance to end loading of 200 tons was obtained with 
a frame 63 ft. 5 in. long, weighing only 5 tons 9 cwt., 
which compares favourably with the 8.R. frames of 
the same length which weigh 5 tons 16 cwt. and with 
the L.N.E.R. frames, which are 60 ft. Jong and weigh 
5 tons 7 ewt. 

The problem of better riding qualities is being 
approached in two stages, of which the first is to 
determine the best existing design, and the second to 
develop something entirely new. For the first coaches 
it was necessary to confine attention to the first stage. 
Tests under similar conditions with newly constructed 
coaches of each of the four main railways firstly with, 
new wheels having tyres to the correct profile, and 
secondly with hollow worn tyres, enabled a direct 
comparison to be made of their riding qualities. The 
double-bolster bogies were found to be superior to 
the single-bolster type, particularly with hollow worn 
tyres, and of the two types of double-bolster bogies, 
those of the G.W.R. were found to be better than those 
of the L.N.E.R. The new standard design, therefore, 
is based on the G.W.R. type, modified by the use of 
bolster springs for inner and outer bolsters instead of 
in the outer bolsters only, and modified to bring the 
height of the bogie centre pivot more in line with the 
axle centres. 

The general practice in this country has been to 
build the underframe separately from the body, the 
underframe being designed to withstand the whole 
of the vertical and end loads and the body being 
externally supported. This enables a standard under- 
frame to be used for a wide range of vehicles, thus 
reducing the cost of production, but before deciding 
that this practice should continue for the new B.R. 
coaches, consideration was given not only to a design 
of an externally-supported body mounted on the 
proposed new underframe, but also to alternative 
designs of self-supporting types in which the combined 
body and underframe withstand all the vertical and 
end shocks, one being based on the Vierendeel prin- 
ciple, the other being designed as a complete structure 
with the body sides and roof forming the main truss. 
Examination of the drawings of the externally-sup- 
ported body showed that, in addition to withstanding 
an end load of 200 tons on either the automatic couplers 
or the side buffers, the underframe would carry a 
distributed passenger load of 15 tons without assistance 
from the body, thereby enabling passenger and luggage 
doors to be provided without regard to their number or 
position. In addition, the underframe was suitable 
for any class of stock for both main-line and suburban 
service, and for running without a body on main lines 
between workshops in any train. With the additional 
strength provided in the body ends to support the Pull- 
man gangways, it was estimated that this arrangement 
would enable skeleton underframes and bodies, includ- 
ing exterior panelling and floor, to be constructed 
weighing less than 9 tons for main-line stock and 
8} tons for suburban stock. 

Examination of a design based on the Vierendeel 
principle, extensively used in the United States, showed 
that it would be equally satisfactory from a strength 
point of view, and that it would permit considerable 
flexibility in the positioning of the doors. The pro- 
posed end profile of the new standard coaches does not, 
however, permit economical use of the Vierendeel- 
truss principles, since the top girder, at cornice height, 
is of a special section to conform to the shape of the 
roof. In addition, skeleton underframes and bodies, 





including exterior panelling and floor, constructed to 


this design would weigh more than 10 tons for main- 
line stock and 9} tons for suburban stock. An exami- 
nation of the lightest possible design of the self-support- 
ing type showed that much of the strength of the struc- 
ture was derived from the panelling, particularly the 
roof, which is subject to corrosion, and that the under- 
frame, being insufficiently strong on its own to with- 
stand 200-tons end load, relied to a large extent on the 
body structure to prevent distortion. The skeleton 
under frames and bodies, including exterior panelling 
and floor, constructed to this design, would weigh more 
than 9 tons if made suitable for moth main-line and 
suburban stock. 

As a result, the separate underframe and body were 
adopted. This had the practical advantage of allowing 
underframes and bogies to be constructed at selected 
workshops and run on their own wheels to any other 
workshops for mounting the body. It further allowed 
the utmost simplification in body construction, and in 
this connection it was decided to adopt the features of 
design and the method of construction which had been 
developed as standard practice on the L.M. Region, 
in view of the experience gained by that Region in 
building all-steel coaching-stock vehicles, variation 
being made to suit the body end profile and the type 
of underframe. This method of construction, which is 
basically similar to that used by British contractors 
and foreign railways, entails the production of complete 
body sides, ends and roofs, which can be readily 
fabricated as sub-assemblies on welding jigs, and 
which, when completed, are erected on the under- 
frames by the use of either inside or outside reference 
jigs. 

Before deciding that the standard sizes of first and 
third class compartments for the new vehicles should 
be 7 ft. 2 in. and 6 ft. 3 in., respectively, carriages to 
the latest designs of each of the four companies were 
examined. The Railway Executive took particular 
note of the different sizes of the first and third class 
compartments, the distances between the fronts of 
the seats, the widths of the corridors, the number and 
positions of outside doors, transverse vestibules and 
lavatories, the sliding doors, the thicknesses of the body 
side framing, etc. Decisions on these features of 
body design have been embodied in the drawings 
which have since been prepared of the new standard 
main-line steam stock. The following 12 types of 
vehicles have been selected, it being anticipated that, 
with the exception of first and third class sleepers, no 
other type will be necessary for main-line steam 
services: Corridor first, corridor third, corridor com- 
posite, corridor third brake, corridor composite brake, 
open first, open third, open first-class dining car, 
open third-class dining car, kitchen and pantry dining 
car, kitchen and pantry dining car (non-passenger 
carrying), and brake and luggage van (non-passenger 
carrying). 

Mention has been made of the tests which were 

carried out on underframes built to L.N.E.R. and 8.R. 
designs. The test equipment was designed for the 
Carriage Standards Committee by the 8.R. drawing 
office at Brighton, to enable use to be made of material, 
mostly secondhand, available at Ashford works, where 
it was constructed, and of two 100-ton Tangye 
manually-operated hydraulic jacks, by means of which 
the loads were applied. More than 80 electrical 
resistance strain gauges were used to record the 
stresses in the underframe members under the following 
conditions of testing: end load applied to both 
auto-couplers; end load applied to auto-coupler at 
one end with reaction taken by side buffers at other 
end; end load applied to all four side buffers ; end 
load applied to one buffer at one end with reaction 
taken by corresponding buffer at other end; and 
vertical load evenly distributed on longitudinal 
members. 
Test runs with standard regional carriages in connection 
with bogie design were carried out over the E. and N.E. 
Regions’ lines between Marylebone and Nottingham, 
this section being selected as typical of the variations 
to be found on main-line track. Each coach was 
loaded to 75 per cent. of the normal load, and care 
was taken to ensure that the conditions for each run 
were identical. The riding qualities of the coaches were 
recorded by two types of instruments provided by the 
L.M. Region with their recording van—the modified 
Hallade instrument and the Cambridge two-component 
accelerometer, the former being arranged to take a con- 
tinuous record of each run, and the latter for recording 
at selected localities on the route, both being placed 
side by side over the trailing bogie centre. The condi- 
tion of the track at the time of each test was recorded 
by a Hallade track instrument, provided by the 
Western Region with their track-recording van, which 
was also fitted for dropping whitewash where track 
conditions were bad. By relating this information to 
the records taken on each run, and comparing them, 
the relative riding qualities of each type of carriage 
were determined. 








(T'o be continued.) 
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NOTES ON NEW BOOKS. 
Calculating Instruments and Machines. 


By Dovetas R. HaRTREE. First English edition. Cam- 
bridge University Press, Bentley House, 200, Euston- 
road, London, N.W.1. [Price 21s. net.) — ad 


THis most interesting book, originally published in 
an American edition which we reviewed on page 
608 of our 168th volume (1949) was written by 
one who has played a leading part in the develop- 
ment of mechanical aids to computation during the 
past 20 years. It is based on a series of lectures 
delivered by the author at the University of Lllinois 
in 1948, and was first published in its present form in 
the United States in 1949. Professor Hartree does not 
claim that his book is more than an introduction to the 
subject, suitable for non-specialists, but the exposition 
is so lucid and stimulating that it will probably be 
widely read, even by the initiated. The subject-matter 
falls into two parts in accordance with a natural 
division of calculating equipment into instruments 
which operate by translating numbers into physical 
quantities and machines which deal with numbers 
directly in digital form. Among the former, pride of 
place is deservedly given to the differential analyser 
with the development of which, in Britain, Professor 
Hartree was so closely associated. A chapter, however, 
is devoted to other instruments and tribute is paid to 
the pioneering work of Lord Kelvin in this field. The 
second and larger part of the book deals with large 
automatic digital machines, in particular those de- 
veloped in the United States during the war, but the 
emphasis is on general principles rather than on con- 
structional details. As is fitting, an account is given of 
the work and thought of Charles Babbage. Mathematical 
readers will be grateful for those chapters which deal 
with the organisation of calculations. The only really 
difficult section of the book is that which analyses the 
operation of serial machines in terms of the notation 
of von Neumann and Turing, and the algebra of Boole. 
The field of automatic computation is one in which 
vigorous development is taking place at present, and, 
inevitably, therefore, Professor Hartree’s book is not 
quite up to date in its account of equipment now in 
operation. This applies in particular to British equip- 
ment, including the professor’s own at Cambridge. 
Presumably these omissions will be rectified in future 
editions of the book. 


Elementary Pile Theory. 


By Harry SoopakK and EDWARD C. CAMPBELL. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 2-50 dols.]; and Chap- 
man and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 20s. net.] 


Tus book is based on a course of lectures delivered to 
post-graduate students at the Oak Ridge National 
Laboratory in the United States as part of a programme 
of training for physicists and engineers specialising in 
atomic science, particularly that part of it relating 
to the design and operation of atomic reactors. The 
subject matter of the book comes into the category of 
what is termed in America “ declassified information ” 
on atomic energy. It amounts to an exposition in 
terms of relatively simple mathematics of the laws 
which govern the chain reaction in an atomic pile, and 
should be understood readily by anyone who has 
studied mathematics as far as the normal intermediate- 
honours stage. In a balanced chain-reactor, the rate 
of production of neutrons by fission must equal the 
rate of loss by leakage and absorption. The equation 
which expresses this result for a homogeneous atomic 
pile is derived in a series of steps which proceed in a 
logical manner from the simple to the more complex, 
the various factors which complicate the situation being 
introduced one at a time so that the equation becomes 
progressively modified. The final equation is solved 
under a variety of boundary conditions and the results 
are used to deduce critical sizes and operating con- 
ditions for piles of various designs. There must 
obviously be much more to the desigu of an atomic 
pile than is contained in the book. What is surprising 
is that one can apparently get so far on elementary 
theory based on relatively simple concepts and methods. 
This, however, is true «f many branches of physics. 
Judged by its bulk, this book is not an impressive 
20s.-worth. It contains only 71 pages of material, 
but what there is, is clearly and concisely expressed. 





DigsEL Ratwcars.—In 1935, four 270 brake horse- 
power Diesel-electric railcars were built by Messrs. Sulzer 
Brothers (London), Limited, 31, Bedford-square, London, 
W.C.1, for the Buenos Aires Provincial Railway. The 
railcars have since covered about 1,500,000 kilometres 
each, though on local services at a top speed of only 
50 miles an hour. The annual mileages in the last five 
years have been 61,500, 53,500, 53,000, and 58,000, 
respectively. 


DIRECT-WRITING POLAROGRAPH 
FOR CHEMICAL ANALYSIS. 


Tue direct-writing polarograph illustrated herewith 
has been designed and constructed by the Cambridge 
Instrument Company, Limited, 13, Grosvenor-place, 
London, S.W.1, as an instrument of high stability. It 
is intended for the rapid analysis of chemical solutions 
by the Heyrovsky dropping-mercury electrode method. 
Some particulars of this will be found on page 502, of 
our 159th volume (1945), but briefly it can be explained 
as follows: when a solution is electrolysed in a polaro- 
graph cell, it is found that, as the applied voltage is 
increased, the current does not increase proportionately, 
but rises in a series of steps, each corresponding to a 
particular metal. The height of each step is propor- 
tional to the concentration of that ion in the solution. 
By the use of the instrument most metals and many 
acid radicals and organic substances can be determined 
both quantitatively and qualitatively. The polaro- 
grams produced are distinguished by their legibility 
and are comparable with those obtained with the photo- 
graph recording model. They have the additional 
advantage, however, of being immediately available 
for examination. 

The instrument, which performs the same functions 
as the standard photographic polarograph consists of a 
direct-writing galvanometer and amplifier as well as 
a potentiometer and chart-driving mechanism. The 
dropping-mercury electrode and thermostat are the 
Same as those employed on the photographic instru- 
ment. The current from the polarograph cell is taken 
to the high stability linear amplifier which has a 
negligible input resistance. The output from the 

















amplifier is connected to a pointer galvanometer which 
also carries the recording pen. Amplification can be 
effected in steps within a range from 400 mm. to 
0:4 mm. per microampere. Each sensitivity is a 
simple fraction of the maximum so that records taken 
at different sensitivities can be easily compared or 
measured in microamperes. The average step ratio 
is about 2: 3, which allows any current to be recorded 
at not less than half the full chart width. 

The potentiometer is graduated from + 0-4 to 
— 1-4 volt at 5 millivolt intervals, but ranges of 
— 0-6 to — 2-4 volt and from 0-2 to 2-3 volt can 
also be obtained. On the chart a 0-1-volt interval is 
equivalent to 5 mm., 10 mm., and 20 mm., respectively, 
on the three ranges. For routine measurements the 
current through the potentiometer is adjusted by a 
milliammeter and rheostat. When greater precision 
is required adjustment is made against a self-contained 
standard cell. To reduce the effect of the current 
oscillations caused by the variation in the size of the 
mercury drops the recorder movement is damped 
so that the shape of the curves for average current 
is virtually unimpaired. This compares favourably 
with the usual resistance-capacity damping which can 
cause serious distortion. It also allows the much 
more certain recording of substances the reduction 
potentials of which lie close together and permits the 
true shape of the curve to be determined accurately 
and quickly. The degree of damping, which has no 
appreciable effect on the input resistance of the 
amplifier, is adjustable in steps and is accurately 
reproducible. Six positions are provided, two of which 
give light damping suitable for curves with a rapid 
change of slope, while two are normal and two give 
heavy damping and are mainly intended for use with 
compensating current. 

The paper chart has a recording space of 75 mm. on 
the current axis and of 160 mm. on the voltage axis, 
and is divided into 1-mm. squares. It is clipped to a 
chart plate which travels from right to left at right 
angles to the direction of displacement of the pen. The 





plate itself has a cylindrical curvature equivalent to the 
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are of motion of the pen. As the linear displacement on 
the chart is proportional to the angular movement of 
the galvanometer needle, uniformity of current read- 
ings is ensured. During adjustment the chart can 
be lowered away from the pen. The potentiometer dial 
is visible in a window in front of the recording pen so 
that the applied potential can be read at the same time 
as the record is made. The chart position and the 
potentiometer can be adjusted independently. A 
clutch couples the potentiometer to the chart in any 
position so that recording can be started at any point. 
The chart is driven by a synchronous motor through 
two-speed gearing to give speeds of 15 mm. or 3-75 mm. 
per minute. Records can be taken at constant poten- 
tial if the potentiometer is not coupled to the chart- 
drive mechanism. 











LAUNCHES AND TRIAL TRIPS. 


M.S. ‘‘ ATLANTIC DvUCHESS.’’—Single-screw cargo 
vessel, built and engined by William Gray & Co., Ltd.. 
West Hartlepool, for Mr. S. G. Livanos, London, E.C.3. 
Main dimensions: 500 ft. 2 in. overall by 62 ft. 8 in. by 
35 ft. 6 in. to upper deck; deadweight capacity about 
13,000 tons on a draught of 28 ft. Two Gray-Polar 
engines coupled to a single shaft through Vulcan hydraulic 
clutches and reduction gearing supplied by David Brown 
and Sons (Huddersfield), Ltd., Park Gear Works, Hud- 
dersfield, to develop 2,360 b.h.p. at 250 r.p.m. Trial 
speed, 133 knots. Trial trip, November 30. (See also 
page 61.) 

M.S. ** BRITISH SPLENDOUR.”’—Single-screw oil tanker, 
built by Swan, Hunter, & Wigham Richardson, Ltd., 
Wallsend-on-Tyne, for the British Tanker Co., Ltd., 
London, E.C.2. 37th tanker built for these owners. 
Main dimensions: 547 ft. overall by 69 ft. 6 in. by 
37 ft. 6in.; deadweight capacity, 16,145 tons on a 
draught of about 30 ft.; gross tonnage, 11,233; cargo 
capacity, 748,000 cub. ft. Wallsend-Doxford six-cylinder 
opposed-piston two-stroke Diesel engine, to develop 
6,400 b.h.p. at 115 r.p.m. in service, constructed by the 
Wallsend Slipway and Engineering Co., Ltd., Wallsend- 
on-Tyne. Service speed, 13} knots. Trial trip, Decem- 
ber 19. 

S.S. ** CLAN SUTHERLAND.”’—Single-screw cargo liner, 
to carry twelve passengers, built by the Greenock Dock- 
yard Co., Ltd., Greenock, for the Clan Line Steamers, 
Ltd., London, E.C.3. Last vessel of an order for three. 
Main dimensions: 476 ft. between perpendiculars by 
66 ft. by 40 ft. 8 in. to upper deck ; deadweight capacity, 
11,100 tons on a mean draught of 28 ft.; gross tonnage, 
8,450. Reaction steam turbines with double-reduction 
gears, to develop 9,400 s.h.p. at 108 r.p.m. and a speed 
of 164 knots in service, constructed by Parsons Marine 
Steam Turbine Co., Ltd., Wallsend-on-Tyne ; and two 
oil-fired steam generating units, manufactured by Bab- 
cock & Wilcox, Ltd., London, E.C.4. Machinery installed 
by John G. Kincaid & Co., Ltd., Greenock. Launch, 
December 28. 

M.S. “ LE Smmoun.”’—Single-screw trawler, built and 
engined by Chantiers et Ateliers Augustin Normand, 
Le Havre, France, to the order of Cameleyre Fréres, 
Areachon, Gironde, France. Main dimensions: 105 ft. 
between perpendiculars by 23 ft. by 13 ft. 3 in.; fishroom 
capacity, 4,450 cub. ft. M.A.N. six-cylinder four-stroke 
single-acting Diesel engine to develop 450 h.p. at 207 
r.p.m. and a speed of 104 knots. Launch, December 27. 

M.S. *‘ SATURNUS.”’—Single-screw oil tanker, built by 
the Furness Shipbuilding Co., Ltd., Haverton Hill, 
County Durham, for Rederiaktiebolaget Saturnus, Stock- 
holm, Sweden. Main dimensions: 523 ft. overall by 
67 ft. 6 in. by 36 ft. 5 in.; deadweight capacity, 16,445 
tons on a draught of 29 ft. 1 in. N.E.M.-Doxford five- 
cylinder single-acting two-stroke oil engine, to develop 
5,500 b.h.p. at 114 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., 
Wallsend-on-Tyne. Speed, about 14 knots. Trial trip, 
December 28. 

M.S. “ LAGANFIELD.”—Single-screw oil tanker, built 
and engined by Harland & Wolff, Ltd., Belfast, for 
Hunting & Son, Ltd., Newcastle-upon-Tyne. Main 
dimensions: 460 ft. between perpendiculars by 59 ft. by 
34 ft. 10 in.; deadweight capacity, 12,000 tons on a 
draught of 27 ft. 6 in.; gross tonnage, 8,200. Harland- 
B. & W. six-cylinder single-acting four-stroke Diesel 
engine to develop about 3,200 b.h.p. at 115 r.p.m. 
Service speed, about 12 knots. Trial trip, December 
28 and 29. 

M.S. “ BRITISH VISCOUNT.”—Single-screw oil tanker, 
built by Swan, Hunter, & Wigham Richardson, Ltd., 
Walker, Newcastle-upon-Tyne, for the Anglo-Iranian 
Oil Co., Ltd. (subsidiary of British Tanker Co., Ltd.), 
London, E.C.2. 39th tanker built for the British Tanker 
Co. Main dimensions: 490 ft. overall by 61 ft. 9 in. by 
34 ft. 1 in.; deadweight capacity, 12,150 tons on 4 
summer of 27 ft. 74 in. Four-cylinder opposed-piston 
Swan Hunter-Doxford Diesel engine, to develop 3,100 








b.h.p. at 105 r.p.m. in service. Service speed, 114 knots. 
| Launch, January 8. 
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132 TO 400-KV OUTDOOR 
AIR-BLAST CIRCUIT 
BREAKERS. 


Tue 1,500-MVA 66-kV outdoor air-blast circuit 
breaker produced by the English Electric Company, 
Limited, Queens House, Kingsway, London, W.C.2, 


some eight years ago, has proved so successful in | Asymmetrical rupturing 


service that the design is now being utilised by the 
firm in a range of higher-voltage equipment. This 


| Making capacity, kilo- | 
| 


| 
| Of a base casting and an insulator. In the higher 
| voltage breakers the lower insulators are built up 


| TABLE I. Main Characteristics of Air-Blast Circuit 





Breakers. 
oo : ice eccraccie 7 : 
| Service voltage, kV ..}, «132 || ~—«165 | 275 | 400 
| Symmetrical rupturing- | 
capacity, kiloamperes | 10-9 | 12-3 15-8 14-4 
MVA .-| 2,500 | 3,500 7,500 | 10,000 





| 


| | 
capacity, kiloamperes..| 13-4 15-1 19-4 | 17-7 


amperes. . ; | 27-8 | $1-4 40-2 36-6 


range consists of circuit breakers for 132 to 400 kV | Norm#l current, amperes | 600 | 600 | 800 | 800 


with rupturing capacities from 2,500 to 10,000 | - 


MVA, which embody from two to eight interrupters 
of similar construction to those employed in the lower- 
voltage equipment. In the case of the 132-kV and 
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|into a tripod of easily handled sections, the three 
legs of which are stayed by a top casting and at 
two intermediate points, as shown in Fig. 1. The 
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drawn through doors in the side of the casting, as 
shown at c in Fig. 2, thus facilitating inspection and 
maintenance. In fact, a set of contacts can be 
removed in less than ten minutes. 

The compressed air for operating the moving 
contacts is obtained from a main air reservoir on 
-which an electrically-driven three-stage compressor 
is mounted and which, in turn, supplies the local 
recciver as shown at din Fig. 2. The motor driving 
the compressor is controlled by a relay, which is 
automatically operated by the pressure. There is 
also an automatic valve, for reducing the pressure 


———— | to that used in the local receiver, and the necessary 


filter and stop valves. The local receiver is easily 
accessible for inspection and its mounting is inde- 
pendent of the interrupter columns. It contains 




















Fic. 1. 275-KV Crrourr BREAKER UNDER TEST. 


165-kV circuit breakers, two interrupters per phase, | 
connected in series on a single column, are used, | 
while for the 220-kV and 275-kV units four and | 
six interrupters, respectively, are employed, these 
being connected in two groups of two or three | 
in series on separate columns. The 400-kV breaker 
is of similar construction with a total of eight 
interrupters, four in series on each column. The | 
two groups of interrupters, where these are used, 
are joined by a double blade ‘‘ make-switch,” which 
connects them in series to form one pole of the | 
breaker. A photograph of a 7,500-MVA, 275-kV 
breaker at the testing station of the Nelson Research | 
aboratories at Stafford is reproduced in Fig. 1, 
while Fig. 2 is a diagrammatic section of one pole of 
a 2.500-MVA, 132-kV, 600-ampere circuit breaker 
which has been installed at the Beddington sub- | 
Station of the British Electricity Authority. 

Each interrupter, two of which are shown in Fig. 2, 
consists of a butt-type contact a and a,, which moves 
vertically and is spring loaded, so that it seals off a 
throat, 6 and 6,, in an upper fixed contact. These 
iterrupters are mounted in an assembly, consisting 
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TABLE II. TEST ON ONE POLE OF a 7,500-MVA, 275-KV AIR-BLAST CIRCUIT BREAKER. 


| Initial Values. 


Final Values. 


Times, in 0-01 sec. 
| 
| | 





| Making Current. | One- Breaking Current. One- 
| phase aa Eee ee] ves _|Recov- | phase | -_ 
Test | Applied | | Symme- | jery vol-| Sym- , of Short Arc | Open- | Total 
Cyele. Line Major Sym- trical | Sym- Asym- D.C. | age. |metrical until | Dura-| ing Break 
Voltage. Peak. |\metrical.| Making. | metrical.| metrical.| Com- | Phase. | Break- | Contacts tion | Time Time 
Phase. | Phase. | ponent.| ing. =e : “a , 
R.M.S. R.M.S, | R.M.S. | R.M.S. | Per | R.M.S. | ae 
kV. } KA. kA. MVA. kA. kA. cent. kV. MVA. | 

B 117 6-94 4-50 526 4-25 4-25 2 114 | 484 4-3 2-1 5-0 7-1 
3-B 117 8-16 4°45 520 4-20 4-20 3 } 114 | 479 3-7 |} 2-6 5-1 7°7 
3-B 117 7°25 4-48 524 4°28 4-28 0 113 484 4-1 3-0 1 8-1 
Bs 234. | 2B 2G 505 | 2-06 | 2-06 3 219 | 451 | 5-6 20 | 52 | 72 
3-B 236 3-33 2-13 503 2-00 2-00 2 222 444 =| 5-8 2-6 5-0 7-6 
3-B 236 3-19 2-14 505 2-01 2-01 2 219 440 | 5-9 3-7 5-1 &-8 





legs are also used to support the auxiliary switch 
drives and to deliver air to the cylinder operating 
the make switch described below. In addition, a 
central insulator column of larger internal diameter 
conveys the compressed air used for operating the 
circuit breaker. The moving contacts can be with- 


air at an initial pressure of 270 lb. per square inch, 
this being the minimum value below which lock-out 
occurs. 

The flow of air to the circuit-breaker is controlled 
by the main blast valve e, Fig. 2, the flow being 
shown by the arrows. This valve is, in turn 
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controlled by a high-speed electrically-operated 
valve and, when opened, allows air to pass up the 
central insulator posts and to exert a downward 
pressure on the moving contacts. The latter are 
therefore forced down so that an arc is drawn in 
each of the interrupter throats and is extinguished 
by the blast. The arc products are then forced 
into the coolers shown at f which are placed above 
each interrupter, that above the upper interrupter 
also forming the line terminal g. Special probes 
are provided to take the arc during the short arcing 
period and thus to protect the current-carrying 
surfaces. A porcelain-clad surge diverter, h, con- 
sisting of a non-linear resistance, is connected across 
each interrupter and serves the double purpose of 
equalising the voltage across them, and thus ensuring 
an equal sharing of the duty ; and of damping the 
peak re-striking voltage transients. Immediately 
the arc has been broken, the make-switch blade i 
is opened by an air engine installed in the lower 
interrupter casing and the interrupters are then 
re-closed. The breaker itself is again placed in 
circuit by using a second air engine to close the 
make switch, the contacts of which are designed 
so that it can make against the peak fault current. 
In the 132-kV breaker the fixed contact of this 
switch is mounted either on a plain porcelain support 
or on the current-transformer housing, as shown 
at k in Fig. 2. The current transformer and its 
insulator are shown at / in the same illustration, 
while the second line terminal is indicated at m. 
Ice-breaking arrangements are incorporated on the 
blades of the make switch. Automatic re-closing, 
for which the breakers are inherently suitable, is 
effected by using the flow of compressed air to hold 
the interrupter contacts open for a pre-determined 
time and then allowing them to re-close and re-make 
the circuit without utilising the make switch. If, 
however, the fault still persists the breaker opens, 
as described above, and is locked out. On the 
220, 275 and 400 kV breakers the make switches 
are of the double-blade type and connect the two 
sets of interrupters. 

The main characteristics of the 132, 165, 275 and 
400-kV circuit-breakers are shown in Table I, on 
page 89. In each case the operating duty is 
B-3-MB-3-MB and the normal initial air pressure 
in the reservoir is 300 lb. per square inch. To 
demonstrate the performance of this equipment for 
the specified short-circuit ratings, tests were carried 
out recently at the Nelson Research Laboratories at 
Stafford. These were generally conducted in 
accordance with British Standard Specification, 
Part Il, 1937, and were made on one or more 
interrupters at various values between 1 per cent. 
and 100 per cent. cf the short-circuit ratings. The 
circuit-breakers were subjected individually to no- 
load timing tests with each pole connected in a low- 
voltage direct-current circuit. During this test all 
the breakers were connected in series, the unit for 
test being selected by a switch in the control room. 
An electromagnetic oscillograph was used for record- 
ing the relevant electrical quantities and timing 
the traces. A potential transformer, connected 
between the line terminal and earth, was employed 
to measure the voltage on each pole, while the 
current was measured by current transformers on 
the line side of each phase. 

Power for the tests was taken from the alternator 
in the high-power laboratory,* the necessary voltages 
being obtained by means of a step-up transformer. 
In all the tests, the alternator was star-connected. 
In the three-phase tests, the transformer was delta- 
connected, while in the single-phase tests its mid- 
point was earthed. A potential transformer was 
used to measure the alternator voltage and inductive 
shunts were employed to determine the currents in 
the closing and trip coils. For all the tests each 
circuit breaker was supplied with air from its own 
receiver at an initial pressure of 270 lb. per square 
inch. Table II, page 89, shows the results of a test 
on one pole of a three-phase air-blast circuit breaker 
with a rating of 7,500 M.V.A. at 275 kV. The power 
factor throughout was 0-2. The operation was 
satisfactory in each test, although in all of them 
there was a slight emission of gas from the coolers. 

During the tests, television cameras which had 








* Described in ENGINEERING, vol. 165, page 56 (1948). 


been provided by Marconi’s Wireless Telegraph 
Company, Limited, Chelmsford, were installed in 
the test area and also at 3 ft. from the end coils 
of the alternator rotor so that pictures could be 
shown on a number of screens at various points in 
the demonstration room of the laboratories. 
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The Heaviside Centenary Volume. 

The Institution of Electrical Engineers, Savoy-place, 

Victoria-embankment, London, W.C.2. [Price 4s., 

post free, to members of the Institution; 10s. to 

non-members. ] 

THE celebration of centenaries is a fitting method 
of recalling great events, and the birth or death of 
those who have played a leading part in bringing 
those events to pass. It is a practice which, for 
reasons both personal and historical, has much to 
recommend it ; but, like many other practices, it is 
occasionally abused. It should, in fact, be reserved 
for the truly great ; and it would not be a disadvan- 
tage if some agreement could be reached on whether 
the birth, death or some outstanding occurrence 
in the career of the person concerned is to be 
celebrated. As regards the first point, the Institu- 
tion of Electrical Engineers, the membership roll 
of which has not been lacking in famous names, has 
observed a commendable reticence. The centenary 
of Faraday’s outstanding discovery of the principle 
of electromagnetic induction was celebrated in the 
autumn of 1931, and has only been followed by the 
commemoration of the centenary of the birth of 
Oliver Heaviside in May of last year. One reason 
for this may be, of course, that the electrical 
engineering profession is so young that the number 
of centenaries that could be celebrated is small. 
We prefer, however, to think that it is felt wise 
that this tribute should only be paid to those whose 
work has since proved to be of outstanding import- 
ance. 

That Oliver Heaviside deserves to be included in 
this category will be generally admitted ; and that 
opinion will be confirmed by a study of the volume 
under review. It can have been given to few 
in any walk of life to have made such an out- 
standing contribution to human knowledge; and, 
certainly, Heaviside must be accorded a leading 
place among pioneers in electrical science. The 
volume contains the papers which were read at 
the centenary meeting on May 18, 1950. These 
include ‘‘ An Appreciation of Heaviside’s Contribu- 
tion to Electromagnetic Theory,” by Professor 
Willis Jackson; ‘‘ Heaviside’s Operational Cal- 
culus,” by Professor Balth. van der Pol; “ Fifty 
Years’ Development in Telephone and Telegraph 
Transmission in Relation to the Work of Oliver 
Heaviside,” by Dr. W. G. Radley; ‘* Heaviside’s 
Pure Mathematics,” by Professor H. Jeffreys ; and 
last, but not least, in this section, ‘‘ Some Unpub- 
lished Notes of Oliver Heaviside,” by Mr. H. J. 
Josephs, a list that can without exaggeration be 
described as impressive. It can hardly be said that 
these papers, and especially the last, make easy 
reading. They are, nevertheless, worthy of study 
as showing the value of the contribution that 
Heaviside made to electrical science. If, more- 
over, they cause the student to turn to the 
comparatively small corpus of the pioneer’s own 
published work, they will have more than fulfilled 
their object. In themselves they provide a com- 
mentary on certain aspects of electrical theory 
which Heaviside did so much to record, if not 
always to elucidate. 

Any consideration of Heaviside’s work would, 
however, be incomplete without some account of 
his human characteristics. The celebrations there- 
fore rightly included papers by Sir George Lee on 
** Oliver Heaviside—The Man ” and by Dr. G. F. C. 
Searle on “‘ Oliver Heaviside—A Personal Sketch,” 
in which his career and what it would be no exag- 
geration to describe as his oddities are fittingly and 
charitably recorded. This is the more necessary 
because a legend has grown up that this outstanding 
genius suffered the neglect, during his lifetime, which 
has often been the fate of others of his kind ; and 
that the value of his work did not receive the 














recognition by his contemporaries to which it was 
entitled. 

The facts are that Heaviside lived the life of a 
hermit, probably by his own desire, enjoying both 
the advantages and suffering the drawbacks tradi- 
tionally associated with that kind of existence. 
Worldly wealth did not come his way, but, except 
for a short period, he was not destitute. He would 
have been better off had it not been that he was 
generally unwilling to receive help which he thought 
was in any way charitable. He became a member 
of Council of the Institution of Electrical Engineers 
at the early age of 26 and was elected a Fellow of 
the Royal Society when he was 41. He was an 
honorary member of both the Institution of Elec- 
trical Engineers and of the American Institute 
of Electrical Engineers, and was the first Faraday 
Medallist of the first of these bodies. If he suffered 
neither fools nor dignitaries gladly, it was, perhaps, 
because he had a great capacity for fun. Never- 
theless, he did not resent honest criticism and the 
supposition that he disliked visitors cannot he 
sustained. It is, however, less the man than his 
work which matters, and, as the contents of this 
volume shows, his work will certainly live. Those 
responsible for the production of this commemora- 
tive volume are to be congratulated on the result. 





Model and Expanded Resistance Data Sheets, Nos. | 
to 40 and 41 to 60. 

Prepared by the Hydromechanics Sub-Committee of 

the Technical and Research Committee of the Society 

of Naval Architects and Marine Engineers. Obtain- 
able from the offices of the Society, 29, West 39th- 

street, New York 18, U.S.A. [Price, Nos. 1 to 40, 

4 dols. to members and 5 dols. to non-members of the 

Society ; Nos. 41 to 60, 2 dols. to members and 3 dols. 

to non-members. ] 

In predicting the power required for a new design, 
the naval architect to-day has access to a wide 
range of published results. Including, as they do, 
Taylor’s standard series, Ayre’s approximate formu- 
le, Nordstrom’s, Koenig’s and Lindblad’s series, it 
is clear that an estimate can be made which has 
international corroboration. The Society of Naval 
Architects and Marine Engineers have now added 
to the fund their first group of “‘ Model Resistance 
and Expanded Resistance Data Sheets.” The 
geometrical characteristics and results of resistance 
tests are given, on separate sheets, for a varied 
selection of 40 ship models. At the same time, the 
data have been standardised by expanding the 
results to the commonly accepted basis of a 400-ft. 
ship. The sheets, which are extremely compact, 
have an accompanying index, and a set of explana- 
tory notes for potential users. 

In assessing the value of the sheets to practising 
naval architects in this country, it is necessary to 
review first the basic data, and thereafter the method 
of presentation. The geometrical characteristics of 
the various forms are given in great detail, and every 
possible coefficient is accurately defined and tabu- 
lated. The basic model data are completed by plot- 
ting the total actual measured resistance coefficient 
to a base of speed/length ratio, and the measured 
resistance spots are individually tabulated. It is 
thus possible to reproduce accurately the basic 
model total-resistance curve. At the present time, 
when the old-established methods of testing ship 
models in experiment tanks are under review, it 1s 
pertinent to draw attention to one or two features 
of these basic model resistance curves. In the 
first place, most of the models were made of wood 
and paint-sprayed, as against the paraffin wax 
models in daily use in British tanks. Turbulence 
was stimulated in different ways or not stimulated 
at all, according to the practice of the particular 
model basin in which the tests were made. Finally, 
appendages (i.e., rudders, contra fins, bilge keels. 
shaft bossing or struts, in some cases) were fitted 
for the tests, while in other cases they were not. 
All of this means that, before using the basic model 
data to assess an effective horse-power by his own 
methods for any new ship, the naval architect in 
this country must make allowances for some or all 
of the above features. The expanded resistance 
data call for even more care in their applica’1on, 
and most assuredly, if compared superficially \ ith 
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British tanks, will lead to erroneous impressions of 
merit. 

The E.H.P. quoted for the 400-ft. ship is calcu- 
lated by using Schoenherr’s friction and roughness- 
allowance coefficients, and thus shows a difference 
from that calculated by using the Froude coefficients. 
As a crude yardstick to assess the merit of the form, 
this E.H.P. is compared with one labelled ‘‘ Taylor 
E.H.P.” Here again, however, the Taylor E.H.P. 
is not that which would be calculated by using 
Taylor’s standard series in the normal way. Taylor’s 
contours of residuary resistance have been used, 
but thereafter Schoenherr’s friction plus roughness 
allowances have been added instead of the original 
Tideman friction values. This means, in effect, 
that the expanded resistance sheets neither present 
an E.H.P. curve which is readily comparable with 
available British curves, nor a comparison with an 
established standard series, calculated in the manner 
previously accepted both here and in the United 
States. . 

The expanded resistance data also include a curve 
labelled ‘‘ Froude ©,” which, on inspection, 
proves to have been calculated by using a Schoenherr 
E.H.P. Some extremists in this country will 
denounce this as sacrilege. The majority of users 
of these sheets, however, will merely regret that 
an opportunity has been missed of supplying a link 
between the two methods of calculation. It may 
very well be that usage will prove that differences 
between the two methods of calculation do not lead 
to any serious discrepancies, but it must be reiterated 
that superficial comparisons are of no value if small 
improvements are sought. Most users of the sheets 
will probably prefer to go back to the basic model 
data and-make their own predictions, and it is this 
feature of the published results that has the most 
appeal. 


Explanatory Handbook on the British Standard Code 
of Practice for Reinforced Concrete. 
By W. L. Scott, M.I.C.E., M.1.Struct.E., W. H. 
GLANVILLE, C.B.E., D.Se., and F. G. THomas, Ph.D., 
M.I.C.E, Concrete Publications, Limited, 14, Dart- 
mouth-street, London, S.W.1. [Price 9s.] 
Tuts handbook is similar in form and treatment to 
the one by Dr. Scott and Dr. Glanville which 
became the almost indispensable desk companion 
of designers cf reinforced-concrete structures to the 
D.S.LR. Code of Practice, issued in 1934. The new 
handbook will be equally valuable now that the 
1934 Code has been superseded by the British 
Standard Code of Practice C.P. 114 (1948) for the 
structural use of normal reinforced concrete in 
buildings. These Codes are documents drawn up 
by committees formed under the aegis of the 
Ministry of Works and convened by the appropriate 
professional institution—in this case the Institution 
of Structural Engineers—to serve as guides to 
good current practice. They are advisory and 
permissive ; but, in matters of strength and stability, 
where public safety is at stake, nothing less than 
good practice is tolerable, and the requirements of 
a code of good practice tend to be adopted by 
statutory authorities as mandatory. Such was the 
case with the 1934 Code, and will be with that of 
1948 ; but a Code of Practice is not always explicit 
as to the reason for every standard it lays down, 
nor can it describe in detail the most convenient 
practical means of complying with the standard. 
There is, therefore, ample scope for an explanatory 
handbook to fill in the gap between requirement 
and means of fulfilment. In this book, the clauses 
of the Code are set out in full and are clearly 
indicated as such ; the additional matter is inserted 
immediately after the clause it is intended to 
amplify. Thus, to the 14 tables and six figures 
Which are part of the Code, the authors have 
added 37 tables and 19 figures, which, with the 
explanatory text, greatly enhance the value of the 
book to the designer. Misprints are commendably 
few; in the equation half-way down page 81, 


however, C, is given as 1-5 — , Where it should be 


S$ — — The type and format are good, and 
the large octavo pages allow the tables and dia- 


grams to be set out clearly. 
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OUTLOOK. 


IV.—TuHe AGRICULTURAL MACHINERY INDUSTRY. 


A YEAR ago, many branches of the engineering 
industry were threatened with a slump; for the 
agricultural machinery industry, the slump had 
actually begun. In 1949, the total production 
of agricultural machinery was valued at 63-9. 
millions, compared with 69-2/. millions in 1948 
(see Table I, on page 92, taken from the Monthly 
Digest of Statistics), The output of agricultural 
tractors, which in value account for nearly half 
of the total, had fallen from 117,000 in 1948 to 
90,400 in 1949. In 1950, the demand revived : the 
output of agricultural machinery, including tractors, 
in the period January to September, 1950, was 
valued at 61-91. millions, which was 29 per cent. 
higher than in the corresponding period of 1949. 
Even allowing for a rise in price, this represents a 
considerable increase in output; the number of 
agricultural tractors produced during this period 
was, in fact, 26 per cent. higher than in the corre- 
sponding nine months in 1949. 

The recession and the revival were due to changes 
in exports rather than in the home demand for 
agricultural machinery. During the first three 
quarters of 1950, home production, at 32-31. mil- 
lions, was only 3-2/. millions higher than in the 
corresponding period of 1949; but production for 
export, at 23-61. millions, was 10-71. millions higher. 
The fall in exports in 1949 was due in part to special 
circumstances. Exports of tractors to the United 
States slumped because the Ferguson organisation 
started manufacturing there instead of importing 
their requirements from their British company, and 
exports to Argentina fell because of a deterioration 
in trade relations. These events do not, however. 
entirely account for the fall, which, like the subse- 
quent revival, was, perhaps not surprisingly, closely 
related to the trend of earnings in agriculture. 

In 1949, the downward trend may be seen in the 
index of wholesale prices of farm products in the 
United States, which fell from 200 (1937 = 100) in 
January, 1949, to 179 in December. In 1950, there 
was a steady recovery to 209 in September, 1950. 
The revival in prices in the United States, and 
consequently in the world, was due, to no small 
extent, to the operations of the Commodity Credit 
Corporation, who, at the end of February, held 
stocks of wheat, cotton and corn alone worth 3,000 
million dollars, and stocks of other agricultural 
commodities to the value of 1,320 million dollars. 
The Corporation were then seeking authority to 
increase their total investment in these commo- 
dities by a further 2,000 million dollars. The 
outbreak of the war in Korea, bowever, which 
brought higher prices for food and raw materials, 
made further official support of prices of farm 
products unnecessary. 

As in the case of the other sections of the engi- 
neering industry, the deterioration in the political 
situation has at least eliminated fears of an imme- 
diate fall in the general level of demand. World 
rearmament will make heavy demands on agri- 
culture for increased output of food and raw 
materials. Since manpower resources are likely to 
be stretched to the full, presumably this will neces- 
sitate a speeding-up of farm mechanisation. 

In the United Kingdom, the pace of mechanisation 
has been very rapid over the past few years. Bank 
advances to agriculture and fishing are now about 
1521. millions, compared with 1011. millions two 
years ago and 66/. millions four years ago. Farmers 
have made extensive use of hire-purchase facilities 
and have been spending about 501. millions a year on 
machinery and equipment. The latest census of 
farm machinery, taken in January, 1950, shows that 
the number of agricultural tractors increased by 
53,000 in two years, to 259,000. Mr. W. H. Cash- 
more, Director of the National Institute of Agri- 
cultural Engineering, estimates that the number is 
now over 300,000, compared with 53,000 in 1939. 
There were 36,000 horticultural tractors in use in 
January, 1950, 221,000 tractor trailers, and 10,000 
combine-harvesters—twice as many as there were 
two years earlier. Milking machines have increased 
from 48,000 to 69,000 in two years. Returns made 





to the National Farmers’ Union show that about 
55 per cent. of dairy farms, and 70 per cent. of the 
larger farms, possess milking machines. The propor- 
tion should increase as a supply of electricity is 
brought to more farms. In spite of the speed-up 
in electrification since the war, only 40 per cent. of 
arable and dairy farms have mains electricity. 

It may be that the rate of mechanisation has been 
too rapid, both for farmers and implement manu- 
facturers. Certainly, it has been carried out in 
some instances without much regard for planning. 
On some farms it is impossible to obtain returns 
proportionate to the high degree of capitalisation 
in machinery. In some instances, more machinery 
is justified from the national point of view, even if 
it means higher production costs, provided that it 
releases scarce labour. In general, however, mech- 
anisation on the farm, as in manufacturing industry, 
is justified only if it brings reduction in unit costs. 
Over the past few years there have been some 
considerable gains in the output per man, if not 
in the yield per acre. There is undoubtedly much 
scope for improvement from further mechanisation, 
but it must be selective rather than quantitative. 
From the farmers, it requires better maintenance, 
knowledge and choice of machines; from the 
agricultural machinery industry, better rather than 
more machines. British Association papers by 
W. H. Cashmore, Professor Ewen McEwen and 
W. J. West, reprinted in Enerngrrtne of Octo- 
ber 27, September 22, and November 17, respec- 
tively, discuss this subject in some detail. 

Whatever the optimum level of farm mechani- 
sation, it is clear that the demand for tractors in 
the United Kingdom is declining. In 1949, 33,600 
were produced for the home market, compared 
with 44,400 in 1948 (see Table IT, on page 92, taken 
from the Monthly Digest of Statistics). From 
January to September, 1950, 26,500 were produced 
for the home market, compared with 27,400 in the 
corresponding period of 1949; and yet a revival 
in export demand had pushed up tractor production 
by 22 per cent. Mr. Noel Newsome, the publicity 
manager of Harry Ferguson, Limited, in a letter 
printed in the Financial Times of March 23, 1950, 
put the replacement demand alone at 35,000 a year 
and estimated the potential untapped market for 
tractors at not less than 70,000 to 100,000 tractors. 
This would mean that the number of tractors in 
use would continue to grow at the same rate as in 
1948 and 1949 for another three or four years. 
Mr. Newsome based his argument on an expanding 
market for second-hand tractors among farmers 
with small capital. This would permit of more 
frequent replacement of tractors on the already 
highly mechanised farms. There is, however, little 
evidence that the number of farmers with small 
capital who do not possess a tractor, but to whom 
a tractor would be of value, is very large. Replace- 
ment sales of tractors may eventually attain 35,000 
as the average age of tractors in use increases, but 
there is at present no indication that a second-hand 
market is inducing farmers to replace their tractors 
more frequently. 

The home market is not, however, the main 
concern of the large manufacturers of tractors. 
Production for export accounted: for 62 per cent. 
of the total in 1948, 63 per cent. in 1949, and 
69 per cent. in 1950. Exports of tractors are shown 
in Table III, on page 92, and Table IV, on page 93, 
taken from the T'rade and Navigation Accounts. The 
level of exports in 1950 was a record ; from January 
to November, 1950, 75,403 tractors were exported, or 
22 per cent. more than in the corresponding period 
of 1949. This increase was due partly to the 
general increase in farm incomes in the world as a 
whole, it was also due, however, to the advantage 
which devaluation gave British manufacturers over 
their American competitors. Tractor manufac- 
turers believe that exports are capable of further 
expansion. Assuming that farm incomes overseas 
increase, as is probable, and that shortages do not 
interfere with manufacturers’ export programmes, 
there still remain two obstacles to an increase in 
exports, namely, the development of local manufac- 
ture in the main markets and increased foreign 
competition. The importance of these factors will 
appear from a closer examination of the British 
export trade in tractors. 
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The principal markets continue to be Australia 
and New Zealand, exports to both of which increased 
considerably m 1950. Together they accounted for 
34 per cent. of the total British exports of tractors 
in 1950. This compares with 37 per cent. in 1949, 
but in that year there was a considerable fall in 
exports to the rest of the world, and the proportion 
is therefore unduly high. There is still some scope 
for an expansion of exports to both these countries, 
particularly if the prices of wool, mutton and beef 
continue to rise. Mr. K. J. Holyoake, the Minister 
for Agriculture in New Zealand, said in June that 
further mechanisation on farms was required to 
make up for the deficiency of labour. Import 
licences were approved to the value of 4-61. millions 
from the United Kingdom and 12-9 million dollars 


TABLE I.—UNITED KINGDOM: PRODUCTION OF AGRICULTURAL MACHINERY. 


above the present level of 6,000 a year, of which the 
United Kingdom can expect to supply about 5,000. 
In view of keen competition from the United 
States, Canada, Czechoslovakia and Germany, and 
also from local manufacture in Sweden, the United 
Kingdom manufacturers will find it difficult to 
increase exports to the Scandinavian countries. 
Canadian Massey Harris, Swedish Munktell, Czecho- 
slovakian Zetor, and German Hanomag machines 
are all popular. The Zetor is offered at an extremely 
low price, and the German machines are said to be 
of good quality, though not very modern in design. 

In France, it became evident in 1950 that it was 
finance and not a shortage of tractors which was 
the main obstacle to the country’s programme of 





farm mechanisation, under which the number of 




















markets ; British-made Ford tractors are reportec 
to be selling very well there, the company being 
greatly assisted by the Canadian Ford sales and 
service organisation. Ferguson tractors have als 
been selling in quantity ; in March, it was announced 
that an order to the value of 3 million dollars hac 
been received, representing 3,000 machines. This 
increase in exports follows closely upon the publi- 
cation of the Report of the British Agriculturai 
Mission to Canada in November, 1949, in which it 
was pointed out (with certain reservations) that 
there was considerable scope for an expansion of 
British exports of agricultural machinery to Canada. 
Fifteen British manufacturers, nine of whom exhi- 
bited separately and six as a group, took the oppor- 
tunity of the Toronto Trade Fair to acquaini 
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| 
1950, Ist Quarter .. 25,989 6,120 15,920 1,427 3,073 2,497 6,621 266 196 890 | 3,959 19-3 9-0 
2na_i,,:~=C iw] 90,812 8,706 11,465 337 4,017 1,029 10,553 2,183 159 1,445 | 5,474 22-0 10-2 
3rd 29,800 7,744 11,346 295 2,821 1,167 6,430 3,333 184 903 5,173 20-6 10-4 




















* Including combined seed and fertiliser drills. 


from the United States, for tractors and other 
specialised equipment. Imports from the United 
Kingdom were to include 6,000 wheeled tractors 
and 320 crawler tractors ; imports from the United 
States, 925 crawler tractors (mainly for hill country 
development), pick-up balers and combine har- 
vesters. 

Local manufacture is growing, however, particu- 
larly in Australia, where the International Harvester 
Company are scheduled to produce tractors at the 
rate of 8,500 per annum in 1951. Moreover, 
by an agreement reached in January between the 
Australian Government and the International 
Harvester Company, that company’s manufac- 
turing facilities should be considerably increased. 
Payment to the value of 1-5 million dollars for a 
purchase of heavy crawler tractors by the Australian 
Government was accepted in Australian pounds ; 
and the accruing funds, to the value of £4.700,000, 

‘were thus made available for investment in Inter- 
national Harvesters’ Australian subsidiary. Exports 
were also increased to South Africa, the fourth 
largest market in 1950, where a local industry is 
also being developed. The American Massey Harris 
Company hive now taken over a local concern 
manufacturing tractors and implements, whose 
capacity was expanding rapidly. 

Greater freedom from import restrictions, together 
with better prospects for agriculture, brought about 
a considerable increase in exports to Western Europe 
in 1950; in particular, to the Scandinavian coun- 
tries. There cannot, however, be much scope for 
further expansion; a survey carried out by the 
Commercial Relations and Export Department of 
the Board of Trade concludes that the labour and 
farming conditions in Denmark do not favour a 
large increase in the number of tractors bought per 
annum. An estimate o; the total number of tractors 
required by Danish agriculture has been made on 
the basis of a theoretical optimum mechanisation 
which has been carried out on some ‘‘ model ” 
farms. This showed that Danish agriculture could 
make use of 125,000 tractors, compared with 17,000 
in use to-day. It ignores the fact, however, that 
the cost of farm labour may not be high enough 
to justify such extensive mechanisation, even if 
farmers could afford tractors. The market for 
tractors in Denmark is unlikely to increase much 





+ Including the value of items not shown separately in preceding columns, and also parts and accessories. 


TABLE II.—United Kingdom: Production of Agricultural 











Tractors.* 
| For 
Total. 
| Export. Total 
re. Cee: eT Value.t 
(£1,000.) 
Thousands. 
1946 .. 2-4 | 0-9 _— 
1947 .. 4-8 | 1-5 1,449 
1948 .. 9-8 | 6-1 2,704 
1949 .. 7°5 | 4-7 2,474 
1950—January 8-0 | 5-2 2,325 
February 8-1 5-6 3,103 
March. . 9-9 6-5 3,463 
| 
April .. 8-4 5-8 3,529 
May .. 10-7 7-2 | 3,817 
June .. 11-3 } 8-0 | 5,067 
| | 
July rhe \ | 
August sf 9-9 7:1 H 3,301 
September ..| } | 
| 


* Excluding market-garden types. 

t Value figures relate to deliveries, and include parts and 
accessories, 
tractors in use was to be increased from 30,000 in 
1939 to 200,000. By the end of 1949, the number 
of tractors had increased to 120,000, of which about 
60 per cent. had been imported. The French 
Government were then steadily expanding tractor 
manufacturing capacity. Productive capacity was 
eventually built up to 30,000 per annum and the 
Government planned to increase it to 40,000. It 
began to be recognised, however, in the middle of 
1950, that French farmers might not be able to 
absorb this increase in output; drought in 1949 
and a disappointingly low level of prices, particu- 
larly of pork, had diminished purchasing power 
considerably. It was thought that French manu- 
facturers would not be able to sell more than 
20,000 machines (two-thirds of their maximum 
capacity) in 1950. Events in Korea and the 
improvement in agricultural prices have changed 
the picture, but French experience in 1949 and 
1950 shows that it is unwise for tractor manufac- 
turers to assess their market prospects on the basis 
of a theoretical optimum degree of mechanisation in 
agriculture. 

The fourfold expansion in British exports of 
tractors to Canada in 1950 is an outstanding achieve- 
ment. Canada is now one of the principal British 


TABLE III.—United Kingdom: Exports of Agricultural 
































Machinery. 
-— | 1938. 1948.* 1949.* 1950.* 
| Quantity (Tons). 

Types other than tractors : 
Ploughs site os 3,676 9,856 ; 13,868 | 15.322 
Hay and grass mowers 45 1,123 2,318 3,072 
Reapers and binders .. 455 637 366 221 
Threshers ‘ in 559 1,263 803 976 
Others .. oe x 3,444 | 20,269 | 19,164 | 26,760 
Total 8,584 | 33,148 | 36,519 | 46,351 
Tractors | 10,013 | 90,618 | 94,349 | 118,477 
Grand Total. . 18,597 | 123,766 | 130,868 | 164,828 

Value (£1,000). 

Types other than tractors : 
Ploughs a ite 207 1,348 1,745 | 2,278 
Hay and grass mowers 34 227 554 764 
Reapers and binders .. 29 109 76 46 
Threshers ; ae 49 226 140 165 
Others .. 347 3,308 3,291 5,416 
Total 666 5,218 5,806 8,669 
Tractors 622 | 17,378 | 17,717 | 25,633 
Grand Total 1,288 | 22,596 | 23,523 | 34,302 

















* January to November. 


Canadians of the range of their products, and had 
a large measure of success. 

Exports to Argentina were slightly higher in 
1950 than in 1949, but the state of trade relations 
with that country precluded any great expansion in 
exports ; in any case, United States manufacturers 
are in a very strong position in Argentina. When 
the Argentine Government announced their inten- 
tion to give preferential import permits for agri- 
cultural machinery at the beginning of 1950, it was 
found that 20 million dollars were to be spent in 
the United States and only 7 millions in Europe. 
Exports to the other South American countries 
were maintained at a high level in 1950, but, in 
view of increasing United States competition, further 
gains are unlikely. 

The virtual abandonment of the Groundnut 
Scheme was responsible for the fall in exports to 
that region. The final winding up of the scheme will 
mean that requirements of tractors and agricul‘ ral 
machinery in British East Africa will be small. _ 

The conclusion arising from a review of the ©12in 
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markets is that British manufacturers are not 
ikely to increase their share of world export markets, 
but that the prospect of better prices for farm 
produce should lead to an increased export demand 
for tractors in 1951. Mr. Newsome, in the letter 
gaoted earlier, mentioned Algeria, Tunisia, 
( yrenaica, Morocco, and the East and West African 
Colonies as important markets in which sales of 
British tractors might be increased, as well as in 
the Asian markets of India, Ceylon, Malaya, Borneo, 
Siam, Indo-China and Indonesia. In all of these 
countries, an expansion of agricultural output is 
desirable ; in some, it is essential, and the answer 
may lie in increased mechanisation. Tractors, 
however, are beyond the means of primitive pea- 
sants, and funds have to be provided from other 


TABLE IV.—Unrrep KINGpoM: 
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1950. The demand for other makes was also high 


in 1950. The Turner Manufacturing Company 
reported in June that they had orders on hand for 
2,000 of their 40 h.p. Diesel-engined tractors. 
Marshall, Sons and Company, the Massey Harris 
Company and International Harvester, Limited, 
also reported good sales. Productive capacity in 
the industry is still increasing. The new heavy 
tractor designed by Vickers-Armstrongs Limited 
and powered by a 180-h.p. Rolls-Royce engine is 
expected to be produced at the rate of 500 a year. 
Tractors of this sort have been obtained in the 
past mainly from the United States, and a large 
demand is expected from the Commonwealth 
countries for a tractor which can be bought in 
sterling at a reasonable price. It is, of course, 


EXPORTS OF AGRICULTURAL TRACTORS BY COUNTRY OF DESTINATION. 
January to November. 








1948, | 1949. | 1950. 
Value Value | | Value 
No (£1,000). | No | (£1,000). No (£1,000). 
Union of South Africa .. .| 3,568 1,043 4,589! 1,376 | 6,096 1,899 
Southern Rhodesia ie ori 954 H 273 852 309 769 287 
British East Africa... sa 791s 250 867 392 853 427 
India... - ia is 836 299 95 401 2,586 1,021 
Australia “ = i 6,574 | 1,726 16,461 4,993 | 19,010 6,451 
New Zeala: a én ,022 % 1,249 6,577 2,271 
Canada .. a - a 785 206 | 1,168 =| 309 | 4,620 1,738 
Other Commonwealth Countrics | 750 | 229 | 731 264 | 970 380 
Irish Republic hi a 1,424 =| 4200 | 744 | 215 | 1,606 | 472 
Finland .. ~ a sist 2,062 | 613 1,979 610 | 1,185 427 
Sweden . 5,708 1518 | 8,943 1,192 6,132 | 1,992 
Norway. 1,165 | 337 | 1195 | 338 925 302 
Denmar 3,487 977 3,646 1,010 4,667 1,401 
Netherlands Me ia 1,830 | 506 724 2430—COSY 1,343 421 
Se ae 590 160 523 165 | 1,087 377 
France Ke ae A. 6,052 1,659 | 3,195 888 3.454 1,165 
Spain es - & 1,143 | 340 516 | 148 570 224 
Greece a a a - 108 | 76 CO 403 355 | 281 | 181 
geria .. we ss aie 720 ] 235 703 280 | 1,020 366 
Egypt... a ‘ 855 | 188 667— | 146 948 260 
Uaioe States ee: : 12,184 3,119 6,605 1,478 3,719 | 847 
3 Sa ne 80. 55 512 187 55 | 216 
Uruguay .. te , 1,259 | 331 | 658 217 933i 420 
Argentina ae si 2,307 737 294 100 567, | 321 
Other Foreign Countries 3,356 | 1,060 | 2,782 852i 5,033 1,758 
Total 62,249 17,379 | 58,974 17,717 p 75,406 | 25,683 
' | 








EXPORTS OF AGRICULTURAL MACHINERY OTHER THAN TRACTORS. 


BY COUNTRIES OF DESTINATION. 





January to November. 




















1948, | 1949, 1950 
SES ae Ee ne ee as _ 
- Value Value \ " Value 
Tons. | (£1,000). | Tons, | (£1,000). | Tons. (£1,000). 
| | 
Union of South Africa .. oe 3,056 492 3,644 | 518 3,899 584 
British East Africa ae ew 1,452 203 2,342 | 355 1,420 291 
India ie és ; 1,235 174 2,009 257 } 5,347 807 
Australia 1,215 299 2,186 498 4,752 1,061 
New Zealand .. a aa 1,470 239s 2,190 359 3,306 654 
Other Commonwealth Countries 1,811 374 3,115 540 3,950 731 
Irish Republic os a 4,322 683 3,283 487 3,687 590 
Finland ae a ee aaa 340 72 1,017 180 305 72 
Sweden .. ee ~ 5 1,017 203 1,004 199 | 1,045 222 
Norway .. +s Ke on 483 81 910 170 | 444 111 
Denmark - 1,940 271 983 168 1,255 261 
Netherlands 2,439 317 2,103 260 2,349 341 
France ne eb ova 3,057 474 2,175 342 909 203 
Egypt ae “ a ae 580 88 1,028 130 923 149 
Uruguay os ate <0 512 74 1,402 203 1,937 364 
Argentina an — 2,231 263 1,674 243 3,777 824 
Other Foreign Countries 5,988 911 5,454 897 7,046 1,404 
Total 33,148 5,218 36,519 5,806 46,351 | 8,669 
| | 








sources. The present scale of British colonial 
expenditure or American aid to the undeveloped 
countries of Asia does not run to many tractors. 
Moreover, there is always a possibility that 
rearmament commitments will necessitate retrench- 
ment in economic aid expenditures to Asia and the 
‘ar East, and unsettled political conditions do not 
favour peaceful agricultural development in these 
countries. It is unlikely, therefore, that Mr. New- 
some’s forecast of increased exports to the unde- 
veloped countries will be realised in the near future. 

Tractor output is at present at a very high level 
and is unlikely to rise much farther. This means 
somewhere about 300 and 200 a day, respectively, 
for the two largest producers of light tractors, 
Hiarry Ferguson, Limited, and the Ford Motor 
‘ mpany. The production of the Nuffield tractor, 
“hich was at the rate of 200 a week in early 1950, 
\s probably now considerably in excess of this 
‘ure. It was reported in December that the 
~ 000th Nuffield tractor to be exported had left for 
New Zealand. Orders for the first six months of 
i451 are said to be well in excess of deliveries for 








primarily an industrial tractor, and will have only 
limited applications in agriculture, such as land 
clearance and flood control. 

The demand for many types of implements is 
bound up with that for tractors, but the market 
for other types of agricultural machinery requires 
separate discussion. It will be seen from Table I 
that production of such staple items as mowers and 
disc harrows showed little increase, but there was 
an actual decrease in the case of potato spinners 
and threshing machines. The decrease in pro- 
duction of horse-drawn ploughs, from 18,677 in 
the first three-quarters of 1949 to 2,059 in the first 
three-quarters of 1950, is striking and cannot be 
accounted for by the replacement of horses by 
tractors. This movement was not accelerated in 
1950; the trend merely continued at a uniform 
rate. The demand for horse-drawn ploughs has 
fluctuated widely in the past; the recession in 
trade in 1938, for example, halved the production 
compared with 1937. The fall in 1950 may indicate, 
therefore, that the liquid resources of the British 
farmer, particularly the small farmer, are not great. 
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The increase in production of agricultural machinery 
in 1950 was mainly in specialised items, such as 
milking machines and combine harvesters, which 
have a considerable part to play in increasing pro- 
ductivity on the farm, and the demand for which 
was maintained in the general slump in sales of 
agricultural machinery in 1949. 

The market for agricultural machinery is likely 
to become more keenly competitive ; in an industry 
such as this, where development has been rapid, 
competition is likely to express itself in ingenuity 
in the design of new and better machines, It has 
been suggested that the principal task before the 
agricultural machinery industry is to reduce the 
prices of its products, and that it can do this by 
adopting more standardisation. It is probably true 
that some measure of standardisation in the simpler 
items of equipment or components is desirable, and 
would greatly ease the service and spares problem. 
The British Standards Institution has set up a 
committee upon which the Government, farmers, 
manufacturers and agents and dealers are repre- 
sented, in order to secure some progress in this 
direction. It would be dangerous, however, to fix 
too rigid standards at this stage. At present, 
there are few types of implements or machinery 
which could be declared unequivocally to be the 
best for any particular operation; and, which is 
worse, the duty required of any particular machine 
is seldom clear. Until, therefore, it is decided 
what is the best tilth, there can be no agreement 
about the best design for a plough or the best 
speed at which the tractor should be driven; or, 
indeed, whether cable ploughing or some other 
method would be better than tractor methods. It 
may be that the design of agricultural implements 
in the past has been too much the affair of ingenious 
farmers, and that this has led to a bewildering 
variety of types. In future, design will become 
more and more a question for the professional 
engineer, employing modern research techniques, 

Exports of other types of agricultural machinery 
do not account for such a large proportion of total 
output as exports of tractors; nevertheless, a 
quarter of the total output is sold abroad. From 
Tables III and V, taken from the T'rade and Navi- 
gation Accounts, it will be seen that the tonnage 
of exports in the period January to November, 
1950, was 33 per cent. higher than in the corre- 
sponding period of 1949. As on the home market, 
the increase in the staple lines of ploughs, reapers, 
threshers, etc., was small. The increase occurred 
mainly in other categories, not separately distin- 
guished in the 7'rade and Navigation Accounts. The 
dependence of exports of other types of agricultural 
machinery on the Commonwealth countries is less 
marked than in the case of tractors, and the largest 
market is not Australia but India, which took 11-5 
per cent. of the total exports in 1950. The increase 
in exports in 1950 was due mainly to increased 
purchases from Commonwealth countries, but there 
were minor increases to Western Europe and a 
fairly large increase in exports to Argentina. It 


_| appears that the United Kingdom secured quite a 


large share in the orders valued at 7 million dollars, 
which Argentina was placing in Europe. 

The prospects of the agricultural machinery 
industry in 1951 appear to be good. The industry, 
like other branches of engineering, will, of course, 
experience difficulty in maintaining its output of 
products requiring sheet steel, non-ferrous metals 
and ferro-alloys; but it should not have any 
serious marketing problem. The worsening of the 
political situation has created scarcities and has 
pushed up the price of foodstuffs and raw materials. 
The need to produce more food, both at home and 
overseas, will require a higher standard of mechani- 
sation ; at home, this will mean more labour-saving 
machinery. The increase in the aggregate quantity 
of agricultural machinery purchased is not likely to 
be striking. Abroad, higher earnings from the 
farming community should mean larger purchases 
of British tractors and farm machinery. 





“THE ENGINEERING OUTLOOK. III,—THE MACHINE 
Too. InpustRY ”’: ERRATUM.—In Table III, on page 66, 





ante, giving United Kingdom exports of metal-working 
tools, the last item in the “ Tons ” column for 1949 was 
wrongly given as 1,421. The correct figure is 1,412 tons. 
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COUPLING OF ELECTRIC 
POWER STATIONS. 


By Dr. T. F. Watt, M.LE.E. 


Part I. 


WHEN several networks, each supplying its own 
region of consumers, are linked together to work in 
parallel as a grouped or “‘ grid” system, one of the 
many problems of the load-dispatcher is to maintain 
the frequency at its rated value. An associated 
problem is to adjust the generated power in each 
station, so that the prescribed power flow shall 
be maintained through all the coupling-links, irre- 
spective of the changes in the consumers’ loads 
at any one station in the group. 

In what follows, only major changes in the loads 
will be considered ; that is, those which are suffi- 
ciently large to bring into action the governors of 
some or all of the turbines in the several power 
stations. It will be assumed that the turbines have 
drooping characteristics and that the required load 
distribution between the parallel connected stations 
is obtained by adjusting the characteristic lines. 
For this reason, all modern prime-mover governors 
are equipped with a special setting device. 

Experience has shown that simultaneous control of 
frequency and power is not easy, and it is now 
common practice to allot to a particular station 
the control of the frequency, and to another station, 
the control of the power. Several automatic devices 
have been developed for obtaining the required 
control without the intervention of the operator ; 
that is, by means of automatic frequency and power 
relays. When the frequency or the power changes, 
the control relay acts on the adjusting motor of 
the turbine governor, thus shifting the governor 
characteristic line so that the frequency is restored 
to its rated value. The power flow through the 
coupling links also recovers its prescribed value, 
with the exception of the one station in the region of 
which the power change has taken place. 

The comprehensive nature of this group adjust- 
ment is much more complex than would appear at 
first sight, because a load change in any part of the 
system will affect the frequencies of all the stations 
of the group, and it will also affect the power flow 
in all the coupling links, so that all the control 
relays throvghout the whole system will commence 
to operate in the effort to re-establish the original 
state of affairs. The resultant surges in the coupling 
links may then be greatly in excess of the departure 
from normal which the relays are trying to correct, 
and even in the simplest possible case—that in which 
one frequency-control station is linked to one power- 
control station—it is possible, under certain condi- 
tions, for sustained oscillations of power flow to be 
set up in the stations. 

Recent developments in this realm of power- 
station operation are guided by the following 
considerations, which have been established by 
several investigators including Osanna. The differ- 
ence between the total power generated and the 
total load, which follows a change in the consumers’ 
demands anywhere in the system, should first be 
absorbed by the grouped stations of the system. 
When this has been done, that network within 
the region of which the load change has occurred 
should then take over the load change and adjust 
its generated power output accordingly, thus reliev- 
ing the temporary participation of the load change 
by all members of the group. The former of these 
two processes requires no special device when each 
of the stations is equipped with freely-operating 
turbine governors having a drooping characteristic. 
A load increase anywhere in the system will then 
be distributed among the statiops of the group. 
is then required 
from the temporary load 
that station within the 
region of which the constimer’s load change has 
taken place. A detailed account of this procedure 
would not be appropriate here, but it may be pointed 
out that the clue to the automatic control of the 
station within the range of which the load change 
has taken place, is to make use of the fact that 
it will be that station in which there has occurred 
a simultaneous increase of load and decrease of 
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frequency or, alternatively, a decrease of load and 
simultaneous increase of frequency. Then, by 
means of an appropriate series connection of fre- 
quency-control and load-control relays,* the re- 
quired result can be obtained. 

Load Allotment to Two Stations Operating in 
Parallel.—Suppose two stations, I and II, are 
operating in parallel and assume that station I 
is in control of the frequency while station IT is in 
charge of the load programme. In Fig. 1, the load- 
frequency characteristic of station I is shown 
on the left and, for convenience, in the graphical 
construction, the load-frequency characteristic of 
station IT is shown swung round through 180 deg. 
on its ordinate axis K K, so that the two charac- 
teristic graphs are shown facing each other. 

The two vertical lines H H and K K are spaced 
so that the distance between them is proportional 
to the total power of the two stations, and the 
horizontal line T T is drawn to mark the datum 
frequency f,. The scale of the ordinates is graduated 
to give the frequency changes Af. The two charac- 
teristics are shown crossing at the point A, and this 
point is situated on the line T T ; that is to say, the 
conditions are such that the total load on the two 
stations is being divided between them, so that 
station I supplies the load W, and station II supplies 
the load W,,. Of this total load, the amount W,, 
supplied by the station I, is divided into two parts, 
viz., Wyo, which is the amount alloted to its own 
consumers, and W,,.,, Which is the amount exported 
to station II. 

Suppose, now, that it is decided to reduce Wj,,, 
the amount which is being transmitted to station II, 
but the total load (W, + W,,) remains constant. 
The following graphical construction will then show 
how this required readjustment of the load is to be 
effected, and it is to be noted that the frequency f, 
of the system remains constant throughout the 
readjustment process. Thus, move the characteris- 
tic IT parallel to itself so that it cuts the character- 
istic I at the point 1, and, in this way, the required 
distribution of the load is achieved, but the fre- 








* See Brown Boveri Review, 1945, 
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quency is now too high. To correct the frequency, 
therefore, the characteristic I must be moved 
parallel to itself and lowered as shown by I’ in Fig. 1. 
so that it now crosses the line T T at 2 and in this 
way the frequency is corrected, but the load distri- 
bution is now incorrect. The characteristic Il 
must therefore now be moved parallel to itself from 
the position II’, so that it now crosses I’ at the 
point 3, thus making the load distribution correct, 
but the frequency is now too low, although it is 
nearer to the datum value f, than when the condi- 
tions were defined by the point 1. If this graphical 
sequence is continued, it is easily seen that eventu- 
ally, the point Q will be reached, so that the 
conditions will then fulfil the requirements as 
regards both frequency and load distribution. 

It is to be noted that the foregoing enables the 
required point Q to be reached by means of the 
“angular spiral” A, 1, 2,3... Q. In practice, 
however, the two operations of adjusting the fre- 
quency and the load are carried out simultane- 
ously, not successively as described in the fore- 
going, so that the desired point Q is then reached 
by means of a smooth curve spiral and it is im- 
portant to note that the process of adjustment 
may give rise to oscillatory effects. 

A further point to note is that the slope of the 
characteristic II is greater than that of I. If the 
reverse were the case, that is, if the slope of I were 
greater than that of II, the graphical process which 
has been described with reference to Fig. 1 would 
have produced an expanding spiral, so that the 
point Q would never be reached. If the charac- 
teristic of the frequency-station were very flat. 
however, the point Q could be reached very quickly. 

Since two linked networks will always be in 8 
condition of fluctuation due to load changes, while 
the transmitted power will be a fixed quantity. 
the system will have to be continually undergoi'¢ 
adjustment, and this adjustment must take place 
rapidly, without giving rise to any appreciab!: 
oscillation. This condition can be achieved on \ 
when the characteristic of the frequency station :s 
very flat as compared with that of the load-pro- 
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ponding speed is the same 
—can only be realised 
when the network which 
controls the frequency is 
appreciably greater than 
that which controls the 
load - distribution _pro- | 
gramme. 

Now take the case in 
which the network I trans- 
mits the power W,,, to 
the network IT, as shown 
by the point Ain Fig. 2, 
and assume that a sudden 
additional load AW is 
called for by the network 
Il, it being assumed that the load adjustment as 
already established is not to be interfered with. 
The first operation is to lower the characteristic 
Il by moving it in the horizontal direction by the 
amount AW, as shown in Fig. 2. This will cause 
the network I to develop the overload AW,,, and 
the restoration of the stable condition as defined 
by the point A can then be obtained by means of the 
‘spiral track’ as already explained with reference 
to Fig. 1. Although it is desirable that the extra 
load on the network II should be adjusted solely by 
the station II, the regulator of station I will also 
begin to operate and, in this way, surplus power 
and frequency oscillations will become involved. 
If several networks of a series are linked together, 
the condition can arise that, when a load-surge 
occurs in one, the regulator station of the group may 
begin to oscillate, and steps must then be taken to 
eliminate this tendency. 

There are many advantages in linking up net- 
works to form a “‘ grid’ system, as, for example, 
a greater efficiency in operation, and the fact that 
the service can be made more generally appropriate 
to the whole body of consumers. If a network 
comprises a number of water-power stations, it is 
possible that, during periods of heavy rainfall, more 
power can be generated than can be consumed in the 
region of the water-power station. On the other 
hand, during seasons of dry weather, the available 
power may be inadequate for the requirements, and 
in this case, there would have to be some fuel-driven 
reserve power stations to meet the demand on the 
water-power station. If, however, another steam- 
driven station of sufficient capacity is available, the 
difficulty can be met. Both the water-power and 
ste:m-driven power station networks can be linked 
together and the respective authorities could come 
to »n agreement whereby the water-power supply 
wou'd help to feed the steam-driven stations 
during periods of heavy rainfall, while in dry 
wee*her, thedeficiency in the power developed by the 
wai.r-power station could be met by drawing on the 
ste: in-driven network. Such an arrangement would 
reli. ve the water-power stations from the necessity 
of providing reserve plant consuming fuel. 

é further advantage of such a system of link-up 
het orks to form a large grid system is that the 
Tes. ve machines required by the individual stations 
are -educed to the minimum number, since the 
fail: -e of one station would mean that its supply 
cou’ be at once taken over by one or more of the 
oth ~ stations. 
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Provision must be made to ensure that, when 
several such power stations are linked together, any 
disturbance, such as that due to a short-circuit on 
one network, shall not be passed on to the other 
stations ; or at least to the smallest possible extent. 
If no appropriate provision were made to meet this 
danger, a short circuit to earth on one network 
would be felt by all the linked-up stations. This 
danger may be guarded against by using a coupling 
transformer to link the networks and, if the operating 
pressure for both stations is the same, the trans- 
former ratio would be 1 : 1 (see Fig. 3, opposite). In 
order that this transformer shall be able to operate 
as a screen between the two linked networks, it is 
designed with a large leakage reactance and is 
usually operated as a regulating transformer. 

A controlled co-operation between the two net- 
works can be obtained if it is agreed that, one of the 
networks shall be allotted the task of maintaining 
constant, the frequency of the system (the so-called 
‘‘ frequency network” F in Fig. 3), while the other 
network, by appropriate regulation of its machines, 
shall be responsible for the assurance that the 
agreed amount of power shall be received by the 
frequency-network, and is accordingly termed the 
‘programme network’? P. The programme-net- 
work will also allow one of their generator stations 
to take over the task of maintaining the allotted 
power distribution. 

It is essential that the coupling link between the 
two networks shall be equipped with apparatus 
which, by means of distant-control equipment, 
shall show the supervisor in charge of the pro- 
gramme what power is being transmitted between 
the networks. The allotted distribution of the 
power can be obtained by an automatic appliance, 
the essential features of which are shown in Fig. 4, 
opposite. A mechanically-shaped block a is driven 
by clockwork so that it moves at a uniform speed. 
This block is used to operate the vertical movement 
of the rod 6 which will thus cause the bell-crank 
lever c to move a small distance either to the right or 
to the left. This lever, with the attached pointer, is 
the indicator needle of a wattmeter and when the 
correct amount of power is being transmitted the 
pointer lies between the two contacts d, e. If an 
incorrect amount of power is being transmitted, 
the indicator will close either the left-hand or the 
right-hand contact, as a result of which the direct- 
current motor will begin to run in one direction or 
the other, and so partly close or open the steam-inlet 
valve of the turbine. 
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When it is required that the coupling of the net- 
works shall be such that both active and reactive 
power may be transmitted in either direction, a 
motor-generator set would be used, one member of 
which would be a synchronous machine in combina- 
tion with an auxiliary commutator machine. 
This auxiliary machine would then serve the 
purpose of injecting into the rotor of the asynchro- 
nous machine both active and reactive power, as 
may be required by the coupling programme. 
In what follows, the principle of operation and 
method of control of the asynchronous machine, in 
conjunction with the auxiliary commutator machine, 
Will be explained. Before considering this problem, 
however, it will be helpful to consider the advantage 
gained when the reactive power required by a 
three-phase induction motor is supplied through 
the rotor slip-rings instead of to the stator wind- 
ings. 

Numerical Example.—A three-phase induction 
motor is rated as follows: 50 h.p., star-connected 
stator winding; supply-line pressure 500 volts ; 
phase pressure 7 = 289 volts at 50 cycles per 

3 
second ; cos ¢=0-8; efficiency = 90 per cent. 
Then, ¢ = 37 deg.; cos 6=0-8; sin ¢6=0-6; 
50 h.p. = 746 x 50 watts, that is 37,300 watts. 
The rated value of the supply current I, will then 
be given by the equation 
3 x 289 x I, x cos d x 0-9 = 37,300 watts, 

so that I, = 59 amperes per phase. 

The vector diagram per phase will then be as shown 
in Fig. 5, on this page, the active current being I, 
cos ¢ = 47-2 amperes per phase, and the reactive 
current I, sin ¢ = 35:4 amperes per phase. Suppose 
now that it is required to improve the power factor 
to the value cos ¢ = 1 by means of a symmetrical 
group of static condensers connected as shown in 
Fig. 6; each condenser will then carry the reactive 
current of 35-4 amperes. The requisite magnitude 
of the static condenser per phase will then be 
C farad, where 

Ireac, = # VC = 35-4 amperes 
and 

w = Inf, = 314. Vy = 289 volts, 
so that 

C = 388 x 10-* farad per phase. 
The total required reactive power necessary for this 
method of improving the power-factor will therefore 
be 





Wreac, = 3 X Vy X Ireac, = 3 x 289 x 35-4 





Wreac, = 30,800 VA. (1) 
If, however, the method employed to improve the 
power-factor were to be by the injection of reactive 
current into the rotor, the current would only be 
required to be injected at the pressure of the rotor- 
induced e.m.f., and a little consideration will 
show that if the rotor slip is 8, the requisite reactive 
power would then be only s times the value given 
in the expression (1). If, therefore, the slip is 
s = 0-02, the reactive power which would be 
required by the rotor would be only 
s = 30,800 = 616 VA. . - (2) 

It would not be practicable, however, to use static 
condensers connected to the rotor slip-rings for this 
purpose, because at the low frequency of slip, viz., 
s = 0-02 x fy =1 cycle per second, the cost of 
such static condensers would be prohibitively high. 
For this reason the auxiliary commutator machine 
would be used, the principle of operation of which will 
now be considered. 

Simple Form of Phase-Advancer.—The simplest 
economic method for providing a capacitance 
reactive current for controlling the power-factor 
of a three-phase asynchronous machine is by the 
arrangement shown in Fig. 7, page 95. A laminated- 
iron core K is provided with equally-spaced holes, 
and a closed ring winding of insulated copper wire 
embraces the iron core to the extent of half the radial 
depth, as shown in the diagram. A commutator is 
connected to the winding and three brushes, 
mutually spaced at 120 deg., are arranged on the 
commutator. The brush terminals R, S, and T, 
can then be connected to a three-pbase pressure 
supply. The whole structure is supported on a 
shaft so that it can be driven at any desired speed in 
either direction of rotation. 

If a source of three-phase supply at, say, 50 cycles 
per second, be connected to the terminals R, S, T, 
the consequent three-phase currents in the ring 
winding will produce a rotating field in the outer 
radial half of the laminated iron core. The basic 
fact which then defines the performance of this 
commutator appliance is that, since the current is 
fed to the winding at fixed points in space, the 
speed in space of the rotating field will be indepen- 
dent of the speed of the commutator machine. 
Thus, for example, if the frequency of the current 
supplied to the commutator is f, = 50 cycles per 
second, then, for this two-pole ring winding, the 
speed in space of the rotating magnetic field will be 
m = 50 r.p.s., whether the commutator machine 
is at rest or is rotating at any speed. When the 
machine is at rest, the speed at which the ring 
winding is being cut by the rotating field is n, r.p.s., 
and the winding is then simply an inductive- 
reactance coil, it being assumed that the resistance 
of the circuit is negligibly small. 

Now suppose that the machine is, driven in the 
same direction of rotation as that of the magnetic 
field but at a lower speed, such as n == 25 r.p.s. 
The relative speed of the rotating field is then 
(no— n) =: 50 — 25 = 25 r.p.s., so that, although 
the supply frequency remains constant at 50 r.p.s., 
the frequency of the induced e.m.f. in the ring- 
winding will be reduced to 25 r.p.s., with a corre- 
sponding reduction in the magnitude of the reac- 
tance ; this reactance, however, will still be induc- 
tive. If the speed of the machine is now increased 
to 50 r.p.s. in the same direction as the rotating 
field, the ring winding will become stationary with 
respect to the rotating field; the induced e.m.f. 
and the reactance will then be zero. Further 
increase of the speed of the ring and winding will 
then mean that n> m , and this means that the 
speed of the ring winling has changed its direction 
relatively to the rotating field and consequently 
the reactance of this winding will become capacita- 
tive and will therefore draw a leading current from 
the supply line. 

It will therefore easily be seen that if this com- 
mutator machine is mounted on the shaft of a 
three-phase induction motor and the three terminals 
R, 8S, T, are connected to the rotor slip rings in 
the correct sense, the rotating magnetic field so 
produced in the core of the commutator machine 
will run in the same direction as the mechanical 
rotation, but at a much lower speed, and, conse- 
quently, the commutator machine will draw a leading 
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current from the rotor of the induction motor or, 
what is the same thing, will supply a lagging current 
(ie, an inductive current) to the rotor. The 
result of this will be a reduction of the reactive 
current supplied from the mains to the stator 
winding of the induction motor. As the foregoing 
numerical example has shown, the reduction of the 
reactive power taken from the mains may be 
50 times greater than the reactive power supplied 
to the rotor to achieve this result. 

This simple type of commutator machine, as 
illustrated in Fig. 7 and described in the foregoing 
treatment, is only capable of dealing with reactive 
power; that is to say, it cannot develop any 
torque because it provides no means by which the 
reaction of such a torque could be taken up. If, 
therefore, it is required, for example, to use such a 
machine to inject active power into the rotor of an 
induction motor, as well as reactive power, it will 
be necessary to add to this commutator machine a 
stator and a stator winding. In Fig. 8, page 95, is 
shown the stator winding in series with an external 
resistance, the magnitude of which can be adjusted, 
as shown, by R. By this arrangement, it becomes 
possible to inject not only active power into the 
rotor of the three-phase induction motor, but also, 
at the same time, to inject either capacitative- 
reactive power or inductive-reactive power, as may 
be desired. 

(To be continued.) 





INSTRUMENTS FOR CLOUD 
RESEARCH. 


Durtine last summer, it may be recalled, a Canadian 
North Star research aircraft from the Low Temperature 
Research Laboratory, Rockcliffe, Canada, visited this 
country ; a description of some of the special equipment 
with which it is fitted was given in these columns, on 
page 178 of our 170th volume (1950), in which brief 
reference was made to some novel instruments for 
measuring the meteorological properties of clouds. 
Some further details of these instruments are given in 
a report* which has been issued recently. 

The rate at which ice builds up on an aircraft depends 
largely on the liquid-water content in a cloud. The 
method mainly used for determining this quantity is 
to measure the amount of ice collected by an ‘‘ impac- 
tor” exposed to the super-cooled water droplets. If 
the ‘collection efficiency” of the impactor, which 
varies inversely with its size, and is usually affected 
by the size of the droplets, is known, the liquid-water 
content of the cloud can be deduced. A compact, 
robust and reliable instrument has been developed 
for the Rockcliffe aircraft, known as the rotating-disc 
icing meter, in which the collection efficiency approaches 
100 per cent. and is almost independent of the size 
of the cloud droplets. In this instrument a disc 2} in. 
in diameter and ¥ in. thick, rotating at 2 r.p.m., faces 
edge-on into the air-stream. The thickness of ice which 
builds up at any point represents, in effect, the accretion 
during a 10-second period, and is measured continuously 
by a feeler at the back of the disc. After passing 
the feeler, the ice is removed by a spring-loaded scraper. 
The movements of the feeler are indicated by a Magne- 
syn transmitter and recorded by a continuous photo- 
graphic trace. : 

Another method developed by the National Research 
Council for determining the liquid-water content of a 
cloud, said to be particularly suitable for clouds with a 
high water content, and also for ice-crystal clouds, is 
to evaporate the liquid or solid cloud particles, and then 
to determine the absolute humidity. A sample of the 
cloud is taken through an air intake containing a 
heated grid; part of the flow is then diverted to a 
photo-electric dew-point hygrometer, which consists 
of a polished mirror, cooled by dry ice and heated inter- 
mittently by a resistance coil. The light reflected by 
this mirror, which depends on the amount of moisture 
which has condensed on its surface, falls upon a photo- 
electric cell which controls the heating current to the 
mirror. In making measurements, the current is 
adjusted manually until a film of dew or frost just 
forms on the mirror, and thereafter the output of the 
photo-cell automatically maintains the temperature 
of the mirror at the dew point. The temperature is 
measured by a resistance element on the periphery of 
the mirror. With the resistance method of heating 
there is a lag which causes some “ hunting,” but it 
may be possible to avoid this by using induction 
heating instead. At temperatures below freezing, the 





* Nephelometric Instrumentation for Aircraft Icing 
Research. By K. G. Pettit. Report No. MD 33. 
National Research Council of Canada, Ottawa, Canada. 
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accuracy of the method depends upon whether tl 
deposit is frost or super-cooled liquid, and further studic ; 
are required on this aspect. : 

For measuring the size of cloud droplets, a speci: 
camera has been developed, which is arranged on th» 
shadowgraph principle so that the cloud sample bein; 
photographed passes between the light source and th : 
camera lens, giving a light image, magnified x 6-8>, 
against a dark background on the developed film. T., 
compensate for the relative motion between the 
aircraft and the cloud droplets, two rotating prisms 
are employed, the angular velocity being adjusted tv 
suit the speed of the droplet relative to the camera. 
thus “stopping” the droplet and producing a true 
un-blurred image. In practice, the two prisms rotate 
at different speeds so that light can pass through 
both of them only once during several revolutions ; 
thus they also serve the purpose of a shutter, allowing 
one exposure for every 197 ft. travelled. A_highi- 
intensity short-duration spark forms the light source, 
the electrical circuit being arranged so that the 
spark occurs only when the two prisms coincide. The 
film moves continuously through the magazine at a 
rate sufficient to eliminate overlapping of the exposure. 
If the liquid-water content is known, the size of 
cloud droplets can be found by means of the cloud- 
density meter; this instrument determines the ratio 
of the liquid-water content of the cloud to the average 
droplet size, by measuring the amount of light trans- 
mitted by a light source of constant intensity through 
a cloud path of known length. A “‘ folded ” light path. 
between the light source and the photo-electric cell which 
measures the light-extinction, is obtained by means of 
mirrors mounted on an outrigger below the fuselage. 

Measurement of the air temperature in clouds presents 
complications because of the aerodynamic heating effect: 
allowance can be made for this in dry air, or where the 
thermometer is completely wetted. It is difficult, 
however, to correct the reading when the thermometer 
element is only partly wet or is covered with ice. To 
protect the thermometer from ice building up, a housing 
has been designed which provides adequate ventilation 
at the rear to ensure a quick response to temperature 
changes ; this instrument is still under development. 
An interesting proposal is to apply the Hilsch effect to a 
thermometer element. A description of the Hilsch 
tube was given in an article on page 277 of our 170th 
volume (1950); it may be recalled that air, entering 
the tube tangentially, gives rise to a vortex which 
produces a reduction in temperature at the centre of the 
tube. The National Research Council scientists 
believe that it may be possible to adjust this cooling 
effect to counterbalance the kinetic temperature rise 
in the air-temperature thermometer. 





BRITISH ELECTRICITY 
AUTHORITY’S NEW PLANT, 1950. 


A RECORD total of new generating plant was installed 
by the British Electricity Authority in the year ended 
December 31, 1950. It amounted to 1,034,000 kW, 
bringing the aggregate installed capacity of the power 
stations owned or operated by the Authority to 
14,557,000 kW. The corresponding figures for plant 
installed during 1948 and 1949 were 503,250 kW and 








Generating Boilers : 
ant: Number and 

Name of Station. Numberand} Capacity 

Capacity in in Ib. 

Kilowatts. per hr. 
Agecroft, Salford, Lancashir 2 x 52,500 | 2 x 315,000 
Cliff Quay, Ipswich .. as 2 x 45,000 | 1 x 365,000 
Clyde’s Mill, Glasgow 1 x 30,000 | 2 x 180,000 
Croydon 26 2% 2 ..| 2 x 52,500 | 2 x 320,000 
Dunston * B,”’ Durham ‘6 | 1 x 50,000 | 2 x 410,000 
Ferrybridge, Yorkshire ..| 1 x 45,000 | 4 x 180,000 
Hartshead, Cheshire ae — 1 x 150,000 
Hayle, Cornwall oi ig ..| 1 x 20,000 | 1 x 200,000 
Kearsley, Lancashire as — 1 x 173,000 
Kingston “ B,’’ Surrey Ja ..| 1 x 30,000 | 3 x 260,000 
Leicester fe ee os .-| 1 x 81,500 | 2 x 175,000 
Littlebrook ‘“ B,”” Dartford, Kent ..| 1 x 60,000 | 2 x 265,000 
Llynfi, Nr. Cardiff .. wd ee — 1 x 300,000 
Neepsend, Yorkshire. . a ..| 1 x 50,000 | 1 x 190,000 
Nottingham .. ot a re x 52,500 | 4 x 320,000 
Poole, Dorset “ x 50,000 | 1 x 300,000 
Portobello, Midlothian — i x 450,000 

Rotherham .. “a 1 x 30,000 _: 

Staythorpe, Nr. Newark .. .| 2 x 60,000 | 5 x 249,000 
Stourport * B,’’ Worcestershire -| 1 x 60,000 | 1 x 525,000 
Thornhill, Yorkshire ae -| 1 x 45,000 1 x me 

4 yt 
Walsall, Staffordshire .| 1 x 30,000 i x 130000 
West Ham, Essex 1 x 30,000 | 3 x 180,900 











826,250 kW, respectively. The highest annual total 
before the war occurred in 1938, when 761,500 kW of 
new capacity were added. The additional ouput 
obtained from the 1,034,000 kW of new plant com:is- 


sioned last year was actually 923,000 kW, the differ: nce 
being accounted for by limitations of boiler capac: ‘ies 
ors 


and other causes. In all, 23 new turbo-altern:! 
and 45 new boilers were brought into opera'n. 
The details are given in the accompanying table. 
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Fie. 1. Veneer LATHE AT PRINCES RISBOROUGH. 


ELECTRONIC CONTROL OF 
VENEER PEELING LATHES. 


One method of cutting the hard- and _ soft-wood 
veneers, which are employed in the manufacture of 
plywood, is to use a special lathe to “‘ peel ”’ a continuous 
thin layer from a suitable log. At the beginning of this 
process, when the log is large, the speed of the lathe 
must be relatively low, to give a suitable cutting speed, 
but, as the diameter decreases the speed must be 
increased. A variable-speed motor must therefore be 
used for driving the lathe; and it is convenient if 
the necessary control can be effected smoothly and 
not in steps. The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, have there- 
fore designed an electronic method of control, which 
enables the speed to be automatically maintained 
irrespective of the change in the log diameter. This 
has recently been installed on two lathes, one in the 
Forest Products Research Laboratory of the Depart- 
ment of Scientific and Industrial Research at Princes 
Risborough, and the other in India. 

A view of the peeling lathe at Princes Risborough 
is given in Fig. 1. This machine is driven by a 60-h.p. 
compound-wound direct-current motor, which is sepa- 
rately excited and is supplied from a 65-kW motor- 
generator. It is controlled on the Ward Leonard 
system for speeds from 25 to 900 r.p.m., while for speeds 
between 900 and 2,700 r.p.m. control is effected electron- 
ically by comparing the voltage of one of a pair of tacho- 
meter generators with a reference voltage, and utilising 
the difference to correct any departure from the 
desired value. The first tachometer generator is 
driven through gearing from the main motor and is 
used for pre-setting the spindle speed by providing a 
voltage which is proportional to the speed of the lathe 
spindle. The second generator is driven through 
gearing from a roller which is, in turn, driven from the 
log. Its output is, therefore, proportional to the 
peripheral speed of the log; and it is used to secure 
2 constant rate of peeling. The reference voltage is 
derived from a potentiometer, which is connected 
across a transformer, the latter being designed to give a 
voltage which is constant within +0-5 per cent. when 
.¢ input varies by + 10 per cent. The magnitude of 
the reference voltage with which the tachometer voltage 
‘s compared is therefore determined solely by the poten- 
‘ometer setting and is independent of any fluctuations 
the supply. The function of this potentiometer is to 

sable any selected portion of the constant output of 

e transformer to be applied to the amplifier in 
‘pposition to the output of the tachometer generator. 

The difference voltage obtained in this way is fed 

a two-stage push-pull amplifier, which is balanced 
icitially by a bank of resistors and by a potentiometer, 
v1ich is connected in the grid circuits of the two valves 

rming the input stage. The anodes of the valves in 











Fic. 3. Sprep-Controt PANEL. 


the output stage of this amplifier are connected through 
two telephone-type relays which are arranged in 
parallel. These relays are energised from half-wave 
rectifiers of opposite polarity ; and one or other of them 
is operated when an incoming signal, caused by a change 
in speed, produces a lack of balance between the output 
valves. Each relay is provided with two sets of 
contacts, which are normally open. One of these sets 
closes the pilot contactors of the motor operating the 
appropriate potentiometer. The supply to either the 
field or the armature of the motor driving the lathe is 
thus varied, so that the speed fluctuation, which 
produced the initial signal, is opposed. The second set 
of contacts removes sufficient bias resistance from the 
input circuit of the amplifier to restore the balance of 
the output valves, when small out-of-balance voltages 
occur. The result is that the armature of the relay 
concerned is released and the motor is prevented from 
hunting. Small out-of-balance voltages thus cause 
one or other of the relays to operate rhythmically, at a 
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Fie. 2. Controt CuBICLE. 


frequency which can be controlled by adjusting the 
capacitors in the grid circuits of the first stage of the 
amplifier. A view of the cubicle containing the control 
apparatus is given in Fig. 2. 

As regards operation, after the log has been mounted 
in the lathe, it is rotated slowly by pressing inching 
buttons on the control panel, which is illustrated 
in Fig. 3. Surface flaws can then be removed with a 
hand tool. The log is next rounded by setting the 
revolution control potentiometer to a suitably low 
speed. As soon as a continuous veneer is being 
produced the clutch is disengaged and the veneer is 
wrapped round a take-up spool. The clutch is then 
re-engaged for a few revolutions so as to start spooling, 
after which peeling is begun and, if desired, continued 
at any speed selected by the operator, within the 
25 to 2,700 r.p.m. range. Alternatively, the operator, 
by pressing a second button, can select the linear speed 
in feet at which the veneer is peeled, usually within a 
range of 100 to 400 ft. per minute, and this speed will 
then be maintained by the electronic control. This 
control, however, can only be brought into action when 
the roller is in contact with the log and the latter is 
revolving. The change over from one system of control 
to the other is effected by a relay, which is normally 
de-energised and in the first control position. A 
second relay is connected across the tachometer 
generator which registers the speed of the log and _ it is 
only when the voltage of this generator is sufficient to 
close the relay that pressing the second control button 
causes the change-over relay to move to the second 
position. If the tachometer at any time becomes 
disengaged from the log and stops, the protective relay 
opens and the change-over relay returns to the first 
control position. The first form of control is used 
during the preliminary operations on the log; and 
either form can be employed during actual peeling. 
The advantage of the second method is that the number 
of feet of veneer peeled per minute remains constant 
irrespective of the diameter of the log. With the 
second method, on the other hand, the output of veneer 
is a maximum when the diameter of the log is large 
and decreases progressively as the diameter is reduced. 





THE LATE MR. W. E. GouGH.—We regret to record 
the death of Mr. William Eric Gough, which occurred on 
Wednesday, January 10, at the age of 50. Mr. Gough, 
who was born in London on March 22, 1900, was educated 
at Croydon Secondary School and Finsbury Technical 
College, and joined the British Thomson-Houston Com- 
pany, Limited, in 1919 as a student apprentice. In 1922, 
he became a member of the magneto engineering and 
design staff of the company at their Coventry works, 
and for many years specialised in the problems of aero- 
engine ignition. He was elected an associate member of 





the Institution of Electrical Engineers in 1927. 
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THE GOVAN WORKS OF 
BRITISH POLAR ENGINES, LIMITED. 


A.THouGs the title ‘‘ British Polar Engines, Limited,” 
was first used as recently as 1944, the history of this 
firm goes back to the late 1920’s, when British Auxi- 
liaries, Limited, was formed for building Polar auxi- 
liary Diesel engines. Subsequently, however it became 
apparent that the coastal and short-sea trades were 
ready for the introduction of Diesel-engine propulsion, 
and in 1933 the firm constructed two five-cylinder 
engines for the British Coast, a vessel of 1,385 tons, 
built for Coast Lines, Limited. This proved to be the 
first of several similar contracts and before the out- 
break of the second World War the greater proportion 
of the firm’s activities was concerned with engines for 
marine propulsion. The title British Auxiliaries, 
Limited, therefore, became a misnomer, so in August, 
1944, the name was altered to British Polar Engines, 
Limited, and in January, 1946, was taken over by the 
present owners. At this time, the output was in the 
neighbourhood of 25,000 brake horse-power per annum, 
whereas by 1950 it had risen to approximately 60,000 
brake horse-power per annum. 

This large increase in output was achieved by 

carrying out a comprehensive reorganisation of the 
plant, which involved the rearrangement of existing 
machinery and the installation of special-purpose 
machines. This was followed by the erection of a new 
factory and the creation of a department for the manu- 
facture of fuel-injection equipment. The new factory 
is adjacent to the old one and has been designed for 
the production of a smaller size of engine; it was 
ready for full production at the beginning of 1950, and 
has a potential output of 40,000 brake horse-power. 
The two sections of the works furnish a good example 
of the latest methods used in the production of Diesel 
engines. 
All British Polar engines are of the two-stroke type 
and are built under licence from Nydqvist and Holm, 
Trollhattan, Sweden. At present, they are made in 
three sizes with cylinder diameters of 13% in., 9} in., 
and 7} in., respectively, the two larger sizes, which are 
known as the “‘ M ”’ and “I” types, respectively, being 
produced in the old, or, more accurately, original, 
works and the smallest size, known as the “ E” type, 
in the new works. Two typical engines are illustrated 
in Figs. 6 and 7, on page 102, the former being a land 
engine designed to develop 1,540 h.p. at 300 r.p.m., 
and the latter a marine auxiliary generating set having 
an output of 250 kW at 220 volts, the engine rating 
being 375 h.p. at 600 r.p.m. In general, the design of 
all three types of engine is similar, all being of the 
trunk-piston type and having ports formed in the 
cylinder liner for admission of scavenge air and dis- 
charge of the exhaust gases. On the ““M” and “I” 
engines, scavenge air in each case is supplied by a 
double-acting reciprocating pump driven from the 
forward end of the main crankshaft, but on the “ E ” 
engine a centrifugal blower is used, the impeller being 
driven from the crankshaft through gearing. The 
air is conveyed to the cylinders through a manifold 
situated below the exhaust pipe and plate-type auto- 
matic valves are arranged between the manifold and 
the ports in the cylinders to prevent exhaust gases 
entering the scavenge trunking. 

Forced lubrication is used for all principal bearings. 
The oil is supplied by a gear-wheel pump and, after 
passing through a filter and cooler, is delivered to the 
various lubricating points. It is fed to the top-end 
bearings through passages drilled in the connecting rods 
and before returning to the crankcase circulates 
through the piston crowns, which are, therefore, effec- 
tively cooled. The marine engines are usually furnished 
with two lubricating-oil pumps, one of which delivers 
the oil to the bearings and the other to the lubricating- 
oil tank, and should one of the pumps fail the other 
can be used by itself. Cooling water for the cylinder 
jackets and covers is normally circulated by an engine- 
driven pump, but separate electrically- or steam-driven 
pumps can be used if required, and although marine 
engines, both for propulsive and auxiliary duties, are 
designed for direct sea-water cooling, fresh-water in a 
closed system can be used with advantage. 

On the two larger engines the bedplate can be con- 
structed from cast iron or steel, but on the smallest 
of the range, cast iron only is used. The cylinder 
frames are cast in pairs for the two larger engines and 
singly for the smallest engine ; the castings are bolted 
together through machined faces and the resulting 
assembly is held to the bedplate by means of through 
bolts which relieve the castings from tensile stresses. 
Cast-iron pistons are used throughout the range and, 
as previously mentioned, are oil-cooled, the crown 
of each piston being a separate casting which fits over 
an oil distributor on the skirt. The oil is fed to each 
piston by drillings in the connecting rod, and to retain 
the oil at gudgeon-pin level and prevent inertia surging, 
a non-return valve of simple design is fitted in the foot, 
or palm-end, of the connecting rod. Cast-iron cylinder 
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covers are used, those for the two larger engines being 
in two parts to facilitate cleaning. Owing to the 
smaller general dimensions of the “ E” type engine, 
however, it has not proved possible to adopt this design 
of cylinder head and ample cleaning doors are provided 
instead. Similarly, the pistons are in one piece but, 
nevertheless, are oil-cooled as on the larger engines. 
All the engines are started by means of compressed 
air, the starting valves in the cylinder covers being 
designed so that they cannot open if, for any reason, 
the pressure inside the cylinders is too high. This is 
achieved by using compressed air as the valve-opening 
medium instead of the more usual cam mechanism, the 
compressed air being distributed to pistons arranged 
on top of the starting valves. A separate fuel pump is 
provided for each cylinder and the pumps are driven 
through a coupling designed so that fuel cannot be 
delivered until the engine is rotating in the desired 
direction. The fuel valves are of the needle type 
operated by fuel-pump pressure, the valve bodies being 
suitably cooled and fitted with a fuel filter. As 
previously mentioned, scavenge air for the “‘ E” type 
engines is supplied by a centrifugal blower. Actually, 
two blowers are employed on reversing engines, one 
for ahead running and the other for astern running, an 
automatic change-over valve interconnected with the 
manceuvring mechanism ensuring correct delivery of 
the air. On the two larger engines, a reciprocating 
pump is used and it may be noted in this connection 








PLaNo-MILLING OF CRANKCASE. 


that the valves used on the pump are of the same 
design as those fitted between the scavenge manifold 
and the cylinders. Both marine and land engines are 
produced ; those intended for marine use are provided 
with all necessary equipment such as thrust blocks, 
stand-by air compressors, circulating water and bilge 
pumps. 

‘““E”’-type engines are available in a number of 
sizes and range from two-cylinder units developing 
110 brake horse-power up to an eight-cylinder unit 
developing 450 h.p. at 600 r.p.m. As previously 
indicated, they are produced in the new factory, which 
has been equipped and laid out for this one purpose. 
It is divided into four bays and, in accordance with 
modern practice, the stores for materials and finished 
parts is located across one end of the bays. The first 
bay is laid out for quantity production on capstan 
lathes, which are employed for machining such parts «s 
starting-valve bodies, as well as for ordinary bar wor'. 
This bay also contains an Avery balancing machin. 
which is used for balancing scavenge-pump rotors ; 
this has to be carried out with exceptional care as the 
rotors operate at high speeds to give the requir! 
efficiency. The adjacent bay contains the light machi™ 
shop, the water-test section and the sub-assemb 
shop. The machine shop contains several speci 
purpose machines and includes a Cincinnati Hydro-'! 
hydraulic copying machine. ‘This is used for machini 
the exhaust and scavenge ports in the cylinders * 








_ JAN. 26, 195I. 


“BRITISH POLAR” 


Fic. 4. Scroxii-Currine Jig anp Toot. 


consists, basically, of two parts, a copying head and a 
machining head. It is illustrated in Figs. 8 and 9, 
on page 102, the former illustration showing the cutting 
head and the latter the copying head and pattern. 
The ports in the liner are, of course, cored out during 
the casting operation and the Hydro-Tel machine only 
accomplishes the finishing operation. It is believed to 
be the first machine of this type to be installed in the 
United Kingdom. Other machines in the light machine 
shop include a B.S.A. centreless grinder and a Churchill 
internal grinder, the former machine being used to 
grind bottom-end bolts, etc., and the latter the bores 
of the cylinder liners. The liners are rough-turned and 
finished-turned in a Herbert No. 9B capstan lathe, 
which has been specially adapted for the purpose and a 
similar machine is used for boring and facing the 
cylinder frames, which, as previously mentioned, are 
cast separately. 

The third bay contains the heavier machines, the 
erection shop and the test bed. The most interesting 
tichine in this section is a Cincinnati duplex planing 
mill, which is used for a variety of purposes, but mainly 
'r machining crankcase castings, this operation being 
‘.rried out in three stages. In the first stage, the top 

d bottom faces are machined ; next, the access- 
door faces are milled, and finally the bearing-housing 
‘aces for the crankshaft and camshaft and the feet 
‘or the bedplate are machined at one setting. The last 
operation is illustrated in Fig. 2, opposite, but only 
‘ue milling cutters for the crankshaft and camshaft 
bearing faces are visible in this illustration, those for 
the feet being at the other side of the machine. The 

mshaft and main-bearing housings are bored out on 

Kitchen and Wade horizontal boring machine, 
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special jigs having been developed for this purpose 
and the machine designed so that one crankcase can 
be set up while another is being bored out. The 
cylinder frames and heads are drilled on an Archdale 
multi-spindle vertical drilling machine; Fig. 10, on 
page 102, shows this machine set up for the former 
operation. 

The test bed is exceptionally well equipped and is 
arranged so that several engines can be run at the same 
time. Provision has been made for measuring and 
absorbing the output from generating sets and water 
brakes are used in the case of direct-drive engines. 
At present an engine is being operated on boiler fuel 
and it is understood that preliminary results show 
distinct promise. 

In general, the layout of the original, or ‘‘ M and I,” 
factory as it is generally known, is similar to that 
producing the ‘‘ EE” engine. Though the two factories 
are arranged for the production of different sizes of 
engine, they are by no means separate entities and in 
several cases parts are produced in one of the factories 
for the complete range. All scavenging valves, for 
example, are produced in the ‘““M and I” factory, 
disabled ex-service men being employed on this 
work. Bay No. | in the “ M and I” factory contains 
the bar store and the lighter machines such as capstan 
lathes. The next bay forms the light machine shops, 
machines of particular interest in this section being a 
Drummond Maximatic lathe and a George Fischer 
hydraulic copying lathe, the former machine being 
used for turning connecting rods and the latter big-end 
and little-end bolts. A photograph showing the tool 
set-up for machining connecting rods on the Maximatic 
lathe is reproduced in Fig. 5, on this page. 


The third bay is occupied by the medium machine 
shop. Most of the machines in this section are of con- 
ventional types but mention may be made of the liner 
boring machine, which was built to the company’s 
design and specification. The liners are bored with 
a single-point tool and are not ground afterwards. 
Another interesting operation in this section is the 
external machining of the cylinder liners. This is 
carried out on a Herbert No. 14 turret lathe which 
is fitted with a high-power electric motor and is par- 
ticularly suitable for such, work. The machine is 
also used for turning thé palm-ends of the con- 
necting rods and gearwheel blanks: it is illustrated 
in Fig. 3, on this page, where it is shown set up 
for machining cylinder liners. The heavy machine 
shop is situated in the fourth bay and contains a 
variety of machines including a Loudon planer 
and a Schiess Defries drilling machine for crankshaft 
drilling. Bay No. 5 contains the special assembly and 
accessories sections where components such as the 
control gear, etc., are assembled, and the last bay, 
namely, No. 6, forms the erection and test shop. It is 
illustrated in Fig. 1, opposite, which shows a number 
of engines in various stages of assembly. 

The fuel-injection equipment is manufactured in a 
smaller building located a short distance from the main 
factory. Two types of injection pump are produced, 
one of which employs a helix on each plunger to vary 
the effective stroke, and the other spill valves. Most 
of the smaller parts, such as sprayer needles, regulating- 
valve needles, filter bodies, washers, screws, suction 
valves, etc., are produced on Beckler automatic 
lathes and, where necessary, are ground in a Scrivener 
centreless-grinding machine. The fuel-delivery pas- 
sage in the injector bodies are drilled in an Archdale 
long-hole horizontal drilling machine which is designed 
to operate on an automatic cycle, and the sprayer holes 
are drilled in a Herbert sensitive drill. These holes 
are 0-008 in. in diameter and the drill is controlled 
by hand. The helical grooves in the plungers are 
routed out by a Cincinnati vertical milling machine, 
a special work-piece holder which rotates as it feeds 
the work into the cutter being used for this operation ; 
this arrangement can be seen in Fig. 4, on this page. 
After assembly, all fuel pumps are run for a period 
before they are calibrated, the last named operation 
being carried out on a standard Hartridge fuel-pump 
test bench. 

The company have their own pattern shop and 
foundry. The pattern shop is adjacent to the fuel- 
injection shop but the foundry is situated some distance 
away in another locality. The machinery in the 
pattern shop includes the usual planing and thick- 
nessing machines, sawbenches, lathes, sanding machines, 
etc., as well as a Wadkin universal woodworking 
machine. A comprehensive apprentice scheme is 
operated and the major portion of one of the bays 
in the new factory is occupied by an apprentices’ school 
where practical instruction in machine tools, ete., is 
given. The boys also attend day classes outside the 
factory as well as lectures given in the factory class- 


room. 





ELECTRICITY SUPPLY IN 1950.—According to a state- 
ment issued by the Ministry of Fuel and Power, the out- 
put of electricity from solid-fuel fired stations in Great 
Britain during 1950 was 50,117-2 million kWh, com- 
pared with 44,689-6 million kWh in 1949. 





NAVAL TRIALS WITH HELICOPTERS.—The Royal Navy 
are carrying out trials, which will continue in the English 
Channel until February 3, to determine the extent to 
which helicopters can be operated from merchant ships 
in both good and bad weather. The flights are being 
made by Dragonfly helicopters belonging to the Royal 
Naval Air Station at Culdrose, Cornwall, from a platform 
erected on the deck of the Royal fleet auxiliary Fort 
Duquesne. A destroyer, H.M.S. Savage, is in attendance. 

LECTURES ON LIQUID FUELS AND PRACTICAL WORK 
IN FUELS.—A course of six lectures under the general 
title of ‘‘ Liquid Fuels, Their Properties and Utilisation,” 
will be delivered by Mr. G. F. J. Murray at the Northamp- 
ton Polytechnic, on successive Tuesdays, from February 6 
to March 13, inclusive, commencing at 7 p.m. The 
purpose of the series is to provide a survey of current 
knowledge on this subject, and aspects affecting users of 
liquid fuels will be stressed throughout. It is intended 
to be of value to those in charge of fuel-burning furnaces 
and boiler plants, and to persons studying for the examin - 
ations of the Institute of Fuel, as well as to engineers 
generally. There are a few vacancies at the Polytechnic 
for those wishing to obtain practical laboratory experi- 
ence in fuel technology. Places in the fuels laboratory 
are available on Mondays and Fridays, from 7 p.m, to 
9.30 p.m. ; and on Tuesdays, from 3.30 p.m. to 5.30 p.m. 
Further particulars may be obtained from Dr. J. E. 
Garside, Department of Applied Chemistry, Northampton 
Polytechnic, St. John-street, London, E.C.1, The fee for 





the course of lectures is 208. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


THE DEMAND FOR POWER IN GLASGOW.—Representa- 
tives of Glasgow Corporation, who discussed the question 
of power cuts in the Glasgow area with British Electricity 
Authority in London recently, were informed that new 
plant would substantially Yneet the present deficiency 
in the area by the winter of 1951. Plant with a capacity 
of 30,000 kW had been installed at Clydesmills, and 
it was hoped that the installation would be doubled by 
next winter. It was also proposed to install a 100,000-kW 
plant at Braehead this year and to double that capacity 
by 1956. The modernisation of the plant at Dalmarnock 
was planned, and a site at Blythswood was being con- 
sidered for a large new generating station. 


THE Watt CLUuB.—The annual meeting of the Watt 
Club was held in the Heriot-Watt College, Edinburgh, 
on the afternoon of Saturday, January 20 (the day follow- 
ing the anniversary of James Watt’s birth in 1736), when 
Professor William Annan, M.A., F.R.S.E., was inducted 
as President by Principal J. Cameron Smail. Professor 
Annan then delivered an address on “‘ James Watt and 
Matthew Boulton.” The Watt Club, instituted in 1854, 
was reconstituted in 1935 with objects similar to those 
of the original club, namely, to do honour to the memory 
of James Watt, to promote the interests of the Heriot- 
Watt College, and to provide medals annually for 
students of the College who distinguish themselves in 
mechanical and electrical engineering. 


STEEL PRODUCTION.—Adequate supplies of scrap and 
other raw materials, in the first few weeks of the year, 
have enabled producers of steel ingots to maintain the 
high output achieved before the New Year holiday. A 
notable fall in the volume of inquiries, particularly from 
abroad, has been observed ; but makers are inclined to 
ascribe this to a reaction after the holiday, and, perhaps, 
a recognition by overseas buyers of the futility of trying 
to secure supplies from makers and re-rollers who are 
virtually out of the market at present. Sheet makers 
are under strong pressure for delivery. Many local firms 
require large quantities of galvanised products, and the 
shortage of spelter is giving rise to some concern. 


INCREASED Costs OF ORE ImpoRTS.—Speaking in 
Glasgow last week, Mr. Harry Yates, President of the 
Glasgow Chamber of Commerce, and a director of Col- 
villes Limited, said that the cost of pig iron might rise 
by 35s. a ton because of increasing freight charges. The 
transference of shipping to import coal had disrupted 
trade, and as a result, ore was being sold to other buyers ; 
it was estimated that, already, imports of about 600,000 
tons of iron ore had been cancelled, a figure which might 
rise to 1,000,000 tons in the next few months. The 
effect of increased freight charges on iron ore would be 
to increase the overhead cost of imported ore by from 
178. to 188, per ton, 


INDUSTRIAL DEVELOPMENTS IN Fire.—East of Scot- 
land authorities are preparing for a possible drift of 
industrial activity towards that part of the country. 
With the shift of mining emphasis away from the central 
coalfields, many believe that Fife will become an 
important industrial area, because of its vast reserves of 
coal, Mr, M. E. Taylor, planning officer for Fife, said 
last week that, during 1950, surveys had been completed 
for the Leven, St. Andrews, and Anstruther districts, 
while those for West Fife and Cupar were nearing com- 
pletion. Development plans must be submitted to the 
Secretary of State for Scotland by July. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


IRON AND STEEL INDUSTRY.—AII types of raw material 
are wanted still in larger quantities than are available. 
Stocks of foreign ore have been greatly reduced and it is 
estimated that the rise in freight charges has added over 
30 per cent. to the cost of pig-iron production. Some 
improvement in the outlook can now be reported, 
however, and a fall in freight rates is considered not 
unlikely, The shortage, of some qualities of pig iron, 
is less acute than for scme time. Makers of semi- 
finished and finished iron have a great deal of work in 
hand and the prospect of full activity for a considerable 
time ahead. Bookings for finished steel products are 
heavy. 


MANAGEMENT OF RIVER TEES AND HARTLEPOOLS 
HAkBOURS.—The Council of the Tees-Side Chamber of 
Commerce are giving consideration to a letter received 
from the Docks and Inland Waterways Executive in 
regard to a scheme put forward for the future common 
ownership and management of the River Tees and the 
Hartlepools harbours. A sub-committee has been 
appointed to examine the scheme, with instructions to 
report to the Council at an early date. 


AMERICAN-DESIGNED PLANT TO BE MADE IN DARLING- 
TON.—ASs a result of an agreement arrived at between 
Whessoe Ltd., Darlington, and the Lummus Co., of 
New York, heat exchangers, to Lummus designs and 
thermal ratings, will be manufactured under licence by 
the British firm at Darlington 


PROPOSED AIRPORT FOR NORTH-EASTERN COUNTIES.— 
Reference was made last week, on page 72, ante, to the 
various possible sites for an airport on the North-East 
Coast, to which the North-East Joint Airport Committee 
had invited the attention of Lord Pakenham, the Minister 
of Civil Aviation. "We now understand that the Minister 
expressed himself in favour of the Boldon site. Though 
there are coal measures beneath it, expert opinion is 
that the risk of subsidence would not be serious. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


SHEFFIELD STEEL INDUSTRY.—Modernisation of plant 
and thorough re-organisation enabled Sheffield steel- 
makers, in 1950, to achieve a new all-time record of 
output, 2,220,440 tons, which exceeded the 1949 record 
total by 90,000 tons. Since the end of hostilities, steel 
production in the Sheffield area has mounted year by 
year, and has now reached a weekly level about 45 per 
cent. higher than in 1938. Throughout 1950, a weekly 
average production of 42,700 tons of steel ingots and 
castings was maintained. Sheffield steel and engineering 
firms are working at high pressure and maintaining 
production in spite of a good deal of sickness. 


THE SOUTH YORKSHIRE COAL TRADE.—The reduced 
demand for locomotive hard coal for the railways, 
following the curtailment of railway services, is the only 
relieving feature of the coal situation. Reserves are 
below what they were a year ago in industrial plants, 
and in gas and electricity undertakings. More coal is 
being sought for coke-ovens to enable them to operate 
at full heats. Hard coke supplies are becoming shorter 
and there is stringency in the supply of gas coke. Open- 
cast mining is to be extended in Yorkshire, where the aim 
is to produce about 2,500,000 tons from various sites, 
between 20 and 25 of which are under consideration, 
the chief being in the Barnsley area. 


AN OLD InpustRyY.—The President of the Sheffield 
Chamber of Commerce, Mr. F. Lloyd, recently demon- 
strated to members of the Sheffield and District Society 
of the Association of Certified and Incorporated Account- 
ants the making of files by the hand method first used in 
Sheffield some 300 years ago. File-making, he said, was 
one of the trades that had made Sheffield important, but 
it was now little noticed, though it was an excellent 
example of artistry and craftsmanship. 


NEED FOR AIRPORT AT SHEFFIELD.—At present’ 
Sheffield residents have to depend upon Doncaster airport 
when using air services. The former aerodrome at 
Norton, Sheffield, has been partly used as a housing 
site, and schemes to establish an airport at Todwick or, 
alternatively, at Scofton, on the Osberton estate, near 
Worksop, have proved abortive. The Lord Mayor of 
Sheffield, Alderman Keeble Hawson, recently stressed 
Sheffield’s need for an airfield. He said that it was now 
clear that a first-class airport could not be expected, 
partly because there were already enough of them in 
this country, and also because of geographical conditions ; 
but a nearby air strip, or a site for helicopters within the 
city, was urgently needed. 





THE MIDLANDS. 


THE RAW MATERIAL PositTion.—The shortage of 
sheet steel has caused the dismissal of some personnel in 
the motor-car industry, but the numbers are small. 
Some others have had short periods of suspension. 
Reports have also been received of a few further dis- 
missals resulting from the restrictions on the use of zinc, 
but here again the numbers have been small. The news 
of the postponement of the date of operation of the 
Statutory Order controlling the use of non-ferrous metals, 
from February 1 to March 1, has been received with 
some satisfaction. It will give more time for many firms, 
who previously faced considerable reduction in output, 
and in some cases, extinction, to find alternative work, 
while production continues. 


THE COALBROOKDALE BRIDGE.—The historic cast-iron 
bridge which gives its name to the Shropshire town of 
Ironbridge has been completely repainted. The world’s 
first iron bridge, it has been, until recently, in the hands 
of a Trust, some of the members of which were descended 
from members of the original Trust, established by Act 
of Parliament to build the bridge in 1779. Towards the 
end of last year, the structure was handed over to the 
Shropshire County Council, and the bridge was declared 
toll-free. The Council have had the bridge painted black. 


INFRA-RED PAINT-STOVING PLANT FOR VEHICLE 





BoptEs.—An infra-red paint-stoving plant has been 





installed at the Birmingham works of the Metropolitan- 
Cammell Carriage and Wagon Co., Ltd., by the Metro- 
politan-Vickers Electrical Co., Ltd., Manchester. It is 
being used for stoving No. 20 gauge aluminium panels 
for omnibus bodies. A single bank of the element 
projectors is mounted on a structure running on a 
lateral wheeled track and facing a reflecting surface. 
This arrangement forms an open tunnel and enables 
different sizes and shapes of panels to be passed through 
on a conveyor for the stoving operation. The panels 
are sprayed with an undercoating of paint on both sides 
and are then stoved, after which a finishing coat of paint 
is applied to one side only, followed by final stoving. 
The panels are then ready for assembly. The stoving 
bank is fitted with ten 6 ft. 6 in. Metrovick infra-red 
projectors, arranged vertically in two series of five. Each 
projector has a designed loading of 6 kW, but the elec- 
trical loading and temperature can be varied to suit 
different stoving requirements. 

THE TRIPLEX SAFETY GLASS CoMPANY.—It is an- 
nounced that the Triplex Safety Glass Co., Ltd., have 
acquired the engineering firms of Stern and Bell, Ltd., 
of Birmingham, and Weldall and Assembly, Ltd., of 
Stourbridge, Worcestershire. Stern and Bell, Ltd., who 
were established in 1890, specialise in welded fabrica- 
tions, forging, flame cutting and general engineering. 
Weldall and Assembly, Ltd., make welded fabrications 
up to 40 tons in weight. The chairman of both com- 
panies is Sir Graham Cunningham, who is chairman and 
managing director of the Triplex Company. Mr. Arthur 
Cochrane, assistant managing director, and Mr. H. W. 
Baker, a director of the Triplex Company, have been 
appointed directors of Stern and Bell, Ltd. Mr. Baker 
also joins the board of Weldall and Assembly, Ltd., 
together with another Triplex director, Mr. A. G. Rose. 
Mr. Gilbert T. Bell remains managing director of Stern 
and Bell, Ltd., and has also joined the board of Weldall 
and Assembly, Ltd. 

INLAND WATERWAYS ASSOCIATION.—The special 
general meeting to amend the constitution of the Inland 
Waterways Association, which was adjourned in London 
on December 30, will be resumed in the Society of Friends’ 
Meeting House, Bull-street, Birmingham, at 3.30 p.m. on 
Saturday, February 3, at the suggestion of the Midlands 
Branch of the Association. 

OLD PUMPING ENGINES AT WHITACRE, BIRMINGHAM.— 
Messrs. John Cashmore, Ltd., of Tipton, are now dis- 
mantling two vertical compound beam pumping engines 
built in 1884 by James Watt & Co., Ltd. Originally. 
these engines supplied water to Birmingham, but in 
1928 they were transferred to Coventry, where they 
pumped two million gallons of water daily against a 
head of 380 ft. The high-pressure cylinders are 33 in. 
in diameter and the low-pressure cylinders, 60 in., with 
a stroke of 10 ft. They drove two single-acting pumps. 
26 in. in diameter, at 10 strokes per minute. The 
engines have been out of service since March, 1937. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


RAILWAY COLLISION NEAR WESTON-SUPER-MARE.—In 
the early hours of Sunday, January 21, a collision 
occurred at Uphill Junction, near Weston-super-Mare, 
Somerset, between a light engine and an express goods 
train. The light engine was coming from the Weston 
loop line and the goods train was on the up line from 
Taunton to Bristol. Both engines and a number of 
wagons were derailed, and both engine crews were 
injured, though not seriously. 

WEISH CoaL TRADE.—Production of coal at the 
South Wales pits has remained at a fairly good level ; 
last week, it amounted to 492,264 tons, compared with 
471,627 tons in the preceding seven days. There was a 
good response to the appeal for Saturday work and 
161 out of the 178 pits in the South Western Division 
were at work. 


WELSH STEEL-SHEET INDUSTRY.—The market report 
issued by the Incorporated Swansea Exchange state 
that, last week, a greatly increased number of orders was 
placed for tin-plates, mainly for delivery during the 
latter half of this year. Makers of steel sheets are fully 
employed. There is no change in the position of iron 
and steel scrap stocks in the South Wales steelworks, 
and the tonnages coming in from home sources are still 
below requirements. 


First ENGINE FOR “ PRINCESS ”’ FLYING-BoaT.—The 
first Proteus propeller-turbine unit for the Saunders-Roe 
Princess flying boat was despatched by the makers, the 
Bristol Aeroplane Company, Limited, Filton, Bristol, 0” 
January 10. It travelled to Southampton by road. 
It will be installed in the first of the three Princess aircraft 
under construction, and will be used for ground tests. 


EXPLOSION IN AN AIR COMPRESSOR.—The chief engi- 
neer and six other men were injured on January 21 by 
an explosion in an air compressor in the engine room of 
the M.S. Pacheco, lying in the Cumberland Basil. 
Bristol. 
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NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Vidland Centre: Monday, January 29, 6 p.m., James 
Watt Memorial Institute, Birmingham. ‘“‘ Operation 
and Maintenance of Television Outside-Broadcast Equip- 
ment,” by Mr. T. H. Bridgewater. Mersey and North 
iVales Centre: Monday, January 29, 7 p.m., Old Aca- 
demy, Bridge-street, Warrington. ‘ Deterioration of 
Mains Cable Due to External Causes,” by Mr. P. W. 
Cave. Measurements and Radio Sections: Tuesday, 
January 30, 3 p.m. and 5.30 p.m., Victoria-embankment, 
W.C.2. Joint Meeting with the RoyaL METEOROLOGICAL 
SocieTy. Symposium on “ Electrical Meteorological 
Instruments.” London Students’ Section: Wednesday, 
January 31, 7 p.m., Victoria-embankment, W.C.2. 
‘Synchronous Generator Performance,” by Mr. P. D. 
Aylett. Institution: Thursday, February 1, 5.30 p.m., 
Victoria-embankment, W.C.2. “ Standardisation and 
Simplification in the Electrical Industry,’’ by Mr. J. T. 
Moore; and “‘ An Organisation for Internal Standardi- 
sation in a Large Manufacturing Company,” by Mr. P. J. 
Daglish. 

ELECTRICAL ASSOCIATION FOR WOMEN.—Monday, 
January 29, 6 p.m., Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Caroline 
Haslett Trust Lecture on “ Electricity and the French- 
woman,” by Mrs. M. L. Pearce. 

INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section: Monday, January 29, 7 p.m., Mining 
Institute, Westgate-road, Newcastle-upon-Tyne. ‘‘ Case 
Discussion on Production Problems,’ by Mr. A. F. 
Lovatt. Luton Section: Tuesday, January 30, 7.15 p.m., 
Town Hall, Luton. ‘‘ An Assessment of Production- 
Engineering Training,” by Mr. T. B. Worth. Lincoln 
Section : Wednesday, January 31, 7 p.m., Staff Canteen 
of Messrs. Ruston and Hornsby, Ltd., Boultham Works, 


Lincoln, ‘* Use of Air in Industry,” by Mr. C. M. P. 
Willcox. Glasgow Section: Thursday, February 1, 
8 p.m., 39, Elmbank-crescent, Glasgow. ‘‘ Human 


Relations in Industry,” by Mr. W. P. Kirkwood. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, January 29, 7.30 p.m., 
University, Leeds. Discussion on “‘ Metal Spraying.” 
Peterborough Branch: Thursday, February 1, 7.30 p.m., 
Eastern Gas Board’s Offices, Church-street, Peterborough. 
Address by Mr. A. L. Berridge. 

INSTITUTION OF CIVIL ENGINEERS.—<Structural and 
Building Engineering Division: Tuesday, January 30, 
5.30 p.m., Great George-street, S.W.1. ‘‘ Design and 
Construction of Storage Bunkers and Silos,” by Mr. G. P. 
Bridges. 

INSTITUTE OF FUEL.—Tuesday, January 30, 5.30 p.m., 
Iustitution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. “Current Drying Practice,” by 
Mr. R. R. Clegg; together with subsidiary papers on 
* Instrumentation,” ‘‘ Heating by Electrical Elements,” 
and “ Drying of Air and Gases.” 


Society OF INSTRUMENT TECHNOLOGY.—Tuesday, 
January 30, 7 p.m.. Manson House, 26, Portland-place, 
W.1. ‘* Machining of Small Instrument Parts,” by Mr. 
K. J. B. Wolfe and Mr. P. Spear. 

RoyaL® AERONAUTICAL SocteTy.—Tuesday, Janu- 
ary 30, 7 p.m., 4, Hamilton-place, W.1. ‘‘ Development 
of Cabin Superchargers and Cooling Equipment for Civil 
\ircraft,”’ by Mr. W. D. L. Theed. 


INSTITUTION OF MECHANICAL ENGINEERS.—Southern 


Graduates’ Section: Tuesday, January 30, 7 p.m., 
Municipal College, Portsmouth. ‘‘ Administration in 
Engineering,” by Mr. P. K. Digby. East Midlands 


Branch: Wednesday, January 31, 7 p.m., College of 
Technology, Leicester. Annual Meeting. (i) “* Design 
and Development of the Twin Centaurus Power Plant 
for the Brabazon,” by Mr. J. L. Norton. (ii) Film of the 
Brabazon entitled “The Flying Skyscraper.” JInstitu- 
fim: Friday, February 2, 5.30 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. “Industrial Design and Its 
elation to Machine Design,” by Mr. H. G. Conway. 

ROYAL SOCIETY OF ARTS.—Wednesday, January 31, 

’.30 p.m., John Adam-street, Adelphi, W.C.2. “ 1851 to 
i951: A Century of British Commerce,” by Mr. A. de V. 
Leigh. 
INSTITUTE OF WELDING.—Wednesday, January 31, 
' P.m., Institution of Civil Engineers, Great George- 
~‘reet, S.W.1. “Continuous Welded Structures, Abbey 
Works, Port Talbot,” by Mr. W. S. Atkins. 

INSTITUTE OF BRITISH FOUNDRYMEN.—London Branch: 
Wednesday, January 31, 7.30 p.m., Waldorf Hotel, 
\idwych, W.C.2. Film Display. 

ROYAL INSTITUTION.—Thursday, February 1, 5.15 
t m., 21, Albemarle-street, W.1. Lecture II. “ The 
‘fechanics of Large Deformations, with Special Reference 





to Rubber,” by Mr. R. S. Rivlin. Friday, February 2, 
9 p.m., “ High Vacuum,” by Professor E. N. da C. 
Andrade, F.R.S.’ 

INSTITUTION OF ENGINEERING INSPECTION.—London 
Centre : Thursday, February 1, 6 p.m., Royal Society of 
Arts, John Adam-street, Adelphi, W:C.2. ‘‘ Inspection 
of Engines,” by Mr. E. M. D. Brown. North-West 
Branch: Thursday, February 1, 7 p.m., Engineers’ Club, 
Manchester. ‘‘ Instruments in Industry,”’ by Mr. A. W. 
Burrell. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—Scottish 
Section: Thursday, February 1, 6.45 p.m., Scottish 
Lyceum Gallery, Atholl-crescent, Edinburgh. ‘‘ Multi- 
Station Very-High-Frequency Communication Systems 
Using Frequency Modulation,” by Mr. W. P. Cole and 
Mr. E. G. Hamer. 


INSTITUTION OF WORKS MANAGERS.—Bristol Branch : 
Thursday, February 1, 7.15 p.m., Royal Hotel, Bristol. 
Discussion on “‘ Foremanship.”” Notts.and Derby Branch : 
Friday, February 2, 7.30 p.m., Mechanics’ Institute, 
Nottingham. ‘‘ Why Nationalised Industry Cannot Be 
Efficient,”” by Mr. L. C. Ord. Sheffield Branch: Saturday, 
February 3, 3 p.m., Grand Hotel, Sheffield. Open 
Discussion Evening. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Western 
Counties Branch: Friday, February 2, 6.15 p.m., College 
of Technology, Bristol. Joint Meeting with the South 
Western Association of the INSTITUTION OF CIVIL ENGI- 
NEERS. ‘‘ A Chapter of Engineering a Century Ago,”’ by 
Professor Andrew Robertson. 

JUNIOR INSTIFUTION OF ENGINEERS.—Friday, 
ruary 2, 6.30 p.m., 39, Victoria-street, S.W.1. 
Evening: ‘‘ Wonder Rock,” introduced by 
Wallace. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
February 2, 7 p.m., College of Technology, Sackville- 
street, Manchester. “ Planning for Production Effi- 
ciency,” by Sir Claude D. Gibb, F.R.S. 


BIRMINGHAM ASSOCIATION OF MECHANICAL ENGINEERS. 
—Friday, February 2, 7 p.m., James Watt Memorial 
Institute, Birmingham. ‘‘ The Development of Indus- 
trial Weighing,”’ by Mr. L. Sanders. 


Feb- 
Film 
Mr. H. 





TRADE PUBLICATIONS. 


Stoping Drills.—Particulars of stoping drills are given 
in a leafiet issued by the Climax Rock Drill & Engineering 
Works, Ltd., Carn Brea, Redruth, Cornwall. 


Electric Proportioning Valves and Controls.—A pamph- 
let dealing with the equipment manufactured by them 
for the proportioning control of valves, dampers, 
motors and other apparatus has been received from the 
British Thermostat Co., Ltd., Sunbury-on-Thames, 
Middlesex. 


Mercury-in-Steel Thermometers.—The Cambridge In- 
strument Co., Ltd., 13, Grosvenor-place, London, S.W.1, 
have issued a folder giving details of the latest types of 
their mercury-in-steel thermometers for indicating or 
recording temperatures up to 1,000 deg. F. or 600 deg. C. 
at a distance. 


Emergency Lighting Equipment.—A description of the 
Ensur-a-lite emergency lighting equipment, which has 
been designed for use in hospitals, theatres and other 
buildings, is contained in a folder issued by the Edison 
Swan Electric Co., Ltd., 155, Charing Cross-road, London, 
W.C.2. 


600-Volt Metal-Clad Switchgear.—A_ well-illustrated 
pamphlet giving full particulars of the vertical draw-out 
switchgear manufactured by them has been received from 
the Brush Electrical Engineering Co., Ltd., Lough- 
borough. The ratings covered are from 1,200 to 3,000 
amperes at working pressures up to 600 volts. 


Coloured Films.—We have received from Furneaux- 
Weber Ltd., 70, King’s-road, London, 8.W.3, an 
illustrated brochure entitled ‘‘ Colour Control,” giving 
advice on the production of coloured films. The firm 
specialise in producing and processing Kodachrome 
16-mm. and Gevyacolor 35-mm. films on industrial and 
general subjects. 


Salient-Pole Alternators.—The Brush Electrical Engi- 
neering Co., Ltd., Loughborough, have sent us a copy 
of a pamphlet describing their salient-pole alternators 
(Type OTS). These machines have outputs from 40 kVA 
to 250 kVA and are provided with overhung exciters. 
They are suitable for coupling to any type of prime 
mover. 


Rock-Drill Lubrication.—We have received from C. C. 
Wakefield & Co., Ltd., 46, Grosvenor-street, London, 
W.1, a useful 32-page illustrated technical publication 
on “ Rock Drill Lubrication.” After reviewing the 
tools used for drilling, and the factors affecting their 
operation, the principles of rock-drill lubrication are 
discussed and descriptions are given of various types of 
air-line lubricators, the care and maintenance of drills, 
and lubricants for rock drills. 


IOI 


PERSONAL. 

Mr. J. S. Trirron has been elected President and 
Mr. K. J. Cook, 0.B.E., and Mr. R. F. HARVEY, M.B.E., 
vice-presidents, of the Institution of Locomotive Engi- 
neers, 28, Victoria-street, London, S8.W.1, to fill vacancies 
occurring on May 31. 

Mr. J. B. THomas, deputy chairman and managing 
director of Hadfields Ltd., East Hecla Works, Sheffield, 
in consequence of his retirement, is relinquishing these 
appointments at the end of January. His successor is 
Mr. HarRoLp HUMPHRIES, deputy managing director 
of the company. 


Mr. E. C. HOLROYDE has been appointed chairman 
of the Cable Makers’ Association, Mr. H. B. Davies, 
chairman of the Mains Cable Manufacturers’ Association 
and the Mains Cable Manufacturers’ Association (Super 
Tension), Mr. C. H. BROUGHTON PIPKIN, chairman of 
the Rubber and Thermoplastic Cable Manufacturers’ 
Association, and Mr. F. W. M. Lewis, chairman of the 
Overseas Rubber Cable Manufacturers’ Association. 
All the above appointments are for the year 1951. 


Chairmen for four of the eight Area Transport Users 
Consultative Committees, which the Minister of Trans- 
port is setting up, have been appointed, namely, CAPTAIN 
W. H. Coomss, C.B.E. (East Anglia Committee) ; 
BRIGADIER F. LANE, C.B.E. (West Midland Committee) ; 
Sir MarK Hopeson, 0.B.E. (North East Committee) ; 
and ALDERMAN H. HOpKINSON (North West Committee). 


Mr. W. C. F. HESSENBERG, M.A., F.I.M., has been 
appointed deputy director of the British Iron and Stee? 
Research Association, 11, Park-lane, London, W.1. He 
retains the position of head of the Association’s Mechani- 
eal Working Division, held by him since March, 1947. 

Mr. H. FLETCHER, director and general manager of 
Danks of Netherton Ltd., Netherton, Dudley, Worcester- 
shire, has been elected chairman of the company. 

Mr. V. M. RosBertTs has retired from the chairmanship 
of the Radio Communication and Electronic Engineering 
Association and has been succeeded by Mr. L. H. J. 
PHILLIPS. 

Mr. H. P. BARKER has been appointed a part-time 
member of the British Transport Commission. 


Mr. W. KELSEY has been appointed general manager 
of the Rotherham steelworks of Peter Stubs Ltd., 
Warrington. 

Mr. F. E. SAUNDERS, T.D., has been appointed assistant 
manager of the Glasgow branch of W. T. Henley’s Tele- 
graph Works Co., Ltd. Mr. F. J. THORNTON, who is 
succeeding Mr. Saunders as Henley’s representative for 
the whole of Scotland, was formerly attached to the 
firm’s Manchester branch. 

Mr. D. G. MAYNARD has joined Laurence, Scott and 
Electromotors Ltd., as sales engineer attached to the 
firm’s Lancashire sales office. 

Mr. ERNEST HARRISON, who, for the past 28 years, 
has acted as agent in the Humber area for the Marconi 
International Marine Communication Co., Ltd., Chelms- 
ford, Essex, has now retired. Contract matters in the 
district will now be dealt with by Mr. J. R. THOMSON and 
Mr. P. G. T. SLOGGETT, the company’s depot managers 
in Hull and Grimsby, respectively. 

Mr. P. B. Levy has been elected managing director of 
Metalclad Ltd. in succession to Mr. R. F. OTTIGNON, 
who, however, remains on the board of Metalclad Ltd. 


Mr. H. A. JOHNSON, late chief mechanical engineer, 
Gold Coast Railways, has been appointed technical © 
representative in Australia and New Zealand of the 
Railway Division, British Timken Ltd., Duston, North- 
ampton. He will commence his duties on February 19 
at 473, Bourke-street, Melbourne, C.1, Australia. 


C. MACKECHNIE JARVIS & PARTNERS, consulting engi-' 
neers, have removed to 26, Victoria-street, London, 8.W.1 
(not No. 28, as inadvertently stated on page 73, ante). 


MACHINE SHOP EQUIPMENT, LTD., 14-28, Spenser- 
street, London, S.W.1, have been appointed exclusive 
distributors in this country for a number of German 
machine-tool firms, namely, Hahn und Kolb, Stuttgart ; 
Raboma, Berlin; Gustay Wagner, Reutlingen ; Droop 
und Rein, Bielefeld; Stieber Rollkupplung, Munich ; 
Bauer und Schaurte (thread-grinding machines only), 
Solingen ; and Hommelwerke, Cologne (universal machine 
tool—mobile unit—only). 

Arrangements have been concluded with the MARION 
PowER SHOVEL Co., Marion, Ohio, U.S.A., and with 
JoHN BLackwoop HopGe & Co., LTp., London, under 
which the DISTINGTON ENGINEERING Co., LTD. (a branch 
of the United Steel Cos., Ltd.), Chapel Bank Works, 
Workington, Cumberland, will have the sole manufac- 
turing rights in Great Britain for various types of 
excavators and cranes built by the Marion Co. 


The new name of the two firms of slag-wool producers, 
FREDK. Jones & Co., LTD., and J. C. BROADBENT & Co., 
Ltp., which, as stated on page 73, ante, have now amal- 
gamated, is Jones & BROADBENT, LTD., Perren-street, 
London, N.W.5. 
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5; & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


Ve desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
sirnilar title, 

Telegraphic Address : 
‘“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers > 
TEMP te Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 


Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.”” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 


places abroad, with the exception 
SEIS sucvecomciasnsogrnsionenesonnisiionsiie £410 0 
ch, OR en NU Une £4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” ‘“‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
Procis for approval. : 

The Proprietors will not hold themselves responsible 
for :..ivertisers’ blocks left in their possesrion for more 
than two years. 
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INDEX TO VOL. 169. 


Tie Index to Vol. 169 of ENGINEERING 
(Jacuary-June, 1950) is now ready and will 
ent to any reader, without charge and 
pes. :se paid, on application being made to the 
®isher, In order to reduce the consump- 
of ee, oe _ the Index are 
®pp cations. — 
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THE COAL SHORTAGE AND 
ITS EFFECTS. 


THE statement on the coal situation, made by 
Mr. Alfred Robens, M.P., the Parliamentary 
Secretary to the Ministry of Fuel and Power, on 
Tuesday, January 23, indicates a position that is 
unpleasantly reminiscent of the early months of 
1947; except for the rather important difference 
that, in this case, there is an almost complete 
absence of that complacency which so seriously 
complicated events three years ago. There was a 
real danger, said Mr. Robens, of a coal shortage, 
towards the end of February and the beginning of 
March, which, if the weather at that time chanced 
to be severe, might lead to unemployment, loss of 
industrial production, and domestic hardship. 
The distributed stocks of coal (that is, the stocks 
in the hands of industry and the so-called ‘‘ middle- 
men ”’) at the end of 1950 were about 2-3 million 
tons below the total at the end of 1949, as a result 
of increased consumption and decreased output ; 
moreover, these stocks had fallen already from 
about 12-5 million tons at the end of 1950— 
2,300,000 tons less than they had been twelve 
months earlier—to 11 million tons during the 
first two weeks of 1951. The immediate need, 
therefore, was to conserve coal by every possible 
means. A reduction of 10 per cent. in the domestic 
use of gas and electricity, for instance, would save 
60,000 tons a week, or 750,000 tons during the 
next three months. This saving, if it could be 
accomplished, would go far towards a solution of the 
immediate problem of maintaining the present indus- 
trial output without placing upon the coal-mining 
industry a burden greater than it could bear. 

For the time being, Mr. Robens admitted, the 
situation was being met by under-deliveries to 
industry ; but, he added, it might be necessary, in 
the near future, to introduce a measure of compul- 
sion. The Fuel Emergency Committee, he added, 
were drawing up a system of priorities in which 
electric power stations would have the first call on 





the available supplies. No official interference 
with the domestic supply of electricity was contem- 
plated, other than such interruptions as might be 
made inevitable by the limitations of existing 
generating capacity. Appeals would be addressed 
to the public, however, to economise in any and 
every way possible; and industrial users who 
possessed stand-by plant would be encouraged to 
use it instead of taking their supplies from the 
mains. It is understood that, after the power 
stations have been assured of sufficient supplies of 
coal, every endeavour will be made to maintain 
supplies of fuel for export, and for purposes asso- 
ciated with defence, at a high level; and that, if 
cuts prove to be unavoidable, they will be inflicted 
first upon such heavy consumers as coke ovens, 
steelworks, gasworks, cement works, and the rail- 
ways. It was feared that stocks might fall as low 
as seven million tons—roughly half of what they 
ought to be—by the end of February. 

It is not difficult to find grounds on which to 
criticise such an admission of failure to meet the 
nation’s urgent needs; and, indeed, Mr. Robens’s 
attitude rather confessed as much. The broad 
principle of ‘‘ Don’t shoot the pianist—he’s doing his 
best ’’ may be right enough in theory, but in prac- 
tice it is not conspicuously helpful. The coal is 
there—this much is conceded without question. 
In the past, the coal-mining industry has managed 
to “* produce the goods” in spite of various diffi- 
culties—even to the extent of raising 287 million tons 
of saleable coal in 1913, and (it may be added) coal 
of a better quality than at the present time, with 
the exception of the small quantity of anthracite 
and other hard coal that is being put on to the 
market. We recognise full well that, as coal is 
mined, the working faces must recede farther and 
farther from the shafts ; and it is incontrovertible 
that the increasing use of mechanical methods of 
coal-cutting must result in a higher content of ash. 
It may be remarked that the extra 7,000,000 tons 
consumed in 1950, as compared with 1949, is an 
increase of about 3} per cent. The ash content has 
risen by more than that since pre-war days. 

What we do not accept, however, is the implied 
contention that the present situation is by way 
of being an ‘‘act of God,” hardly to have been 
foreseen, much less guarded against, by those who, 
in this respect, have constituted themselves at once 
the spokesmen, the arbiters and the controllers of 
the industry. Mr Robens may feel, genuinely, 
that Fate has treated him harshly in presenting 
such a complication of difficult circumstances ; 
but he and his colleagues ought, in fairness, to ask 
themselves occasionally whether they are justified 
in placing so much blame on Fate If there is any- 
thing at all in the general principle of “* planning,” 
surely it should have been possible to look ahead at 
least six months, and to have made preparations, 
during the past summer, for the situation that has 
now arisen. It is not unusual for an increase in 
the demand for coal to occur in the winter months. 
To regard this increased demand as something excep- 
tional is as naive as the delighted surprise/ with 
which the Prime Minister (among others) qffected 
to regard the improved output immediately’ beforg 
Christmas, when it has been a matter of common) 
observation, for as long as memory serves, that the | 
miners have always put out an extra effort in that y 
period, as a means of acquiring more money with \ 
which to celebrate Christmas in an appropriate 
manner. 

Statistics, it has been said, can be made to prove 
anything: but there are some statistics which can 
be regarded as basic, and among them are the 
statistics of population. The population of these 
islands is larger now than it has ever been; and 
there are more people “ gainfully employed ” than 
ever before, in spite of the fact that the proportion 
of old people in the population has been increasing 
steadily. Concurrently, there has been an equally 
steady increase in the amount of power used, and 
required, per head of the population ; a trend that 
has been accelerated by the actions of the present 
Government in providing their subsidised housing 
estates with electrical equipment on a scale which 
previously was found in comparatively few houses. 
It should have been possible, however, to calculate, 
well in advance of the actual demand, what would be 
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its probable extent ; indeed, such calculations were 
made, before the war, and formed the basis of the 
activities of the Electrical Development Association, 
which was established for the expressed purpose of 
persuading people to install more domestic and other 
electrical plant. If the present situation has taken 
the Government by surprise, the explanation must 
surely be that they have not provided themselves 
with sufficient data ; the facts were there, and their 
significance was fully appreciated, apparently, by 
everyone except those who ostensibly are the 
directors and co-ordinators of the nation’s efforts 
to balance its thermal accounts. 

Every encouragement is now being given to those 
cautious firms who provided themselves with 
stand-by generating plant, to use it instead of 
relying upon the nationalised service ; but the public 
memory is not so short as not to recall the almost 
contumely which, a mere year or two ago, greeted 
any desire to be independent of the nationalised 
supply. At the end of the last war, a large fleet 
of enemy submarines was handed over to the 
Royal Navy. Suggestions were made at the time 
to remove their engines and generators, and to 
install these in factories as a useful source of power ; 
but officialdom decided otherwise and the sub- 
marines were taken into deep water and sunk, 
with their valuable machinery on board. Had they 
been broken up, they would have provided British 
industry with at least 100,000 tons of steel scrap, 
400 or more usable engines and generators, and 
many hundreds of tons of non-ferrous metals ; 
but down they went to the bottom of the English 
Channel—and now there is a shortage of generating 
plant, the steelworks are at a loss where to look 
for more scrap, and restrictions are being placed on 
the use of copper and other non-ferrous metals. 

The immediate concern of Mr. Robens, and of the 
Ministry that he represented at Tuesday’s Press 
conference, is to get through the present winter 
without having to account for a partial breakdown 
of productive industry, with all the dislocation and 
unemployment that this would involve ; but those 
who are in a position to take a more detached view 
are looking farther ahead. The Plan for Coal, to 
which the National Coal Board have devoted so 
much attention and which they are now in the 
process of implementing, is based on the assumption 
that the fuel position can be clarified, and adequate 
supplies ensured, by 1965; but, it may be asked 
with reason, why stop at 1965? It is known that 
the average age of the population is rising rapidly, 
and that nothing effective can be done to check this 
tendency—at least, not in time to produce any 
useful effect upon the nation’s economy. If, there- 
fore, the present standard of living is to be main- 
tained, even at the modest level which is now 
coming to be regarded as normal, it follows that 
the consumption of power per head must be in- 
creased, and quickly. The calculation of the effect 
is not beyond the powers of any competent actuary. 
In the adjoining column, we review an American 
survey of just such a nature, carried out in a country 
which is relatively undeveloped and which, from 
the point of view of the statistician, presents con- 
ditions less easy to evaluate than those of a liberally 
documented country like the United Kingdom. 

In the very near future, there is to be a Census 
of Production ; indeed, it is already in progress. 
There is a strong suspicion about—how well justi- 
fied, we have no means of judging—that it may be 
used as the basis of some scheme to control and, 
perhaps, to repress the distributive trades; for 
that reason, the prospect is being regarded with 
something less than favour. If, however, the 
information to be garnered can be used, inter alia, 
to arrive at a reasonably accurate estimate of the 
current and prospective power requirements of the 
nation as a whole ; the future needs of a diminishing 
working population, saddled with the responsibility 
of supporting an increasing number of ‘‘ passen- 
gers’; and the maintenance of even the present 


standard of living—then, it may be, this costly 
(and irritating) inquisition may be justified. No 
nation-wide investigation is necessary, however, to 
show where the real problem lies or to ascertain its 
nature; and the solution is not to be found by 
offering men, in any industry, double pay for working 
on Saturdays. 





MARKET SURVEYING FOR 
ELECTRICITY SUPPLY. 


INVESTIGATIONS into the nature and extent of the 
possible electricity demand, particularly in develop- 
ing areas, have been carried out by supply companies 
and municipalities in the past, and presumably are 
being continued by the British Electricity Authority 
at the present time. Various reports dealing with 
load analysis and other aspects of the matter have 
also been prepared by the Electrical Research 
Association. Such an exhaustive investigation as 
that recently carried out for the Mexican Light and 
Power Company, however, has probably never been 
attempted in this country. This company, in con- 
junction with the Comision Federal de Electricidad, 
in December, 1948, engaged Messrs. Madigan- 
Hyland, consulting engineers, of New York, to carry 
out a “Market Survey of Electricity Sales and 
Requirements of the Mexican Light and Power 
Company Limited and its Subsidiary Companies.” 
The results of the survey are contained in a 293-page 
report, illustrated by maps and 32 charts, which, 
incidental to its proper subject, throws much light 
on the industrial economy of Mexico. The Mexican 
Light and Power Company, it should be mentioned, 
is a Canadian company with offices in Toronto. 

The total population of Mexico is estimated to be 
about 24,000,000, but that of the area served by the 
Mexican Light and Power Company is only some 
3,800,000 ; the population of this area, however, is 
increasing at the rate of 3 per cent. per annum, 
compared with about 1-7 per cent. for the country 
as a whole. Furthermore, the area served includes 
Mexico City and the most developed part of the 
country, and the studies made in the course of the 
survey indicate that the population will have 
increased to 5,100,000 persons by 1960. In Mexico 
City, only 62-7 per cent. of families are supplied with 
electricity ; in the outside areas the percentage is 
much lower. The average figure for the United 
States is 92-8 per cent. and for large cities even 
higher ; even in the relatively undeveloped neigh- 
bouring State of Texas it is 78-3 per cent. These 
figures suggest that much potential demand exists 
in the city. With improvement in economic 
conditions and the extension of distributing mains, 
it is estimated that the percentage of families served 
will have risen to 68-4 by 1960. In the outer dis- 
tricts, the coverage of families is at present so low 
that great possibilities of expansion exist. The 
present figure of 18 per cent. of families is expected 
to increase to 38-8 per cent. in twelve years. It 
should be mentioned that, for many years, the faci- 
lities available to the Mexican Light and Power 
Company have been inadequate to permit the 
national growth of consumption and at the same time 
to provide an adequate reserve ; they have not been 
in a position to encourage the expansion of sales. 

The company at present have 16 water-power 
stations and two thermal stations. The total 
capacity is 323,395 kW, this figure including the 
55,800-kW Ixtapantongo station, which is the 
property of the Comision Federal de Electricidad, 
but the output of which is at the disposal of the 
company. Considerable extensions are now being 
carried out, the company installing 89,000 kW of 
new plant in existing water-power stations and 
building a new 66,000-kW steam station. The 
Comision are constructing two new hydro-electric 
stations with a combined capacity of 91,900 kW 
and installing a 62,000-kW extension unit at Ixtap- 
antongo. In addition to an actual shortage of 
generating capacity, development of supply service 
has been restricted in recent years by drought 
conditions, and the question of the volume of water 
available will affect the operation of the new installa- 
tions which are being made, three of which will be 
available for peak-load service only. The market 
research which is the subject of the report indicates 
that, with these extensions, reserve capacity to cover 
emergency or breakdown will still be short this 
year, but should reach a safe level in 1952. Further 
generating capacity will be necessary by 1959, 
and perhaps earlier. 

Electricity demand is to a considerable extent a 
measure of the industrial activity of a country, and 
estimates of future requirements must be based to a 
large extent on a study of the nature and pros- 





pects of that activity. Messrs. Madigan-Hyland 
accordingly carried out an investigation, extending 
over seven months, in the course of which informa- 
tion was collected from public and private agencivs, 
Government officials, industrialists, bankers a id 
others. Numbers of personal visits were made *o 
the premises of larger consumers. During the secoud 
world war, industrial development received a major 
stimulus in Mexico and a large number of new 
plants were established, fostered by a Government 
policy of restricting imports and encouraging home 
manufacture. These conditions led in some quarters 
to the idea that Mexico might become a leading 
manufacturing country, but, as the report points 
out, that consummation could not’ be achieved 
without the solution of many problems of organi- 
sation, transport, education, training and the 
development of fuel and power supplies. The 
conclusion has been reached that soundly-conceived 
productive ventures which meet a legitimate need 
and are on a scale appropriate to the purchasing 
power of the country are likely to be successful, 
but ideas about large-scale industrial development 
must be discounted. 

For the purpose of making an estimate of probable 
future demand, the users of electricity were divided 
into classes, each of which was investigated indi- 
vidually. The more important classes, from the 
point of view of electricity demand, were residential 
consumers, commercial establishments, large-scale 
industries taking a high-tension supply, mines and 
Government services. These latter included supply 
to office and other buildings, street lighting, pumping 
stations and other miscellaneous services. Large- 
scale industries taking a high-tension supply were 
responsible for much the heaviest load of any class, 
Excluding mines, there were 681 industrial con- 
sumers in this class in 1948. They were divided into 
types, such as food manufacture, textiles, chemicals, 
etc., each being investigated individually and the 
prospects of each considered. The likely future 
demand of commercial and small industrial cus- 
tomers was more difficult to estimate. There were 
90,145 consumers falling within this class in 1948, 
The demand by commercial consumers has shown a 
steady increase in recent years, due to improving 
standards of lighting and other services in offices 
and shops. The average consumption of small 
industrial establishments, however, actually de- 
creased between 1933 and 1948. This is attributed 
to the great increase in their number, with conse- 
quent spreading of the available work. 

In computing likely future domestic demand, 
many, perhaps unusual, considerations had to be 
borne in mind. It is stated that there were years 
during the ’thirties when unauthorised consumption 
was three times as great as legitimate sales. Illegal 
connections were made to residences in areas served 
by the company’s lines, and also to groups of 
residences outside the city, residents erecting flimsy 
overhead wires and connecting them to the nearest 
point on the distribution network. There were also 
many flat-rate customers who were contractually 
limited to 40-watt, 80-watt or some other figure of 
demand, who consumed substantially more than 
their quota. These irregular proceedings appear to 
have been largely corrected by legal action and by 
the installation of current limiters and meters. The 
flat-rate supply, without a meter, which is supposed 
to be used only for lighting, is now restricted to 
40 watts, and many consumers are installing meters. 
Estimates of future domestic demand were based on 
detail studies of the use of refrigerators, water- 
heaters, irons and other domestic appliances. 

The total sales of electrical energy by the com- 
pany was 1,217,468,000 kWh; the system losses 
were 496,064,000 kWh, and consumption for com- 
pany purposes 54,350,000 kWh, making the total 
demand 1,767,882,000 kWh. As a result of the 
extensive market research, it is estimated thet, in 
1960, the sales will reach 2,540,100,000 kWh, and 
the total requirements 3,421,100,000 kWh. [t 8 
also estimated that the peak demand will rise from 
the 338,565 kW of 1948 to 650,000 kW in 1960. The 
extensions of generating plant now being carried 
out, which will bring the peak capacity up 
675,200 kW, will provide adequate reserve for some 
years, but it is expected that, by 1960, the increased 
demand will necessitate the further extension* 
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NOTES. 


Tus LystiruTIon OF MECHANICAL ENGINEERS. 


Ti 23rd Thomas Lowe Gray lecture was delivered 
to the Institution of Mechanical Engineers on 
Friday, January 19, by Mr. W. H. Purdie, 
M.I.Mech.E., who, as engineering director of 
Messrs. William Doxford and Sons, Limited, spoke 
on’ Thirty Years’ Development of Opposed- 
Piston Propelling Machinery.” The general design 
of Doxford engines being well known, he dealt with 
some of the less-known difficulties experienced in 
the development of these engines. Incidents 
which, at the time, appeared to be of trifling impor- 
tance. had had a far-reaching effect on future 
design. The wide application of the engines 
was a remarkable demonstration of the fact that 
apparent mechanical complication was no bar to 
the successful progress of an internal-combustion 
engine, provided that the thermodynamic principles 
on which the engines were constructed were sound 
and that the mechanical design was on proven lines. 
Work on the first engine, a single-cylinder design, 
was begun in 1913. Its jackets and pistons were 
cooled by distilled water and the engine was pre- 
heated by circulating hot water before starting up. 
Though this system was subsequently shown to 
have a number of advantages, it was adopted 
because experience with triple-expansion steam 
engines—then the sole products of the firm—had 
shown the importance of reducing temperature 
stresses by preliminary warming. A failure of an 
engine-driven air compressor led to an immediate 
decision to abandon air injection of fuel in favour 
of air-less injection pumps and valves, the fuel being 
forced by the pumps into an accumulator and fed 
to the cylinder by mechanically-operated valves. 
Work was soon started on the design of a four- 
cylinder engine, and in 1921 sea trials took place 
with the first vessel to be fitted with a Doxford 
engine—the M.V. Yngaren. An experiment with 
tangential scavenge ports resulted in a reduced fuel 
consumption and drew attention to the possibility of 
spherical combustion chambers ; these were intro- 
duced in 1924, in which year also the first three- 
cylinder engine appeared and the centrifugal purifi- 
cation of oil on board ship was adopted. In 1926, 
the problem of balancing was solved by reducing the 
stroke of the upper pistons and altering the crank 
sequence. Nine years later, with the introduction 
of five-cylinder engines, the need for some form of 
vibration suppressor was apparent and, in colla- 
boration with Mr. James Bibby, the Doxford-Bibby 
detuning wheel was evolved. To-day, tests were 
being carried out with heavy fuels, and the largest 
Doxford engines, developing 8,400 brake horse- 
power, were under construction. A vote of thanks 
to the lecturer was proposed by Mr. P. L. Jones, 
Wh.Ex., vice-President, and seconded by Dr. 8. 
Livingston Smith, member of Council. At the 
special meeting which followed, the recommendation 
of the Council to appoint Mr. Brian G. Robbins, 
M.Sc. (Eng.), A.C.G.I., M.I.Mech.E., secretary of the 
Institution was put to the meeting and carried. It 
was subsequently learned that Mr. C. W. J. Taffs, 
M.Sc. (Eng.), is retiring from the post of assistant 
secretary. Mr. G. H. Ford, M.Sc., has been appointed 
assistant secretary. 


THe James Watt INTERNATIONAL MEDAL. 

At the meeting of the Institution of Mechanical 
Engineers, referred to above, it was announced that 
the Council of the Institution had awarded the 
biennial James Watt International Medal for 1951 
to Dr. H. H. Blache, of Denmark, “for his con- 
tributions to the advancement of mechanical engi- 
neering, and particularly for his pioneer work in 
the «ic velopment of the large marine Diesel engine.” 
Dr. Blache was nominated for the award by the 
Danish Society of Engineers. The Medal was 
insti‘ uted in 1936 to mark the bi-centenary of the 
birt of James Watt, on January 19, 1736, and it 
'S cu-tomary to announce the award on, or as nearly 
as possible to, the anniversary of that date. Pre- 
viov' recipients have been, in 1937, Sir John 
Aspinall (Britain); in 1939, Henry Ford (United 
Sta‘os) ; in 1941, Professor Aurel Stodola (Switzer- 
lanc); in 1943, A. G. M. Michell (Australia) ; in 





1945, Dr. F. W. Lanchester (Britain); in 1947. 
Professor Stepan Timoshenko (United States) ; and 
in 1949, Dr. Fredrik Ljungstrém (Sweden). Dr. 
Blache, who was born in Copenhagen in 1874, was 
apprenticed at the Royal Naval Dockyard of that 
city and received bis technical education at the 
Copenhagen Technical High School. He served for 
a time in the Danish Navy and spent some years in 
England and Germany before joining the staff of 
Messrs. Burmeister and Wain in 1900. He became 
their technical managing director in 1919. 


THE WorLpD’s SHIPBUILDING. 

Statistics contained in the quarterly shipbuilding 
returns of Lloyd’s Register of Shipping, issued this 
week, indicate that the merchant steamers and 
motorships under construction in the shipyards of 
Great Britain and Northern Ireland, on December 
31, 1950, totalled 2,044,688 gross tons, compared 
with 2,046,234 tons on September 30, 1950, a 
decline of 1,546 tons. The December total of 
2,044,688 tons was made up of 117 steamers, making 
together 662,866 tons and 213 motorships, aggre- 
gating 1,381,822 tons. The progress of the industry 
during the fourth quarter of 1950 is shown by the 
fact that 84 vessels comprising 389,502 tons were 
commenced, 55 ships totalling 317,750 tons were 
launched, and 77 vessels, making together 393,481 
tons, were completed. Work was suspended on 
six motorships only, these aggregating 1,880 tons. 
The oil tankers under construction in this country 
on December 31, 1950, totalled 97 ships, comprising 
1,146,364 tons and representing 56-1 per cent. of 
the total tonnage under construction in Great 
Britain and Northern Ireland. That this propor- 
tion is likely to be increased in the near future is 
indicated by the fact that, on December 31 last, 
plans had been approved, or material ordered, 
for 148 ships comprising 954,486 tons, and, of this 
tonnage, 70 per cent. consisted of oil tankers. 
The quarterly returns show that the steamers and 
motorhips under construction abroad on December 
31, 1950, totalled 839 vessels aggregating 2,774,065 
gross tons, a decline of 18,846 tons compared with 
September 30, 1950. The total does not include 
figures for Poland, Russia and China as these are 
still not available. The leading foreign ship- 
building countries, with their totals of vessels 
building on December 31, 1950, are: France with 
457,413 tons, the United States with 340,195 tons, 
Italy with 313,978 tons, Holland with 306,794 tons, 
Sweden with 304,990 tons and Japan with 231,350 
tons. All other countries had totals below 200,000 
tons. During the December quarter, 205 ships 
aggregating 524,468 tons, were commenced in ship- 
yards abroad ; 202 vessels making together 693,627 
tons were launched, and 182 ships, totalling 556,057 
tons, were completed. Oil tankers of 1,000 tons 
and upwards, under construction in foreign ship- 
yards on December 31 last, numbered 81 ships 
totalling 781,450 tons, which was 82,885 tons less 
than the aggregate for September 30. These ships 
represent 28-2 pe: cent. of the total tonnage being 
built abroad. For the whole world, however, the 
oil-tanker tonnage under construction represents 
40-Oer cent. of the aggregate tonnage of merchant 
ships building. 


THe INstTITUTION OF MINING ENGINEERS. 


The principal event which marked the annua] 
luncheon of the Institution of Mining Engineers, 
held in London on January 18 under the chair- 
manship of the President, Sir Andrew Bryan, B.Sc., 
was the presentation of the Institution Medal to 
Mr. Etienne Audibert, President of the Charbon- 
nages de France—the French national coal-mining 
industry—in recognition of his services to mining 
engineering and his researches into safety in coal 
mines. The occasion was distinguished also by the 
presence of the French Ambassador, Mr. René 
Massigli, who responded to the toast of ‘The 
Guests.” Mr. Audibert, who qualified as a mining 
engineer at the Ecole des Mines, fought in the 
1914-18 war and, in the second World War, was im- 
prisoned in a German concentration camp for nearly 
a year. He was President of Electricité de France 
before being appointed to his present position in 
January, 1948. His research work, of which he 
gave a resumé in acknowledging the award of the 





Medal, has been concerned particularly with safety 
in deep mines, the causes and propagation of coal- 
dust explosions, the inflammation of fire-damp by 
explosions, and the efficient utilisation of solid 
fuels. He is a Grand Officier of the Légion d’Hon- 
neur, and received the Melchett Medal from the 
Institute of Fuel in 1940. 


THE PRESERVATION OF RamLway REcorDs. 


When the British railways were nationalised, it 
became obvious to the large section of the public 
who are interested in railway history that the 
change in status afforded an exceptional oppor- 
tunity for the creation of a collection of railway 
records without a possible equal in the world. 
It was also evident that, if the relics of the former 
companies fell into unsympathetic hands, there 
was a grave danger that these irreplaceable records 
of the inception and growth of rail transport might 
be swept away as useless lumber. Fortunately, the 
British Transport Commission under their chair- 
man, Lord Hurcomb, proved to be fully alive to the 
historical value of these relics and archives. They 
appointed a committee to examine the whole 
question and, as a result, have decided in principle 
on a course of action which, in general, must be 
welcomed by all who recognise the importance of 
the mass of material that the Commission have 
inherited. In brief, it is proposed to retain the 
existing Railway Museum at York as a collection 
of material relating to railways in the north of 
England ; to assemble the smaller relics, such as 
prints, pictures, company seals, etc., in the former 
Shareholders’ Meeting Room at Euston ; to expand 
the collection now in Edinburgh into a Scottish 
railway museum; and, in course of time, to con- 
sider the formation of a similar collection in Cardiff, 
to cover Welsh transport history. In addition, it 
is proposed to solve the difficult problem of housing 
the more bulky exhibits, such as locomotives and 
rolling stock, by adapting the old Bricklayers’ Arms 
station at Nine Elms, London—the original ter- 
minus of the London and South Western Railway 
and a building which is itself an architectural 
‘period piece.” To ensure that the great quan- 
tities of minute books, etc., receive proper attention, 
it is proposed to put in charge of them a fully 
qualified archivist, who would also have in his care 
the correspondence relating to early canal develop- 
ments. It is recommended also that an Advisory 
Council should be set up by the British Transport 
Commission, to direct the general policy to be 
followed in dealing with future records as well as 
those of the historic past. The report of the special 
committee, entitled The Preservation of Relics and 
Records, is obtainable from the Publicity Officer, 
British Transport Commission, 55, Broadway, 
London, 8.W.1, at the price of ls. 6d. (ls. 7d., 
including postage). 


INTERNATIONAL RAILWAY INFORMATION BUREAU. 

The administrative committee of the International 
Union of Railways, which is usually known as the 
U.L.C., from its French title, l'Union Internationale 
des Chemins de Fer, have decided to form an Inter- 
national Railway Information Bureau. The manage- 
ment of this Bureau, which is to be known as the 
Bureau International de Documentation des Che- 
mins de Fer, or B.D.C., is to be placed in the hands of 
a specially designated administration for four years. 
The Société Nationale des Chemins de Fer Frangais 
(S.N.C.F.) have agreed to be the first administration 
to take on this responsibility and are placing at the 
disposal of the Bureau the staff, offices, library 
of periodicals and books, and photocopying and 
microfilm-producing laboratory of their own tech- 
nical information centre, which was founded just 
before the last war and has been greatly developed 
in the course of the past decade. The centre issued 
a monthly information bulletin, which, with the 
passage of time, gradually increased its circulation 
and sphere of usefulness. In June, 1949, it was 
decided to increase the scope of the bulletin by the 
inclusion of staff matters and questions of a social 
nature, as well as judicial and financial problems 
and matters concerning organisation and economics. 
The help of Belgium, Switzerland and Italy was 
enlisted to deal with the new questions, the S.N.C.F. 
continuing, in collaboration with British Railways, 
to devote their energies to technical questions. In 
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April, 1950, the first number of a considerably 
enlarged bulletin, likely to interest a much wider 
circle of readers than was formerly the case, was 
published and it was the success of this publication 
which was the direct cause of the formation of the 
newly-constituted Bureau International de Docu- 
mentation. It has been decided that administra- 
tions which are members or adherents of the U.I.C. 
are to become ex-officio full members of the new 
organisation, while other railway administrations, 
various international organisations and transport 
undertakings are to be admitted as ‘“ adherent ” 
members. The internal organisation of the new 
Bureau is to be larger, but similar to that of the 
information centre of the S.N.C.F., this consisting 
of an information and abstracting service and a 
translation section, beside the library and photo- 
copying and microfilm-making laboratory mentioned 
above. Further particulars regarding membership 
of the B.D.C., subscriptions, and other matters may 
be obtained from the Bureau International de 
Documentation des Chemins de Fer, 27, Rue de 
Londres, Paris (9e). 





LETTER TO THE EDITOR, 


THE INSTITUTE OF METALS. 
To THE Epiror oF ENGINEERING. 

Sm,—The very moderately worded letter of 
Mr. F. H. Keating, in your issue of January 12, on 
page 50, ante, will, no doubt, receive the attention 
of the Councils of the three metallurgical societies 
which he names ; but it may be helpful if I, as the 
signatory of the Institute of Metals appeal, make 
some preliminary comments on the issues raised 
by him. 

It is only too true that membership of such 
societies, particularly of more than one, is a serious 
matter, for younger men especially, but it should 
be remembered that the rates of subscription to my 
own Institute (and the same is true of the Iron and 
Steel Institute) have increased only by 33} per cent. 
in the past 20 years; and, moreover, that joint 
membership of more than one of the three bodies 
now carries appreciable reductions. It cannot be 
said, therefore, that the problem is caused by undue 
increases in the rate of subscription ; the cause is 
rather the burden of taxation and the increased cost 
of living. In contrast with this small increase in 
the rate of subscription, the volume of our regular 
publications has increased in the same period by 
50 per cent., the costs of the Institute are about 
three times greater, and the average expenditure 
per member is about twice as great as 20 years ago. 

Mr. Keating asks whether the amalgamation of 
the three Societies could produce substantial 
economies. Such a possibility, though it would 
raise a number of very real difficulties, has certainly 
occurred to some of us who have been concerned in 
these matters ; no really promising field of economy 
should be neglected, but the truth is that the 
opportunity is limited. In the: first place, the 
Institution of Metallurgists is a qualifying body 
and it must pay tax on its income. The nature 
of the activities of the other Institutes enables them 
to claim tax exemption, and for this reason, what- 
ever might be the attitude of the Institution itself, 
amalgamation with it would be harmful to either of 
the others. 

The question is, therefore, whether, either in their 
publication expenditure or in their general over- 
beads, the other two Institutes could effect economy 
by amalgamation. So far as the Institute of Metals 
is concerned, nearly 90 per cent. of the total expen- 
diture goes, either directly or indirectly, in publica- 
tion. The opportunity for economy in the remain- 
ing general overheads is, therefore, comparatively 
small, particularly as the two Institutes already 
share the same building and the library services. 
As for the publications of the two Institutes, experi- 
ence has shown that, to a considerable extent, they 
cater for two distinct types of membership, and that 
there is very little overlapping in the actual material 
published. A combined Journal would appear, 
therefore, to offer little chance of a reduction in staff 
or in the volume of material published, and it 


large number of members who would not be inter- 
ested in either one half or the other, thus entailing 
a substantial extra cost in paper and printing 
charges, and the advertisement revenue of the 
combined Journal would undoubtedly be less than 
that earned by the two separate Journals ; this is 
an important point. 

It is considerations such as these that have led to 
the conclusion that some other remedy must be 
sought. In my own view, it is no longer possible, 
under present conditions, to provide scientists 
with the publication services and the discussion 
facilities that they require without the regular 
assistance of the industries that may ultimately 
benefit. Iam glad to say that the generous response 
to our appeal has shown that this is widely realised 
by industry. Nevertheless, no real opportunity of 
economy will be neglected. 

Yours faithfully, 
H. S. Tasker, 
President of the Institute of Metals. 
4, Grosvenor-gardens, 
London, 8.W.1. 
January 18, 1951. 
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SIR HARRY HARLEY, C.B.E. 


It is with much regret that we record the sudden 
death on January 19, while on a voyage to Australia, 
of Sir Harry Harley, chairman of the Coventry 
Gauge and Tool Company. Sir Harry, who was 
73 years of age, had been in poor health for a con- 
siderable time and it was for reasons of health that 
he undertook the voyage. 

Herbert Henry Harley—his baptismal name, 
though he was knighted last year as ‘“‘ Sir Harry ”— 
was a native of Coventry and, at 14 years of age, 
was apprenticed to Alfred Herbert, Limited, for a 
term of seven years. He remained with them until 
1915, when he decided to devote the whole of his 
time to the Coventry Gauge and Tool Company, 
which he had founded two years before. To that 
task he brought an exceptional combination of 
administrative skill and judgment, and sound 
engineering experience; all of which qualities 
became much more widely appreciated when, in 
August, 1942, he helped to found and became first 
President of the Gauge and Tool Makers Associa- 
tion. He continued to hold that office until March, 
1947, and was still an active member of the Council 
of the Association when he left for Australia. He 
was also a member of the Institution of Production 
Engineers. 

In two wars, Sir Harry played a prominent part 
in organising a greatly expanded production of 
gauges for munition factories of all kinds; during 
the recent war, in fact, he was personally responsible 
for the direction of a score of factories. One of 
these was situated at Brechin, Scotland, in conse- 
quence of which Sir Harry received the distinction 
of a Freeman of that Royal burgh. He was also a 
Freeman of Coventry, of more than 50 years’ 
standing. The C.B.E. was conferred upon him in 
1942 for special services to the Admiralty, and a 
knighthood in the List of Birthday Honours in 
June, 1950. He was active in many municipal 
and charitable affairs in Coventry and district, 
where his unexpectedly sudden death has caused 
widespread regret. 





ROYAL AERONAUTICAL SOCIETY EXAMINATIONS.—Can- 
didates are reminded that entries for the May, 1951, 
associate fellowship examination in the United Kingdom 
close on January 31. , 


EXPORT TRADE IN BICYCLES AND MOTOR CYCLES.— 
The British Cycle and Motor Cycle Manufacturers’ and 
Traders’ Union state that exports of cycles and motor 
cycles were valued at 32,172,1971., in 1950, an increase 
of 2,764,255l. over the total for 1949 and a new high 
record. For the second year, the number of bicycles 
sold overseas, namely 2,109,864, passed the 2,000,000 
mark. The 73,959 motor cycles exported last year 





would have two financial disadvantages, in that 
the joint Journal would have to be circulated to a 


numbered 8,851 more than in 1949 and their value rose 
from 5,710,138. to 6,979,6611. 





THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 


(Continued from page 68.) 





** THE comfort of passengers in coaches, rail-c rs, 
and electric motor coaches—sound -proofing, lighti ig, 
heating, air-conditioning, ventilation, thermal ir su- 
lation, upholstery, and running stability (type of 
bogie and suspension) ” was the title of Question ‘V, 
the reports on which were discussed at the 15th 
Session of the International Railway Congress 
Association. 





DrEsIGN OF COACHES FOR COMFORT. 


Mr. E. F. Loquet, of the Belgian National Rail- 
ways, compiled a report based on information 
supplied by British Railways, London Transport, 
the Pennsylvania Railroad, South African Rail- 
ways, Victorian Railways, Indian Railways, New 
Zealand Railways, Ceylon Government Railways, 
and Sudan Railways. Dealing with methods of 
reducing noise in coaches, he states that only London 
Transport have tried resilient wheels, and they found 
that the reduction of noise, as compared with that 
due to ordinary steel wheels, was not appreciable. 
As frequent brake applications are made on Under- 
ground trains, the tyres become hot and rubber 
joints between the wheel centre and the tyre restrict 
the rate of cooling. For rail-cars driven by internal- 
combustion engines, the Pennsylvania Railroad 
recommend careful balancing of the engine and an 
efficient design of exhaust pipe. The use of helical 
gears is mentioned by several railways. 

In 1938-39, London Transport measured the 
noise in a train in a tunnel, and found it to be 
91 to 97 phons when running, and 57 to 80 when 
standing, due to generators, compressors, etc. 
British Railways carried out tests, using an audio- 
meter, in 1935, with the object of determining the 
effects of sound insulating methods. The principal 
results were as follow : basic noise level for a vehicle 
running at 60 miles an hour on rails without joints, 
70 phons ; rail joints caused an increase of between 
5 and 7 phons ; brake rigging, 2 to 3 phons ; vibra- 
tions of the outer steel panelling, etc., up to 4 phons. 
Reductions in the noise level could be obtained by 
encasing the bogies with metal which was sprayed on 
the inside with asbestos compound (amounting to 
6 to 10 phons), by covering the body panels with 
sprayed asbestos compound (3 phons), and by the 
use of double windows (4 phons). The encasing of 
bogies was effective, but the asbestos-compound 
fittings deteriorated in service, and the method was 
not considered economical. 

The report compiled by Mr. O. G. Weberg, of the 
Danish State Railways, covers information provided 
by railways of Belgium, Denmark, France, Algeria, 
Tunisia, French Colonies, Norway, Holland and 
Switzerland. The French National Railways still 
use pneumatic-tyred wheels on light rolling stock, 
and make special provision for track-circuiting. 
The Swiss Federal Railways have experimented with 
a coach having bogies with eight resilient wheels, 
this number of wheels being necessary because the 
maximum load allowed on each wheel by the manu- 
facturers was only 3 tons. The reduction of noise, 
however, was relatively small, and at high speeds a 
disagreeable vertical vibration was apparent, 
probably due to the eccentric position taken up by 
the wheels under load. The Netherlands State 
Railways have effected an improvement by arrang- 
ing the brake-gear entirely within the bogies. The 
wide use of rubber mountings and sound-insulating 
materials is reported in detail. Tests carried out 
by the Belgian National Railways in 1942 showed 
that the noise level in rail-cars could be reduced 
appreciably by more accurate alignment of the 
gears. In a section dealing with the lighting of 
coaches, Mr. Weberg illustrates a bogie of the 
Swiss Federal Railways on which the dynam 18 
mounted directly and driven from a gearbox on 
one end of an axle through a cardan shaft. 

In the section dealing with bogies, which is par- 
ticularly detailed, he illustrates a bogie of the _-°T- 
wegian State Railways in which considerable use 
is made of longitudinal and transverse conne:''ng 
rods (apparently with rubber-bonded bushes at “he 
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encs), Which link the’ main components of the 
bevie. The weight of the coach is transmitted to 
th: bogie through pads at the ends of the bolster ; 
th: bolster extends beyond the frame of the bogie 
and its ends rest on helical springs on brackets form- 
ing part of the frame. The latter, in turn, is carried 
by iielical springs on two “‘ compensating girders ” 
—cach is evidently a rigid longitudinal girde1 
carried on the ends of the axles by self-aligning 
bearings. The bolster is tied to the frame by a 
pair of parallelogram linkages of connecting rods, 
and the frame is tied to the compensating girders 
by longitudinal connecting rods from the spring 
brackets and by short transverse rods between the 
ends of the girders and the four corners of the bogie 
frame. Telescopic hydraulic shock absorbers are 
arranged between the spring brackets and the ends 
of the bolster. 

The Swiss Federal Railways have fitted eight 
corridor coaches with torsion-bar bogies, which are 
stated to have given excellent results up to 110 km. 
per hour (66 miles) ; tyre wear has “not been very 
great.” The body of the coach rests on rollers 
at the side, the rollers being connected by levers 
to a set of torsion bars which are located inside the 
bogie frame and anchored to the headstocks. The 
frame itself is suspended on the axleboxes by links 
fixed to outside torsion bars. There is no swing 
bolster: the bogie frame replaces it, since it is 
able to oscillate laterally on the rods which link 
it to the axleboxes. 

In connection with the reduction of vibration of 
coach bodies, the French National Railways have 
found that light-weight vehicles, having less rigidity, 
have a lower characteristic frequency of the body 
which corresponds approximately to the speed of 
rotation of the wheels. Resonance then occurs 
whenever the wheels are slightly eccentric; an 
eccentricity of only 0-5 mm. is sufficient to cause 
this. In the case of certain pneumatic-tyred 
coaches, the bodies of which weigh only 4 tons, 
vibration is readily noticed by a stationary observer, 
though it is not troublesome to passengers. A 
remedy is being sought in a more efficient distribu- 
tion of the masses of the body structure, so as 
to provide the maximum rigidity for a given weight. 

The summary of the replies to Question IV was pre- 
pared by Mr. M. Martinelli and was discussed at the 
Congress. Mr. A. Hug pointed out that the favour- 
able effect, in reducing noise, of using light alloys 
instead of steel for coach bodywork had not been 
mentioned by the reporters. Experience had 
shown, particularly on mountain lines in Switzer- 
land, that vehicles constructed of light alloys were 
much less noisy than those of welded steel. The 
summary, as finally approved by the delegates, is 
given, slightly abridged, below. 

“The experiments carried out by different rail- 
ways prove that elastic wheels do not lead to any 
appreciable improvements from the point of view 
of the sound insulation of vehicles. Such wheels 
can even be the source of parasitic vibrations in 
themselves. It is possible to reduce the preduction 
of noise by simplifying the brake rigging and doing 
away with a central rigging; providing suitable 
guides for all the movable parts of the body; 
covering the body sheets with absorbent substances 
and reducing the area of sheets used ; using helical 
gears in the drive of rail-cars and ground gears for 
rail motor coaches. The use of anti-vibration 
packings between body and bogie is widespread. 

“In the construction of up-to-date rolling stock, 
extensive use is made of absorbent substances on 
the walls, floors, ceilings and doors. Such substances 
provide satisfactory heat insulation, which is com- 
plete-', in very cold countries, by the use of double 
windows. The transmission of noise can be reduced 
by carefully packing the trap-doors in the floors 
and \ 1c holes for the pipes and conduits. 

“<p to the present, incandescent lamps have 
been widely used. Fluorescent lighting is now 
deve' “ping very rapidly. For some years there has 
been .n appreciable increase in the amount of light 
prov. 'ed. With equal power installed, the lighting 
‘an "> approximately trebled by the use of fluores- 
cent * “bes. 

"ith steam heating, there is a general tendency 
to ir ~ease the feed pressure in the main steam pipe 
m © ier to improve the heating of the last few 





vehicles of the train. Some railways use the actual 
steam conduit as a radiator for heating the corri- 
dors. Direct electric heating by radiators is the 
most widely used and most economical method. 
It gives satisfactory results provided the circulation 
of air round the heating elements is adequate. 
Pulsated-air electric heating increases the comfort, 
and also makes it possible to ventilate the vehicles 
during the summer. The consumption of current, 
however, is much higher than with direct heating. 
There is a general tendency to adopt heating of 
compartments individually, with thermostatic 
control. 

‘In rail-cars, heating by the engine cooling 
water or exhaust gases does not usually give suffi- 
cient comfort. On both vehicles and trailers the 
present tendency is towards the use of coal or oil 
systems of heating. In the latter case, the working 
can easily be made automatic. Air conditioning 
is in general use in the United States and in tropical 
countries. In Europe, it has only been tried to a 
limited extent. In coaches with air conditioning 
having cooling equipment, use is always made of 
double fixed windows. 

** Most administrations continue to use the con- 
ventional types of bogies on their up-to-date stock. 
Such bogies can be used for very high speeds, 
provided special conditions of maintenance are 
observed for the stock and that the track is in a 
good state. Bogies of special types for ordinary and 
high speeds have recently been tried and seem 
likely to be used generally on the future rolling stock 
of some railways. In the design of bogies, however, 
factors other than comfort must also be taken into 
account (such as, cost, weight and ease of mainten- 
ance). The use of bogies without swing bolsters has 
been very limited, and is not likely to be made 
general. 

** An increase in the flexibility of the springs is 
likely to improve the comfort; it may also be 
necessary on account of the lightening of rolling 
stock. Plate springs, coiled springs or a combina- 
tion of the two types remain current practice. The 
use of coiled springs is extending compared with 
that of plate springs. The use of torsion bars is not 
very extensive. Rubber is vsed more and more 
for auxiliary springs, but not often for the main 
springs. Some railways check the damping out of 
the vertical and horizontal oscillations, either by 
combining different types of springs or by hydraulic 
shock absorbers. For high-speed rolling stock, 
there is a general tendency to reduce the play in 
the axlebox giides, either by using special ma- 
terials, or by special designs of guides without play. 
According to certain railways, the reduction of the 
coning of tyres makes it possible to improve the 
comfort by reducing hunting. This measure, how- 
ever, results in increased wear of the flanges.” 

(To be continued.) 





DEVELOPMENT OF CIERVA HELICOPTERS.—With the 
agreement of the Ministry of Supply, arrangements have 
been completed between Saunders-Roe, Limited, and the 
Cierva Autogiro Company, Limited, for Saunders-Roe to 
take over the development of the current types of Cierva 
helicopters; some members of the Cierva design, 
engineering, and flight staffs have been engaged by 
Saunders-Roe, Limited, in connection with the work. 
The Cierva Autogiro Company, however, is to continue 
research on helicopters and, for the time being, com- 
munications may be addressed c/o Saunders-Roe, 
Limited, Southampton Airport, Eastleigh, Southampton. 





SCHOLARSHIU’S IN AERONAUTICS.—One or more Royal 
Aeronautical Society Scholarships, up to the value of 
3001. a year, and one or more Geoffrey de Havilland 
Memorial Scholarships, up to the value of approxi- 
mately 1201., a year, are to be awarded, in the first 
instance, for a period of one year, although an extension 
for a second year would be looked upon favourably by 
the Council of the Society if it is clear that the student 
and the work would benefit by such an arrangement. 
Normally the work undertaken should lead tosome higher 
degree or post-graduate diploma, although this is not 
essential. The Council will select from the applicants 
those whom it considers suitable and will call such 
applicants for interview, in the offices of the Society, 
before such board as may be decided upon by the 
Society. Students wishing to apply for the scholarships 
should write to the secretary of the Society, at 4, Hamil- 
ton-place, London, W.1, stating the course they intend 
to follow and giving full particulars regarding their 
age and the results of any examinations taken by them. 





THE TESTING OF MOTIVE POWER 
MACHINERY.* 
By T. W. F. Brown, D.Sc. 


JAMEs Wart can be said to be the father of full-scale 
testing of motive power machinery. His experiments 
with the model of the Newcomen engine, repaired by 
him at Glasgow University, showed that a scaled-down 
model did not give practical results. The surface 
area of the cylinder in this model being large in relation 
to volume, the cooling effect of the walls on the small 
quantity of steam admitted per stroke prevented it 
from operating continuously. Therefore, in endeavour- 
ing to test his invention of the separate condenser, 
Watt did not rest until he had built a full-scale steam 
engine. This was the engine first built at Kinneil, 
and subsequently erected at Birmingham. 

Watt made many tests from 1774 until his retirement 
in 1800. His passion for measuring results, with as 
much accuracy as was possible at the time, set him 
head and shoulders above contemporary engineers. 
Although he had a number of good assistants, Watt 
preferred to do most of the development work himself. 
Organised research with an integrated team is a much 
more recent development, brought about by the 
increase in specialisation which has inevitably accom- 
panied the growth of science. 

The number of full-scale tests which have been 
carried out from that time to the present day is legion, 
and, therefore, in order to study the developments 
that have taken place, it is proposed to consider only 
some typical tests at intervals of about 50 years, 
starting with the year 1800. It is proposed to omit all 
mention of machinery developed for road or rail traction 
or for aircraft. This still leaves the large fields of 
motive power machinery for factories and marine 
propulsion to be considered, and it is appropriate to 
view them jointly, as improvements in one field have 
always affected the other. 

The use of Watt’s separate condensing steam engines 
to drive pumps for use in mines and the later develop- 
ment of the ‘* rotative ’ engine for power drive in mills 
is well known. The use, however, of Watt engines for 
marine propulsion in 1802 in the Charlotte Dundas, 
built by Symington in this country, and in 1807 in the 
Clermont by Fulton in the United States, may not be 
so well remembered. In 1814, the firm of Boulton and 
Watt first applied two condensing engines connected 
by cranks at right angles to propel a steamer on the 
Clyde. Watt may even have been aware of the 
purchase of the Navy’s first steamer, the Comet, by 
the Admiralty, in 1819, before he died in that year. 
The connection between James Watt and the use of his 
engines in marine propulsion is therefore clear. 

The year 1800 is a convenient date to examine the 
steam machinery developed as a result of full-scale 
tests for use as a prime mover in mining, mills and 
factories, as it was the year in which Watt gave up 
active participation in the firm of Boulton and Watt. 
For the expenditure of one bushel (84 lb.) of Newcastle 
or ‘“Swansey”’ coal, the Watt steam engine would 
then perform the following duties, as given in a letter 
from Matthew Boulton to James Watt, Jun., dated 
November 28, 1796. Boulton wrote that it ‘‘ (1) will 
raise 30 million pounds of water 1 foot high; (2) will 
grind and dress 10, or 11 or 12 bushels of wheat accord- 
ing to the state of it ; (3) will turn 1,000 or more cotton 
spinning spindles per hour ; (4) will roll and slit 4 cwt. 
of bar iron into small nailor’s rods; (5) will do as 
much work per hour as ten horses.” 

The accuracy of measurement in the early trials was 
not great, but it was sufficient to show that the improve- 
ments that Watt introduced raised the “duty” of 
steam engines about four times. (‘‘ Duty” is the 
number of pounds weight of water raised one foot 
by the consumption of one bushel of coal.) 





























TABLE I 
Corresponding Modern 
Criteria. 
Engine. Duty. ae . rea p= 
a fp. | Thermal 
per Hour, | Efficiency. 
Per cent. 
Newcomen .. 5-5 x 106 30 0-62 
to 7-5 x 106 22 0-92 
Watt... _..| 1,776—21-5x106 | 7-8 -. 
1,780 —26-5 x 106 6-3 3-2 
1,796 —30-0 x 106 5-5 3-7 








Coal could be weighed, as Wyatt had invented a 
bridge weighing machine in 1743 and there were two 
public weighbridges in use in Birmingham within a 





* James Watt Anniversary Lecture, delivered to the 
Greenock Philosophical Society on January 19, 1951. 
Abridged. 
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few years of this date; usually, it was measured by 
volume, in bushels. However, even the value of 
capacity of the bushel varied in different localities, and 
produced considerable variations in the results of 
trials. A bushel of Pontop coal weighed 91 lb.; the 
usual figure for Tyne coal was 84 lb. ; and for Cornwall, 
it was 94 lb. 

The income of the firm of Boulton and Watt was 
largely effected by the “‘ premiums ”’ paid on the fuel 
savings made by their engines. Tests were, therefore, 
important to establish what was the saving in fuel 
costs, compared with results from other contemporary 
engines. Such tests involved the measurement by 
volume of the coal burned in relation to water pumped. 
The pump displacement multiplied by the number of 
strokes was usually taken as measuring the water 
quantity, though on at least one occasion the water 
was measured by volume; the correction factor of 
0-92 was obtained, between the weight of water related 
to the displacement of the pump, and that actually 
raised. This, incidentally, is a good figure for the 
volumetric efficiency of the pump, and shows that the 
water valves were tight and of ample area. 

In one experiment it was found that the time to 
raise steam in the boiler, from the lighting of the fire, 
was 2 hours 55 minutes. A pressure of 3 in. of mercury 
on the gauge was obtained in a further 154 minutes, 
which rose to 9 in. of mercury in seven minutes more. 
The engine was run for 1 hour 45 minutes at 13 strokes 
per minute, and the steam used was determined from 
the difference in levels of the boiler water. The 
evaporation was found to be 11 cub. ft. for 120 Ib. 
of coal. This corresponded to a boiler efficiency of 
about 55 per cent. Later records, on improved boilers, 
showed 7 cub. ft. for 56 lb. of coal. ‘‘ Swansey ” 
coal was said by Watt to evaporate 11 cub. ft. for 
79 lb. The boiler efficiency corresponding to these 
figures is about 70 per cent., assuming that the boiler 
did not prime badly. This would still be considered 
good for coal-fired boilers without air heaters. 

From some experiments on feed water consumed, 
Watt determined the volume of steam required per 
stroke and found it to amount to 11 cub. ft., whereas 
the volume of the cylinder was only 8-8 cub. ft. This 
gave a measure of the loss by condensation and, possibly, 
by water carried over by the steam, these being the 
first real measurements of the ‘‘ missing quantity ” so 
well known in reciprocating engines. 

Early in 1776, condensation in the cylinder jacket of 
an engine was measured. In 1,800 strokes, made in 
2 hours 24 minutes, 625 lb. of feed water were used, and 
the water condensed in the jacket was between 70 and 
90 lb. The steam used in the jacket was reduced in 
later experiments to 23 lb. when the outer wall of the 
jacket was well lagged. In 1781, experiments on 
expansive working were made which showed the im- 
provement caused by the expansion of steam, though 
the low pressure in the boiler (up to 15 in. on the 
mercury gauge) prevented large expansion ratios being 
tried, relative figures being 2,640 strokes for four 
expansions and 2,836 strokes for five expansions, other 
conditions being maintained constant. 

In these experiments, it is clear that the use of 
mercury gauges gave accurate readings of pressures. 
Thermometers of accuracy to within 5 deg. F. were 
used for temperatures. Coal was either weighed or 
measured by volume, and the feed was measured 
either by the change of level in the boiler or by the 
volume in the feed tanks. The water pumped was 
measured to about 10 per cent. accuracy, coal to 
about 5 per cent. ; and the experiments would there- 
fore be accurate to between 10 per cent. and 15 per cent. 
of the true values. 

When power was required for mill drives Watt 
developed the “ rotative ’ engine. To design and sell 
such engines for specific duties required a unit of 
power. The means by which this was arrived at is 
taken from Watt’s ‘‘ Blotting and Calculation Book” 
under the date August, 1782. ‘‘ Mr. Worthington of 
Manchester wants a mill to grind and rasp logwood and 
to drive a calendar. The power for all which is 
computed to be about that of 12 horses. Mr. Wriggley, 
his millwright, says a mill-horse walks in 24 feet diar. 
and makes 2} turns p. minute. 24 turns = 60 yards 
p- minute, say at the rate of 180 lb. p. horse.” 

Watt then proceeis to work out the size of the 
engine: ‘‘ 60 yds. x 3 = 180 x 180 pounds = 32,400 
~ 120 feet of piston’s notion = 270 lbs. x 12 horses = 
3240 Ibs. load of cylr., which at 5 lb. per inch = 29 inch 
cylr., 6 feet stroke, 20 p. minute.”” The figure for the 
pull of the horse was probably arrived at by informa- 
tion from the millwright Wriggley, who had set up 
horse-gins for hauling up coal and ore in mine shafts. 
The figure of 32,400 ft. lb. of work per minute was 
later changed to the round figure of 33,000 ft. Ib. per 
minute as the power of one “ horse.” 

In 1800, no friction brake had been developed to 
absorb power and enable the testing of rotative 
engines to be carried out. Friction losses were deduced 
from trials of the Soho forge engine, tried first with the 





flywheel and rotative mechanism in place and then 
with these removed, a pump being driven in both 
experiments from the engine beam. It was found 
that, at 20 strokes per minute with the rotative motion 
in place, the consumption of coal was 0-28 cwt. per 
hour, and without it, 0-235 cwt., which gives a factor 
of 0-83 to cover additional friction arising from the 
rotative mechanism. 

In 1794, Watt invented the engine indicator, which 
measured pressure within the cylinder continuously. 
It consisted of a small cylinder fitted with a piston 
loaded by a spring; when connected with the engine 
cylinder, the variable pressure admitted to the indicator 
cylinder moved the piston up and down against the 
spring. A pencil was fitted to the piston rod of the 
instrument and hence recorded the pressure. Paper 
fixed to a board against which the pencil pressed would 
then record the pressure levels, provided that the board 
were moved proportionally to the stroke of the engine, 
at right angles to the line of action of the pencil. The 
board on which the paper was fixed was later replaced 
by a cylinder, but the principle remained the same. 

The diagram produced gave a measure of work done 
per stroke for a given engine and, when multiplied 
by the revolutions per minute, the work done per 
minute or the number of “‘ horses”’ the engine was 
producing. Thus was produced the valuable instrument 
to measure ‘‘ Indicated Horse-Power,”’ still used in all 
reciprocating engine tests, except at high revolutions, 
when inertia forces introduce inaccuracies. In Watt’s 
time, the indicator would be reasonably accurate on 
the pressure side, as a direct connection between 
plunger and pencil was used. The total pressure 
range would not exceed 30 lb. per square inch, and 
at the maximum speed of, say, 35 strokes per minute for 
a small engine and less for larger ones, the inertia forces 
in the stroke mechanism would be low. 

The determination of the steam conditions at which 
an engine was working resolved itself simply into the 
measurement of the steam pressure and the vacuum, 
and, in view of the low pressures used, both of these 
quantities could be measured quite accurately by using 
mercury manometers. 

We see also that the first rather crude experiments 
had been made to determine the effect of such factors 
as degree of expansion, cylinder condensation, jacketing, 
etc., on which so much effort was to be expended 
in the century that followed. 

In land power production, the prime movers had 
become stereotyped by 1850. The jet-condensing beam 
engine was almost universally used. Stationary 
engines were usually single-cylinder units, with spur- 
toothed flywheels for the power take-off. Steam 
pressures were about 15 lb. per square inch gauge, 
the maximum employed being about 30 Ib. per square 
inch. On land, with cheap coal, trials to establish 
efficiency and economy were infrequent. 

In marine engines, the position was very different. 
Larger steamships were being built to carry out 
extended voyages and, though coal was cheap, the 
Space required for carrying sufficient coal for long 
voyages was a serious matter. For example, the 
paddle-propelled Cunard ship Asia, built in 1850, 
carried 500 tons of cargo, and 930 tons of coal in her 
bunkers, though her speed was only 12} knots, the 
consumption being about 4 lb. of coal per indicated 
horse-power per hour. 

The side-lever engine had been introduced by 
Boulton and Watt in 1824 and was still in common use 
to drive paddle wheels. The speed of revolution was 
too low, however, for the screw propeller, which had 
been introduced about ten years before, and speed- 
increasing gearing had to be used. The screw- 
propelled ship Great Britain, built in 1843, had the 
propeller shaft driven through speed-increasing gearing 
at 53 r.p.m. The teeth were slightly staggered, to 
give the same effect as helical gearing, and the main 
wheel was 18 ft. 3 in. diameter and 38 in. wide. This 
would still be considered an outsize wheel in reduction 
gearing at the present day. 

Jet condensers were still in almost universal use, 
though the surface condenser had been tried by Watt, 
used by Napier, and re-introduced by Samuel Hall in 
1831. The animal and vegetable lubricants used in 
the cylinders at those times made the surface condenser 
foul badly, as Hall’s surface condenser was arranged 
with water outside the tubes and steam inside. Mineral 
oils were not available until about 1860. It was only 
in 1856 that Thomson suggested passing water through 
the tubes to get a high velocity, and passing the steam 
outside the tubes, which allowed this type of condenser 
to be effective. 

Robert Murray, in 1863, stated that “‘ Direct acting 
engines, being susceptible of great variety of form, 
have assumed as many different shapes as there are 
manufacturing engineers ready to invent, adapt or 
distort them, as the case may be; and the now very 
general use of the screw propeller has, of course, varied 
and modified these forms still more.’’ John Bourne, 
in his book, T'he Screw Propeller, dated 1852, showed 





drawings of 15 direct-acting screw engines and 15 
geared screw engines, all of different type, by different 
makers, of which only one type is recognisable as an 
ancestor of present-day machinery. This was the 
inverted-cylinder direct-acting engine, similar in 
appearance to the Nasmyth steam hammer. ‘he 
short stroke enabled revolutions suitable for propeller 
drive to be obtained without speed-increasing gear ‘ng. 
In the steamer Thunder, built in 1859, superheated 
steam was used in the cylinders (350 deg. F. total 
temperature), which were jacketed and the steam cut 
off at a quarter of the stroke. At 50 r.p.m., the power 
developed was 796 indicated horse-power with a 
measured coal consumption of 2-25 lb. per indicated 
horse-power per hour. This consumption should be 
compared with an average figure of 4-5 lb. of coal per 
indicated horse-power per hour. The compound 
engine was introduced by Randolph, Elder and Com. 
pany in 1853, and was applied in 1859 in the re-engining 
of the Callao, Lima and Bogota, built for the Pacific 
Steam Navigation Company. These vessels all showed 
a minimum consumption of 2 to 2$ Ib. of Welsh coal per 
indicated horse-power per hour, though the usual 
figure at working trim was about 3 lb. 

The results given above represent the best possible 
consumptions in the ’fifties, which was a period of 
ingenuity rather than inventiveness allied to the 
latest scientific discoveries. With all this change, 
rough engine trials were frequent ; but little research, 
with a view to introducing real thermodynamic im- 
provements, can be reported for this period, except the 
use of superheated steam and compounding of the 
cylinders. Superheating of steam was early abandoned 
and was only re-introduced in reciprocating and marine 
turbine machinery in the 1920s. 

No fundamental change had taken place in the 
methods of testing machinery since Watt’s time, though, 
no doubt, improvements in detail increased the accuracy 
with which results could be obtained. For the 
measurement of power, the engine indicator was still 
the only method available for engines of any size. 
The friction brake (or Prony brake) had been introduced 
in 1821, but was suitable only for small powers, and, 
in the form in which it was then made, it tended to be 
unstable. Various modifications were put forward 
for overcoming the instability, but the brake was rarely 
used until Kelvin, in 1858, introduced the now well- 
known form in which a flexible brake band, passing 
round the engine flywheel, is loaded by weights at 
one end and a spring balance at the other. 

A spring torsionmeter had been constructed by 
Morin in 1841 and was demonstrated at the 1851 
Exhibition, where it was used to measure the power 
absorbed by centrifugal pumps. A similar instrument 
had been used at sea, but a contemporary stated that 
“It is difficult to obtain true indications from this 
instrument, which is liable to many disturbing 
influences.” No satisfactory torsionmeter was pro- 
duced, however, until the introduction of electrical 
methods of measurement, over half a century later. 
The disadvantages of ‘‘ mechanical’ torsionmeters 
were, firstly, that it was difficult to bring out an 
indication of deflection from the rotating member to a 
stationary dial without introducing backlash and, 
secondly, that, to obtain a sufficiently large deflection 
for accurate measurement, the spring members had 
to be relatively weak, and hence, with the reciprocating 
engines of those days, were affected by the large torque 
variations. 

The belt-transmission dynamometer was invented by 
Froude in 1856 for use in the competitive machinery 
trials held annually by the Royal Agricultural Society. 
These trials, incidentally, served a useful purpose in 
focusing attention on engine economy and on the 
development of accurate and reliable apparatus for the 
testing of engines, though the engines concerned were 
quite small. Froude’s dynamometer was fitted with 
a dashpot to damp out vibration and an automatic 
recorder for the brake load, so that cyclical variations 
in load could be measured as well as the average value. 

(T'o be continued.) 





INSTITUTE OF METALS AWARDS OF MEDALS.—The 
Council of the Institute of Metals, 4, Grosvenor-gardens, 
London, S.W.1, have awarded the 1951 Platinum Medal 
of the Institute to Dr. Randolphe William Diamond, 
vice-president and general manager of the Consolidated 
Mining and Smelting Company of Canada, Limited, Trail, 
British Columbia, in recognition of his researches on 
differential flotation as applied to the complex Suilivan 
ore and for his services as manager of the largest com- 
bined copper and lead producing mine in the world. 
The W. H. A. Robertson Medal for 1951 has been awirtded 
to Mr. Christopher Smith, chief metallurgist, Messrs. 
James Booth and Company, Limited, Birmingham, for 
his paper, ‘“‘ The Extrusion of Aluminium Alloys.”’ The 
first award of the Walter Rosenhain Medal has been 
made to Professor G. V. Raynor, of the Univer-ty of 
Birmingham, for his contributions to the knowle: ze of 
the constitution and formation of alloys. 
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VARIABLE-SPEED V-BELT DRIVE. 


WHEN a ‘variable-speed V-belt drive has been required 
the choice has usually lain between a costly variable- 
speed gearbox between the motor and the driving 
pulley, and a spring-loaded expanding pulley which 
has the disadvantage of applying pressure on the belt 
walls over the whole speed range and, therefore, 
causing excessive belt wear; in addition, it may be 
running out of true alignment and with varying belt 
tensions. Recently, however, the Druce-Elliot Unit 
has been developed to provide a simple positively- 
controlled variable-speed drive, in which springs have 
been eliminated, and true alignment and correct belt 
tension are maintained over the range of driving ratios. 
A maximum speed variation of 6 to 1 is possible with the 
new unit, and within this range the drive ratio is 
continuously variable. The Druce-Elliot variable- 
speed drive unit, a photograph of which is reproduced 
in the accompanying illustration, is manufactured by 
the Package Sealing Company, Limited, Essex-road, 
Acton, London, W.3. 

In order to ensure that contact is maintained between 
the V-faces of the belt and the pulley faces throughout 
the range of driving diameters, the pulley faces are 
curved to allow for the variation in the V angle of 
the belt as the drive ratio is altered. The inner flange 
of the pulley is coupled to the driving motor ; the outer 
flange is keyed to a cylindrical extension of the root 
of the inner flange, but is free to slide axially relative 
to the inner flange. The motor is carried in slide ways, 
set obliquely to the centre-line of the driving and driven 
pulleys. The outer pulley flange runs on a ball bearing 
supported in a yoke on a sliding bar, set at an angle to 
the pulley centre-line opposite to that of the sliding 
ways ; the bar slides in two plain bearings supported on 
two short cross bars, of adjustable length, projecting 
from brackets rigidly attached to the framework. 
Rotating the handwheel, which can be seen at the 
right of the illustration, operates a screw mechanism, 
causing the motor to move forewards or backwards on 
its sliding ways. Because of the angularity of the 
sliding ways, a lateral displacement is imparted to the 
inner pulley flange ; at the same time, the outer flange 
and the sliding bar are carried forward or backwards 
with the inner flange, and an equal but opposite lateral 
displacement is thereby imparted to the outer pulley 
flange. By this means, the centre of the driving pulley 
remains in line with that of the driven pulley, whatever 
the drive ratio may be. The angular settings of the 
motor slide-ways and the sliding bar are chosen so that 
the change in the distance between the centres of the 
driving and driven pulleys compensates for the varia- 
tion. in effective diameter of the driving pulley ; thus 
the belt tension is unaltered. 

‘Cie two cross-members supporting the sliding bar 
are provided with screws by which their length can be 
adnsted, as required, to alter the setting of the sliding 
ba: ‘n order to take up belt stretch. For belt changing, 
a «stance piece provided in the motor slide-ways is 
Secured by adjusting screws ; when the distance piece 
1s r moved, the motor can be lifted from the slide ways 
an: swung about the sliding bar, thus simplifying 
the removal or replacement of a belt. The unit can 


be adapted to any motor frame; it is considered by 
the manufacturers to be particularly suitable for use 
with motors up to 15 h.p. Six standard sizes of pulley 
are available, from 3 in. to 18 in. in diameter, using 
V-belts from } in. to 2} in. The unit can easily be 
arranged for remote mechanical or electrical control. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





Tuis list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





A Strupy or Dryinc.—Various dates between Wed- 
nesday, January 3, and Wednesday, April 25, in London 
and provincial cities. Organised by Institute of Fuel, 
18, Devonshire-street, London, W.1. (Telephone : 
LANgham 7124.) See also our issue of December 15, 
1950, page 499. 

INDIAN INTERNATIONAL ENGINEERING EXHIBITION.— 
Wednesday, January 10, to Thursday, February 8, 
in New Delhi. Apply to the secretary, Indian Inter- 








national Engineering Exhibition, Room 100, Jamnagar 
Hutments, Man Singh-road, New Delhi, India. 


SECOND NATIONAL PACKAGING EXHIBITION.—Tuesday. 
January 30, to Friday, February 9, in the National 
Hall, Olympia, London, W.14. Organisers: Messrs. 
Provincial Exhibitions, Limited, City Hall, Deansgate, 
Manchester (Telephone: Deansgate 6363); and 167, 
Oakhill-road, London, S.W.15 (Telephone: VANdyke 
5635). 

CopENHAGEN Fatirs.—International Technical Fair: 
Friday, February 9, to Sunday, February 18, at The 
Forum, Copenhagen. International Commercial Fair : 
Friday, March 2, to Sunday, March 11, in Copenhagen. 
Agents: Messrs. Herbert Daniel Exhibitions, Limited, 
15, Dover-street, London, W.1. (Telephone: MAYfair 
5846.) 

31st INTERNATIONAL EXHIBITION OF AGRICULTURAL 
MACHINES AND PropuctTs.—Sunday, February 11, to 
Sunday, February 18, at the Palais du Centenaire, 
Brussels. Apply to the secrétaire-général, Société de 
Mécaniques et d’Industries Agricoles, 29, Rue do Spa, 
Brussels. 

ScoTrisH BUSINESS EQUIPMENT AND MANAGEMENT 
EXHIBITION.—Tuesday, February 20, to Friday, Feb- 
ruary 23, at the McLellan Galleries, Glasgow. Further 
particulars from the organisers: Office Appliance Trades 
Association of Great Britain and Ireland, 11 and 13, 
Dowgate-hill, London, E.C.4. (Telephone: CENtral 
7771.) 


INTERNATIONAL AGRICULTURAL MACHINERY EXHIBI- 
TION.—Tuesday, February 27, to Sunday, March 4, at 
the Pare des Expositions, Paris. Apply to the secretary 
of the exhibition, 38, Rue de Chateaudun, Paris 9e. 


GERMAN INDUSTRIES FaIR, HANOVER.—Light Indus- 
tries Fair: Wednesday, February 28, to Sunday, 





March 4. Heavy Industries Fair: Sunday, April 29, to 





Tuesday, May 8. Organisers: Deutsche Messe- und 
Ausstellungs-A.G., Hanover, Germany. Agents : Messrs. 
Schenkers, Limited, 27, Chancery-lane, London, W.C.2. 
(Telephone : HOLborn 5595.) 


LEIpzic Farrs.—Spring Fair: Sunday, March 4, to 
Sunday, March 11. Autumn Fair: Sunday, Septem- 
ber 2, to Friday, September 7. Organised by Leipziger 
Messe-Amt, Leipzig C.1, Germany. 

INTERNATIONAL MOTOR EXHIBITION.—Thursday, 
March 8, to Sunday, March 18, at Geneva. Apply to the 
exhibition organisers, 1, Place du Lac, Geneva, Switzer- 
land. 

FRANKFURT Fatirs.—Spring Fair: Sunday, March 11, 
to Friday, March 16. Autumn Fair: Sunday, Septem- 
ber 2, to Thursday, September 6. Apply to the Fair 
organisers, Messe-Amt, Frankfurt-am-Main, Germany. 


SECOND INTERNATIONAL INDUSTRIAL EXPOSITION, 
TEXas.—Sunday, March 11, to Thursday, March 15, at 
the Coliseum, Houston, Texas. Apply to the general 
manager, International Industrial Exposition, 41, South 
Jacinto-street, Houston 2, Texas, U.S.A. 


ENGINEERING CONFERENCE, BRISBANE.—Monday, 
April 2, to Saturday, April 7, at Brisbane. 21st con- 
ference, organised by the Institution of Engineers, 
Australia, Sparkes Building, 183, Wickham-street, 
Valley, Brisbane, N.1. Further particulars available 
from the honorary conference organiser, Mr. W. McMaster 
P.O. Box 140, Fortitude Valley P.O., Brisbane N.1, 
Queensland. 


ROYAL NETHERLANDS INDUSTRIES FAIRSs.—Spring 
Fair: Tuesday, April 3, to Thursday, April 12, at 
Utrecht, Holland. Autumn Fair: Tuesday, Septem- 
ber 11, to Thursday, September 20. Agent: Mr. W. 
Friedhoff, 10, Gloucester-place, London, W.1. (Tele- 
phone : WELbeck 9971.) 

PHYSICAL SOCIETY’s EXHIBITION.—-Friday, April 6, 
to Wednesday, April 11, at the Royal College of Science 
main building, Imperial Institute-road, and the Huxley 
Building, Exhibition-road, South nsington, London, 
S.W.7. Organised by the Physical Society, 1, Lowther- 
gardens, London, 8.W.7. (Telephone: KENsington 
0048.) See also page 30, ante. 

Swiss INpDusTRIES Fatir.—Saturday, April 7, to 
Tuesday, April 17, at Basle. Apply to Division Econo- 
mique, Swiss Legation, 18, Montague-place, London, 
W.1. (Telephone : PADdington 0701.) 


EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
TEST GEAR FOR THE RADIO, TELEVISION, ELECTRONIC 
AND TELECOMMUNICATIONS INDUSTRIES.—Tuesday, April 
10, to Thursday, April 12, at Grosvenor House, Park- 
lane, London, W.1. Particulars from the Radio and 
Electronic Component Manufacturers’ Federation, 22, 
Surrey-street, Strand, London, W.C.2. (Telephone: 
TEMple Bar 6740.) 


LifGE INTERNATIONAL Fatr,—Saturday, April 21, to 
Sunday, May 6, at Coronmeuse, Liége. Apply to the 
Foire Internationale de Liége, 17, Boulevard d’Avyroy, 
Liéze. 

BRITISH INDUSTRIES FAIR.—Monday, April 30, to 
Friday, May 11, at Earl’s Court, S.W.5, and Olym- 
pia, London, W.14; and Castle Bromwich, Birmingham. 
Particulars from the Director, British Industries Fair, 
Board of Trade, Lacon House, Theobald’s-road, London, 
W.C.1 (Telephone: CHAncery 4411); or the general 
manager, British Industries Fair, 95, New-street, Bir- 
mingham, 2 (Telephone: Midland 5021), 


INTERNATIONAL INTERNAL-COMBUSTION ENGINE COoN- 
GREss.—Tuesday, May 8, to Saturday, May 19, in Paris. 
Organisers: Le Syndicat des Constructeurs de Moteurs 
& Combustion Interne, 11, Avenue Hoche, Paris, 8e. 
See also our issue of December 1, 1950, page 438. 


THIRD GAUGE AND TOOL EXHIBITION.—Tuesday, 
May 15, to Friday, May 25, Royal Horticultural Hall, 
Vincent-square, London, 8.W.1. Organised by the 
Gauge and Tool Makers’ Association, Standbrook House, 
Old Bond-street, London, W.1. (Telephone: REGent 
3451.) 


THIRD WORLD PETROLEUM CONGRESS.—Monday, 
May 28, to Wednesday, June 6, at the Ridderzaal, 
The Hague, and the Kurhaus, Scheveningen, Holland, 
Further information obtainable from the secretary, 
the Institute of Petroleum, 26, Portland-place, London, 
W.1. (Telephone: LANgham 2250.) 


JOINT ENGINEERING CONFERENCE.—Monday, June 4 
to Friday, June 15, in London. Organised by the Insti- 
tutions of Civil, Mechanical, and Electrical Engineers. 
See also page 49, ante. 


TairD BRITISH ELECTRICAL POWER CONVENTION.— 
To be held during week commencing Monday, June 18, 
at Brighton. Information obtainable from the secretary 
of the Convention, 16, Stratford-place, London, W.1. 
(Telephone : MAYfair 6411.) 


Royal AGRICULTURAL SHOW.—Tuesday, July 3, to 
Friday, July 6, at Cambridge. Apply to the Royal 
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Agricultural Society of England, 16, Bedford-square, 
London, W.C.1. (Telephone : MUSeum 5905.) 


WELSH INDUSTRIES FAIR.—Wednesday, July 4, to 
Saturday, July 14, at Cardiff. Further particulars 
obtainable from the secretary of the Fair, 17, Windsor- 
place, Cardiff. (Telephone : Cardiff 5452.) 

BRITISH INSTRUMENT INDUSTRIES EXHIBITION.—Wed- 
nesday, July 4, to Saturday, July 14, at the National 
Hall, Olympia, London, W.14. Further information 
obtainable from Messrs. F. W. Bridges and Sons, Limited, 
Grand Buildings, Trafalgar-square, London, W.C.2. 
(Telephone : WHItehall 0568.) 

BRITISH ASSOCIATION.—Wednesday, August 8, to 
Wednesday, August 15, at Edinburgh. Apply to the 
joint local secretaries : Dr. G. B. Warburton, 11, Grace- 
mount-road, Edinburgh, 9, and Mr. J. D. Robson, 
Engineering Department, Edinburgh University, May- 
field-road, Edinburgh 9. See also page 81, ante. 

8TH INTERNATIONAL CONGRESS OF REFRIGERATION.— 
Wednesday, August 29, to Tuesday, September 11, at 
Church House, Westminster, London, S.W.1. Held 
under auspices of International Institute of Refrigeration. 
Apply to the secretary of the Congress, Dalmeny House, 
Monument-street, London, E.C.3. (Telephone : AVEnue 
6851.) See also page 77, ante. 

ENGINEERING AND MARINE EXHIBITION.—Thursday, 
August 30, to Thursday, September 13, at Olympia, 
London, W.14. Organisers: Messrs. F. W. Bridges and 
Sons, Limited, Grand Buildings, Trafalgar-square, Lon- 
don, W.C.2. (Telephone : WHItehall 0568.) 

EUROPEAN MACHINE-TOOL EXHIBITION.—Saturday, 
September 1, to Monday, September 10, at Paris. Further 
particulars obtainable from the General Commissary of 
the Exhibition, 2 bis, Rue de la Baume, Paris, 8e. See 
also page 34, ante. 

BUILDING RESEARCH CONGRESS.—Tuesday, September 
11, to Thursday, September 20, in London. Detailed 
information may be obtained from the organising secre- 
tary, Building Research Congress 1951, Building Re- 
search Station, Bucknalls-lane, Garston, Watford, 
Hertfordshire. (Telephone: Garston 2514.) 

33RD NATIONAL METAL CONGRESS AND EXPOSITION,— 
Thursday, October 11, to Saturday, October 20, at 
Detroit, Michigan, U.S.A. Apply to Mr. W. H. Eisen- 
man, secretary, American Society for Metals, 7301, 
Euclid-avenue, Cleveland 3, Ohio, U.S.A. See also 
page 79, ante. 

WoRLD METALLURGICAL CONGRESS.—Monday, Octo- 
ber 15, to Friday, October 19, at Detroit, Michigan, 
U.S.A., under auspices of the American Society for 
Metals. Apply to Mr. W. H. Eisenman, secretary, 
American Society for Metals, 7301, Euclid-avenue, 
Cleveland 3, Ohio, U.S.A. See also page 79, ante. 

26TH INTERNATIONAL BICYCLE AND MorTor-CyCLE 
SHow.—Saturday, November 10, to Saturday, Novem- 
ber 17, at Earl’s Court, London, W.14. Organisers : 
British Cycle and Motor-Cycle Manufacturers’ and 
Traders’ Union, Limited, Coventry. (Telephone : 
Coventry 62511.) 





THE MEASUREMENT OF PHASE DISTORTION.—-To mea- 
sure the phase distortion, which is present in all tele- 
communication transmission systems but may be par- 
ticularly noticeable on television screens, the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, have designed apparatus for use on the 
London-Birmingham television radio-relay link and on 
the Birmingham-Manchester and London-Cardiff coaxial 
cable television links. Each equipment will provide 
direct-reading measurements of the group delay of a 
120 kilocyele band in the vision-frequency band width 
to an accuracy of 0:005 microsecond. A _ pilot com- 
parison frequency is transmitted through the system 
being measured so that the equipment can be used when 
the terminal stations are several hundred miles apart. 


THE LATE Mr. A. E. RAYNER.— Members of the Insti- 
tution of Electrical Engineers will learn with great 
regret of the death of Mr. A. KE. Rayner, which occurred 
on Monday, January 15, at the age of 63. He was 
appointed a junior clerk to that body in 1900 and when 
he retired in 1947 had therefore been a member of the 
secretarial staff for nearly 50 years. At the time of his 
first appointment the staff numbered five male persons 
and the membership was about 7,000. When he retired 
the latter figure had risen to over 31,000, with a corre- 
sponding increase in staff and responsibilities. He served 
under four secretaries—Mr. W. G. McMillan, Mr. G. C. 
Lloyd, Mr. P. F. Rowell, and Mr. W. K. Brasher—and 
was appointed assistant secretary in 1933, when Mr. 
R. H. Tree, who had been chief clerk for many years, 
retired ; and a re-organisation took place. He had a 
profound knowledge of every branch of the Institution’s 
activities and was always willing to help members and 





others from the depths of his experience. 


LABOUR NOTES. 


THE increasing importance of man-power questions, 
and the consequent development of the Ministry of 
Labour and National Service into one of the Govern- 
ment’s key Departments, is exemplified in the ap- 
pointment of Mr. Aneurin Bevan to the office of 
Minister of Labour in succession to Mr. George Isaacs, 
on the latter’s appointment as Minister of Pensions. 
One of the new Minister’s larger tasks will be to organise 
the nation’s labour force for the carrying out of the 
rearmament programme, and, at the same time, cause 
the minimum possible dislocation to other neces 
production. Earlier estimates that some 250,000 work- 
people would have to be diverted from industry to 
defence production are being replaced by figures more 
than twice as large. It seems certain, therefore, that a 
considerable curtailment of Britain’s export trade will 
result from the transfer of so much labour and so many 
factories to the production of military equipment. 
Conversely, the need is greater than ever for an improve- 
ment in exports, to meet some of the cost of rearma- 
ment. But that would require an increased, not a 
decreased, reservoir of industrial man-power. 





Additional complications to the man-power problem 
are provided by the need for men to join the Armed 
Forces and for others to undertake periods of specialised 
military training. In this connection, the Cabinet were 
to consider yet again, at their meeting yesterday, the 
calling-up of Z-class reservists, and it is possible that 
a Government statement will have been issued on this 
important man-power question, by the time these 
notes appear. The prolonged period of Government 
indecision, however, has already caused a certain 
amount of tension to many of the four million men 
concerned which, in turn, has tended to have a slowing- 
down effect upon their production. The extent to which 
Mr. Bevan is able to reconcile these conflicting demands 
for labour may largely determine the measure of his 
success in his new office. 





Mr. Bevan is due to attend a meeting of the National 
Joint Advisory Council next Wednesday and seems 
certain to seek their advice and assistance, in tackling 
the various aspects of the labour problem with which 
he is confronted. The practicability of seeking a 
return to a 48-hour working week, in view of the 
existing shortage of metals, may also be discussed 
then. His predecessor, Mr. Isaacs, had discussions 
with the defence Departments on the feasibility of 
returning to the coal-mining industry the four to five 
thousand miners now serving in the Forces, and Mr. 
Bevan will, no doubt, wish to pursue that issue to a 
conclusion. The Minister was himself a coal-miner, 
and, at one time, an official of the South Wales Miners’ 
Federation. In a speech at Edmonton on January 18, 
after the announcement of his transfer to the Ministry 
of Labour, Mr. Bevan referred to these “ natural 
advantages ” for his new office and stated that he ex- 
pected to be on very cordial terms with his trade-union 
friends. They would have no personal difficulties. 





Engineering trades, including those engaged on the 
production of motor vehicles and in shipbuilding, 
would be the first to feel the direct effect of the 
Government’s rearmament programme, according to a 
speech by Mr. Hugh Gaitskell, the Chancellor of the 
Exchequer, at Leicester, on January 21. He stated 
that it would be easy for Britain to let its import trade 
decline and to allow industry generally to make do 
with its existing plant and machinery. For a time the 
nation would not suffer much, but, in a few years, 
such a policy would prove fatal. To pay for its 
imports, the country would have to get further into 
debt, or else, spend its gold reserves. In either event, 
the long struggle to regain Britain’s prosperity would 
have to be begun afresh, and that must be avoided. It 
was also essential to resist the temptation to push the 
burden of present expenditure on to the future, by 
forcing industry to manage with obsolete plant. 





Interference with supplies to the engineering trades, 
whether for export purposes or for home investment, 
had to be limited as much as possible, the Chancellor 
continued, and it was, in fact, essential that production 
should be increased, to the fullest extent that the sup- 
plies of raw materials permitted. When, however, all 
efforts in that direction had been exhausted, people must 
be ready to cut down consumption. For example, if it 
was impossible to maintain the export of engineering 
products, it would be necessary to replace them by 
increased exports from the consumer-goods industries. 
The Government must see to it that the labour needed 
for defence purposes was diverted to that service from 
less essential work, that is, from producing goods or 
providing services which, although desirable, could be 








given up without undue hardship. By these mea: 
only, the Chancellor concluded, could it be ensurc i 
that the impact of rearmament did no fatal damage ‘5 
the country’s future. 


Some increases in wages are to be granted to seameii, 
according to an announcement made in London, ©. 
January 17, by the National Maritime Board, which :s 
a joint body comprising representatives of both ship- 
owners’ and seafarers’ organisations. The demands «f 
the National Union of Seamen, which has a member- 
ship of over 140,000 merchant seamen, included 
requests for a 48-hour working week in place of the 
existing one of 56 hours, increased pay for both foreigi 
and home services, and the payment of weekly alloi- 
ments to seamen’s dependents. They also asked fur 
higher compensation for Sundays spent at sea. The 
Board stated that agreement was reached on the 
claims but that two important matters, the application 
of the concessions to radio officers and to home-trade 
officers generally, were still under considergtion. It is 
understood that another meeting of the full Board 
took place last Wednesday and details of the complete 
agreements were announced yesterday. 





The agreement reached on January 11 between the 
National Coal Board and the executive committee of 
the National Union of Mineworkers, and summarised 
on page 82, ante, was accepted in full by a delegate 
conference of the Union at York on January 17. here 
was only one dissentient among the 180 delegates 
present at the meeting, which was held in private and 
lasted for over three hours. Sir William Lawther, the 
President of the N.U.M., presided. The delegates 
approved the setting up of a joint committee of mem- 
bers of the Union and of the National Coal Board to 
review the progress made in carrying out the new 
agreement. In cases where colliery outputs are not 
up to expectations, or where absenteeism is large, the 
Union will take action through its branches at the 
request of this committee. Another joint committee 
will investigate proposals for the miners’ supplementary 
pension scheme. 





A further committee was formed at the meeting to 
continue the complicated task of framing proposals 
for a new wage structure for the coal-mining industry. 
There are many difficulties to be overcome, and some 
anomalies to be ironed out, before proposals likely to 
meet with general approval can be put forward. Work 
by the N.U.M. on this question has been proceeding 
now for some twelve months. A fourth committee 
was set up to investigate matters relating to miners’ 
welfare, and to report to the Union’s executive com- 
mittee. It is estimated that the annual cost of the 
concessions made by the National Coal Board will 
amount to about ten million pounds. This is in addi- 
tion to the increases granted a few months ago, which 
are expected to cost another four million pounds a year. 
The Board is likely to seek permission from the Ministry 
of Fuel and Power to increase the price of coal to meet 
the cost of these improvements in miners’ wages and 
conditions. An increase of from 1s. 6d. to 2s. a ton is 
being suggested in some quarters. 





Representatives of the Colliery Winders’ Federation 
of Great Britain and officials of the National Union of 
Mineworkers met in York on January 16, to discuss 
matters of interest to the two bodies. Colliery engine- 
men, of whom some 2,000 belong to the Federation, 
have gained many benefits from the recent agreement 
between the N.U.M. and the National Coal Board, 
and a large measure of understanding between the, 
Federation and the Union was reached at the joint 
meeting. It was agreed that a sub-committee repre- 
senting the two organisations should be appointed to 
work out details for the merging of the Federation with 
the Union. When this scheme matures, the Federation 
will cease to exist as a separate body and its members 
will join the Union. 





Patternmakers’ dissatisfaction with the recent award 
of wage concessions to employees in the engineering 
industry was referred to by Mr. W. B. Beard, O.B.E., 
the general secretary of the United Patternmakers 
Association, at a meeting of the Glasgow branch of 
the U.P.A. on January 16. Their strong disapproval 
was due mainly, Mr. Beard stated, to a feeling that the 
Association had not received a fair deal in the settile- 
ment between the employers and the Confederation of 
Shipbuilding and Engineering Unions. The concessions 
made to patternmakers in the agreement reacied 
between the parties in 1946 had been ignored. Th se 
concessions had been granted in recognition of t!ir 
highly skilled and responsible work, but the sow 
engineering wage agreement imposed upon then: 4 
general settlement, giving little advantage, if @ y, 
to members of the Association engaged on piecewo! 
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THE MECHANICAL ENGINEERING 
RESEARCH LABORATORY, EAST 


KILBRIDE.* 
By THe Late G. A.. Hankins, D.Sc. 
(Concluded from page 81) 

As already stated, Division D covers lubrication, 
wear and corrosion. Although lubrication has received 
much attention by research workers, and the literature 
1s unusually extensive, much of the work reported has 
been empirical in character, being related to specific 
problems. It provides little guidance to a designer 
faced with an entirely new situation. Also, much of 
the theoretical work that has been done in the past 
1S presented in terms which render application to 
practical conditions difficult, if not impossible. The 
obvious need is a basic study covering the whole field, 
and a programme of research has therefore been drawn 
up which presents a three-fold aspect as follows: re- 
search into fundamental reactions (mechanical, physical 
and chemical) that occur when two loaded surfaces slide 
pver one another, and into the mode of action of any 
lubricating material which may serve to separate them ; 
basic research into the modes of lubrication and 
Sccurrence of wear in specific machine elements, for 
€xample, oscillating bearings (for smal] ends) and high- 
Speed all bearings (for gas turbines) ; and application 
“ad results to the solution of particular industrial prob- 
ms. This three-fold approach is designed to enable 





: . Paper presented at a meeting of the Institution of 
oe and Shipbuilders in Scotland, held on Tues- 
ay, January 9, 1951. Abridged. 
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new extensions in our fundamental knowledge to be 
rapidly translated into engineering terms. The employ- 
ment of physicists, chemists and engineers in the same 
team will, it is hoped, endow the work with a unity 
of purpose not attainable when fundamental and 
applied research are carried out in separate centres. 
Actual work on this programme was commenced in 
temporary buildings at Thorntonhall in 1949, a nucleus 
of staff and equipment being transferred from the 
National Physical Laboratory. While space does 
not permit a full description of the work of the division, 
the following is presented by way of illustration. 

In a study of friction and wear, the bulk properties 
of the rubbing solids are of subsidiary interest to those 
of their surfaces. The surface of a metal is almost 
invariably covered by a film of oxide and has generally 
been affected by the process of formation ; for example, 
it may have become work-hardened. Surfaces are 
studied by means of an electron-diffraction camera. 
An electron beam is directed at a minute portion of the 
surface under investigation, and the resultant scattering 
of electrons reveals the atomic arrangement of the 
material in the extreme surface region. Analysis of 
the pattern made by the scattered electrons enables 
deductions to be made regarding the chemical constitu- 
tion or the physical state of the surface. Another 
technique used in the laboratory is to remove oxide 
films for detailed study and analysis by dissolving away 
the interface by iodine or similar reagent. This class 
of work is carried out in a physics laboratory, which is 
also equipped for such small-scale work as electrolytic 
preparation of specimens for micrography and the 
determination of viscosity of lubricants. 

The study of lubrication may be divided roughly into 


two parts—hydrodynamic, wherein the relative motion 
of the two components generates sufficient pressure in 
a fluid between them to counterbalance the applied 
load, so that there is no metallic contact ; and boundary 
lubrication, where the hydrodynamic pressure is absent 
and the lubricant itself must reduce friction and damage 
by some physical or chemical action. Many mechanisms 
function with rubbing components between which 
lubrication, is partly boundary and partly hydro- 
dynamic, and most bearings must rely on boundary 
lubrication at starting and until the relative speeds 
of the rubbing components have reached a value 
sufficient to enable hydrodynamic conditions to be 
generated. Therefore a knowledge of the action of 
boundary lubricants is important and machines have 
been devised for study under simplified conditions. 
In one of these, a spherically-ended slider is forced 
against a flat plate. which is propelled at constant low 
velocity by hydraulic pressure. The friction force is 


| measured by electrical-resistance strain gauges and the 


resultant damage is examined by a microscope. The 
speed is kept to a low value, 0-01 cm. per second, ‘in 
order that hydrodynamic conditions shall be absent. 

In other investigations it is desired to study lubricated 
systems under conditions which, though closer to those 
obtaining in actual mechanisms, are simplified to 
facilitate a study of the fundamentals of the process. 
In a machine used for this purpose a slider may be 
reciprocated at frequencies up to 3,000 per minute, 
the friction throughout each stroke being recorded’ by 
a cathode-ray oscilloscope. The machine provides 
useful information on such questions as the effect 
of surface finish on the wear of whitemetal against cast 
iron, the effect of speed on scuffing and on the per- 
formance of solid lubricants. 

Although it is economical, and sometimes essential] 
to study the effect of various factors in idealised experi- 
ments, when the factors involved become numerous their 
effects must be studied under conditions that approach 
more nearly to those in practice; for example, the 
achievement of satisfactory operation of ball and roller 
bearings in gas turbines has only been possible after 
considerable research in which actual bearings were 
tested at the speeds and loads of operation. A typical 
machine designed for this class of work is shown in 
Fig. 3, herewith. The inner races of the ball bearings 
under investigation are mounted in pairs on a 5-in. 
diameter shaft, and the outer races are secured in 
a housing to which radial load is applied through 
knife edges in a parallelogram lever system that offers 
no restraint to rotation of the housing in the direction 
of rotation of the shaft. This enables the friction on 
the bearing to be measured by counter-balancing the 
torque on the housing. Thrust load may be applied 
independently of radial load, and the capacity of the 
machine is 10,000 lb. radial and 15,000 lb. thrust load. 
The maximum speed is 15,000 r.p.m., though smaller 
machines in the laboratory are capable of 30,000 r.p.m. 

As implied in its title, the work of Division E 
(mechanisms and engineering metralogy) will be research 
on the characteristics and functioning of the many 
mechanisms and mechanical devices that are used 
in engineering practice and in manufacturing and 
production machinery, and the development and 
application of exact measurement and measuring 
devices to the elements of mechanisms and machines. 
In addition, the division will be concerned with the 
diagnosis, and the elimination or suppression, of noise 
in machinery of all kinds. These three basic subjects 
are closely related, since correct functioning of machines 
and the interchangeability of various parts are depen- 
dent on the accuracy to which the components have 
been made, while noise produced by machines and 
mechanisms in motion depends largely on clearances 
between the mating parts and the effect of errors in 
production. 

In general, advances in the design of mechanisms 
have been due mainly to the ingenuity of designers in 
relation to particular problems, and there has been no 
school or group responsible for the generic and basic 
study of the subject as a branch of engineering science. 
Research cannot take the place of invention in this 
important subject; but there is no doubt that a 
research team combining both the scientific outlook 
and, if possible, inventive ability, could make a valuable 
contribution. It is intended to form a team for this 
purpose ; it will be concerned both with the geometry 
and kinematics of mechanisms and with dynamic and 
inertia effects. The best starting point appears to be 
the study of particular mechanisms that are widely 
used in engineering design, and a start has been made 
on a scientific study of inertia effects in cams and 
followers, and on the functioning and design of steel 
strips used as pivots. Again, research on gears of 
various types is in progress at a number of places, but 
a systematic investigation to establish the basic con- 
ditions which limit performance is needed. Other 
important matters for research are chain drives, the 
dynamics of mechanisms using springs, the characteris- 





tics of dirigible linkages, and the use of gyroscopes. 
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Another major branch of the subject is the study and 
development of automatic controllers and servo- 
> songaaaaaae in their mechanical engineering applica- 
ions, 

Engineering metrology is indispensable in helping 
engineering production, and in due course some of the 
work which is in progress in the Metrology Division of 
the National Physical Laboratory will be further ex- 
panded at the Mechanical Engineering Research Labora- 
tory. Particular examples are measurements of gears, 
surface roughness and surface finish. In the past, 
engineering metrology has normally been concerned 
with static conditions, and the measurements made 
apply to components at rest and not under dynamic 
or loaded conditions. With modern high-speed 
machinery, however, it is becoming increasingly 
important to make accurate measurements under 
working conditions, and it is intended to develop what 
may be regarded as a new subject, namely, dynamic 
metrology. Some progress has recently been made in 
this matter in the Metrology Division of the National 
Physical Laboratory, making use of high-speed photo- 
graphy and sensitive electrical recording equipment.* 
As soon as possible, a specialised laboratory for the 
work of the division will be built as part of the Mechani- 
cal Engineering Research Laboratory. Meanwhile, a 
nucleus of the necessary staff has been formed in the 
Metrology Division of the N.P.L., where the men con- 
cerned are gaining valuable experience. This nucleus 
will be developed until it is sufficiently strong and 
experienced to be transferred as an efficient unit to 
the new laboratory. 

Division F covers the mechanics of the formation and 
the machine shaping of materials. Normally, engineers 
can tolerate only very small strains in the materials 
they use, and engineering design has been developed 
from the basic principle that stress is proportional to 
strain, the material being considered as completely 
elastic. In the manufacture of metallic and other 
materials, however, and in shaping them to the form 
in which they are used, full advantage is taken of the 
fact that they can be shaped and formed by causing 
them to flow plastically into the required shape. 
Examples of formation processes are hot and cold 
rolling of plate, sheet, strip and sections, forging of 
all kinds, pressing and deep drawing, drawing of wire, 
extrusion processes, and, as a special case, the machining 
of all ductile materials. To a very great extent the 
development of formative methods has been based on 
ingenuity and practical experience. There is now a 
growing realisation that if it could be placed on a 
sound scientific foundation, progress would be more 
rapid and economical. Accordingly, the main objec- 
tive of the research in this subject in the Laboratory 
is to obtain a fuller understanding of the laws of 
mechanics that govern the deformation of metals in 
formation processes, and to study the general subject 
of plastic deformation. ‘lhe scope of the work will 
vary from fundamental research on the mechanism of 
plastic deformation of metal crystals to controlled 
experiments on a substantial scale of particular forma- 
tion processes. The task will not be easy, since it 
will be necessary to formulate a theory of plastic 
deformation for various materials under any given 
stress system, and on the basis of this theory, to 
calculate the forces, stresses, and strains arising in 
any particular formation process. However, if this 
can be done it should then be practicable to design 
formation machinery such as rolling mills, presses, etc., 
on @ much more exact and economical basis than at 
present, 

The machining of metals is very largely a matter of 
plastic deformation. Obviously, a non-ductile material 
like glass cannot be machined in the same way as a 
piece of steel; but with a cutting tool on steel, for 
example, a very high intensity of pressure is created 
at the tool tip, flow of the work material occurs, and a 
chip is produced. In this subject of metal cutting 
and machining it is noteworthy that although a vast 
store of detailed practical experience exists, basic 
research in this country has been very small. Accord- 
ingly, the main object of the research on machining 
is to obtain a fuller understanding, based on the laws 
of mechanics and physics, of the way in which metal 
is removed in such operations as turning, milling, grind- 
ing, drilling, etc. A photograph of the temporary 
machinability laboratory now in use at Thorntonhall 
is reproduced in Fig. 4, herewith. Work so far has 
been concentrated on certain aspects of work-hard- 
ening which affect the mechanics of the cutting 
process, and on general planning. Research is now 
being started on investigations into the factors affecting 
friction in the cutting processes, the mechanism of tool 
wear, and the behaviour of lubricants and coolants 





* “Measurement of Progressive Errors in Machine 
Tools, Using High-Speed Photography,’”’ by C. Timms, 
ENGINEERING, vol. 168, page 679 (1949); also ‘ Record- 
ing Errors in Gear-Hobbing Machine Tables,” by C. 
Timms, ENGINEERING, vol. 169, page 307 (1950). 
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during the cutting process. Early attention will also 
be given to the “ roughness”’ of machined surfaces, 
including both the geometry of the surface and the 
properties of the surface layers produced by machining. 
The phenomenon known as “ chatter,” which plays an 
important part in limiting machining rates in practice, 
will also be studied. 

Finally, the work of Division G—heat transfer and 
applied thermodynamics. Heat transfer is present in 
some form or other in nearly all branches of mechanical 
engineering, and is also of major importance in a large 
number of related industries. In many process indus- 
tries, in chemical engineering, and in industrial and 
domestic heating, more efficient heat transfer would 
lead to large savings in fuel. Moreover, lack of know- 
ledge of heat transfer and of the exact way in which a 
particular piece of heat-exchange apparatus fulfils its 
purpose is liable to lead designers into the error of 
** over-design,” an insidious matter, because unneces- 
sary size and weight can remain hidden. Valuable 
research on heat transfer has been carried out in this 
country, but the amount has been small in relation to 
the great importance of the subject over a wide range 
of engineering practice, and there are many matters on 
which information is urgently required, for example, 
the temperature range must be greatly widened to 
cover present and future needs. In addition, it is clear 
that recent developments in compressible flow of gases 
and transformation of energy will call for heat transfer 
under unprecedented conditions. 

To meet these needs it has been decided to build a 
specialist heat-transfer research laboratory. The plans 
for this have been completed and building will com- 
mence almost immediately. The laboratory will com- 
prise physics-type laboratories for research on problems 
and physical properties not requiring large apparatus, 
and two large bays each 100 ft. in length by 50 ft. wide. 
One of these bays will provide facilities for research 
requiring somewhat larger apparatus, and will house a 
medium-speed wind tunnel specially designed for heat- 
transfer research. The other large bay is for experi- 
mental work on a substantial scale on practical heat- 
exchange apparatus. For work of this nature, sub- 
stantial supplies of steam, electricity, cooling water, 
etc., are required. The following figures show some 
of the provisions being made: steam at about 100 lb. 
per square inch (8,000 lb. per hour at any time, rising 
to 22,000 lb. per hour when space-heating load is off) ; 
steam at 750 lb. per square inch (3,000 Ib. per hour) ; 
electricity : 1,000 kVA; cooling water: a 10-million 
B.Th.U. per hour cooling tower; and refrigeration : 
50 tons (i.e., about 600,000 B.Th.U. per hour). 

The programme of work for some years will be con- 
cerned with the correlation of existing data and the 
presentation in a form suitable for use in industry ; 
measurement of physical properties such as conduc- 
tivity and viscosity ; forced convection for flow over 
pipe banks with and without fins; convection inside 
pipes ; heat transfer in the presence of condensation and 
ebullition ; heat transfer in the unsteady state; and 

roof and semi-scale tests on heat-exchange apparatus. 

he further development of steam boilers, turbines, 





refrigerators, internal-combustion engines and all types 
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of heat engines, is dependent on a knowledge of the fun- 
damental thermodynamic properties of the working 
fluid over ranges of temperature and pressure far 
beyond those required by present-day practice. Further- 
more, outside the field of power generation, there is an 
urgent need for thermodynamic data in the mechanical 
engineering and kindred industries in order to facilitate 
processes such as gas separation. These needs are 
receiving attention, and a programme of work involving 
the collection of thermodynamic data on a dozen or 
more substances has been initiated, and it is intended 
to publish tables of thermodynamic properties in forms 
suitable for various users. The important thermo- 
dynamic properties are enthalpy (total heat), entropy, 
specific and latent heats, free energy function, and 
P-V-T data. These are required for many industrial 
gases, including air, steam, hydrogen, helium, and many 
hydrocarbons. Thermodynamic charts such as tem- 
perature-entropy and enthalpy-entropy will, of course, 
also be prepared. 





CONTRACTS. 


EDGAR ALLEN & Co., LTD., Imperial Steel Works. 
Sheffield, 9, have secured an order for approximately 
1,200 tons of manganese-steel castings for lining ball 
and rod mills at a large copper mine in Chile. Some 
260,000 United States dollars are involved in the trans- 
action. It is intended that a portion of the castings 
shall be made in the steel foundry of Edgar Allen’s sub- 
sidiary company in France. 

Hoist & Co., Ltp., Netherfield, Berkhamsted, Hert- 
fordshire, have received an order from British Railways 
(London Midland Region) to build a concrete barrel-vault 
roof at St. Pancras coal bay, Pancras-road, London. 


REDPATH BROWN & Co., LTD., Trafford Park, Man- 
chester, 17, are to supply, deliver, and erect steelwork 
at the Liverpool Brunswick Dock rail-head depot of 
British Railways, London Midland Region. 


THe CLEVELAND BRIDGE & ENGINEERING Co., LTD., 
Darlington, have been awarded a contract for a new 
bridge over the Middle Harbour, at the Spit, Sydney, 
Australia. The bridge is to be 745 ft. long and will carry 
a 44-ft. wide roadway and two footways. The super 
structure is to be of welded steel construction and there 
will be six fixed spans, each approximately 100 ft. long, 
and an opening span of the bascule type, measuring 
about 130 ft. The operation of the opening spa” is by 
electrical gear with a stand-by electric generator set * 
case of power failure, and a further emergency drive by 
petrol engine. The bridge is to be carried on abutments 
and piers founded under the bed of the estuary at a 
maximum depth of over 100 ft. below water level. 
The value of the contract is approximately 4 0 ,0001., 
and it will take four years to complete. 


Harry FeErGuson Ltp., Coventry, have received 
orders for 1,000 tractors for delivery to Turkey ~ — 
as possible. Several Turkish mechanics are at arr 
receiving specialised training at the Ferguson T™™” 
School, at Stoneleigh Abbey, Warwickshire. 
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STANDARDISATION OF NEW 
COACHING STOCK ON BRITISH 
RAILWAYS.* 


By S. G. Smra. 
(Concluded from page 87.) 


DvuRING the development of the design of the all-steel 
body, a considerable amount of investigation work was 
carried out on the most suitable material to be used 
for the body framing and exterior panelling, in order 
to ensure that no difficulty would be experienced in 
obtaining cold pressings identical to one another in 
shape and section and that a minimum of distortion 
would occur in welding. Particular attention was also 
given to the attachment of the body sides to the 
underframes, and a number of alternative proposals 
were discussed with the workshops. Tests were carried 
out to ensure that the attachment adopted for the 
pillar feet would be stronger than the pillars them- 
selves, and that it would fully unite the strength of the 
body with that of the underframe so that the combined 
structure would offer a maximum resistance to vertical 
and end loads. 

The new standard underframes have been designed 
to make full use of rolled-steel sections and plates 
manufactured in accordance with B.S. Report No. 24, 
Part 6, Specification 18. The adoption of automatic 
couplers and Pullman gangways determined the prin- 
cipal feature of the underframe, which consists of a 
strong centre girder, continuous throughout the length 
of the frame, with cantilever outriggers to the solebar 
on each side and with abutments to transmit the side 
buffing loads to it. By this means the material is 
used to the best advantage, as the concentration of 
strength in the centre girder, with the steadying 
influence of the outriggers and solebars, causes all the 
underframe members to function either in compression 
or tension when resisting end loads applied on the 
automatic couplers, the side buffers or the buffers of 
one side only. 

This arrangement compares favourably with under- 
frames of conventional design which require their 
heavy solebars to be strengthened between the truss 
anchorages and the headstocks with either flitch plates 
or additional members, to enable them to withstand 
side-buffer loads, because little assistance is given to 
them by the other members of the underframe. They 
also require additional members to transfer the end 
loads taken on the automatic couplers to the solebars, 
as the longitudinal members in the middle of the under- 
frame have insufficient strength to perform this duty. 
A further advantage of the new underframe is that 
the equipment carried below is more readily accessible 
for inspection and maintenance because of the absence 
of solebar truss angles. 

One of the features of the new frame is the use 
which has been made of T-sections, which has enabled 
adequate welded attachments to be obtained without 
the use of corner gusset plates. In addition, the design 
is suitable for mass production, as the major parts can 
readily be manufactured as sub-assemblies for welding 
together in rotating jigs. The majority of the members 
can be prepared for assembly with a minimum of 
fitting by shaping the ends with oxy-acetylene cutting 
equipment. hen the preliminary designs were dis- 
cussed with the workshops, this was their most par- 
ticular requirement. The underframes are built with 
a camber of $ in. + 4 in. measured between the head- 
stocks. 

The bogies have been designed to use rolled-steel 
sections and plates to B.S. Report No. 24, Part 6, 
Specification 18, which are readily obtainable. The 
members are riveted together, as this form of assembl 
is considered to be better suited to withstand the 
racking strains to which bogies are subjected than 
welded construction. The same design of bogie frame 
is used for all types of B.R. carriages, but for the heavier 
kitchen and pantry cars, which will weigh more than 
45 tons in service order, the solebars have been 
strengthened by means of stiffening plates welded to 
the top flanges. In addition, stronger springs, wheels 
and axles have been used for the heavy bogies, and 
in order to provide an ample margin of safety in both 
standard and heavy bogies the stress in the axles at the 
wheel seats was restricted to 18,000 Ib. per square inch, 
with a stress concentration factor of 1-51. The axles 
have been designed with raised wheel seats so that the 
area, of maximum stress will be concentrated in the 
body of the axle, which is smaller, instead of being at 
the wheel seat. Should a defect occur it will be in a 
visii:'e portion of the axle. The majority of axle defects 
which have occurred previously have been in the 
Wher! seat, where they have been covered by the wheel 
boss, and only discovered by means of ultrasonic 
testing equipment. 
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The use of 9-in. by 4§-in. journals at 6-ft. 6-in. centres 
has enabled axleboxes of the L.M. Region type to be 
embodied in the design; 10-in. by 5-in. journals at 
6-ft. 6-in. centres have been used for the heavy bogies, 
with axleboxes having identical guide-ways to those 
for the 9-in. journals to permit standard spacing of 
horn cheeks. Wheels 3 ft. 6 in. in diameter on the 
tread have been adopted as standard, and thereby a 
reduction in weight of 1} cwt. per bogie has been 
effected, as compared with 3-ft. 74-in. diameter wheels, 
without any loss of riding quality. The clearances 
between the flanges of the wheels and the underside of 
the floor and underframe members and equipment have 
also been increased. A standard bogie wheelbase of 
8 ft. 6 in. has been adopted, and this has effected a 
further reduction of weight per bogie as compared 
with the widely used 9-ft. type. The improved riding 
quality of the double-bolster arrangement, however, 
demands a certain price in the form of increased 
weight. 

General-purpose cold-reduced sheets of deep-drawing 
quality steel have been used for the pressings for the 
body side, end and roof framing and for the floor 
bearers, and when ordering this material it was specified 
that it should have a minimum tensile strength of 
18 tons per square inch and conform to the following 
analysis : carbon, 0-08 per cent. ; sulphur, 0-045 per 
cent. ; phosphorus, 0-02 per cent.; manganese, 0-35 
per cent. In addition, a few rolled-steel sections have 
been used for the body end framing and for parts of the 
roof. The number of different sections used for the 
body framing has been kept to a minimum. There is 
no objection, however, to using rolled-steel members, 
subject to their being of the same section and made of 
steel of similar quality. The whole of the 16-s.w.g. 
panels for the body sides, ends and roof were also 
ordered to this specification, ‘‘ flattened,” and in the 
case of the roof panels galvanised on both sides, in 
accordance with B.S. 798-1938, the zinc coating on 
each side being 14 to 1} oz. per square foot. 

The body-side, end and roof framing is fabricated 
by metallic arc welding, the body-side and end panels 
joined together by carbon arc welding, and welded in 
position to the framing by metallic arc welding. The 
roof panels are welded to the roof framing by metallic 
arc welding. A single roof design serves all the different 
body styles. Each sub-assembly is manufactured on 
jigs, and all framing members and panels are cleaned 
and painted before welding ; after welding, the com- 
plete sub-assembly is protected with anti-corrosive 
paint. The body ends are secured to the underframe 
by welding through slots in the base-plate portion of 
the end sub-assembly, and by the edges of the base- 
plate to the solebars and end longitudinals, additional 
attachment being provided by bolting the base-plates 
to the Pullman-gangway stem brackets which are 
secured to the outside of the headstocks. 

The body sides are secured to the underframe by 
welding the feet of the pillars to outrigger brackets 
welded to the solebars in the middle of the frame, and 
to continuous outrigger plates at the ends between the 
bolster and the headstock, the purpose of these con- 
tinuous plates being to strengthen the ends of the 
solebars and assist them in withstanding side buffing 
loads which might otherwise result in distortion of the 
body-side panels. After the pillars have been welded 
to the outrigger brackets and continuous outrigger 
plates, the floor bearers are welded at the ends to the 
pillars and to the outrigger plates and brackets, and 
also to the top of the longitudinals of the centre girder 
of the underframe, thereby reinforcing the body side 
attachment and tying the solebars across the under- 
frame, at the same time providing supports for the 
floor panels. The roof is secured to the body sides by 


Y| rivets. The body sides, ends and roof are joined by 


metallic arc welding. The exterior doors are made on 
a welded frame built up of light steel sections, flitched 
with hardwood, with steel panels on the outside and 
plywood panels on the inside. An all-steel door frame 
is, however, being developed. 

The carriages are equipped with automatic vacuum 
brakes, with two 22-in. combined-type cylinders of a 
new design, together with direct-admission valves 
adjacent to each. The design of cylinder is based on 
the Western Region standard type, embodying a 
slipping band, in lieu of the rolling ring as used by the 
other regions. A brake efficiency of approximately 
90 per cent. of the tare weight, based on an effective 
cylinder pressure of 8} lb. per square inch, is provided 
on all cars with the exception of kitchen and pantry 
cars, which have a brake efficiency of 75 per cent. of 
the tare weight because of the small variation in load 
carried. This has enabled one standard size of cylinder 
to be fitted to all standard coaches. The bogies are 
equipped with Western Region-type non-compensating 
brake rigging, with refill-type cast-iron brake blocks. 

The lighting of the standard carriages, other than 
kitchen and pantry cars, is by means of a 24/32 volts 
axle-driven shunt-field dynamo in conjunction with a 

tor and a battery of 12 lead-acid accumulator 
cells. After a careful examination of all available 





types, the Wolverton system has been used because it 
requires little attention in traffic and provides unsur- 
passed reliability with a minimum of maintenance. 
This does not prohibit the use of proprietary equip- 
ment, which, however, when used, will be required 
to incorporate certain features of the Wolverton 
system and be interchangeable with the relevant com- 
ponents. 

The carriages are equipped with steam heating, each 
compartment being warmed by two tubular gilled 
heaters. Similar heaters are also provided at the 
ends of saloons, with body side-panel heaters elsewhere, 
and each lavatory has a smaller body side-panel heater, 
the outlet from each heater being open to atmosphere. 
The heaters are thermostatically controlled and, in 
addition, passenger regulators are provided which 
operate the valves by Arens remote control. Steam 
to the 1}-in. bore main pipe passes through a filter in 
the middle of each coach to a 1-in. bore auxiliary pipe, 
which feeds all the heaters of the coach through } in. 
outside diameter copper branch pipes. 

The automatic coupler is almost identical with those 
in use for many years on the E. and N.E. and Southern 
Regions’ standard main-line vehicles, many of the 
parts being interchangeable with similar details on 
existing stock. It was necessary, however, to provide 
in the underframe structure a more robust form of 
buffing trimmer to withstand the end load of 200 tons. 
The coupler itself is the Buckeye drop-head standard 
steel casting, and the drawbar, tail-pin, etc., are steel 
forgings to B.S. specification. An emergency screw 
coupling of the standard regional design, for use with 
auto-coupler stock, is carried on the underframe head- 
stock at one end of the coach, for use when coupling 
to coaches not so fitted. The retractable side buffers 
are of orthodox design, though the underframe con- 
struction did not permit the use of standard regional 
details. Drawgear shocks are absorbed by the three 
rubber springs, and central buffing shocks by five rubber 
springs. The side buffing arrangement is suitable for 
the use of either steel or rubber springs, both alter- 
natives having been designed to absorb 22} in.-tons of 
energy per buffer. The Pullman gangways are similar 
to those previously used by the Eastern and North 
Eastern and Southern Regions, but in order to reduce 
noise and to facilitate the removal of the lavatory tanks, 
the top plungers and springs have been replaced 
by short telescopic plungers containing springs mounted 
on the outside of the body ends. In addition, the 
gangway diaphragms, hoods and side curtains have 
been manufactured in non-inflammable plasticised 
asbestos fabric, and chequered aluminium tread plates 
have been used. 

The 1951 building programme for main-line corridor 
coaches covers the first stage of standardisation. 
Much remains to be done, and design work has already 
commenced on non-corridor stock for both steam and 
electric services; some special adaptations of the 
corridor stock already designed will also be called for 
in connection with the longer-distance electric services 
using multiple-unit stock. Designs are also in hand 
for first and third class sleeping cars which will use 
the standard underframes and bogies, and a consider- 
able variety of non-passenger-carrying coaching stock 
has yet to be undertaken. It is clear that the majority 
of standard sections and components already used in 
the corridor stock will also be adaptable to these 
further types, so that the benefits of this scheme of 


‘standardisation will be increasingly felt as it is extended 


over the whole range of new stock. While, as indicated, 
there has been continuous contact with the sho 
production side in the preparation of the designs, it is 
anticipated that when the vehicles go into production 
many suggestions will come from the shop floor for 
more economical production, or for better use of existing 
equipment. It is intended to keep the designs suffi- 
ciently fluid so that all such worth-while suggestions 
can be incorporated. 





ALMANACS AND CALENDARS.—A copy of the South 
African Pictorial Calendar for 1951, issued by the pub- 
licity and travel department of South African Railways, 
has been sent to us by their commercial representative 
in London, whose address is South Africa House, Trafal- 
gar-square, W.C.2. This wall calendar consists of 
detachable weekly sheets, each containing a large-size 
photographic illustration of South African scenery, or 
of some aspect of life in that Dominion. We have also 
received monthly tear-off wall calendars from Messrs. 
British Ropes, Limited, Carr Hill, Doncaster; Messrs. 
Robey and Company, Limited, Globe Works, Lincoln ; 
and Messrs. Hills (West Bromwich), Limited, Albion- 
road, West Bromwich. Weekly tear-off engagement 
pads for desk use have reached us from Messrs. A. C. V. 
Sales, Limited, 49, Berkeley-square, London, W.1 ; 
the Vaughan Crane Company, Limited, West Gorton, 
Manchester, 12; and Ferunion, the Hungarian trading 
organisation for technical goods, Post-Office Box 74, 
Budapest 53. 
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ANNUALS AND REFERENCE BOOKS. 

Post Office London Directory, 1951.—The 152nd 
annual edition of this well-known work of reference 
has been published recently. As has been the case 
for many years past, the contents are divided into 
four principal sections, namely, a street directory, 
a private-residents’ directory, a commercial and pro- 
fessional directory and a classified trades section. 
Other, shorter, divisions, comprise a law section, a 
parliamentary directory, a postal-information section, 
an Official section, a list of city and municipal officers, 
a clerical and ecclesiastical section, a transport and 
county gazetteer covering the British Isles, and a 
banking section. Many changes have occurred since 
the last edition of the Directory appeared a year ago 
and the task of revising and producing each new 
edition is obviously a very heavy one. The well- 
thumbed pages of the Directory in offices, libraries, 
railway stations, and elsewhere show the frequency 
with which it is consulted and are also an indication 
of the reliance placed in its contents. A street plan, 
arranged in four sections and drawn to a scale of 4 in. 
to the mile, is provided in a separate case. The 
adequate general index and the guide to the contents 
provided greatly facilitate reference to the 2,800-odd 
pages of information contained in the Directory. The 
publishers are Kelly’s Directories, Limited, 186, Strand, 
London, W.C.2, and the price is 51. 


Fire Protection and Accident Prevention Year Book, 
1951.—This handy little publication contains not only 
detailed information concerning public and industrial 
fire brigades and salvage corps in the United Kingdom 
but is also a work of reference dealing with the science 
of fire prevention and extinction. In addition, a desk 
diary and sections covering fire brigades in the Com- 
monwealth and Empire, the United States and other 
foreign countries are included. In other sections are 
to be found particulars of Government departments, 
institutions, societies and associations concerned with 
fire protection and fire fighting, lists of manufacturers 
of fire equipment and appliances, the main features of 
the Factories Acts, and regulations and other matters 
regarding industrial accident prevention and civil 
defence. The year-book portions of the volume con- 
tain useful chapters on such matters as ‘‘ Fire Brigades, 
Fire Protection and the Law,” by Mr. Peter Pain, and 
‘Fire Engineering and Technology,” by Mr. W. E. 
Whitehouse. The book is edited by Mr. Geoffrey F. D. 
Pratt and is published by Benn Brothers, Limited, 
Bouverie House, 154, p Bpetty London, E.C.4. 
The price is 10s. 6d., postage included. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Creep Tests.—The increasing use of metals at high 
temperatures has rendered essential accurate knowledge 
regarding the behaviour of metals at such tempera- 
tures. This has given rise to a considerable increase 
in creep testing and, in its turn, the need for standard 
methods and equipment has arisen, in order that proper 
comparisons may be made and correct interpretations 
given to the tests carried out by different authorities. 
Three specifications, prepared specially to meet the 
needs of the aircraft industry, have now been issued 
in the general series of the British Standards Institution, 
instead of, as originally intended, in the series for 
aircraft materials and components. They are B.S. 
No. 1686, covering long-period, high sensitivity tensile 
creep testing ; B.S. No. 1687, concerned with medium- 
sensitivity tensile creep testing; and B.S. No. 1688, 
dealing with the determination of time to rupture 
under stress, with or without the measurement of creep 
strain. In each case, the essential requirements of the 
testing machines and methods of test to be employed 
are given, and the specifications are applicable to tests 
on specimens from bars, plates, sections and sheets. 
[Price of each of the three specifications, 2s., postage 
included. ] 


Domestic Refrigerators.—Two specifications, B.S. No. 
922 and No. 1691, prescribe the general constructional 
requirements, methods of determining the performance 
and of computing the volume and shelf area of electrical 
refrigerators and food freezers for household use. 
The specifications differ from one another only in 
respect of temperature ranges and minimum test pres- 
sure ranges. Thus B.S. No. 922 is intended for all 
climates, but B.S. No. 1691 is for temperate climates 
only. B.S. No. 922 was first issued in 1940, while B.S. 
No. 1691 is a new specification and is complementary 
to, and based on, B.S. No. 922. [Price of each publica- 
tion 3s., postage included. ]} 





RADIO COMMUNICATIONS FOR 
POWER SYSTEMS.* 
By R. E. Martin. 


RaDIo communication can be of assistance in im- 
proving the continuity of electricity supply by main- 
taining contact between a control centre and a generat- 
ing station under emergency conditions, when normal 
communication channels have broken down; and 
by providing a means of communicating immediately 
with repair gangs in the field. This facility is desirable, 
particularly in cases where men are working on double- 
circuit lines with one circuit alive. If the live circuit 
trips out there is always a possibility that it may have 
been due to an accident to the maintenance gang, and 
it is therefore not safe to switch in again until there 
has been communication with the gang and permits-to- 
work have been cancelled. Similar circumstances arise 
when testing insulators with the lines alive, and also 
when it is required to put lines back into service at 
short notice. A typical scheme for a high-voltage 
network would consist of a number of transmitter- 
receivers located at certain substations. The vehicles 
used by engineers and line maintenance and construc- 
tion crews would be similarly equipped, and would then 
be able to maintain telephone contact with their head- 
quarters. As the equipment used on very high fre- 
quencies, 30 to 300 megacycles per second (10 m. to 
1 m.), is nowadays invariably crystal controlled, there 
are no tuning adjustments to be made by the operator ; 
and both the mobile and fixed stations are usually as 
simple to operate as an ordinary telephone. Further- 
more, maintenance is easily carried out with a minimum 
of test equipment. 

Standard commercial equipment operating in the 
70 to 90 megacycle band is used by the British Elec- 

















Fie. 1. 12-Warr Frxep TRANSMITTER. 

tricity Authority. It is possible by means of minor 
modifications to obtain three methods of working : 
simplex, two-frequency simplex and duplex. It has 
been found that simplex equipment, which allows 
only one station to speak at a given moment, gives 
excellent service for communication with line main- 
tenance parties. With the addition of voice-controlled 
switching at the fixed station, it is also possible to 
connect the equipment to a telephone system. Both 
amplitude- and frequency-modulated sets have been 
used and each have their merits, but the present 
trend is towards the use of the former, due to the 
greater complexity of the frequency-modulated re- 
ceivers. Up till October, 1949, the Authority had 
a total of 112 mobile stations and 32 fixed stations 
working in 17 groups in various parts of the country. 
The fixed stations are operated from the 230-volt, 
50-cycle supply, and are usually of 10, 12 or 50 watt 
radio-frequency output power. Mobile stations are 
arranged for 12- or 6-volt operation and are usually run 
from the vehicle battery. There are also a small num- 
ber of “ walkie-talkie’ pack sets and semi-portable 
units. The frequency allocations are such that the 
Generation Divisions have two channels, of which only 
one is at present used. The divisions are responsible for 
generation and high-voltage transmission, and a com- 
mon frequency is used throughout to enable their mobile 
parties to communicate with one another when working 
on high-voltage lines joining two divisions. The Area 
Boards have two pairs of frequencies, so that by 
allocating them alternately, it is hoped to avoid inter- 
ference between adjacent schemes. The exclusive 
use of the frequencies is necessary, in view of the 





* Paper read before the Conférence Internationale des 
Grands Réseaux Electriques & Haute Tension in Paris 
on Saturday, July 1, 1950. Abridged. 





possibility of danger to personnel and public power 
supplies which might arise due to the “‘ jamming ” and 
misunderstanding of messages concerning high-volt:ze 
switching operations. 

All present applications of radio by the British 
Electricity Authority are based on having one or both 
stations mobile. Some typical applications are as 
follows. The switches on rural lines may be mounted 
on poles or in kiosks and it is often necessary to inform 
the control centre after each operation. Considera})le 
time can be saved by eliminating journeys to the 
nearest telephone. Safety conditions are also im- 
proved, as the control centre has an up-to-the-minute 
picture of the switching conditions. It is often 
necessary to carry out line maintenance on one extra 
high-tension circuit while the second circuit remains 
on load. Should an accident occur at the mobile 
party it is essential for the line terminal station to 
confer with the maintenance party to ensure that it is 
safe to reclose the switches. In other cases, the 
mobile party may require further spares or tools and 
can telephone for them to be sent out, thus avoiding 
the delay incurred by their having to journey back to 
their headquarters. On some occasions, it may be 
necessary to put the line on which the men are working 
back into service at very short notice. It is therefore 
very helpful to be able to make contact with the main- 
tenance gang immediately by radio. 

Radio contact can be of great assistance in line- 
construction work, particularly when stringing and 
tensioning conductors at railway, road or river crossings. 
For this type of work, pack sets or “ walkie-talkie ” 
sets are very suitable. They should, however, be of 
very robust construction and should, if. possible, be 
waterproofed by hermetic sealing of the case. With 
amplitude-modulated vehicle equipment, it is possible 
to use the speech amplifier of the transmitter for 
public address in addition to its primary purpose of 
modulating the radio-frequency output. The necessary 
switching is performed by relays controlled from the 
operator’s position and the amplifier output is trans- 
ferred to a projection pattern loud-hailer speaker. 
This facility has been made use of when a line is being 
tensioned by a vehicle pulling on the conductor. When 
the appropriate tension is achieved, the engineer con- 
trolling the operation passes a brief message to the 
vehicle driver with the aid of a pack set. The vehicle 
driver can then cease pulling on the conductor, and 
switching to ‘“‘ public address,” call out to the men 
working up the tower to clamp the conductors, 

Vans collecting and delivering domestic appliances 
and conveying materials for repairs, etc., have been 
equipped in some areas, and it is then possible for the 
local office or showroom staff to direct the movements 
of such vehicles. Short-range links, such as can be 
obtained with pack sets (say, 1 to 3 miles), are often 
of considerable use when commissioning plant in 
power stations and substations, testing protective gear, 
etc. The Central Electricity Board also made use of 
radio links during a large-scale fault-throwing test 
carried out in 1947, when the only contact with the 
field testing site was by radio, which was used for 
starting the remote oscillograph cameras and also for 
controlling all switching operations. Radio links have 
been used during repair work both on submarine and 
land cables. Under emergency conditions, when 
failure of normal communication channels is liable to 
take place, a number of mobile stations installed in 
trailers can be used to provide a stand-by service. 
Such trailers could be equipped with batteries and 
charging facilities in the form of a small petrol generator 
set, thereby providing a highly mobile self-contained 
unit, complete with a small collapsible aerial mast. 

The fixed station equipment can be quickly installed, 
providing that a suitably high site is available for the 
aerial system. This usually consists of a half-wave- 
length dipole assembly which, on these frequencies, is 
quite compact and is easily handled. However, it is 
most desirable that the radio frequency feeders between 
the aerial and the transmitter/receivers should be kept 
as short as possible. Polythene insulated coaxial 
cable is commonly used for aerial feeders and has a 
loss which is of the order of 2 decibels per 100 ft. Conse- 
quently, the length of the feeder should not be more 
than 200 ft. For this reason, it is usually found con- 
venient to mount the aerial system on a mast between 
50 ft. and 100 ft. high. Experiments have been made, 
using mineral-insulated copper-sheathed power type 
cable for aerial feeders, and it is of interest to note 
that, providing a size having the correct surge imped- 
ance is used, the losses are comparable with polythene 
insulated cables. The great advantage of the copper 
sheathed mineral insulated cable is its robustness. 

If the mast can be located on the top of a high 
building, so much the better, as added height gives 
extra range. The majority of commercial fixed 
station equipments can be remotely controlled, either 
through a multicore cable or through an ordinary t'c- 
|phone line. A radio link can be used for remt¢ 
| control if, for any reason, a line is not available. 
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Fic. 2, TRANSMISSION TOWER WITH AERIAL. 


A typical fixed station installation of 12-watt output 
is shown in Fig. 1, opposite. It is located at the top 
of a transmission-line tower, as shown in Fig. 2. The 
apparatus is housed within the closed steel box near 
to the top of the tower and is connected to the aerial 
by a short cable. Fig. 3 shows the aerial which pro- 
jects above the tower apex about 15 ft. The tower, 
which is on the south side of the Thames, near Wool- 
wich, is 487 ft. high. The control line and power 
supply terminals are visible on the left of Fig. 1, and 
the box is equipped with ventilators and two thermo- 
statically controlled 60-watt electric heaters to keep 
the equipment warm and dry when it is not in use. 
It is possible to switch the whole equipment “on” 
or “off” from the remote control position some 
five miles distant, as well as to switch from “ receive ” 
to “send.” This is carried out through one pair of 
telephone lines and an earth circuit. Discharges over 
the 132-kV line insulator strings do not cause inter- 
ference in the receiver, although the aerial is located 
relatively close to the conductors. In this instance, 
a half-wave aerial system is used, owing to the danger 
of lightning striking the very high structure and 
damaging the equipment. The half-wave aerial is 
& vertical steel tube solidly earthed to the tower 
and excited by a }-wavelength section at its lower end. 
Magnetic links placed on this aerial have shown that 
currents of the order of 24,000 amperes have passed 
due to lightning without damage to the aerial or the 
feeder. The remote control telephone line is pro- 
tected by gas-discharge tubes and is terminated on a 
small jack plug board for test purposes, both at the box 
and at ground level. 

le mobile stations are arranged for 12-volt direct- 
current operation so that their supply may be taken 
from the vehicle lighting circuits. In the majority of 
types, rotary transformers are used to produce the 
hece:sary high-voltage supplies for the transmitters 
and seceivers. The apparatus itself is shock-mounted 
‘n any convenient space and is controlled remotely 
from the driver’s position. Some difficulty was at first 
experienced in maintaining the battery fully charged 
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Fie. 3. AERIAL ON TOWER. 


(as a typical mobile station takes about 8 amperes at 
12 volts), but this was overcome by increasing the 
dynamo charging rate. It takes approximately two 
working days to complete a permanent vehicle installa- 
tion, including the fitting of suppression condensers 
and resistors to the vehicle electrical system. This 
latter precaution is not always necessary, but certain 
types of equipment, such as windscreen wipers, are 
sometimes troublesome. The mobile station uses a 
}-wavelength “whip” aerial mounted vertically as 
near the centre of the roof as is practicable. If the 
vehicle roof is constructed from wood or other insulat- 
ing material, it is necessary to provide a lining of sheet 
metal or gauze to form an earth plane for the aerial 
rod. This lining may be placed inside or outside, but 
must be electrically continuous, and must be securely 
bonded to the car frame. 

It has been suggested that aerials should be per- 
manently installed on top of certain selected trans- 
mission-line towers, the cable being terminated in a 
small box at or near ground level. A vehicle out of 
range of its fixed station with its own aerial could 
then use the higher tower-mounted aerial by con- 
necting a small flexible (jumper) cable between a 
socket on the vehicle and the box on the tower. This 
introduces some complications in impedance matching 
due to the use of 45 megohms surge impedance cable 
on vehicles to match the quarter-wave: aerials, and 
75 megohms surge impedance cable on the fixed stations 
to match into a dipole. However, this can be overcome 
by the use of an additional impedance matching unit. 

In the case of mobile stations, experiments have 
been carried out with a calling system which is designed 
to sound a bell in the vehicle when the receiver detects 
that there is a radio-frequency carrier present. Owing 
to the necessity of actuating a relay to perform this 
function, the actual value of received carrier level to 
cause operation is somewhat variable. In view of this 
fact, it may be possible to communicate, but the carrier 
may not be sufficiently strong to cause the bell to 
sound ; this results in loss of messages as the vehicle 
does not reply unless called by the bell. As a result 


of these difficulties, the calling system was discon. 
tinued and mobile stations listen out for a call on their 
loudspeakers. A voice-frequency operated calling 
system has been developed, and certain mobile stations 
are being fitted with this extra attachment. In this 
system, a voice-frequency tone is radiated by the 
fixed station and this serves to operate a relay through 
a tuned filter. The relay, in turn, operates a bell or 
hooter. It is hoped that this scheme will overcome the 
difficulties of the earlier system. In all fixed and some 
mobile stations, a “ muting ” circuit is provided, which 
is arranged to suppress all background noise from the 
receiver loudspeaker in the absence of an incoming 
signal. As soon as a signal is received, this circuit is 
released and the speech is reproduced from the loud- 
speaker. By this means the annoyance of a continual 
background hiss is avoided, although the full output 
of the receiver is immediately available as soon as a 
message is received. 

Since 1946, a large number of field trials have been 
carried out at various places in Britain in order to 
determine what ranges are obtainable with a fixed 
station in a given position. Various theoretical methods 
of calculating the range have also been employed, 
based on the well-known formule for propagation. 
One of the most satisfactory theoretical methods of 
these is that described by K. Bullington, whose nomo- 
grams can be rapidly applied to a given path to obtain 
a power loss expressed in decibels. As the transmitter 
power is known, as well as the receiver sensitivity and 
bandwidth, it is possible to compare the loss with the 
maximum value that can be tolerated. Another 
method is to use light rays on a relief model of the 
area being investigated. A plaster model having 
suitable scales (a horizontal scale of 2 in. to 1 mile, 
and a vertical scale of 1 in. to 400 ft. is convenient), is 
photographed from above, the fixed station transmitter 
aerial being represented at the correct scale height by 
the filament of an exceedingly small lamp. The lamp 
then casts light rays on the hillsides and forms deep 
shadows in the areas beyond. In using this method 
it must be remembered that the radio transmissions 
in the 70 to 90 megacycle range will not travel as 
perfectly straight lines. In actual fact, there is some 
refraction over the tops of hills, so that only the 
deepest shadows in the picture will be unworkable. 
On the other hand, buildings and trees are not repre- 
sented on the model and there is always considerable 
absorption and scattering due to this cause. Further- 
more, the curvature of the earth is not taken into 
account, although the effect is generally too small to 
be noticeable at the ranges under consideration. The 
optical range in miles between two points at height 
h, and h, feet above sea level is given by the formula 


1-41 (s/h, + Why). 


In general, radial ranges of the order of 15 miles are 
obtained from the fixed station; in heavily built-up 
areas such as London this may fall to 7 to 10 miles, 
unless the main station is located at a favourable site. 
With a good high position for the fixed station, ranges 
of over 50 miles to and from a vehicle have been 
obtained. It cannot be stressed too highly that the 
fixed station aerial position is an all important factor 
in the success or failure of a given installation, and 
every endeavour should be made to erect it as high as 
possible, with a clear view in every direction and well 
clear of any steelwork and chimneys. In a typical 
survey carried out for a large area of the Midlands, 
it was found that the average approximate coverage 
from each of the eight fixed stations was 427 sq. 
miles. The variation between different stations was 
considerable, being between 134 and 870 sq. miles, 
owing to the hilly nature of the area. 

Considerable experimental work has been carried 
out with a view to reaching a decision whether ampli- 
tude modulation or frequency modulation is the 
more desirable. Signal-to-noise ratios at the mobile 
station were measured using both systems under 
carefully standardised conditions with heavy man- 
made interference, and in the country. The received 
radio frequency field strengths were adjusted to 
be equal, and a common aerial system was used at 
each end for both systems. Under conditions of 
heavy impulsive noise, such as exists in London, it 
was found that use of the frequency-modulated system 
on the average offered an improvement over amplitude 
modulation in signal-to-noise power ratio of some 
10 to 12 decibels, but that this improvement was only 
apparent when the field strength was reasonably high. 
The amplitude-modulated set was fitted with a standard 
type of noise limiter which was left in circuit for the 
tests. It is considered that a signal-to-noise ratio of 
from 12 to 20 decibels is adequate for moderate intelli- 
gibility. The average signal-to-noise ratios for ampli- 
tude modulation fall with decreasing field strength at 
increasing distances from about 50 decibels to 18 deci- 
bels at five miles over a typical city path. It is not 
possible to draw a final conclusion regarding the most 





advantageous system owing to the fundamental differ- 
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ence in the method of operation. However, amplitude- 
modulation equipment is preferable in general, in view 
of its greater ease of maintenance and superior intelli- 
gibility at extreme ranges. 

Experimental work on 70 to 90 megacycles has also 
shown that a considerable advantage can be gained 
by using higher power (50 to 100 watts) for fixed-station 
transmitters, particularly when the mobile stations are 
working in built-up areas and under conditions of heavy 
impulsive interference. Some work has been carried 
out in the vicinity of 150 megacycles, using standard 
aircraft sets giving an 8-watt output. These frequen- 
cies are not so suitable for an omnidirectional mobile 
service owing to the more rapid attenuation and the | 
greater line-of-sight properties, but have been used in | 
England by other services for fixed-to-fixed working, 
using high-gain beamed aerials. Such fixed-to-fixed 
links are used for the remote control of main trans- 
mitters in certain circumstances where land lines 
are not suitable. The radiation is usually horizontally 
polarised, and, due to the high gain of the directive 
aerial arrays employed, very low transmitting powers 
can be used. Such a link has been demonstrated 
experimentally for transmitting voice-frequency tones 
of the type used in England for telemetering. 








NOTES ON NEW BOOKS. 


Metalliferous Mine Surveying. 
By FREDERICK WINIBERG. Third edition, revised and 
enlarged by G. A. WHITWORTH, A. V. PAULL and 
F. B. MICHELL. Mining Publications, Limited, 482, 
Salisbury House, London Wall, E.C.2. [Price 30s. 
net.] 
WintBer@’s book on surveying, originally published 
in 1925, was one of the first text-books written specific- 
ally for the needs of metalliferous mining surveyors, 
and the scope of the book was limited to the author’s 
ideas of suitable instruments and methods for surface 
and underground surveying at metal mines. The new 
revised and enlarged edition retains the original | 
character of the book while incorporating up-to-date | 
information on the enormous progress that has been 
made in the design and construction of surveying instru- 
ments, and some details have been added relating to 
methods of surveying used by various mining com- 
panies. Excellent descriptions and illustrations are 
given of modern instruments like the Tavistock and 
Microptic theodolites, but it is disappointing to find 
space devoted to some other instruments such as the | 
Jeffcott tacheometer, which has not been made during 
the past 20 years. Again, in a text-book dealing with | 
elementary principles of surveying, the space taken | 
up by Winiberg’s deliberations on errors in surveying 
might have been more profitably occupied by addi- | 
tional information on routine surveying calculations. | 
However, such minor criticisms are negligible in com- | 
parison with the mass of valuable information given | 
on triangulation, field astronomy, traversing, levelling, 
tacheometry, and most aspects of underground metal- 
liferous mine surveying. The book is well set out and 
amply illustrated. It will, as the revisers hope, prolong 
the memory of Frederick Winiberg, from whom so | 
many former students of the Camborne School of | 
Metalliferous Mining received their first instruction in | 
mine surveying. 
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Some Recent Developments in Rheology. 
Based on the 1949 Bristol Conference of the British 
Rheologists Club. Edited by V. G. W. Harrison. 
United Trade Press, Limited, 24, Bride-lane, Fleet- 
street, London, E.C.4. [Price 20s8.] 
Tue title of this book is somewhat misleading. The 
book itself is a coliection of ten papers covering a wide 
range of topics, all of which have some bearing on 
rheology, but it is questionable whether they can all 
be described as developments of that subject. One 
paper is entitled “‘ Some Denotative and Connotative 
Aspects of Rheology ” and its author examines, among 
other matters, the significance of terms such as 
‘* plastic ” and “‘ thixctropic.” A similar examination 
of the scope of the terms “ rheology ” and “* rheologi- 
cal” might, with advantage, have been included if 
only for the benefit of readers who are not professional 
rheologists. Some of the papers have been abbreviated 
and, with one exception, the reports of the informal 
discussions upon them have been omitted. One paper 
has been reprinted in French on the grounds of its 
clarity in that language ; would that a similar remark 
could be made about all the papers in English. 
Nevertheless, there is much in the book to commend 
it to the general reader. In an interesting paper on 
the extension of thermoplastics, the occurrence of 
waviness in the extruded product is discussed and 
related to instability in the flow through the die, a} 
trouble which can often be cured, as might be expected, 
by providing a convergent entrance to the parallel | 





portion of the die. Another interesting paper deals 
with the internal friction of a solid and mentions 
various methods of determining its value experiment- 
ally. Subjects discussed in other papers include the 
influence of grain boundaries on the plastic properties 
of metals, the rheology of fibre assemblies, the rheo- 
logical behaviour of paper and the theory of large 
elastic strains. 


Machinery’s Gear Design Handbook. 


By W. A. TUuPLIN, D.Se., M.I.Mech.E. Second 
edition. Machinery Publishing Company, Limited, 


National House, West-street, Brighton, 1. [Price 


12s. 6d.) 


THE technique of gearcutting is somewhat complex, 
but there is no great mystery about it, and compre- 
hension of the essentials should come quickly to anyone 
who applies his mind conscientiously to this excellent 
little manual. All the essential rules of gearcutting 
are given, explained, and demonstrated by means of 
practical examples ; and if they are applied in con- 
junction with the advice to adhere to British Standard 
tooth forms, anyone who (in the author’s words) “* can 
read an engineering drawing and evaluate simple 
algebraic and trigonometrical expressions” should 
have no difficulty in dealing with the common pro- 
blems of gear design. The book applies primarily to 
involute gears, the teeth of which are generated by 
cutters of 20-deg. normal pressure angle, and which 
have a working depth at least 0-636 times the normal 
pitch and a bottom clearance at least 0-078 times 
the normal pitch. The second edition of the book, 
the first edition of which was first published in 1944, 
gives improved methods of designing worm gears 
and spiral gears. It deals not only with the geometry 
of gears, but also with the wear, strength and load 
“ratings” of gears, the selection of gear materials, 
automobile gears, bearing loads, etc. 





BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Quartz 
Vibrators and Their Applications. By Dr. P. 
VIGOUREUX and C. F. Bootu. H.M. Stationery Office, 
Kingsway, London, W.C.2. (Price 30s. net, postage 
10d.) 

British Electricity Authority. Utilisation Report No. 4. 
A Further Analysis of the Returns of the E.R.A. 
Sampling Survey of Domestic Consumers. By P. 
SCHILLER and W. A. PRIDMORE. Offices of the 
Authority, British Electricity House, Great Port- 
land-street, London, W.1. {Free to approved 
applicants.] 

Fourth World Power Conference. 
on Section J, Atomic Energy. Held at the Institution 
of Civil Engineers on Friday, 14th July, 1950. Offices 
of the Conference, 201-2, Grand Buildings, Trafalgar- 
square, London, W.C.2. [Price 2s.] 

Statistical Year-Book of the World Power Conference. 
No. 5. Annual Statistics for 1946-1948 and Some 
Additional and Revised Data on Resources. Edited by 
FREDERICK BROWN. The Central Office, World Power 
Conference, 201-2, Grand Buildings, Trafalgar-square, 
London, W.C.2. [Price 30s. net.] 

Jet Aircraft Power Systems. Principles and Maintenance. 
By JAcK V. CASAMASSA. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 5-53 dols.] McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 47s.] 

Applications of Statistical Methods in Industry. Papers 
presented at the 26th session of l'Institut International 
de Statistique. Berne, 1949. Offices of the Institute, 
2, Oostduinlaan, The Hague, Holland. [Price 2-50 
Dutch guilders. } 

The Electrical Year Book, 1951. 
Limited, 31, King-street West, Manchester, 3. 
3s. net.) 

Mechanical World Monographs. No. 58. Pressure 
Vessels. By WILLIAM BUCHAN RITCHIE. [Price 3s.] 
No. 60. Automatic Control of Industrial Plant and 
Processes. By J. W. ASHLEY. [Price 3s.] No. 61. 
Cams and Springs for Poppet Valves. By W. H. LEr. 
[Price 2s. 6d.] Emmott and Company, Limited, 31, 
King-street West, Manchester, 3. 

Engineering Metrology. By K.J.HcUME. Macdonald and 
Company (Publishers), Limited, 43, Ludgate-hill, 
London, E.C.4. [Price 18s. net.] 

The Institution of Mechanical Engineers. Proceedings. 
War Emergency Proceedings Nos, 47-54, 1949. Volume 
161. Offices of the Institution, Storey’s Gate, St. 
James’s-park, London, 8.W.1. 

Bulletin de U Association Technique Maritime et Aéro- 
nautique. No. 49. Session 1950. Offices of the 
Association, 1, Boulevard Haussmann, Paris (9e), 
France. [Free to members; price 4,000 francs to 
non-members. ] 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “* EMSworTH.”’—Single-screw collier, built by the 


Burntisland Shipbuilding Co., Ltd., Burntisland, Fite, 


to the order of Stephenson Clarke, Ltd., London, E.¢ 
Main dimensions: 256 ft. 6 in. between perpendicul:rs 
by 38 ft. 24 in. by 18 ft. 8 in.; deadweight capaci’ ;, 
about 2,500 tons on a draught of 17 ft. 2 in.; gross 
tonnage, 1,784. Eight-cylinder two-stroke trunk-pist., 
oil engine, to develop 1,150 b.h.p. at 225 r.p.m., co - 
structed by British Polar Engines, Ltd., Glasgow. Service 
speed, about 10} knots. Trial trip, December 27. 

M.S. “‘ REGENT CARIBOU.”’—Single-screw oil tanker, 
built by the Blythswood Shipbuilding Co., Ltd., Scots- 
toun, for the Bowring Steamship Co., Ltd., London, 
E.C.3. Main dimensions: 516 ft. between perpendiculars 
by 70 ft. 6 in. by 38 ft.; deadweight capacity, about 
17,500 tons on a draught of 30 ft. Rowan-Doxford five- 
cylinder two-stroke opposed-piston oil engine, to develop 
5,600 b.h.p. at 116 r.p.m. in service, constructed by 
David Rowan & Co., Ltd., Glasgow. Speed, about 14 
knots. Launch, December 28. 

S.S. ‘* [x1on.”—Single-screw cargo liner, to carry 
29 passengers, built and engined by Harland & Wolff, 
Ltd., Belfast, for Alfred Holt & Co., Liverpool. Main 
dimensions : 522 ft. 6 in. overall by 69 ft. by 38 ft. 6 in. : 
deadweight capacity, 11,500 tons on a draught of 31 ft. : 
gross tonnage, 10,125. Triple-expansion double-reduction 
geared turbines developing 14,000 s.h.p. at 106 r.p.m. in 
service. Speed, 18 knots. Trial trip, January 5. 

8.S. “‘ CALTEX LIEGE.”—Single-screw oil tanker, built 
and engined by John Cockerill, Hoboken, Belgium, for 
the Overseas Tankship Corporation, New York 17. Main 
dimensions: 544 ft. 9 in. by 70 ft. by 39 ft. 9 in. ; dead- 
weight capacity, 17,200 tons on a draught of 30 ft. 3 in. ; 
gross tonnage, 11,868. Parsons geared turbines develop- 
ing about 7,300 s.h.p. Launch, January 6. 

M.S. ‘ ARDINGLY.”—Single-screw collier, built by 
8S. P. Austin & Son, Ltd., Sunderland, for Stephenson 
Clarke, Ltd., London, E.C.3. Main dimensions: 240 ft. 
by 36 ft. 7 in. by 16 ft. 7 in.; deadweight capacity, 
about 1,900 tons on a draught of 15 ft. 6} in. Clark- 
Sulzer seven-cylinder two-stroke trunk-piston single- 
acting Diesel engine to develop 925 b.h.p. at 207 r.p.m., 
constructed by George Clark (1938), Ltd., Sunderland. 
Speed on trial, 11 knots. Trial trip. January 8. 

M.S. “* BRITISH SEAFARER.’’—Single-screw oil tanker, 
built and engined by R. & W. Hawthorn, Leslie & Co., 
Ltd., Hebburn-on-Tyne, County Durham, for the British 
Tanker Co., Ltd., London, E.C.2. Main dimensions: 
547 ft. overall by 69 ft. 6 in. by 37 ft. 6 in. to upper 
deck; deadweight capacity, about 16,000 tons on a 
draught of 30 ft. Hawthorn-Doxford six-cylinder oil 
engine to develop 6,400 b.h.p. at 115 r.p.m. in service. 
Speed, about 14 knots. Launch, January 8. 

M.S. ** WAYFARER.”’—Single-screw cargo vessel, built 
and engined by William Doxford & Sons, Ltd., Sunder- 
land, for Thos. & Jas. Harrison, Ltd., Liverpool. Main 
dimensions : 460 ft. overall by 59 ft. 6 in. by 37 ft. 8 in. ; 
deadweight capacity, about 10,000 tons on a draught of 
26 ft. 6 in. Doxford four-cylinder opposed-piston oil 
engine, to develop 3,300 b.h.p. at 108 r.p.m. Service 
speed, about 124 knots. Launch, January 9. 

M.S. ‘* ATHELDUCHESS.”’—Single-screw tanker for the 
carriage of molasses, oil or spirits, built and engined by 
R. & W. Hawthorn, Leslie & Co., Ltd., Hebburn-on- 
Tyne, County Durham, for the Athel Line, Ltd., London, 
W.1. One of a series constructed for these owners. Main 
dimensions : 494 ft. overall by 63 ft. 34in. by 34 ft. 7 in. ; 
deadweight capacity, about 12,500 tons on a draught of 
28 ft. 1 in. Hawthorn-Doxford four-cylinder combined- 
stroke oil engine to develop 4,450 b.h.p. at 112 r.p.m. 
Speed, about 13 knots. Trial trip, January 10 and 11. 

S.S. “‘ NORTHELLA.”—Single-screw trawler, built by 
Cook, Welton & Gemmell, Ltd., Beverley, Yorkshire, 
for J. Marr & Son, Ltd., Hull. Main dimensions: 189 ft. 
by 32 ft. by 16 ft. 3 in.; gross tonnage, about 800; 
fishroom capacity, 15,750 cub. ft. Triple-expansion 
engines, to develop 1,100 i.h.p. at 130 r.p.m., and one 
oil-fired multitubular boiler, constructed and installed 
by Charles D. Holmes & Co., Ltd., Hull. Speed, 13 knots. 
Launch, January 11. 

M.S. ‘‘ DALFONN.”—Single-screw oil tanker, built and 
engined by Harland & Wolff, Ltd., Belfast, for Sigval 
Bergesen, Stavanger, Norway. Main dimensions: 580 ft. 
between perpendiculars by 78 ft. by 42 ft. 6 in. to upper 
deck ; 24,000 tons deadweight on a draught of about 32 ft. 
Harland-B. & W. seven-cylinder two-stroke single-acting 
opposed-piston oil engine. Launch, January 12. 

S.S. ‘‘ MANCHESTER MERCHANT.”—Single-screw cargo 
vessel, built by the Blythswood Shipbuilding Co., Ltd.. 
Scotstoun, for Manchester Liuers, Ltd., Manchester. 
Main dimensions: 440 ft. by 59 ft. by 38 ft. 4 in. to 
upper deck ; deadweight capacity, 9,790 tons. Parsous 
single-reduction geared turbines, constructed by D ivid 
Rowan & Co., Ltd., Glasgow, and three oil-fired 
cylindrical boilers. Speed on trial, 164 knots. Trial 
trip, January 18. 
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ALLEN-STOECKICHT HIGH- 
SPEED EPICYCLIC GEARING. 


THE use of epicyclic gearing in engineering dates 
back to the time when it was employed by Watt 
to overcome the difficulty that the crank had 
already been patented. During the last century 
ijt was much applied, but seems to have fallen 
into disuse mainly because of the difficulty of 
obtaining equal load-sharing between the planet 
wheels. During the past 20 years, however, these 
and other difficulties have been overcome, and in 
Germany considerable development work has been 
carried out by Mr. W. G. Stoeckicht, of Munich. 
These developments, which have included the 
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speed than the sun pinion. This is a planetary gear. 
If the carrier is maintained stationary, however, and 
the sun pinion and annulus rotate, a star gear is 
obtained, as in Fig. 2. This is, however, not truly 
epicyclic, as there is no relative motion between the 
axes of the wheels. The third version of the simple 
epicyclic train is the solar. In this case, the sun 
pinion is prevented from rotating and the high-speed 
shaft is connected to the annulus while the low-speed 
shaft is driven through the planet carrier. 

For most applications, planetary gears are suitable 
for ratios between 3 to 1 and 12 to 1. Solar gears 
are used for ratios between approximately 1-1 to 1 
and 1-7 to 1. In both planetary and solar gears 
the high- and low-speed shafts rotate in the same 





direction. Ratios between 2 to 1 and approximately 























at any one time, the load can be distributed round 
the latter ; and it can be made considerably smaller 
than the pinion in a parallel shaft gear. A further 
reduction in size can be achieved by manufacturing 
the sun pinion and planet wheels from a case- 
hardened steel. As the load is shared between the 
planet wheels, no transverse forces are imposed on 
either the input or output shafts. High-speed bear- 
ings can therefore be eliminated if the sun pinion is 
overhung from the shaft of the high-speed machine ; 
while if the low-speed machine has two bearings 
the planet carrier can be overhung and separate 
low-speed bearings omitted. It may be argued 
therefore that there is a large saving both in the 
space taken up by the complete gear and in its 
weight, as compared with a parallel shaft gear, with- 
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employment of epicyclic gears on the 1,150-h.p. 
motor-driven boiler feed pumps at the Mannheim 
power station, for stepping up the speed from 
1,060 r.p.m. to 5,035 r.p.m., have been investigated 
by Messrs. W. H. Allen, Sons and Company, Limited, 
Bedford. In conjunction with Mr. Stoeckicht, they 
have now undertaken the manufacture of this type 
of gearing for use on ship’s auxiliary machinery and 
for other purposes. 

Simple epicyclic gear trains may be divided 
into three classes, which, for convenience, may be 
calle’ “ planetary,” “star” and “solar.” Fig. 1 
illustrates a typical self-contained Allen-Stoeckicht 
Planciary gear, while Fig. 2 shows a star gear. In 
both cases it will be seen that, when used as a 
reduciion gear, the drive is transmitted from the 
sun pinion through a set of planet wheels (which are 
fixed in a carrier) to the internal gear ring or annulus. 
If this latter is fixed to the gearcase, as in Fig, 1, 
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11 to 1 may be obtained by using star gears. In 
these the input and output shafts rotate in opposite 
directions. In addition to these simple trains, com- 
pound trains with two annulus rings to give ratios 
between 12 to 1 and 1,600 to 1 with input speeds up 
to 2,000 r.p.m. have been designed. It is claimed 
that the efficiency of this form of gear is high com- 
pared with that of a worm drive for the same duty, 
while for large ratios and output shaft torques it is 
lighter and more compact, and enables coaxial high- 
and low-speed shafts to be used. Epicyclic gear- 
boxes can be mounted in trunnion. bearings, thus 
enabling the casing reaction torque to be measured. 
The gearboxes can then be used as transmission 
dynamometers. 

It is also claimed that the use of an epicyclic 
gear for a given speed ratio enables the largest 
wheel to be made smaller than in a corresponding 
parallel shaft gear. Moreover, as not. Jess than 





then the planet carrier will be driven at a lower 


three planet wheels engage with the sun pinion 





Fic. 4. Hicu-Sprep PLangeTaRy GEAR WITH 
Sun Pryion REMOvED. 


out any decrease in tbe expectation of life or 
factor of safety. Erection and alignment, too, are 
facilitated. 

Loss of efficiency in any gear is made up in the 
main from two sources—bearing friction and tooth 
engagement losses. In the planetary and solar 
gears, the tooth.engagement losses are reduced 
because the relative pitch-line velocity is only 
ratio - 1 _ 

—— multiplied by the 
velocity. For example, in a planetary gear having 
a ratio of 3 to 1, the tooth engagement losses are 


absolute pitch-line 


3-1 2 ‘ 
only ——— & of the losses in a parallel shaft 


gear ; in a solar gear having a ratio of 1-5 to 1, 


1-6-1 1 
or = 


the tooth engagement losses are only 3 





of the losses in a paralle} shaft gear. 
The fundamental problem in designing epicyclic 
gearing is to obtain uniformity of load on the 
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planet wheels. Statically this can be ensured in a 
gear with three planets by allowing either the sun 
pinion, planet carrier or annulus to float. The forces 
will then move the free member into a position of 
equilibrium in which the:loads on all three members 
are equal. Such load-sharing is more difficult to 
effect when the gears are moving, owing to the 
impossibility of manufacturing perfectly accurate 
teeth and to elastic deformation. To overcome 
this difficulty, the annulus in the Allen-Stoeckicht 
epicyclic gears is mounted on a flexible coupling of 
the double gear-tooth type and is designed so that 
it deflects a pre-determined amount under tooth 
loads. It is claimed that this deflection is sufficient 
to overcome any minor tooth inaccuracies and to 
ensure satisfactory load-sharing. 

Fig. 3, on page 117, illustrates a planetary gear of 
the Allen-Stoeckicht type for a 30,000 to 3,000 r.p.m. 
ratio, while a view from the opposite end of the 
gear, with the sun pinion removed, appears in 
Fig. 4. Another view of the gear with the planet- 
earrier end plate, coupling ring and coupling flange 
all removed, is shown in Fig. 7. The construction 
of such a 10-to-1 gear will be clear from Figs. 5 and 6, 
herewith. The annulus is mounted on the gear- 
toothed coupling ring, which, in turn, is secured to 
the casing by the coupling flange. Since the radial 
components of the tooth load are all balanced, only 
torque reactions are imposed on the casing, which 
can, therefore, be o! light construction. Another 
result of this balancing is that both the sun pinion and 
planet carrier are free from unbalanced transverse 
loading, and their bearings are not subject to any 
gear-tooth reaction loads. If desired, the sun 
pinion can be connected to the high speed shaft by 
a coupling of the gear-tooth type. 

The sun pinion and planet wheels incorporated 
in these gears are normally manufactured from a 
case-hardened alloy steel. The involute teeth are 
finished on Maag gear-grinders, and suitable amounts 
of tip and root relief may be applied to suit individual 
requirements. Cut and shaved alloy-steel wheels 
may be used on the more lightly loaded gears, the 
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choice of material depending on the tooth loading, 
the frequency with which the teeth are in contact 
and the desired life of the gear. The annulus and 
coupling ring are made from heat-treated carbon or 
alloy-steel forgings. It is usually found unnecessary 
to harden either the annulus or the coupling ring. 
After manufacture, the gears are checked: for 
adjacent and cumulative pitch accuracy, tooth 
form, surface finish, and concentricity of the base 
circle, using Maag checking equipment. The back- 
lash is also checked. 

The planet bearings, which are the only ones to 
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ParRTLyY DISMANTLED PLANETARY GEAR. 


carry tooth-load reaction, have short stiff pins and 
normally consist of white-metalled or lead-bronze 
steel-backed bushes, running on a hardened, ground 
and lapped pin. In certain cases, however, @ har- 
dened, ground and lapped planet bore running on a 
white-metalled pin can be used. The satisfactory 
operation of these gears depends a great deal on the 
accuracy with which the planet pins are space: and 
on their parallelism. The planet carriers are, there- 
fore, bored on precision borers of the jig-borer ivpe- 
The bearings are lubricated by oil which is fed into 
the planet’ carrier and thence into the planet pins 
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The teeth are lubricated by oil which is centrifuged 
from the centre of the sun pinion. 

Spur, single-helical or double-helical epicyclic 
gears can be manufactured. A double-helical 
epicyclic gear is made up by connecting two simple 
single helical trains of opposite hand in parallel. 
In a gear of this type, designed to give a ratio of 
4-5 to l, there are two separate floating annulus 
rings, which ensure that the load is equalised between 
the planets. The load is also shared equally 
between the two helices owing to the fact that the 
floating sun pinion and the planets can move axially. 
The extremely low inertia of the parts, compared 
with those of an equivalent parallel shaft gear, 
ensures that the load distribution between the two 
helices is even better than is usual in such gears. 





LITERATURE. 
Heat Insulation. 

By GorDOoN B. WILKES. John Wiley and Sons, 

Incorporated, 440, Fourth-avenue, New York 16. 

(Price 4 dols.]; and Chapman and Hall, Limited, 37, 

Essex-street, Strand, London, W.C.2. [Price 32s. net.] 
THE journal literature of heat insulation is exten- 
sive, but there is a curious lack of formal works on 
the subject, the importance of which is steadily 
increasing as the world fuel position becomes more 
stringent. The appearance of this book is therefore 
opportune. Its author is professor of heat engineer- 
ing at the Massachusetts Institute of Technology, 
and, to a large extent, it embodies the results of 
his own researches and observations. The work is 
in no sense a manual of practical insulation, but it 
describes clearly the physical principles involved 
in heat flow and its retardation. Conduction, 
radiation and convection are dealt with mathe- 
matically, and there is an interesting discussion on 
the concept of the surface coefficient. The labora- 
tory technique for measuring the conductivity (K) 
of a specimen by means of the guarded plate and 
guarded box method is described ; also the Northrup 
method, which involves attaching a slab of material, 
the K value of which is known, to a slab for which 
the value of K is required. By exposing the opposite 
faces of the compound slab to high and low tempera- 
tures, respectively, and measuring the temperature 
drop through each component, the required value 
can be deduced. The method is not very precise, 
but is much simpler, cheaper, and quicker than the 
guarded methods. 

The results obtained by Dr. Ezer Griffiths at the 
National Physical Laboratory on the effect of con- 
vection in granular insulating materials are quoted 
in some detail, and interesting figures are given 
showing the advantages gained by dusting low- 
density materials with aluminium powder and thus 
reducing the internal transfer by radiation. The 
effect of moisture on insulation is discussed, together 
with the causes of surface and internal condensation, 
and the application of vapour-barriers; these 
assume American climatic conditions, with outside 
temperatures in the region of 0 deg. F. 

Possibly the most important chapter in the book 
is that dealing with reflective insulation. The 
author has carried out much original work on 
reflective-layer cum air-space constructions, and 
arrives at some valuable conclusions. Thus, for a 
cold-store roof, he found that two sheets of reflective 
insulation, arranged so as to leave three 2-in. air 
spaces, would give essentially the same insulating 
value as ten sheets providing eleven }-in. spaces. 
Detailed particulars are given of several types of 
reflective insulation as made in the United States. 
The book is not intended to cover conditions of 
unsteady heat-flow, but the importance of thermal 
diffusivity is stressed, and the laboratory methods 
of determining specific heats and the “‘equili- 
brium times ” of insulated materials are described. 

The text concludes with a short chapter on the 
economics of insulation, showing how, under 
specified conditions, a certain thickness of insulation 
Will result in the minimum total annual costs. The 
appendix contains extensive tables of K values, 
8pecitic heats, thermal diffusivities, emissivities and 
tefle::ivities, and water-vapour permeabilities of 
matc rials, together with thermal resistances and 
tran: mittances of various types of building con- 





struction. A comprehensive bibliography is given of 
the many references quoted in the text. The book 
is well written and produced, with clear and 
informative diagrams. 

Quakers in Science and Industry. 

By Dr. A. RalstricK, M.Sc. The Bannisdale Press, 

46-47, Chancery-lane, London, W.C.2. [Price 21s.net.] 
Ever since, in 1650, Justice Gervase Bennet, at 
Derby, when committing George Fox to prison, 
called him and his followers ‘‘ Quakers,”’ the com- 
paratively small sect otherwise known as the 
“ Seekers,” the “‘ Friends of Truth ” or the Society 
of Friends, which sprang from Fox’s efforts, has 
stood for equality between man and man, integrity 
in all dealings, the furtherance of social welfare and 
of education, and the amelioration of the lot of man- 
kind. Coming into existence during a period in 
English history when the country was torn by 
dissensions, the Quakers, like all who did not con- 
form to the practices of the Church and who believed 
that the individual was more important than the 
State, suffered imprisonment and the confiscation 
of their possessions—probably to a greater degree 
than any other section of the community; but, 
through their beliefs and in their regular meetings, 
they became firmly knit together. As a result, 
they now have a record which enlists the admiration 
of all who study it. 

Like all nonconformists of that time, they were 
denied admittance to the English universities, 
debarred from public offices, and, at one time, 
were generally regarded with scorn; but, in spite 
of these disadvantages, they made great contribu- 
tions to the progress of the nation. Though they 
refused to take an oath or to serve in any military 
capacity, they were still able to engage in trade 
and commerce, mining and manufacture, and in 
scientific pursuits. This they did with remarkable 
success, and it is this part of their story that Dr. 
Raistrick has admirably reviewed in his book. 
Himself a member of the Society of Friends, he has 
held for many years the post of lecturer in applied 
geology in the University of Durham and, in 1938, 
was president of the Friends’ Historical Association. 
Among his published papers are several contribu- 
tions to the 7'ransactions of the Newcomen Society. 

There are certain names of Quakers which are 
indelibly written in English social and economic 
history: such as those of Lloyd, Barclay and 
Gurney in banking ; those of Quare, Tompion and 
Graham, makers ot clocks and instruments ; Collin- 
son, Lettsom, William Allen, Dalton and William 
Phillips, among the men of science ; William Cook- 
worthy, founder of the English china industry, and 
Robert Ransome. who established the firm who are 
now Ransomes, Sims and Jefferies, Limited. Still 
more important were the families who, during the 
Eighteenth Century, were connected with the 
mining and metallurgical industries: the Rawlin- 
sons of the north-west, the Lloyds of Wales and 
Birmingham, the Darby and Reynolds families of 
Coalbrookdale, the Champions of Bristol, etc. 
There are other writers, no doubt, who could have 
surveyed the contributions of the Quakers to instru- 
ment-making, natural history, and to medicine, 
but assuredly none but Dr. Raistrick could have 
written Chapter IV, on ‘“‘The Ironmasters ”—the 
longest of the ten chapters in the book and one 
which contains a wealth of material relating to the 
iron industry in the Seventeenth and Eighteenth 
Centuries. 

In Chapter IV there are family trees, lists of 
furnaces, extracts from accounts, production figures 
—all set out against a background of Quaker 
solidarity ; ‘‘ an intricate network of inter-relations, 
the meetings of the Society forming a warp through 
which the weft of trade is closely woven so that no 
business, however small, stood alone.” It can be 
readily understood that, as Dr. Raistrick says, 
“there was strength and solidity in this unity of 
life and in the happy friendly relations that bound 
workmen and masters into one group.” It must be 
said that the whole story is rather complex, but if 
the reader of the book will turn first to Dr. Rais- 
trick’s ‘‘Summary and Conclusions,” he will be 
better able to appreciate the 332 preceding pages ; 
in which he will be helped, too, by the fact that it is 
well illustrated and indexed. 





COUPLING OF ELECTRIC 
POWER STATIONS. 


By Dr. T. F. Watt, M.LE.E. 
(Concluded from page 96.) 


Part IT. 


THE two networks which are to be coupled, are 
often of different pressures, and also of different 
frequencies. When they have the same nominal 
frequency any difference of frequency will be due 
to the fluctuations associated with changes of 
load. An extreme example of the coupling of 
two entirely different alternating-current networks 
is the case in which a 50-cycle network is linked 
with a 16%-cycle network for supplying single-phase 
railway traction. In some countries, such as Italy, 
power networks have widely different frequencies, 
such as 50 cycles and 42 cycles per second, which 
have to be coupled to provide a flow of power 
in either direction. 

In what follows, that method of coupling will 
be considered in which the stator of a three-phase 
induction motor is connected to one network and the 
rotor to another, and for this purpose, the system 
of connections shown in Fig. 9, page 120, is used. 
In this diagram the component items are as follows : 
A, the three-phase asynchronous machine; B the 
** loading ” machine, C the induction-regulator type 
of transformer, which gives control of the power 
factor, and D the pressure transformer. If the 
frequency of the current supplied to the stator 
winding is f, and the frequency of the current 
supplied to the rotor slip-rings is f,, then the phase 
sequence of the currents which are fed into both the 
stator windings and the rotor slip rings must be 
such that the rotor field which is produced by the 
stator currents must run in the same direction as 
the rotating field which is produced by the currents 
supplied to the slip-rings. The speed of the rotating 


field due to the stator currents will then be, n, = hy 


r.p.s., and the speed of the rotating field due to the 
slip-ring currents, and relatively to the speed of the 


rotor, will be n, =* r.p.s., Where p is the number 


of pairs of poles in the machine. 

Now a fundamental principle of the operation 
of any rotating-field type of machine is that the two 
rotating fields must remain stationary relatively to 
each other and this requirement implies that the 
rotor itself will be forced to acquire a speed n 
where, 


a= m -m, -4—4y, 


p.8. . - (3) 
If then, f, is > f, so that n, is > mg, then the rotor 
will run in the same direction as the rotating field. 
If f, =f, then m, = mq, and the rotor will be sta- 
tionary in space. If f, is <f, then n, < ng, so 
that the speed of the rotor will be n = n, — n, 
and this will be a negative quantity, so that the 
rotor will then run in the opposite direction to the 
rotating field in the air-gap. 

If the asynchronous machine is to transmit 
active power from one network to the other, then 
the shaft of the rotor must develop a torque ; just 
as is the case with a synchronous machine. For 
this purpose, the rotor must be coupled to a second 
machine B as shown in Fig. 9, so that this machine 
develops a mechanical load corresponding to the 
torque on the shaft. If the torque produced in 
this way is in the same direction as the rotating 
field of the rotor, then the rotor field will be forced 
ahead of the field due to the currents in the stator 
winding and consequently, the stator will deliver 
electrical energy to its own network, as is the case 
with a synchronous machine, and the direction of 
the power flow is then from the network f, to the 
network f,. If, however, the torque applied to 
the rotor shaft of the machine is in the opposite 
direction to that of the rotating field of the rotor, 
then the rotor field will fall back relatively to the 
stator field, and the flow of power will be in the 
direction from the network f, to the network f,. 
It is seen, therefore, that the direction of flow of 
energy will depend only on the direction of the 
torque experienced by the rotor shaft. This result 
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holds good independently of whether /, is greater 
than or less than f,. 

The power W, which passes through the stator- 
winding is equa] to the torque on the shaft multi- 
plied by the speed of the rotating field relatively 
to the stator, while that which flows through the 
rotor windings, viz. W,, is equal to the torque on 
the shaft multiplied by the speed of the rotating 
field relatively to the rotor-windings. 

Expressed in terms of watts and kg. m. : 

W, = Tkg.m, X 9°81 x 27n, watts . (4) 
We = Tkg.m, X 9°81 x 2mng watts . (5) 


Corresponding to these results, the power of the 
drive on the shaft, due to the loading machine, is 


Wenaft — Tkg.m, x 9°81 x 20m watts . (6) 
where 7 r.p.s. is the speed of the rotor, so that 


Wshaft = Tkg.m, 27 (ny — ng) watts. 


Further, since “? = fr wh >. hi-hs then, 
ny 1 ny fy 
W;, = w, 2, 
1 
Ig — 5 
Wshaft = Wi ~ | 
1 


and (7) 


If f, is > f, then, since a 4 it follows that, 


2 
W, is > W,, whatever the direction of the power 
flow may be. When /f,is > f,so0 that W,is > W,, 
then for a power flow in the direction from the 
network f, to the network f,, the difference W, — W; 
must be supplied by impressing a drive on the 
rotor shaft. 

Summarising the principles which have been 
obtained in the foregoing, it may be said that 
(i) the direction of power flow between two coupled 
networks, depends only upon the direction of the 
torque applied to the rotor shaft by the machine B 
of Fig. 9, and (ii) if the network frequency f, is 
greater than the network frequency f, that is, for 
fi> fa, then (a) to obtain a power flow in the 
direction from f, to f, the applied torque must be 
in the direction of rotation of the field due to the 
stator winding; and (6) to obtain a power flow 
in the direction from the network f, to the network 
f., the torque applied to the shaft must be in the 
direction opposite to the rotating field due to the 
stator winding. ‘To obtain full control of the 
direction of power flow, the circuit system shown 
in Fig. 10 is appropriate and involves two direct- 
current machines which operate on the Ward- 
Leonard principle for applying a torque to the 
rotor-shaft ; the direction of this torque can be 
automatically reversed in an extremely short time 
interval. 

In the foregoing treatment it has been assumed 
that the rated frequencies of the two coupled net- 
works have the different values f, and f,. If, 
however, the two coupled networks have the same 








Auxiliary Line 


rated value of frequency, the only difference that 
will arise between the two frequencies will be due 
to load fluctuations in each of the two networks, 
so that, at any given moment, the frequency of one 
network may be higher than the other, and at the 
next moment it may be lower. If, therefore, the 
circuit system of Fig. 9 were used in this case, it 
would mean that the direction of rotation of the 
auxiliary driving machine B would have to be 
reversed more or less continuously, whereas it has 
been seen in the foregoing, that when the rated 
frequencies of the two coupled networks are of 
different magnitudes, the auxiliary machine main- 
tains the same direction of rotation and it is only 
necessary to reverse the direction of the applied 
torque in order to change the direction of the 
power flow. 

One method for controlling the direction of the 
power flow between two coupled networks of the 
same rated frequency is shown in principle by 
Fig. 11, opposite, in which a motor-generator set is 
used. This arrangement comprises a three-phase 
synchronous machine A coupled to one of the 
two networks, and a three-phase asynchronous 
machine B coupled to the other network. The 
two machines are rigidly coupled to a common shaft. 
In this system both active and reactive power can 
be supplied to the rotor of the induction motor, 
As a numerical example of an equipment which 
operates in this way may be mentioned one which 
links two networks each of the rated frequency of 
50 cycles per second. The frequency fluctuations 
in each network are + 3 percent. The network I 
delivers 11,500 kW to the asynchronous machine B 
and the synchronous machine A delivers 16,400 kVA 
at cos¢ = 0-7 to the network IT, the total losses of 
the equipment being 2 to 3 per cent. 

Network Coupling by Motor Generator—It has 
been shown in ENGINEERING, vol. 134, page 636 
(1932), that, when an e.m.f. E, volts per phase is 
injected into the rotor of a three-phase induction 


motor, the admittance per phase of the machine | 


will be, 


I (rs -s2mEt) + 5248 
—) = : ———, (8) 
Vy (ty tg +H 2yrg) + SG t_gry + z2, — 2, 2q)8 
In this equation, the magnetising current I,, amperes 
per phase, has been neglected, but in what follows 
it will be taken into account. The symbols used in 
this equation are as follows: r, and r, ohms per 
phase are the resistance of the primary and secondary 
circuits, respectively, s is the rotor slip, X, = 
(x, -+,,) ohms per phase is the primary reactance, 
and X, = (%_,+2y,,) ohms per phase is the secondary 
reactance. 

In what follows, this equation will be modified 
as follows : the magnetising current per phase will be 





inserted, and tbe stator resistance r, will be assumed | 


to be negligibly small in comparison with the other 
factors. It is to be noted, moreover, that the 
leakage factors for the primary and secondary 
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circuits are 7, and 7,, respectively, so that. 

Xy = 2 + 2 = (1 + 74) 2, 

TLy = 73% 

KX, = Xt Te = (1 + 72)ee 

Tle = TeX. 
The mutual reactance is then 

tm = Va, a, 

and the ratio of the stator and rotor main reactances 
is 


convenient to write for the susceptance. 


I, 
b=—, 
E, 
I. = 0E,. 
Noting that the magnetising current lags by 
90 deg. on the applied pressure, the vector of the 
magnetising current is, 


so that 


a 
alder ; - @) 
the magnitude of E, and V, being related by the 
equation E,(1 + 7,) = V;. 
With the foregoing modifications, equation (8) 
may be re-written in the form 
1+7,1 


llian rs 





. b 
a -2%a7,, * 
1 
_ 
: (10) 
Now suppose in the first place that the injected 
e.m.f. is E, = 0. The general equation (10) then 
reduces to 


& 2 1 
- ‘atiaguaiacas  a 1 es 
ih; . —™ + (1+ 7) x) 8 +E, 5 7. 


1+7,1 


71471, 








1 1 
- ——— —[@, + (1 + 7,)ag)s. (11) 
il, 7. 4 ; th 1 ( 7) a! 


| and this is the general equation for a normal three- 
phase induction motor. 
Of the three components on the right-hand side of 


is the reactive 





this equation, the factor —j V, oz 


1 
current which provides the main flux and the 
vector of this quantity is at right angles to the 
pressure vector V, and is independent of the slip s- 
The second component of equation (11), namely, 
V; ts 8, is in phase with the supply pressure 
17. 

V, and is proportional to the slip s. This com- 
ponent of the primary current I, is due to the rotor 
e.m.f. induced by the rotor slip. 
The third component of the primary curren’ I, 18 

: "Ss 
| Nites eS 
land is at right-angles to the primary current. 





(zy + (1 + 71) %_) 8, 


As regards the magnetising current, it will be. 
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This component is due to the leakage flux of the 
machine and is proportional to the slip s. 

It is seen, therefore, that the primary current of 
the normal three-phase induction motor consists 
of one component which is independent of the slip, 
and two components which vary with the slip. The 
reactive component of the normal induction motor 
is only partly dependent on the slip, while the 
active component is directly proportional to the slip. 

if the asynchronous machine is a component part 
of a motor-generator set which couples two net- 
works, the induction machine being allotted to 
perform certain definite tasks as, for example, to 
transmit power in accordance with a given pro- 
gramme, irrespective of frequency fluctuations in 
either network, it will be necessary for the auxiliary 
commutator machine to inject into the rotor of the 
asynchronous machine those current components 
Which are necessary to satisfy the programme. 

Referring now to the current equation (11), let 
both sides be multiplied by the factor (1 — 1,) rg, 
80 that the following pressure equation is obtained : 

I. + )ry = —JV, br, +, (1 + 7) 8 

— 91, (a, + (1 + 7) a,)8 + Ey. (12) 
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Whereas the current equation (11) shows which 
current components must be taken over by the 
auxiliary commutator machine in order to satisfy 
the programme requirements, the pressure equation 
(12) shows what pressure components must be sup- 
plied by the commutator machine in order that the 
required current components shall be provided by 
the commutator machine. 

In order to show as clearly as possible the effect 
of the auxiliary commutator machine in regulating 
the performance of the coupling motor-generator, it 
will be assumed that the auxiliary machine is 
required to supply to the rotor of the asynchronous 
machine 

E, =/V,57r, +31, [x + (1 + 74) aq]8. (13) 
That is to say, the auxiliary machines must take 
over the current necessary to produce the rotating 
field in the air-gap, as well as the current for the 
leakage flux reactance. Exactly how this require- 
ment is satisfied in practice is outside the scope of this 
article. Asa result of this service, performed by the 
auxiliary commutator machine, equation (12) 
becomes 

I, (1 + 7) rg = Vi (1 + 72) 8. (14) 

Since the primary current is now in phase with the 
primary pressure, this current is a measure of the 
power developed, and both the current I, and the 
power W, will be proportional to the slip. 

Consider now a more general relationship for 
which the auxiliary commutator machine not only 
satisfies the conditions of equation (14), but also 
supplies a pressure component, 

V, (A + Bs), (15) 
so that the pressure equation (12) now becomes 

I, (1 + 7) rg = Vy, (1 + 72)8 + Vy(A + Bs). (16) 
where both A and £ are independent of the slip s 
but can be given various numerical values, as shown 
in the following examples. 

I. Let A=0 and B=0. Then equation (16) 
becomes that of the normal asynchronous machine, 
80 that 
I 1+, 1 

a ST + 0% % 


and is shown in Fig. 12, in which both current 





(17) 


I2I 
= power bear a straight-line relationship to the 
slip. 

II. Let 8 = 0 and A+0. Then equation (16) 
becomes 
ne FS asieee 
I, “ita SY = 


as shown in Fig. 13. In this case, the auxiliary 
commutator machine provides a pressure in phase 
with V, and independent of the slip. 

III. Let A= 0 and 8 +0. Then equation (16) 
becomes 


I, =.V; (ss =) (1 + 7.) + Bls, (19) 
as shown in Fig. 14. In this case, the commutator 
machine provides a pressure which is in phase with 
V, and is proportional to the slip. 

From the general equation (11) it is seen that if 
the auxiliary commutator machine injects no e.m.f. 
into the rotor of the asynchronous machine, the 
equation defines the operation of the normal three- 
phase induction motor, viz., 


I, 1 . 
I, = “trRe 5m + (1 +f7,) als 
b (1 + 7) 1 
-§v¥.——— le om 0 
4 11407, 1d +7)r5. (29) 


and the vector diagram for this equation is shown 
in Fig. 15. 

If, now, the injected e.m.f. is 
E, =/V, dr, +41, (x, + (1 + 7) ag)8 + Vi (A + Ba), 
then, substituting this value in (10), gives 

1 
I, = “Fipae + Bs) ° 
and the power factor is therefore cos ¢ = 1, as 
shown in Fig. 16. 

If the e.m.f. component j V,b r, which is injected 
into the rotor of the asynchronous machine by the 
auxiliary commutator machine is greater than the 
value —j V,br, of equation (12), then the asyn- 
chronous machine will draw a leading current from 
the line, or, otherwise expressed, the asynchronous 
motor will then supply reactive power to the 
network. 

If, in equation (21), B =0, then this equation 
becomes 


-(21) 


Vi 
(1 + 71) 1% A 


that is to say, the power factor is cos ¢ = 1, and 
the power developed by the asynchronous machine 
is independent of the slip, but is proportional to 
the factor A. 

It will be clear, therefore, that by the use of an 
auxiliary commutator machine for the purpose 
of injecting into the rotor of the asynchronous 
machine a pressure of appropriate magnitude and 
phase, it becomes possible to transmit in either 
direction between two networks which are coupled 
by a motor-generator set comprising a synchronous 
and an asynchronous machine, both active. and 
reactive power of any desired amount.* As 
already explained in the foregoing, Fig. 11 shows 
the main connections for a motor-generator set 
for transmitting between the two coupled networks 
11,500 kW at cos ¢=0-7. It is important to 
observe that, on account of the very large amount 
of power involved, two auxiliary commutator 
machines are used in series. 

By a suitable choice of the quantities which are 
injected into the rotor of Fig. 11, the asynchronous 
machine can be caused to attain a number of 
valuable operational characteristics other than 
those shown in Figs. 12, 13 and 14. 


I, 





55-MW LIGNITE-FIRED STATION IN FRANCE.—A 
generating station is being erected near Meyreuil in 
the Bouches-du-Rh6éne district, a few miles from Mar- 
seilles, to make use of the local lignite resources and to 
supplement the output from the neighbouring station at 
Cap Janet. The installed capacity of the new station 
will be 55 MW and it is estimated that the fuel cen- 
sumption will be from 100,000 to 150,000 tons per annum. 
Water will be drawn from the River Arc and the Rigaud 
canal. 








* Liwscuitz : Siemens Zeitung, 1926. 
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OUTLOOK. 


V.—Coat Macuinery, STEAM-RAIsING PLANT 
AND Heavy ELectricaL Piant. 


For manufacturers of most types of coal-mining 
machinery, 1950 was a much less successful year than 
its predecessor. Deliveries of all types of machinery, 
as is shown in Table I, herewith, compiled from the 
Monthly Digest of Statistics, were considerably lower 


in the first three-quarters of 1950 than in the| - 


corresponding period of 1949. The fall was as 
much as 41 per cent. for Diesel mine locomotives, 
24 per cent. for coal-cutters, and 22 per cent. for 
underground conveyors. Export sales were rather 
better maintained than home sales, but the tonnage 
of mining machinery exported in 1950 was 8 per 
cent. less than in 1949. It seems paradoxical that, 
at a time when shortage of coal threatens the econo- 
mic life of the country, and the drift of miners from 
the coal industry continues, the pace of mechanisa- 
tion should have slowed down; but it does not 
necessarily follow that any blame attaches to the 
National Coal Board. Certainly, the Board may 
have over-ordered machinery and equipment in the 
early stages of nationalisation, so that retrenchment 
in 1949 and 1950 was more severe than it might 
otherwise have been; on the other hand, lower 
purchases in 1950 were due largely to the increasing 
difficulty of introducing machines without prior 
extensive re-organisation of the mines. This is 
particularly true where haulage machinery is 
concerned, and the Board have found themselves 
compelled to undertake, in many collieries, a heavy 
outlay in driving new roads on the “horizon” 
system, before more locomotives and more efficient 
haulage systems can be introduced. 

So far as face machinery is concerned, further 
mechanisation is also impeded by certain disadvan- 
tages to which the types of machinery at present in 
production are subject. About 86 per cent. of the 
total output of British mines is obtained by “ long- 
wall”? mining methods, and most of the coal mined 
on this system is mechanically cut and conveyed ; 
but even the most successful power-loading machine 
in general use to-day, the A.B. Meco-Moore cutter- 
loader, is tied to a system of ‘‘ cyclical’ mining 
which involves the division of the day into three 
shifts. In only one of these shifts is coal actually cut, 
the others being devoted to loading and preparatory 
work. A breakdown or interruption of the work 
of any shift holds up the whole cycle of operations, 
and often involves the loss of a day’s output. 
There is, moreover, the serious disadvantage that 
coal-getting is no longer a team matter; men in 
one shift feel no responsibility towards men on 
another, and voluntary absenteeism is no longer 
checked by the spirit of comradeship. 

The solution must lie in the evolution of new types 
of machinery and equipment which will permit of 
continuous mining methods at fully-mechanised 
longwall mining faces, and already considerable 
progress has been made. Several machines which 
have reached the experimental stage are undergoing 
tests in the mines. Prominent among these is the 
Samson Stripper, which strips the coal from the 
face by means of a hydraulically-driven wedge. 
No undercutting or shot-firing is required, and 
operators need not work under a roof while it is 
unsupported. Moreover, unlike the Meco-Moore. 
the machine need not be dismantled after traversing 
the seam one way, but can travel backwards and 
forwards in continuous operation. It is claimed 
that, using the “‘ Samson,”’ five men can win 100,000 
tons of coalin a year. At Clipstone Colliery, in the 
East Midlands, where a prototype underwent exten- 
sive tests, an output per man-shift at the coal-face of 
9-8 tons was achieved, which compares with a 
national average of 3-0 tons. Mr. Philip Noel- 
Baker, the Minister of Fuel and Power, speaking 
at the summer school of the National Coal Board in 
July, claimed that ‘‘. . . this all-British invention, 
the Samson Stripper, may put us back in the very 
forefront of mining engineering technique.” So 
far, only three prototypes have been in use, but, 
though further tests have still to be made, 70 more 
machines are on order and should shortly come 
into general use. 


Other power loaders still in the experimental 
stage are the Gloster-Getter, which, like the Samson, 
takes off a strip of coal averaging 2 ft. in depth and 
the Coal Plough, which takes off a strip less than a 
foot deep. The latter machine, used successfully in 
Germany in soft-coal seams, may, however, have 
only a limited application in the harder British 
seams. 

These developments in longwall mining are parti- 





cularly welcome in view of the extent to which 


years, output per man-shift overall has been in- 
creased by 19 per cent., from 1-00 to 1-19 tons ; ani, 
though the output of coal is still insufficient for 
national requirements, it has increased by 30 million 
tons and is now half-way towards the target proposed 
for 1965 in the Reid Report.* While expenditure 
on coal-face machinery has necessarily been falling, 
the Board’s expenditure on surface equipment has 
been rising. The accounts for 1949, published in 
September, 1950, show net additions to plant and 


TABLE I.—UNITED KINGDOM: DELIVERIES OF COAL-MINING MACHINERY. 


























Diesel Tubs and a 
Coal Cutters. Power Loaders.* Underground Underground Mine se yor 
Conveyors. Locomotives. Cars.t ng.+ 
—_ For For For For 
Total. Export. Total. Export. Total. Export. Total. Export. Total. Total. 
Number. Thousand Tons. 
aes ae ‘ ! j re 
Annual totals : 
947 1,172 265 105 9 2,666 225 53 20 56-4 23-0 
1948 1,248 315 155 35 4,031 445 93 19 60-7 26-4 
1949 1,144 373 113 27 3,796 849 110 32 60-7 20-8 
Quarterly : | 
1948—1st quarter sd 324 59 32 | 7 945 95 18 1 15-1 7:2 
2nd quarter ee 308 70 36 CO 3 1,060 107 23 2 13-6 6-9 
3rd quarter <a 257 75 44 5 922 93 26 1 15-3 6-4 
4th quarter Ja 359 111 43 20 1,104 160 26 15 16-7 5:9 
1949—1st quarter acl 319 126 28 7 985 142 35 16 15-4 6-0 
2nd quarter As 304 105 30 8 783 115 22 8 14-7 5-1 
3rd quarter = 251 53 23 — 989 232 21 7 14-9 3-7 
4th quarter om 270 89 32 12 1,039 360 32 1 15°7 6-0 
1950—Ist quarter ae 221 92 32 12 809 201 12 6 14-9 5-6 
2nd quarter ~~ 260 105 24 7 603 126 15 8 14-5 6-1 
3rd quarter on 185 64 20 9 746 199 19 - j 12-2 5-3 























* Including A.B. Meco-Moore cutter-loaders. 
+ Excluding those produced at collieries. 


t Production. Output is mainly for the National Coal Board. 


TABLE II.—UNITED KINGDOM: 


(January to November.) 


All deliveries are for home use. Figures refer to carrying capacity. 


EXPORTS OF MINING MACHINERY OTHER THAN PORTABLE POWER TOOLS. 





























| 1948. 1949. 1950. 
Tons. Value (£1,000). Tons. Value (£1,000). Tons. Value (£1,000). 
AOE a | 
| 
Power-operated coal cutters. -| 1,060 459 1,697 768 1,688 746 
Power-operated winders eel 2,234 377 2,785 481 3,056 629 
Underground conveyors <a 2,321 331 4,588 753 4,752 813 
Others =e 2 - | 11,003 2,031 10,760 2,120 8,762 1,992 
Total : | 16,618 3,198 19,830 4,122 18,258 4,180 





TABLE III.—UnNrrep KINGDOM: EXPORTS OF MINING MACHINERY OTHER THAN PORTABLE POWER TOOLS, BY 
COUNTRIES OF DESTINATION. 


(January to November.) 
































] ; 

| 1948. | 1949, 1950. 

| Tons. Value (£1,000). Tons. Value (£1,000). Tons. Value (£1,000). 

' — 
British West Africa 2.171 | 283 | 1,753 | 263 1,317 | 202 
South Africa a _ i 3,648 | 698 4,136 826 4,650 1,000 
India e. Re re Ss: 988 243 1,267 336 873 284 
Malaya... ee oe oe 1,674 223 1,729 216 1,339 210 
Australia a he a 340 81 1,549 279 2,106 420 
Other Commonwealth countries 1,687 336 2,352 443 1,921 421 
Poland... me at aa 179 31 1,639 508 1,614 498 
Netherlands a sa es 1,574 256 489 107 635 149 
Belgium .. s ea ad 412 133 379 105 189 78 
re ses 255 1,046 381 547 234 
Czechoslovakia .. me a 458 140 167 76 199 116 
Other foreign countries ox 2,604 519 3,324 \ 582 2,868 5638 

Total id 16,618 | 3,198 19,830 4,122 18,258 4,180 
| | 





Britain is committed to this method of operating, 
and the recent successes in the evolution of machines 
which will greatly increase output under the 
‘‘ pillar and stall’ system common in the United 
States. The Joy-Sullivan Continuous Miner, for 
example, is said to be capable of cutting 70 ft. of coal 
in an eight-hour shift. Though conditions here 
are seldom suitable for the employment of such a 
machine, a few, at least, will probably be tried in 
Britain. One has been installed in Donisthorpe 
Colliery, in the East Midlands, since last February, 
and in continuous operation has achieved a loading 
rate of 50 to 55 tons an hour and an output per 
man-shift of 20 tons, including all manpower on 
to the main trunk conveyor system. 

There is little ground for criticising the National 
Coal Board on the score of the pace at which 
mechanisation at the face has been carried out. 
About 80 per cent. of the coal is cut by machine even 





now, compared with 58 per cent. in 1939. In four 


machinery of 22-3l. millions, compared with 
16-81. millions in 1948, and expenditure in 1950 is 
likely to have been higher still. Considerable 
attention is being paid to the provision of coal- 
cleaning plant. In three years, to the end of 
December, 1949, 38 new plants, costing 2-251. 
millions and capable of cleaning about 7-25 million 
tons of coal per annum, had been brought inte 
operation ; 27 more, capable of cleaning annually 
9-5 million tons, were under construction. This 
rate of progress does not appear very rapid, however, 
when it is remembered that still only 52-7 per cent. 
of the output of coal, little more than before the 
war, is mechanically cleaned. 

A major item in the Coal Board’s investment 
programme is the provision of electrical power for 
the collieries. Increased mechanisation is expected 

* Report of the Technical Advisory Committee on Cos! 
Mining. Cmd. 6610 (1945). 
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to increase the demand from 940,000 kW to 1-3 
million kW by 1955, and the Board’s aim is to replace 
much of the existing steam-raising and generating 
plant, which is inefficient. It is planned to build 
colliery power stations in units of standard size 
which will be capable of consuming efficiently much 
of the low-grade coal produced. This will mean a 
dcuble saving in cost, since it will save the expense 
of transporting the coal as well as that of transport- 
ing dirt with the coal or extracting the dirt at the 
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The plan must constitute a heavy burden on the 
nation’s resources, and it may be too ambitious, for 
there is some doubt whether the returns in more and 
cheaper coal will be commensurate with the outlay 
involved. On the other hand, there is the danger 
that failure to carry the plan through will simply 
mean the repetition of fuel crises, such as occurred 
in the winter of 1947 and now threaten to recur. 
A high level of home demand for mining machin- 





ery, with sales rising somewhat about the 1950 level, 


TABLE IV.—UNITED KINGDOM: DELIVERIES OF ELECTRICITY GENERATING PLANT. 
(Monthly Averages or Calendar Months.) 

















Hydraulic Turbines. 
er Total. | For Export. 
o 
Thousand brake horse-power. 

ene ee ee -- 
1947 “@ oe ae .% 10-7 10°7 
1948 a Sa “< i 6-4 4-2 
1949 oa =e oF 37-6 17-3 
1949—October .. - — 24-4 20-2 
November ie sie 23-9 23-9 
December ae 5a 26-1 1-1 
1950—January .. ‘i a 68-6 62-0 
February ex in 1-2 1-2 
h a ~ ts 137-4 104-4 
April x aon a 31-9 21-0 
May ie es mie 1-9 1-9 
June ie = ev 66-3 | 8-3 
July - x ee 62-0 | 62-0 
August .. as sie 33-6 0-6 
September < oe 60-0 47-4 


October .. 2. vo] 60-0 | 60-0 





collieries. The Board’s electrification projects are 
in line with one of the main conclusions of the Reid 
Committee, which urged that ‘‘new mines should 
be laid out on an all-electric basis and wherever 
possible the complete electrification of existing 
mines should be seriously considered.” Under- 
ground there is to be a steady reduction in the use 
of compressed air, in favour of electrical equipment. 
Much of the existing steam plant will have to be kept 
in service, if only because the life of some collieries 
will be too short to warrant electrification. Where 
such steam plant is kept in service, it is proposed 
to improve its performance by introducing mechani- 
cal stoking and replacing shell boilers by water-tube 
boilers. 

Other main technical lines of development sug- 
gested by the Reid Committee have been accepted 
by the Board in their Plan for Coal, published in 
November. Output will be concentrated through 
a small number of shafts, and “ horizon” mining, 
locomotive haulage, power loading and skip winding 
are to be extended in a scheme which will so recon- 
struct 250 of the 950 collieries now in production, 
that they will yield 70 per cent. of an estimated total 
annual output of 240 million tons, an increase of 
one-fifth over present production. Twenty new 
collieries and 50 drift mines should yield a further 
10 per cent., and the remaining 20 per cent. will 
come from 250 collieries in which little reorganisa- 
tion will be necessary. Some 450 collieries, many 
of which are small and nearing exhaustion, will go 
out of production or be absorbed in concentration 
schemes. It is hoped that the total expenditure of 
6351. millions over 15 years, which is envisaged, of 
which 115J. millions will be spent on coke ovens 
and auxiliary undertakings, will result in a saving 
of 7s, per ton of coal. 

Such a calculation, however, involves so many 
assumptions about the likely demand, the production 
costs, and prices for coal in 15 years’ time, that 
it must be treated with great reserve. Much of the 
expenditure required will be found from the Board’s 
existing resources. It is estimated that an invest- 
ment of 350/. millions will be required over the 
15 years, merely to maintain the present level of 
production ; this will be found from depreciation 
allowances. The remaining 1701. millions required 
for colliery development will be borrowed from the 
Treasury. Since the peak expenditure under the 
procramme is expected to be reached in the years 
195) to 1955, when rearmament expenditure is 
likely to be at its height, fears have been expressed 
tha: the necessary finance may not be available. 


Steam Turbo-alternators of 
Less than 10,000 kW each. 


Steam Turbo-alternators of 
10,000 kW and Over. 











Total. | For Export. Total. | For Export. 


Thousand kW. 


|- 
| 
| 
| 





86-3 | 38-6 13-6 8-6 
| 112-0 39-0 24-8 18-1 
165-0 | 47-8 22-8 13-1 
40-0 40-0 
162-5 wit 21:9 13-0 
| 190-0 | 50-0 
| 
121-5 | 61-5 
147-5 45-0 12-7 9-4 
| 254-0 15-0 
| 120-0 | 70-0 =) | 
| 152-5 | 42-5 >} 15°3 | 7:5 
430-8 } 113-3} | 
| 128-8 108-8 | 
65-0 | 35-0 \| 20-2 11-2 
| 157-0 | 50-0 J | 
| 293-0 | 63-0 | 





is assured over the next four or five years. The fall 
in demand should be kept strictly in perspective ; 
in 1950, home sales of mining machinery and equip- 
ment were still at least double the pre-war total. 
The fall in export sales, which account for 10 per 
cent. of the total production, is more disappointing. 
It will be seen from Tables II and III, opposite, 
which are taken from the Trade and Navigation 
Accounts, that, though the value of exports was 
maintained in 1950, the tonnage fell by 8 per cent. 
It is worth noting, however, that the fall occurred 
in such items as are exported in quantities too small 
to be separately designated in the T'rade Accounis ; 
exports of power-operated coal cutters, power- 
operated winders and underground conveyors all 
increased. The two largest markets, South Africa 
and Australia, increased their purchases in 1950 ; 
but the only other countries which took more British 
mining machinery in 1950 than in 1949 were the 
Netherlands and Czechoslovakia. The fall in the 
demand from Malaya, British West Africa, and other 
Commonwealth countries is mainly an indication 
that post-war re-equipment in the metalliferous 
mining centres is nearing completion; smaller 
exports to France and Belgium are associated with 
the progress made in the mechanisation of coal 
mines in Western Europe, and are also the result 
of increasing competition from German and American 
manufacturers. The future level of exports to 
Poland, the third largest market, is uncertain, though 
mining machinery cannot be considered as “‘ war 
potential ” in the same way as, for example, machine 
tools. When, however, the industry is likely to be 
fully occupied in meeting demand from the National 
Coal Board and friendly countries, orders from 
behind the Iron Curtain lose some of their impor- 
tance. The orders executed for Poland during 
1950, mainly by firms in the Sheffield district, were 
carried out without prejudice to the mechanisation 
programme in British mines. 

Like the coal industry, the electricity supply 
industry found itself unable to meet the rising 
demand in 1950. The capital programme of the 
British Electricity Authority is still well behind 
the original schedule, and the deficit ‘in electricity 
supplies in severe weather is of the order of 2,000,000 
kW. Nor is the situation likely to be much easier 
in the winters of 1951-52 and 1952-53, when it is 
expected that, at peak periods, the demand may 
exceed capacity by 1-7 million kW ; it is unlikely 
that load-shedding will be eliminated before 1954-55. 
The demand for electricity is still rising; from 
January to November, 1950, the B.E.A. sent out 








46,400 million units, compared with 41,600 million 
in the corresponding period of 1949; twice'as much 
as in 1939. In the year to March 31, 1950, indus- 
trial users increased their consumption by 8 per cent., 
commercial users by 10 per cent., and agricultural 
users by 20 per cent. Domestic consumption is 
also increasing, though at a slower rate, and was 
2 per cent. higher in 1949-50 than in 1948-49. 
The rise in demand is not, however, any greater 
than was expected, and the-inability to meet it is due 
solely to financial and physical difficulties in provid- 
ing power-houses, machinery and equipment. The 
progress made in 1950 was more: satisfactory than 
in previous years; in November, 1950, installed 
capacity (maximum continuous rating) at 14-8 
million kW, was 1-2 million kW higher than in 
November, 1949. This compares with a rise of 
only 432,000 kW over the year to November, 1949. 

Perhaps the biggest obstacle in equating supply 
to demand is the financial one. In 1950, the amount 
scheduled for investment by the B.E.A. was 102I. 
millions; this is three times as much as was 
scheduled for investment in the gas industry and 
30 per cent. more than was allotted to the railways, 
but, nevertheless, it was inadequate. Since the 
construction of generating plant is now costing 
considerably more than 501. per kilowatt, the invest- 
ment expenditure allotted in 1950 for generating 
equipment, 541. millions, would not permit much 
more than | million kW of new plant to be commis- 
sioned. The programmes prepared by the British 
Electricity Authority call for the addition ‘of 
8-6 million kW of capacity before the peak load 
can be met in 1955. This will require a capital 
expenditure of at least 4301. millions on the provision 
of generating plant alone over five years, or 86l. 
millions per annum, compared with:the expenditure 
of 541. millions proposed in 1950. In. view of re- 
armament needs and the need to keep down-expen- 
diture, the B.E.A. are likely to obtain the required 
funds only if the provision of generating capacity is 
accorded a high degree of priority. 

Some informed commentators have suggested 
that there is little economic justification for the heavy 
outlay involved in making load-shedding unneces- 
sary. It is argued that the biggest shedding of 
loads in the mild winter of 1949-50‘was 1-14 million 
kW ; the outlay on extra plant to satisfy this would 
be about 60/. millions. The load-shedding, however, 
represented only 0-076 per cent. of the total output 
in the year, and if demand had been satisfied the 
increase in revenue would havé been less than 
200,0001. According to this school of thought, the 
answer to the problem must be found in a reduction 
of consumption, for it is unrealistic that domestic 
users should have the right to use whatever power 
they like at a uniform tariff at any time of the day. 
The technical difficulties involved in arranging tariffs 
so that each consumer will pay the real economic 
cost of the power he buys, at the time when: he 
uses it, are admitted, but are not thought to be 
insurmountable. 

Another approach to the problem was put forward 
in the report of the Anglo-American Council on 
Productivity on the visit to the United States of 
productivity teams representing the British electri- 
city supply industry. This states that the consump- 
tion of electricity per man-hour in British industries 
is only a third of that in American industry, and 
that high productivity in this country is hampered 
by the inadequacy of the electricity supply. Mr. 
H. M. Mathews, commenting on this report in a 
letter to The Times on November 19, went so far as 
to suggest that if there is any serious intention to 
advance Britain’s productivity level, the power 
development plans must be accelerated. 

The first essentials are to tackle the paramount 
consideration of priority in the capital investment 
programme, and the site approval procedure for 
generating stations. The argument that produc- 
tivity is hampered because too little electrical power 
is used in British industry, however, cannot be used 
to support a plea for more generating capacity 
unless it can be shown that manufacturers are 
deterred from installing electrical machinery through 
fear of power cuts. It is desirable, no doubt, that 
British industry should use more electrical power, 
but supply is not the limiting factor. Manufac- 
turers are likely to carry out electrification schemes 
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in their factories or to install more machinery using 
electrical power only to increase profits or the future 
profitability of their enterprises, and not merely to 
increase productivity. The two are not necessarily 
synonymous, and the problem here, as stressed in 
earlier articles in this series, is how to make increased. 
productivity profitable both to shareholders and 
employees. The inability of the B.E.A. to meet the 
peak demand may interfere seriously with produc- 
tion in a cold winter, but it has little bearing on 
productivity. 

On this reasoning, in view of the need to conserve 
the nation’s scarce resources, there is a strong case 
for putting greater emphasis on cutting the consump- 
tion of electricity by domestic consumers, rather 
than on the provision of more generating capacity. 
The electricity sub-committee of the National Joint 
Advisory Council, in a report to the Minister of 
Labour, published in December, stress that the whole 
character of the problem would be changed if it were 
possible to discriminate to a greater extent between 
industrial and non-industrial consumers. They 
recognise that there are considerable difficulties in 
the way of selective load-shedding—particularly 
as regards eapital expenditure—but feel that ‘‘ the 
possibilities should be looked at afresh now that 
the problem is clearly seen to be long-term.” The 
exercise of greater economy and discrimination 
would not dispense with the need to increase generat- 
ing capacity, but it would remove any cause for 
alarm over the “ inadequacy ” of the present rate of 
progress, 

Finance is not the only difficulty in the way of an 
increase in generating capacity. The progress of 
construction work on power-houses has often been 
far behind schedule, and, even before the first brick 
is laid, a period of two years often elapses after the 
site has been selected, due to the difficulty in securing 
consent to its use. Moreover, the capacity for the 
manufacture of boilers and steam-raising plant has 
been barely sufficient to meet demand, and consider- 
able delays in delivery have occurred. Complaints 
about the shortage of ‘ power plant ”’ did not, in 
1950, include turbo-generators, whatever may be the 
outlook for the future. The annual report of the 
British Electrical and Allied Manufacturers’ Associa- 
tion claims that the achievement of the turbo- 
generator manufacturers is a striking example of the 
effective use of manpower, coupled with works 
extensions and subcontracting. Productive capa- 
city is such that, in addition to meeting export 
commitments, power stations at home can _ be 
equipped as fast as the stations can be sited and 
built. Deliveries of turbo-alternators of 10,000 kW 
each and upwards are shown in Table IV, on page 
123, taken from the Monthly Digest of Statistics. In 
the period January to October, 1950, the total deli- 
veries, at 1-8 million kW, were 200,000 kW higher 
than in the corresponding period of 1949, while 
deliveries for export, at 604,000 kW, were 80,000 kW 
higher. The Metropolitan-Vickers Electrical Com- 
pany state that, in 1950, they installed turbo- 
generator sets aggregating 460,000 kW, 60 per cent. 
more than in 1949. Much progress has been made in 
standardising layout and equipment, and much of 
the plant installed was of the unit type in which each 
turbo-alternator has its own individual boiler. Most 
of the sets were of the standard 30 MW and 60 MW 
sizes, but two new stations have been planned which 
will take turbo-alternators of 100 MW, and will 
require boilers twice the size of any in use in Britain 
to-day. 

In addition to meeting rising requirements, manu- 
facturers of generating and electrical power-house 
equipment were able, in 1950, to increase exports by 
one-fifth above the level of 1949. Exports of the 
categories listed in Tanle V, herewith, taken from the 
Trade and Navigation Accounts, totalled 81,530 tons 
during the eleven months January to November, 
1050—60 per cent. more than in the corresponding 
period of 1948, and nearly three times the 1938 
total. The largest market for generating sets was 
Russia, whose imports of this type of equipment 
from the United Kingdom were valued at 5-2. 
millions. The desirability of sending generating 
sets to Russia is open to question, but there is a 
further aspect of the matter upon which some 
criticism of the B.E.A. policy may be based. Sir 
Lynden Macassey, in a letter to The Times of Decem- 


ber 21, pointed out that manufacturers, after being 
encouraged to increase their production of Diesel 
generating sets after the fuel crisis of 1947, were 
unable to sell them at home. This was said to be 
due to the policy of the British Electricity Autho- 
tity, who, while complaining that they were not 
allowed to build sufficient new generating capacity, 
had discouraged industrialists from installing 
generating plants in their own works by waiving 
restrictions on the use of factory generators only 
until March 31, 1952. The manufacturers have 
consequently exported their generators to countries 
where the policy has been to relieve the over- 





in the Orange Free State, and a 60-66-MW set for 
the Hydro-Electric Power Commission of Ontario. 
The General Electric Company have received orders 
for hydro-electric plant for Tanganyika, and the 
Metropolitan-Vickers Electrical Company hie 
orders for two 30-MW back-pressure sets for 
Victoria, Australia, two 20-MW sets for Salisbury, 
Southern Rhodesia, and several smaller sets ior 
Northern Rhodesia, South Africa and India. 
Manufacturers of boilers and boiler-house equip- 
ment also increased their exports. Lord Citrine, 
chairman of the British Electricity Authority, was 
reported as having said that it is folly to export 


TABLE V.—UNITED KINGDOM: EXPORTS OF ELECTRICAL MACHINERY. 












































1938,* | 1948.t 1949.t 1950.+ 
Value Value y Value ; Value 
Tons. | (e100). | 78 | ¢¢1,000). | TO | (1,000). | TS | (£1,000). 
Generators complete : ° ee , 
Not exceeding 200 kW .. 1,980 419 7,031 3,147 15,684 7,262 20,401 0,064 
: 2 j 7,453 1,310 5,660 2 é 3; : 56: 
— aed —_ = 5.163 1,920 3,610 1,242 5,235 2/093 
Total 9,433 1,729 | 17,854 | 7,086 | 26,603 | 11,640 | 33,932 | 14,722 
| 45, 3,538 20,5 : 23,697 6,662 
Transformers ed 9,619 1,114 15,310 3,533 20,246 5,463 i t 
Rectifiers for power-house use 207 38 462 242 649 319 poof . pn 
Switchgear and switchboards 8,929 2,030 12,151 6,158 16,130 8,480 18,2 9,87: 
Steam turbines 1,256 420 3,272 1,547 4,524 27176 4,762 850 
Grand Total 29,444 5,331 | 49,049 18,566 68,152 | 28,078 81,530 34,651 
‘ — 








* Eleven-twelfths of year. 


+ January to November. 


TABLE VI.—UNITED KINGDOM: DELIVERIES OF BOILERS AND STEAM-RAISING PLANT ACCESSORIES, 
(Monthly Averages or Calendar Months ; Values in £1,000.) 










































































Steam-raising Plant Accessories. 
Shell Boilers. | 
Fuel-Oil Fuel-Oil ; 
a yr fosictenang | Other. | eae Other 
Total. | For Export. | Total. For Export. 
-_ en en er m 
414 147 183 403 45 § 
HH 554 200 | 205 561 45 = 
1949 619 190 133 645 31 36 
5 105 
1949—July 673 224 126 575 34 
y= _ 563 187 137 510 31 A 
September 682 190 159 642 33 
119 
October .. 669 171 145 660 45 
November 697 184 145 637 28 a 
December 691 208 143 879 31 
‘ 175 
1950—January .. 686 162 133 810 44 
~ ‘Febrenry 596 126 138 597 32 17 
March 751 161 156 650 46 
100 
April 587 118 128 589 38 
May 656 180 169 664 54 4 
June 732 149 203 897 53 
° coca 84 
July 657 132 154 567 41 
August |. 741 120 153 545 42 is 
September &83 165 207 668 61 
October. by es 751 135 163 670 36 100 
TABLE VII.—UnNrrep KINGDOM: EXPORTS OF BOILERS AND BOILER HOUSE PLANT. 
(January to November.) a 
1938, 1948. 1949. 1950. 
; Value Value Tons Value Tons. _— 
| Toms. | (£1,000). | TOMS | (£1,000). S| (€1,000). (£1,000). 
Water-tube boilers .. Be fe 30,142 2,134 25,648 3,650 32,949 4,657 34,774 §,374 
Locomotive-t: boilers for sta- ‘ 
tlonary purposes... 759 53 400 54 444 aH ot os 
Lancashire and Cornish boilers 1,273 57 2,433 247 2,037 15 a 408 
Vertical boilers... ie i. oe 195 2/269 334 2,087 331 2,57 = 
Other boil..rs és eS i]s 2520 { 6,095 922 6,349 77 6,933 ‘ 
Economisers, fe d-water heaters ; ei 0 
and steam Superheaters . . ; 6,207 342 6,831 813 6,286 — han 3 $32 
Other boiler-house plant 10,106 760 16,561 3,101 15,620 2,669 87 is: y 
Total 51,306 | 3,541 | 60,237 9,121 | 65,754 9,567 | 68,658 | 11,074 




















burdened central generating stations. As reported 
on page 135, however, the British Electricity 
Authority last week announced that the relaxation 
of restrictions would be extended until March 31, 
1956. 

In general, however, the largest markets for 
heavy electrical plant are the Commonwealth 
countries, particularly South Africa, India and 


such vital equipment as boilers, “ although it would 
not follow that the proportionate aid to our pro- 
gramme would be the same ”’ if they had not been 
exported. At the annual luncheon of the British 
Electrical Development Association in February, 
he explained that the B.E.A. had made desperate 
efforts to increase productive capacity, but they 
had been forced to buy abroad to augment their 
supplies of valves and tubes. They had ende® oured 


Australia. The British Thomson-Houston Com- . tea, but 
pany, for example, despatched 15-MW sets to Port |to obtain boiler plant from the United — * het 
Kembla, Australia, and Bulawayo, South Africa,|were unable to secure deliveries, though 

as well as the first of three 20-MW sets to Worcester, |country had ample capacity. — —— 
South Africa. The English Electric Company have | Manufacturing capacity in this country 18 Tobn 





orders for 30-MW sets for Vierfontein power station 





ing, however—it has been announced tha 
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Brown and Company, as part of their policy of 
diversifying their output, are to undertake the 
construction of industrial boilers in conjunction 
with Mitchell Engineering Limited. Deliveries of 
shell boilers and steam-raising plant accessories 
are given in Table VI, herewith. Figures for water- 
tube boilers are no longer published, so it must be 
assumed (in the absence of evidence to the contrary) 
that the trend was roughly in line with that for shell 
boilers. Deliveries of these in the period from 
January to October, 1950, were 7-01. million— 
1-01. million higher than in the corresponding period 
of 1949. Deliveries for export account for one-fifth 
of production and, over the same period, had 
increased by 400,000/. Exports of boilers and boiler- 
house plant, shown in Table VII, herewith, taken 
from the Z'rade and Navigation Accounts, were 
68,700 tons in the period from January to November, 
1950, or 4-5 per cent. more than in the same period 
of 1949. Even assuming that the high level of 
exports is detrimental to the programmes of the 
British Electricity Authority, they may be justified, 
perhaps, on the ground that the bulk of the exports 
go to Commonwealth countries. In 1950, 70 per 
cent. of the exports of water-tube boilers were 
absorbed in the Commonwealth, as well as 60 per 
cent. of other boilers and hoiler-house plant. 

The future outlook for manufacturers of boilers 
and generating plant is obscure. In view of the 
shortages of steel and non-ferrous metals, some 
important decisions will have to be taken on the 
matter of priorities. Unless manufacturers are 
given first call on scarce materials, it will be difficult 
to maintain a level of output which will satisfy 
both home and export requirements. Moreover, it 
will have to be decided whether it is practical or 
even desirable, in view of rearmament requirements, 
for the British Electricity Authority to undertake 
the expenditure of the very large sums which will 
be required if load-shedding is to be avoided. 
These are matters of high policy which will have to 
be considered by the Heavy Electrical Plant Com- 
mittee, on which the British Electricity Authority, 
the Water-Tube Boilermakers’ Association, and the 
British Electrical and Allied Manufacturers’ Associa- 
tion meet under a chairman from the Ministry of 
Supply. A wrong decision by the Minister could 
disorganise industrial life in Britain. 





DRYING OF FOUNDRY MOULDS 
AND CORES.* 


By G. T. Hampton and W. H. Taytor. 


“ec 


In a foundry using what is called a “ synthetic” 
sand practice, the new sand consists of clay-free silica 
sand to which bonding materials have been added to 
give correct moulding properties. It is necessary to 
dry a certain amount, if not all, of the new sand in 
order to standardise the new-sand addition, control 
the moisture content, and ensure a more intimate 
mixing between the sand and the bonding materials. 
Drying is especially necessary in the preparation of 
core sands. The choice of equipment for this operation 
will be governed largely by the size of the foundry and 
the amount of sand required. In small foundries, sand 
is often dried by spreading it out on plates or on top 
of core stoves, cast moulds or any other accessible 
source of heat. In large foundries, however, special 
equipment in the shape of a static or a rotary drier is 
needed to supply the necessary amount of dried sand. 

The static sand drier is generally a simple arrange- 
ment consisting of a firebox and a sand hopper; the 
sand falls over the inclined roof of the firebox. As 
would be expected, this type of drier has many limita- 
tions. Clogging easily occurs at the outlet gaps, while 
the delivery of sand and the degree of drying are very 
uneven. A modern design of drier using this principle 
is Stated to have an output of 1} tons per hour, the 
running cost being 4d. per ton of sand dried, with coal 
ning, and 10d. per ton when adapted for oil firing. 
The larger foundries use the rotary drier, which is better 
suited to handle the greater quantities of sand required, 
and is easily adapted for mechanical handling. 

A typical plant of this kind is a gas-fired drier using 
Mond gas with a calorific value of 150 B.Th.U. per 
cubic foot. The wet sand is fed from a storage hopper, 





* Paper presented to the Midland Section of the 
institute of Fuel at Birmingham, on Wednesday, Jan- 
uary 3, 1951, and the North-Eastern Section of the 
institute, at Newcastle-upon-Tyne, on Monday, Jan- 
uary 15,1951. Abridged. 











which is charged by a hand-loaded skip. The hopper 
is fitted with an electrical vibrator which is used 
periodically to prevent the wet sand hanging in the 
hopper, and thus ensures a steady flow of sand on to 
the rotary feed table. The sand so supplied is swept 
off by a fixed plough into the barrel of the drier. The 
sand is dried by cascading down the barrel, round a 
5-in. slotted burner tube which extends the full length 
of the barrel. The delivery end of the barrel is con- 
nected to a Venturi tube through which air is blown to 
convey the dried sand to the main storage hopper of the 
sand mill, about 40 yards away. This operation avoids 
the necessity of manual handling and cools the sand. 

A coal-fired drier is also in use which, except for the 
type of fuel and method of filling the wet-sand storage 
hopper, is similar in principle to the gas drier. Small 
pea-size coal is supplied to the firebox by a mechanical 
stoker, and hot air from the firebox is forced up the 
barrel by the combined action of a fan, which supplies 
air for the firebox, and an exhaust stack at the sand- 
input end of the barrel. The feeding arrangements 
consist of a hopper above a rot.ry feed table supplying 
an elevator, which in turn carries the sand to the work- 
ing storage hopper. One other difference between this 
drier and the gas-fired one is the use of a suction fan 
to remove the dried sand, but the distance travelled is 
only approximately half that of the pressure hoist. 

The coal-fired drier is considerably larger than the 
gas-fired one, the barrel sizes being 19 ft. long by 
3 ft. 5 in. diameter and 8 ft. long by 2 ft. 6 in. diameter, 
respectively. An exhaustive check was taken on 
these driers for costing purposes, and the results shown 
in Table 1 were obtained. Thus it can be seen that the 


TABLE I. 











Quantities. Gas-fired Drier. | Coal-fired Drier. 
Sand dried .. ‘ ‘ 4,503 tons 6,846 tons 
Fuel per ton = ..| 8,300 cub. ft. 39 Ib. 
B.Th.U. per ton sand dried 528,000 526,000 
Fuel cost per ton .. oa 38. 93d. 





fuel consumption in terms of heat supplied per ton of 
sand dried is approximately the same for both plants, 
as is also the amount of sand dried per hour, being 
2-1 tons for the gas-fired drier and 2 tons for the coal- 
fired drier. Taking into account depreciation, main- 
tenance and labour, the cost per ton of sand dried 
was found to be 7s. 4d. for the coal-fired drier and 
9s. 8d. for the gas-fired drier. 

Core drying in most foundries in this country is 
limited to various types of ovens. Dielectric heating is 
available, but owing to the high capital outlay and 
the fact that it is mainly applicable to resin-bonded 
sands, it has not come into general use. It has, un- 
doubtedly, many advantages, the two main factors 
being its extreme rapidity and the absence of over- 
curing. Infra-red heating is used for drying refractory 
paint washes which are applied to some dried cores. 
A tunnel system is used, the cores passing through on a 
conveyor. Electricity consumption, however, is heavy, 
and, coupled with the high cost of lamp replacement, 
tends to make the process uneconomic except for 
large installations. Infra-red heating by gas has also 
been used, at a lower cost than by electricity. Neither 
method has found favour for other uses than “ skin ” 
drying, i.e., a depth of drying not exceeding } in. 

The ovens in use at the foundry with which the 
authors are associated, that of Messrs. F. H. Lloyd 
and Company, Limited, Wednesbury, South Stafford- 
shire, present a fair average of old practice and the 
more modern practice in use to-day. Each oven is 
equipped with two-point temperature recorders by 
means of which a standard performance is maintained. 
The oldest oven, which dries large cores, is simply a 
rectangular chamber 22 ft. by 12 ft. 6 in. by 6 ft., with 
a firebox at the back, fed by a mechanical stoker. Hot 
gases are passed into the oven via a grid at the back, a 
flue at the door end connecting to a stack some dis- 
tance away. Tier loading is employed, the bogie 
running on a ball track and being moved into and out 
of the oven by means of a small gantry crane which 
provides the normal lifting power in the core shop. 
The bogies will accommodate one day’s work from the 
shop. Drying takes place at night for a period of 
8 hours. Approximately 34 tons of sand of 6 per cent. 
average moisture content are dried each week, with a 
fuel consumption of 3 tons of coal. Experience has 
shown that the heating of this oven is far from uniform. 
There is a large temperature gradient from the door 
to the back of the oven—so much so, in fact, that any 
cores placed within 3 ft. of the back wall would be 
over-dried or burnt. The average temperature of the 
oven is 300 deg. C. 

An improvement on this is a recirculating battery 
stove. This also is coal-fired, by means of a mechanical 
stoker, and employs rack-type loading, the racks being 
handled by hydraulic lift bogies. The stove comprises 
four ovens of dimensions 10} ft. by 7 ft. by 6} ft., and 
dries approximately 30 tons of sand per week, with a 








fuel consumption of 6 tons of coal nuts. The drying 
cycle is approximately 8 hours at a temperature of 
180 deg. C., and each oven is charged twice a day. 
An even drying temperature is maintained throughout 
the battery of ovens, and the all-round performance is 
quite good, provided adequate attention is given. 
Considered from the fuel-efficiency point of view alone, 
it is felt that this oven would be more economical if 
hand instead of mechanical stoking were used. 

One other batch stove is in use; this was originally 
identical with the battery just described, but owing to 
drainage difficulties the flues were constantly flooded, 
and so it became necessary to change over to a system 
which did not require underground flues. The gas 
oven described below was the simplest method of 
achieving this end. It consists of two ovens, 11 ft. by 
7 ft. by 7 ft., each of which is fed by eight gas jets 
situated in the bottom of the oven. Gas is supplied 
at the rate of 3,000 to 4,000 cub. ft. per hour, and 
30,000 cub. ft. are used in the usual drying cycle of 
8 hours at 150 deg. to 200 deg. C. The ovens are 
charged twice a day, and approximately 14 tons of 
sand per week are dried at a fuel consumption of 
about 250,000 cub. ft. No air is admitted except 
through a Venturi tube, but, even so, cores containing 
linseed oil (which dries by oxidation) are quite satis- 
factorily dried, indicating that sufficient oxygen is 
present in the oven. Rack-type loading is employed, 
and it has been noticed that cores on the bottom rack 
are not dried so well as those higher up in the oven, 
indicating the need for a baffle plate above the burners 
to direct the heat down to the base of the oven. 

The other core-drying units are of the continuous 
type. These supply the. machine-moulding sections, 
where cores are of a reasonably uniform size and made 
in large quantities. Vertical ovens are used, as floor 
space in the core shops is limited. The core-makers 
work alongside a moving conveyor which transports 
the cores to the ovens, where they are loaded by hand 
on to the racks. One oven, designed for larger cores, is 
fed by a roller conveyor. The cores are carried into 
the vestibule of the oven by the conveyor, where the 
racks, moving up, engage under the core plates and 
convey them through the oven. 

Four ovens of this type are in use. Two are coke- 
fired and two gas-fired. The temperature developed 
is between 200 deg. and 250 deg. C., and by simple 
adjustment of the gearing system the time cycle can 
be varied to suit the type of work to be dried. For 
example, the two gas-fired ovens are engaged on small 
cores, for which a drying cycle of 1 hour | been found 
to be satisfactory, while the coke-fired ovens drying 
heavier cores have a drying cycle of 2 hours. Some 
of the cores which are heavier than the average receive 
a two-cycle treatment, while others made with sand 
of high moisture and low permeability, although in 
some cases smaller than the average-size core, are also 
given two cycles. This shows that, for the most 
efficient operation, standardisation of the cores and 
core size are desirable so that the drying time can be 
accurately fixed and all the cores dried in one cycle 
ofthe oven. The figures given in Table II were obtamed 
for an average week with the above equipment. 











TABLE II. 
Quantities. | Gas-fired. | Coke-fired. 
Sand dried .. wa 38 tons | 50-2 tons 
Fuel used .. - .-| 162,495 cub. ft, 3-55 tons 
B.Th.U. per ton sand dried 641,450 2,090,000 
Cost of fuel per ton sand 
dried i sy x 8s. 11d. 5s. 10d. 








Some ovens incorporate a cooling chamber to 
facilitate easier handling of the cores at the unloading 
point. One of the ovens is of this design, and the 
extra travel entails an additional 4 hour on the time 
cycle. Horizontal continuous ovens are sometimes 
used, but are less favoured than the vertical type, 
because of the greater floor space required. The 
cores pass through a tunnel-type oven on a con- 
tinuous conveyor, and it is usual for the core-makers 
to work beside the stove and to load the cores them- 
selves on to the racks. A feature of these ovens is their 
smooth action, whereas the vertical type tend to be a 
little unsteady and care must be taken in loading. 

Moulds may be cast “green,” i.e., without any 
drying whatsoever; skin-dried, i.e., the first 2 in. or 
less of sand from the mould face is dried; or fully 
dried, oe wwe | on the size, design and metal thick- 
ness encountered in the mould. The larger the mould 
the greater the force exerted on the sand by the metal, 
and thus the greater sand strength required. This 
strength is obtained by drying. Three methods are 
in use: first, stove drying, which fully dries the 
mould; secondly, hot-air drying, which may be used 
for complete or skin drying ; and thirdly, torch drying 
—a method of skin drying confined to moulds smaller 
than the above, but too large to be cast “‘ green.” 


(T7'o be continued.) 
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BRITISH RAILWAYS STANDARD 4-6-2 LOCOMOTIVE. 








Fie. 1. THe Locomotive “ BrRrranNniA” : 
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STANDARD 4-6-2 MIXED-TRAFFIC 
LOCOMOTIVE, BRITISH RAILWAYS. 


Since the four main-line railways of this country 
were nationalised on January 1, 1948, the Railway 
Executive have issued statements from time to time 
on a scheme to introduce a range of 12 standard types 
of locomotives embodying the best features of existing 
designs. The first standard locomotive—the 4-6-2 
mixed-traffic locomotive No. 70000—has recently been 
completed at Crewe works and was named “‘ Britannia ”’ 
by the Minister of Transport, the Rt. Hon. Alfred 
Barnes, M.P., at a ceremony at Marylebone station on 
Tuesday, January 30. It has two outside cylinders 
with a bore of 20 in. and a piston stroke of 28 in. ; 
the coupled wheels are 6 ft. 2 in. in diameter; the 
boiler pressure is 250 lb. per square inch ;, and the 
tractive effort is 32,150 lb., the adhesion factor being 
4-23. Fig. 1, on this page, illustrates the locomotive 
before it was painted in the British Railways livery, 
Fig. 2 gives the principal dimensions and weights, and 
Fig. 3, opposite, shows the second locomotive of the 
series being wheeled in the erecting shop at Crewe 
works. 

Twenty-five engines of this type are to be built ; 
the first 15 will be allocated to the Eastern Region, 
and the last ten to the Western Region. The design 
is Class 7 (on the power classification for locomotives 
of British Railways), and is intended for main-line 
passenger and fast fitted-freight services of the kind 
now undertaken by the Castle locomotives of the 
Western Region, the rebuilt Royal Scot locomotives 
of the London Midland Region, the V2 class of the 
Eastern and North Eastern Regions, and the West 
Country locomotives of the Southern Region. It has 
equal or better route availability than these types. 
The combination of two cylinders with a wide firebox 
is rather unusual in British practice, since Ivatt’s 
Atlantic design of 1903, but it is stated to be an indi- 
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mechanical simplicity with the largest possible steaming 
capacity. The roller bearings on all wheels contribute 
to high availability. The new locomotive, like other 
standard types which will be turned out this year, has 
been designed and built under the direction of Mr. 
R. A. Riddles, C.B.E., M.I.Mech.E., the Railway 
Executive member for mechanical and electrical engi- 
neering. The parent office for the design is the Derby 
drawing office of the London Midland Region, but 
important sections of the design were prepared at the 
Brighton, Doncaster and Swindon offices in pursuance 
of the policy to use the resources of all the regional 
mechanical drawing offices to cover the standard types 
as a whole. 

The boiler, which is illustrated in Figs. 6 and 7, on 
Plate V, is the normal design with riveted joints 
throughout, working at 250 lb. per square inch. The 
shell is of high-tensile carbon manganese steel through- 
out, and the barrel consists of two rings, the second 
ring being tapered and forming a true cone. The two 
rings are rolled from }§-in. and #-in. plate, respec- 
tively, the outside diameters being 5 ft. 9 in. at the 
front and 6 ft. 54 in. at the firebox end. The smoke- 
box tubeplate is of the drum-head type, } in. thick, 
and there are 40 large flue tubes 5} in. in outside 
diameter., 7 s.w.g. thick, and 136 24-in. small tubes, 
11 s.w.g. thick. The length between tubeplates is 
17 ft. The heating surfaces are: tubes, 2,264 sq. ft. ; 
firebox, 210 sq. ft. ; superheater, 718 sq. ft.; and the 
free area through the tubes amounts to 6-8 sq. ft. 
The steam dome contains a Melesco centrifugal steam 
drier, which separates the water from the steam, thus 
increasing the dryness of the steam before it passes to 
the superheater. The regulator is of the multi-valve 
type, incorporated in the superheater header in the 
smokebox, and was made by the Superheater Com- 
pany, Limited, 53, Haymarket, London, 8.W.1. Access 
to the regulator valves is by a detachable cover on the 
top of the smokebox. The superheater elements are 
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The boiler is fed with water through two separate 
clack valves placed at approximately 30 deg. on each 
side of the vertical centre-line of the front barrel ring. 
The clack valves deliver on to two inclined trays, which 
deflect the incoming water round the inside of the 
barrel clear of the tubes. A steam manifold is fitted 
on the top of the firebox in front of the cab, and is 
provided with separate shut-off cocks to each steam 
supply. pipe as well as a main shut-off valve, which is 
operated from inside the cab. Two direct-loaded 
safety valves are mounted on the hind barrel ring 
immediately behind the dome, and the boiler is fitted 
with a manually-operated blown-down valve made 
by the Everlasting Valve Company (Great Britain), 
Limited, 125, Balham High-road, London, S.W.12. 
The Belpaire firebox has a wide grate with an area 
of 42 sq. ft. The steel wrapyer plate is } in. thick and 
the inner firebox is of copper and has a §-in. wrapper 
plate. The front of the firebox is extended into the 
boiler barrel to form a combustion chamber with a 1-in. 
thick tubeplate. All firebox water-space stays are of 
Monel metal, and are fitted with steel nuts inside the 
firebox. The roof, longitudinal and transverse stays 
are of steel, the former being riveted over outside the 
steel wrapper. The firebox is 7 ft. long outside, the 
width tapering from 7 ft. 9 in. at the front to 7 ft. 4 in 
at the back. The boiler and firebox are lagged with 
light-weight Fibreglass mattresses supplied by Messrs. 
W. Gilmour Smith and Company, Limited, 136, 
Renfield-street, Glasgow, C.2. 

A rocking grate is provided, consisting of 12 rocking 
sections, six each side of the centre-line. Each rocking 
section carries 14 renewable firebar units, making 
total of 168 units for the whole grate. The two sid 
of the grate can be rocked separately from the foo! 
plate, the operating gear being arranged so that tw 
different travels can be employed, i.e., full travel fc: 
dropping the fire when the engine is over an ashpit. 
and a shorter travel for agitating the fire to eliminat 
ash and break up clinker while the engine is or t! 
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BRITISH RAILWAYS’ STANDARD LOCOMOTIVE UNDER CONSTRUCTION. 


(For Description, see Page 126.) 
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BRITISH RAILWAYS STANDARD 4-6-2 LOCOMOTIVE. 








Fia. 3. Srconp LocoMOTIVE OF THE SERIES BEING WHEELED. 














Fic. 4. Fapsricatep Trarmimne-Truck FRAME. 


road. Theash-pan has three hoppers, one between and 
one on each side of the main frames, and is of the self- 
emptying type, having bottom flap doors on the 
hoppers, connected by a shaft with universal joints 
and operated by a lever at ground level. Front damper 
doors on each hopper are opened and closed by screw 
gear worked from a handwheel on the fireman’s side of 
the cab. This allows a fine adjustment to be made to 
the air opening. Two small doors are provided at the 
back for cleaning purposes. 

The smokebox is of the cylindrical type, resting on a 
fabricated saddle. The blast pipe has a plain circular 
cap with a nozzle 5} in. in diameter and incorporating 
the blower ring. The smokebox is of the self-cleaning 
type, with plates and a wire-mesh grid arranged so as 
to prevent the accumulation of ash when the engine 
is working. On the right-hand side of the cab a 
tri-tone chime whistle is mounted, operated by a 
flexible cable passing through the handrail on the 
boiler. The whistle was made by the Crosby Valve 
and Engineering Company, Limited, 251, Ealing-road, 
Wembley, Middlesex. A stuffing box on the left-hand 
side allows the regulator shaft to pass through the 
smokebox plate. 

he main frames are of 1} in. plates spaced 3 ft. 24 in. 
apart, the centre-lines coinciding with the centre of 
the axlebox guide faces so as to reduce bending of the 
plates due to piston thrust. This is visible in Fig. 9, 
Plate V. The axlebox guides are welded to the frame 
plates (a manipulator for this purpose is illustrated in 
Fig. 8, on Plate V), and are fitted with manganese- 
steci liners. The frames are well braced by vertical and 
horizontal stretchers and by pin-jointed cross-stays 





attached to the horn plates. The rear end frame 
extension consists of two 2-in. thick slabs riveted to the 
main plates behind the trailing coupled wheels, and 
carrying a fabricated dragbox at the hind end. A 
single drawbar transmits the tractive effort to the 
tender through rubber springs. The spring buffers 
were supplied by Messrs. G. Turton, Platts and Com- 
pany, Limited, Meadowhall-road, Wincobank, Shef- 
field. Two of the vertical stretchers support the front 
of the boiler barrel and the firebox front on adjustable 
brass wearing liners, while the back of the firebox is 
carried on brackets on the rear extension frames. The 
side footplating is carried by brackets fixed to the 
boiler. 

The engine and tender axleboxes are fitted with self- 
aligning taper-roller bearings made by British Timken, 
Limited, Aston, Birmingham, those for the bogie and 
coupled axles being of the non-split cannon type. The 
faces of the axleboxes in contact with the horn guides 
are provided with manganese-steel liners welded to the 
body of the axlebox. All springs for engine and tender 
are of the laminated type with plates of carbon steel, 
which are secured in the spring buckles by a vertical 
centre rivet. Underhung spring brackets with rubber 
damping pads and hangers in tension are provided for 
the coupled-axle springs, which have a span of 4 ft. 
when loaded. The hangers are solid, with cotters at the 
top and bottom ends, adjustment being obtained by 
fitting cotters of suitable depths. 

The two outside cylinders which, as stated, are 20 in. 
by 28 in., are steel castings with cast-iron liners, both 
in the barrel and valve chest. The valves, 11 in. in 
diameter, have a steam lap of 1 } in. and a lead of } in., 











and are operated by Walschaerts valve gear, giving a 
travel in full gear of 7} in. and a full-gear cut-off of 
78 per cent. The slidebars are of the three-bar type 
with underhung crossheads. Lubrication of the motion 
pins is through grease nipples, those for the reversing 
shaft and expansion link being grouped together on 
the motion bracket. The eccentric-rod big end runs 
on a self-aligning ball bearing supplied by the Skefko 
Ball Bearing Company, Limited, Luton, Bedfordshire. 
The piston head embodies a bronze spring-loaded 
slipper which carries the head clear of the cylinder 
barrel liner. The valves and cylinders are lubricated 
by oil which is delivered by mechanical lubricators 
through steam-operated atomisers; the lubricators 
and atomisers were supplied by the Gulf Oil Company 
(Great Britain), Limited, 5, London Wall Buildings, 
London, E.C.2. Steam-operated cylinder drain cocks of 
large diameter are fitted. The engine is reversed by 
handwheel and screw, the latter being situated at the 
reversing-shaft lever, and rotated by a tubular shaft 
from the cab, as shown in Fig. 5, on Plate V. A drum- 
type cut-off indicator is provided, and the handwheel 
is placed parallel to the longitudinal centre-line of 
the engine. The coupled wheels are 6 ft. 2 in. in dia- 
meter on the tread; the tyres are shrunk on and 
secured by two small lips, one each side of the wheel 
centre, there being no separate securing ring, studs or 
rivets. Built-up weights in the wheels balance the 
revolving weight and 40 per cent. of the reciprocating 
weight. The minimum radius curve that can be 
negotiated, with specified gauge widening, is 4} 
chains. 

The bogie has four wheels 3 ft. in diameter, and is 
carried on Timken roller-bearing axleboxes of the 
non-split cannon type. The engine weight is carried 
by side bolsters, and by laminated springs fitted in 
compensating beams. Side-play control of the bogie 
is by means of double-coil springs. The pony-truck 
wheels are 3 ft. 3} in. in diameter, and are fitted with 
Timken roller bearings in outside axleboxes. The 
engine weight is taken at three points on the pony- 
truck frame, one being at the pivot centre of the pony 
truck, and the other two being bolsters sliding on pads 
on the truck frame and situated behind the centre-line 
of the pony-truck axle. Pony-truck side play is con- 
trolled by coil springs. Fig. 4, herewith, shows the 
fabricated frame of the pony truck. 

The cab structure is carried by cantilever supports 
attached to the firebox backplate, and by a diaphragm 
plate at the dragbox, this arrangement allowing full 
freedom for the cab to move with the boiler as expan- 
sion takes place. ll boiler fittings and pipes are kept 
free from the main frames to avoid differential expan- 
sion and to ensure freedom from fracture due to this 
cause. For this reason, the exhaust-steam injector 
on the right side and the live-steam injector on the 
left are carried on brackets attached to the ashpan 
and foundation ring. The steam and water controls 
for both injectors are operated from the fireman’s side 
of the engine. The exhaust-steam injector was sup- 
plied by Messrs. Davies and Metcalfe, Limited, Romiley, 
near Stockport, Cheshire. The cab floor plate is ex- 
tended backwards to form a solid platform for the 
crew up to the front plate of the tender; the normal 
hinged fall plate is dispensed with, neither is a footplate 
required on the tender. All the driver’s controls are 
grouped to give easy access and operation, the vacuum 
brake, sanding and blower valves being carried on a 
control column at the driver’s right hand. A leather 
upholstered seat and back are fitted on the driver's 
side, and side windscreens are provided outside the 
cab for the driver and fireman. The sanding gear is 
operated by steam, and is fitted to the front of all 
coupled wheels and the rear of the driving wheels. 

The tender, which is carried on six wheels 3 ft. 3} in. 
in diameter, is arranged to give a good view to the 
rear when the engine is running in reverse. The 
welded tank has a large radius at the corners to facili- 
tate the welding of the plates. The coal bunker is of 
rectangular shape and is narrower than the tank. Two 
enternal feed-water sieve boxes are provided to collect 
dirt and foreign matter from the water before it is 
passed to the injectors, the sieve portion being easily 
withdrawn for cleaning or renewal purposes. Water 
pick-up gear is provided. The wheel, axle and axlebox 
assemblies for the tender are similar to that for the 
pony truck of the engine. Locker accommodation on 
the tender front includes a food cupboard with a 
stainless-steel lining, detachable for easy cleaning. 
The tender water and coal capacities are 4,250 gallons 
and 7 tons, respectively. 

The engine and tender have steam brakes which can 
be worked independently or in conjunction with the 
vacuum brake by means of a separate driver’s valve. 
The vacuum-brake ejector, driver’s brake valve, gradu- 
able steam-brake valve, and associated brake details, 
were made by Messrs. Gresham and Craven, Limited, 
Salford, 5, Lancashire. Single brake blocks are applied 
to the six coupled wheels and all tender wheels. The 
brake percentage for the engine and tender is 54-3. 
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SWINDEN HOUSE RESEARCH 
LABORATORIES, ROTHERHAM. 


THE central research department of the United Steel 
Companies Limited, was originally conceived in 1930 
and special laboratories were constructed for it at the 
Stocksbridge works of the Samuel Fox and Company 
branch of the companies. Under the direction of the 
late Dr. Thomas Swinden, the department speedily 
established a high reputation for its work in the fields 
of chemistry, metallurgy and refractories technology. 
During the war years, the department had to meet 
many special demands and gradually its activities 
widened. Dr. Swinden died in the autumn of 1944, 
and when the question of a successor was discussed it 
was agreed that the new director of research should 
have a general background of experience rather than 
be a specialist in any particular field. Mr. F. H. 
Saniter, who was trained as a mechanical engineer but 
subsequently obtained much experience in the develop- 
ment of alloy and special steels, was appointed director 
of the department early in 1945. 

With the coming of peace, further expansion of the 
department was envisaged, and, as a first step, several 
development engin¢ers, who were to specialise in the 
study of the principal items of steelworks plant and 
equipment, were appointed. Sections dealing with 
petrology, geology and ore dressing were established, 
and a special aerodynamic group was created to investi- 
gate the flow patterns of air and gas in model open- 
hearth furnaces, thus providing basic information for 
furnace design. The net result was to double the size 
of the department, which now employs a total staff 
of 180 and is called the research and development 
department, and it quickly became evident that the 
Stocksbridge laboratories were inadequate to house so 
many persons and their equipment. Accordingly, 
Red House, a mansion built some 80 years ago, standing 
in 15 acres of grounds fronting on to Moorgate, 
Rotherham, and 1} miles from the centre of the town, 
was purchased in 1946. This, which was renamed 
Swinden House, in memory of Dr. Swinden, provided 
room for immediate expansion and also sufficient land 
for the erection of new laboratories. The latter have 
been put in hand and although it will be several months 
before they are ready for occupation, so that the staff 
still at Stocksbridge may be transferred to them, their 
construction is sufficiently far advanced to enable us, 
during a recent visit, to appreciate their layout and 
general configuration. 

The new laboratory and office buildings are arranged 
in four separate blocks interconnected by corridors. One 
block will house the metallurgical, physics and welding 
laboratories. The second block will be occupied by 
the chemistry, refractories and X-ray sections, while 
the third will furnish accommodation for the adminis- 
tration, the development group, drawing office, and 
sections devoted to petrology, furnace design, fuel, and 
statistics. The fourth and largest block, in the rear 
of the other three, will house the machine shop, steel 
store, steelmaking plant, and special laboratories for 
work in connection with aerodynamics, hydraulic 
models, hot model furnaces and pilot plant. A separate 
small building will be occupied by the main electric 
supply substation and gas metering equipment. On 
completion of the project, Swinden House itself will 
contain the offices of the director of research, the 
secretary of the department and his staff, and the 
information officer, and also the library, photographic 
section, a conference room, dining room, canteen and 
kitchens. The coach house and other outbuildings 
have been converted into an ore-dressing laboratory, 
a refractories-section furnace room, and various work- 
shops and stores. The cost of Swinden House and the 
laboratories, when completed, will be approximately 
250,0001. The enclosed floor area of the original 
buildings is 24,000 sq. ft., and that of the new labora- 
tories 60,000 sq. ft., making a total area of 84,000 sq. ft. 

The three main blocks of office and laboratory 
buildings are of steel-framed construction with rein- 
forced-concrete floors and roofs. External walling is 
of cavity construction throughout. In so far as this 
has been possible, all internal walling is not load- 
bearing, so that the various partitions may be altered 
easily and speedily, should this be required in the 
future. A main service tunnel runs below all the 
ground-floor corridors, and from this tunnel vertical 
ducts give services access to all rooms. The large 
workshop block, in the rear of the other three, com- 
prises two bays, each 150 ft. long by 45 ft. wide, the 
intervening space between them being roofed over to 
form a covered corridor. Rigid portal frames have 
been adopted for these bays with a centre monitor 
some 5 ft. high in each bay. The sides of the monitors 
are fitted with vertical glazing and large clerestory 
windows run down each side of each bay. Two 2-ton 
hand-powered overhead travelling cranes are provided 
in this building. The almost flat roof to the bays of 
the workshop block is composed of insulated aluminium 
decking. 
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Fic. 1. Lurrerapre SUBSTATION FROM THE AIR. 


100-MVA 220/150-KV TRANSFORMERS 
FOR LUTTERADE, HOLLAND. 


Soon after the Germans had occupied Holland in 
1940, they made plans for connecting the substation 
of the Rheinisch Westfalisches Elektrizitatswerk A.G. 
at Brauweiler, near Cologne, to a transformer station 
at Jupille, near Bressoux, in Belgium, by a 220-kV line 
which crossed Dutch territory. It was also proposed 
to run a spur line to Lutterade, in Holland, whence a 
connection was to be made to the 150-kV grid in 
Limburg and North Brabant. It may be mentioned 
that the Brauweiler substation was the focal point of 
nine 220-kV circuits (two of which were designed for 
operation at 380 kV), as well as for 20 100-kV and two 
25-kV circuits, which served a large part of the Rhine 
province and Westphalia. By building this new line, it 
was therefore hoped to increase the security of the 
supply in those parts of Germany, as well as to develop 
the resources of the Limburg mining district and the 
Liége heavy industry. The line, which was only 
completed shortly before the end of hostilities, was, 
however, soon badly damaged. When it was first 
repaired, moreover, no 220/150-kV transformer was 
available to form a link with the Dutch system, but in 
June, 1946, a 110/220-kV unit was installed by the 
Allies at Jupille, and a connection thus made with the 
150-kV Dutch grid. 

Meanwhile, plans had been made for the erection of 
@ permanent 220/150-kV substation at Lutterade, an 
aerial view of which is given in Fig. 1, by permission 
of Royal Dutch Air Lines, and a 100-MVA transformer 
group was ordered by the Dutch Directorate of Power 
Supply from the Metropolitan-Vickers Electrical Com- 
pany, Limited, Trafford Park, Manchester, 17. This 
transformer group, which was installed last year, 
consists of three single-phase units, each with its 
own cooling equipment and with an integral single- 
phase tap changer. One of these units, with its bush- 
ings, is illustrated in Fig. 4, on page 132, while one 
of the two-limbed cores, each limb of which carries one 
set of windings, is shown in Fig. 5, on the same page. 
Both the vertical limbs and the end yokes are divided 
in the centre of the laminations by a transverse oil duct. 
Axial ducts parallel to the plane of the laminations are 
also provided, so that there are virtually two inde- 
pendent cores, which are arranged one inside the other 











and are held together mechanically by clamping plates. 
This subdivision of the cores is an advantage when 
building such large units. All the core joints are 
interleaved. 

Each single-phase transformer has 220, 150 and 
10-kV windings. The assembled core and the windings 
are illustrated in Fig. 6, on page 132, which shows the 
tapping leads from the 150-kV winding to the on-load 
tap changer. The 220-kV and 150-kV windings are 
star-connected and are each rated at 100 MVA, while 
the 10-5-kV tertiary winding is delta-connected and 
rated at 30 MVA. The latter winding is used not only 
to give a local supply, but to suppress harmonics and 
to stabilise the neutral points. The windings are fully 
insulated and are therefore suitable for use on systems 
with the neutral points earthed through arc-suppres- 
sion coils. The 220-kV and 150-kV windings are 
designed to withstand impulse and power-frequency 
voltages of the rated values. To suit the system require- 
ments, it was specified that the transformers should 
have an impedance voltage of 10 per cent., which is 
relatively low for their size and voltage. To achieve 
this, the 220-kV and 150-kV windings are of the 
double-concentric type with the 220-kV winding 
between the two halves of the 150-kV winding. The 
10-5-kV winding consists of a single coil, which is 
placed next to the core in the usual way. 

The tappings, which are taken from the outer coil 
of the 150-kV winding, provide for a voltage variation 
of +13 per cent. in 18 steps. The tapping coil is of 
the intertwined type and is distributed over the full 
length of the winding, so as to preserve the magnetic 
balance practically unchanged whatever tapping is in 
use. The variation of impedance voltage over the 
tapping range is therefore small and the axial end 
thrust on the coils under fault conditions is minimised. 
The variation in the impedance between the 220-kV 
and 150-kV windings over the full tapping range is 
less than one-tenth of its nominal value. This arrange- 
ment of the tapping coil also gives an even distribution 
of the surge voltages over the winding. The tertiary 
winding is provided with tappings which are controlled 
from off-circuit switches. These switches are operated 
from ground level and give alternative voltages of 10 kV 
or 11 kV. 

The conductors of which the coils are formed 
consist of rectangular copper strip, which is papér- 
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Fig. 2. CooLers on SITE. 


insulated. Stress-distributing shield rings are provided 
at the top and bottom of each coil stack on the 220-kV 
and 150-kV windings. These consist of metal rings, 
which are heavily insulated with crape-paper tape. 
The end sections of the coils are similarly taped, the 
amount of insulation being graded in relation to the 
voltage stresses in the windings. The major insulation 
is of the highest grade press board, which was manu- 
factured from a cotton and jute base. The connections 
between the 220-kV and 150-kV windings and the 
terminals, as well as between the two parts of the 
150-kV windings, are of stranded-copper cable, which is 
also insulated with crape-paper tape. 

The on-load tap changing equipment, which is illus- 
trated in Fig. 3, with the diverter switch cover re- 
moved, is of the Metropolitan-Vickers standard type 
for high-voltage transformers with fully insulated 
windings. The tappings are connected at the neutral 
end of the 150-kV winding. The changer consists 
essentially of two selector switches, which are operated 
alternately, and step along the tapped winding. The 
actual tap change is, however, effected by a two-way 
diverter switch, which moves quickly from the con- 
nection of one selector switch to the other. The load 
current is meanwhile carried momentarily by transition 
resistors, which are connected across the fixed contacts 
of the diverter switch and limit the circulating current 
between the tapping while the change is being made 
from one to the other. The equipment has 19 voltage 
positions, that is, nine on each side of the normal 
voltage. To restrict over-voltages across the tapping- 
switch contacts, ceramic disc resistors, with non-linear 
voltage-current characteristics, are connected across 
adjacent switch contacts. Under normal conditions, 
the resistance of these shunts is very high, but when a 
Surge, with a consequent rise in voltage, occurs the 
resistance drops rapidly and offers a path of low resist- 
ance to the current. The complete selector-switch 
assembly is enclosed in a sheet-metal screen with 
rounded corners to prevent corona discharge, while the 
diverter switch is in a separate tank on a porcelain 
insulator so that it is isolated from earth. It is coupled 
to the selector switch by a vertical steel shaft, which is 
insulated with Bakelite paper. To prevent an inter- 
charge of oil between the diverter and transformer 
tanks, a seal is provided at the bottom of the former. 
As the diverter-switch contacts are subject to arcing, 
they are arranged to facilitate inspection and renewal. 
rhe arcing is minimised by the use of a spring-operated 
device. If, however, the spring should fail, the move- 
ment of the contacts is completed by a positively- 
operated follow-up mechanism, so that there is no risk 
of the switch being left in an intermediate position with 
the resistors in circuit. 

_ As the site on which the transformers are installed 
1s subject to mining subsidence and the distance 
between their centres is about 30 ft., each tap-changer 
'S operated by individual motor driving gear. The 





three units are, however, operated simultaneously and 
are maintained in step by electrical equipment which 
is remotely operated from the control room. Local 
electrical and manual control are also provided at 
each changer. 

Each single-phase unit is provided with two identical 
220-kV bushings, one for the high-voltage line and one 
for the neutral terminal. These bushings are of the 
re-entrant condenser type and are porcelain-clad with 
oil filling. Each unit also has a 150-kV line terminal 
bushing, which is of the normal condenser type. The 
150-kV neutral terminal bushing is provided by the 
tap-changer insulator, which is designed for the full 
line voltage. The 150-kV line terminal lead enters the 
bushing at the lower end through a stress distributor 
of the metal-ball type. In the 220-kV bushing, the 
inner end of the condenser is arranged so that the 
ends of the embedded layers of metal foil lie on a 
re-entrant profile. The lead from the winding is 
insulated for the full voltage and its insulation is stepped 
to fit closely inside the condenser. By thus avoiding 
the exposure of bare metal at the end of the bushing, 
it was possible to restrict its length and to obtain a 
compact mounting chamber. The overall length of 
the bushing is 12 ft. 5 in., of which 10 ft. is outside the 
tank. On test, a 220-kV bushing in the dry condition 
withstood a voltage of 525 kV for one minute, the mini- 
mum flash-over voltage being 580 kV. In the wet 
condition, the voltage withstood was 500 kV and the 
flash-over voltage was 550 kV. The oil-end flash-over 
voltage was 674 kV and under the dry conditions the 
bushing withstood an impulse voltage of 1,240 kV. 

It was specified that the temperature of the trans- 
formers, when measured by the resistance method, 
should not rise by more than 50 deg. C. under the most 
onerous tapping conditions. To ensure this, a combined 
natural and forced air-cooling system is provided, the 
oil being cooled in a separate bank of radiators for 
each transformer. As will be seen in Fig. 2, these 
radiators are separated from the transformers by a wall. 
The oil circulates on the natural thermo-siphon prin- 
ciple and with natural air convection this is sufficient 
for loads up to two-thirds of the full transformer output. 
For full output (when the losses amount to 265 kW) the 
air blast, generated by two low-pressure propeller fans, is 
used. These fans are switched in automatically at an 
adjustable pre-determined temperature and are not 
switched out again until the temperature has dropped 
about 15 deg. C. Repeated switching operations are 
thus avoided if the temperature should remain at about 
the switching-in value for some time. The fans can also 
be controlled manually, either at the transformer or 
from the substation. 

The transformers were dried out at the factory 
under vacuum in their own tanks, which were sur- 
rounded by steam-heated coils encased in a heat-retain- 
ing shrouding. Before dispatch, the oil was removed 
and replaced by carbon dioxide at a low pressure. 
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Fie. 3. 150-KV On-Loap Tap-CHAaNGER. 

The tanks were then hermetically sealed to keep out 
air that might have become trapped in the windings 
and insulation. The total weight of each single-phase 
transformer without oil, terminal bushings, diverter 
switch and other detachable fittings, was 85 tons; and 
this load was transported by road on a 140-ton trolley 
from the factory to the Manchester docks. On arrival 
at Amsterdam, it was taken 120 miles by canal barge 
to the vicinity of the substation and thence by road. 
The overall height of the stripped transformer was 
15 ft. 3 in. On site, as shown in Fig. 7, on page 132, 
the three single-phase units are mounted on plinths 
at 29 ft. 6 in. centres. The group covers an area of 
72 ft. by 57 ft., the height to the top of the high-voltage 
bushing being 26 ft. 7in. To ensure against movement 
due to ground subsidence in the mining area, flexible 
joints are incorporated in the pipes connecting the 
radiators and transformers. 





PRODUCTION FIGURES OF STEWARTS AND LLOYDS, 
LIMITED.—Messrs. Stewarts and Lloyds, Limited, Brook 
House, Upper Brook-street, London, W.1, have issued a 
statement regarding their production figures for 1950. 
These show that, whereas the 1950 steel-ingot target 
allocated to the company was 1,115,000 tons, the output 
achieved was approximately 1,141,000 tons, compared 
with the previous high-record of 976,000 tons realised 
in 1949. The tonnage of steel tubes produced in 1950 
was 730,000 tons. The previous record figure for tubes 
was 705,000 tons, reached in 1949. 





OLDEST PROFIT-SHARING SCHEME.—At a meeting of 
the Industrial Co-Partnership Association, held in London 
on Wednesday, January 31, Mr. F. C. Braby, the chair- 
man and managing director of Messrs. Frederick Braby 
and Company, Limited, Fitzroy Works, 352, Euston- 
road, London, N.W.1, described the profit-sharing 
schemes of his firm, which are believed by the Association 
to be the oldest on record. The firm, which manufac- 
tures sheet, plate and sectional metal products, and now 
employs 3,000 people in seven factories, was founded in 
1839 by Mr. Charles Jack; Mr. Frederick Braby, Mr. 
F. C. Braby’s grandfather, entered the firm in 1848 
and bought it in 1853. Profit-sharing commenced in 
1863, by means of a savings bank through which leading 
workmen received regular sums. In 1865, when the 
firm became a public limited company, it was stated in 
the prospectus that it was intended to give the workmen 
and staff opportunities for participating to a certain 
extent in the profits. This has been carried out ever 
since, in the form of a bonus depending upon the length 
of service. The savings bank, which gives a fixed rate 
of interest, is still in existence, and some 11 per cent. 
of the employees are shareholders. There are also pen- 
sions schemes for staff and workmen. Social and welfare 
facilities have been provided since 1863. The firm was 
also one of the first to introduce joint consultation 
schemes, during the 1914-1918 war. 
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NOTES FROM THE 
. INDUSTRIAL CENTRES. 


SCOTLAND. 


Tae’ SCOTTISH COAL TRADE.—Milder weather, and 
steadier production at the collieries, have eased the coal 
‘ stringency to a slight extent. On Saturday, January 20, 
101 pits worked an extra shift in addition to those at 
which a double-shift is worked and those in the Lothians 
scheduled to operate under the 11-day fortnight agree- 
ment. The output on this day totalled 41,500 tons. 
Stock margins for contingencies remain small, and some 
difficulty will still ocour if the cold weather should 
return. On the average, industrial consumers are 
reasonably supplied, but one or two exceptional shortages 
have had to be met by emergency deliveries. A cargo 
of 9,000 tons of American coal arrived in the Clyde on 
January 22. About half of this is earmarked for indus- 
trial. purposes, the larger coal, estimated at some 4,500 
tons, going to the domestic market. The price to 
householders is that of a medium-quality coal. 


THE ENGINEERING CENTRE, GLASGOW.—A leaflet 
issued by the Engineering Centre, Ltd., 351, Sauchiehall- 
street, Glasgow, C.2, contains particulars of a new 
“* Feature Exhibition Hall ” situated on the lower ground 
floor at the Centre. The hall, which measures 38 ft. by 
28 ft., by 10 ft. 9 in. in height, is available for short-term 
exhibitions at a cost of 5 guineas a day. Further in- 
formation may be obtained from the exhibitions manager 
of the Centre at the above address. The telephone 
number is DOUglas 6306. 


INFLUENCE OF COLOUR ON PRODUCTION.—The need 
to pay greater attention to the use of colour in British 
factories as a means of increasing productivity was 
emphasised by Lord Bilsland in Glasgow last week. 
Scottish Industrial Estates, Ltd., he said, had attached 
importance to colour schemes in their factories, and 
recent tests in America had shown that productivity 
had increased, in some cases, by as much as 7 per cent. 
where more cheerful colour had been introduced into 
factories. 


BAN ON OVERTIME IN ENGINEERING INDUSTRY.—A 
movement of protest against the recent wages award 
in the engineering industry led to a ban on overtime 
and pieceworking in a number of establishments in the 
West of Scotland last week. The action was not 
approved by the Confederation of Shipbuilding and 
Engineering Unions, which were parties to the wages 
agreement. On the employers’ side, the agreement is 
being fully implemented. The ban was imposed in a 
number of shops with varying degrees of intensity, 
there being evidence of disagreement with this unofficial 
action. In some instances, the ban was raised after a 
short period ; for example, by 3,000 employees at the 
Rolls-Royce aero-engine factory at Hillington, near 
Glasgow. 


ESTABLISHMENT OF WAR FACTORIES.—New war fac- 
tories would almost inevitably be built in Scotland 
during 1951, not necessarily in development areas, 
stated Mr. C. A. Oakley, Scottish Controller, Board of 
Trade, in Edinburgh last week. The new factories 
would be built to meet the needs of Government Policy 
rather thau to continue the old policy of development 
through Scottish Industrial Estates. The Board of 
Trade were concerned about the priority now given to 
defence orders, because 1950 had been a wonderful year 
so far as exports were concerned, though, of course, it was 
realised that these orders must come first. Shortages of 
raw materials, however, might soon raise many difficulties 


CLEVELAND AND THE NORTHERN 
band COUNTIES. 


NoORTH-East Coast IRON AND STEEL OvTPUTS.— 
Detailed statistics issued recently show that the weekly 
average production of pig iron of all types on the North 
East Coast in October, 1950, was 48,000 tons, against 
45,800 tons in the previous month. For the United 
Kingdom, the October figure was 198,900 tons and the 
September total 186,800 tons. The tonnage of steel 
ingots and castings on the lorth-East Coast was 65,400 in 
October, 1950, against 64,800 in September, the October 
total for the United Kingdom being 327,700 tons and 
that for September 326,200 tons. 


THE DEMAND FOR IRON AND STEEL.—Home and export 
buyers of iron and steel are still anxious to place sub- 
stantial orders, but conditions at present are not con- 
ducive to extensive business. At the end of 1950, North- 
East Coast producers had to carry over very considerable 
tonnages of contracts due for completion. While pig 
iron is becoming less scarce, distributable parcels still fall 
short of current needs. The Cleveland ironstone mines 
are yielding more tonnage than for a considerable time, 
but many ore consuming plants in the Tees-side area 
draw the bulk of their ore supplies from overseas and 


imports promise to improve. High-phosphorus iron is 
not so scarce as the low-phosphorus and medium- 
phosphorus grades. Rather better deliveries of East- 
Coast hematite are reported. The decline in iron and 
steel scrap supplies has not yet been arrested and is a 
source of much anxiety. Imports have dwindled greatly 
and are not expected to recover to any extent, but the 
hope is still expressed that an increased tonnage may be 
gathered from home sources. 
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THE DIRECT GENERATION OF GAS FROM COAL.—Mr. 


C. L. England, Regional Director of the Ministry of Fuel 
and Power, to the Chesterfield District Advisory Com- 
mittee of the North Midland Regional Board for Industry, 
speaking recently on the direct generation of gas from 
coal, said that the operations at the Killamarsh site, near 
Sheffield, were essentially of an experimental nature. 
The gas so far obtained was of low calorific value, but the 
results had been extremely good from a scientific point 
of view. The first few months had been occupied in 
drilling to make a channel in the coal seam, and in 
providing access to the surface through vertical boreholes. 
A variety of means had been tried to ignite the coal and, 
finally, this had been accomplished in July, since when 
a 50-ft. borehole had been making gas and a great 
deal of information had been secured on conditions 
affecting the quality and the amount of gas obtained. 
The ultimate use of the gas thus produced would be 
in gas turbines to generate electricity. 





SoutTH YORKSHIRE COAL TRADE.—The arrival, from 
the United States, of 6,000 tons of locomotive hard coal 
at Hull and a further cargo at Immingham has relieved 
considerably the demand for locomotive fuel from South 
Yorkshire and other collieries. The output of coal in 
South Yorkshire has been adversely affected by influenza, 
and the distribution has been somewhat disorganised by 
fogs. Many new opencast sites are to be exploited 
forthwith in the district and the increased production of 
opencast coal has led to a reorganisation of allocations, 
imposing a larger percentage of outcrop coal on Sheffield. 
In the case of household fuels, some Sheffield merchants 
have been advised that the allocation of opencast coal is 
being increased from 10 to 20 per cent. for all dealers 
drawing their supplies from Derbyshire. It has been 
possible to ensure sufficient deliveries to coke-works to 
provide all the metallurgical coke required, but stocks 
of coke are lower than usual at this time of the year. 


PASSENGER TRAIN SERVICES.—An improvement of 
the passenger train services between Sheffield and 
London is strongly urged by the Sheffield Chamber of 
Commerce which has referred the matter to the Chamber’s 
Transport Committee. It is urged that pressure should 
be brought to bear upon the Railway Executive, as it 
is complained that there has been a progressive deteriora- 
tion in the service for some years, despite the introduction 
of some special trains. 


STEEL DEVELOPMENT AT LEEDS.—A steelworks at 
Monkbridge, Leeds, which the Ministry of Supply closed 
last year for economic reasons, is to be re-opened by a 
Sheffield firm of steel manufacturers, Daniel Doncaster & 
Sons, Ltd., who propose to produce drop forgings and 
valve forgings for aeroplane and other internal combus- 
tion engines at Leeds as well as at Sheffield. 





THE MIDLANDS. 


THE RAW-MATERIAL PostTiOn.—The supply of raw 
materials is, at present, a matter of uncertainty. Steel, 
particularly in the form of plates or sheets, continues 
difficult to obtain. The obscurity of the future position 
has led to an alteration in the output programme at 
some works, in spite of the fact that the makers are 
very well placed for orders, for both home and overseas 
markets. Scrap for foundry use is scarce. 


Non-FERROvUS METALS.—There have been suggestions 
that the Order restricting the use of non-ferrous metals. 
already postponed from February 1 to March 1, may be 
further postponed, but, so far, there has been no official 
statement on the subject. The allocation of zinc for 
galvanising and brass, it is announced, will be at the 
rate of about 50 per cent. of the average monthly 
consumption during the first three quarters of 1950. 


EMPLOYMENT.—The high rate of employment in the 
Midlands continues, with most areas reporting vacancies 
considerably in excess of the numbers registered as 
unemployed. Fears have been expressed that the 
situation may soon change adversely, as a result of the 
continued shortage of coal and the exhaustion of stocks 
held by manufacturers. Meanwhile, one firm found 
& partial solution to the labour shortage in the employ- 
ment of foreign operatives, about ten per cent. of the 
260 employees being foreigners. They come from 





seven different countries; one furnace is manned by 





Indians. The firm have expressed entire satisfaction with 
their foreign employees, and are prepared to engage more. 


THE MIDLAND CANALS.—On January 21, members of 
the Inland Waterways Association made’ a’ journey 
through the Netherton tunnel, in a converted narrow 
boat belonging to Mr. C. H. Taplin, chairman ‘of ‘the 
Birmingham branch of the Association. The Netherton 
tunnel, built in 1858, is 3,027 yards long, At one time, 
200 boats a day used it, but the average to-day is only 
about 25. The Docks and Inland Waterways Execu- 
tive have dredged many miles of canal in the Midlands 
recently, and the system could now handle a great deal 
more traffic than it is actually doing. 

DIESEL-ELECTRIC LOCOMOTIVE AT STAFFORD.—W. G. 


Bagnall, Ltd., Castle Engine Works, Stafford, com- 
pleted their first Diesel-electric locomotive on January 23. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


BRISTOL CHANNEL TELEVISION TRANSMITTING STA- 
TION.—After negotiations for a site for the high-power 
television transmitting station to serve the Bristol 
Channel area, the British Broadcasting Corporation have 
now agreed to buy land on St. Lythan’s Downs, near 
Wenvoe, about five miles west of Cardiff. The Wenvoe 
site is 400 ft. above sea level and covers an area of 
25 acres. The contract for the 750-ft. mast, similar to 
that at Sutton Coldfield, has been awarded to the British 
Insulated Callender’s Construction Co., Ltd., and that 
for the buildings to Gee, Walker and Slater, Ltd. 
The vision transmitter, which is being designed and 
manufactured by Electrical and Musical Industries, Ltd., 
is to have a power of 50 kW and the sound transmitter, 
which is being made by Standard Telephones and Cables, 
Ltd., will have a power of 12 kW. It is expected that the 
boundary of the service area of the Wenvoe station will 
be approximately along a line through Barnstaple, 
Teignmouth, Swanage, Marlborough, Chepstow and 
slightly to the north of Brecon, Carmarthen and Tenby. 


WELSH STEEL-SHEET INDUSTRY.—The market report 
issued by the Incorporated Swansea Exchange states that 
makers of tin-plate are maintaining a very high level of 
production, and have sufficient orders on their books 
to keep them fully employed for the first half of the year 
at least. Orders placed last week, by both home and 
overseas consumers, however, were on a much reduced 
scale and well below the standard of recent weeks. The 
call for increased quantities of steel sheets continues to be 
unrelaxed and suppliers are heavily committed with the 
business they have on hand. There is again no improve- 
ment in the condition of the stocks of scrap at the South 
Wales steelworks, and the imports are diminishing. 


FOREIGN LABOUR IN COLLIERIES.—In order to over- 
come the fuel crisis, South Wales miners, at a special 
coalfield conference last week, decided to agree to the 
employment of foreign labour in the mines. They thus 
reversed two recent decisions in which they were opposed 
to the introduction of either Italian or Irish labour. 
Accepting the proposal, however, they stressed that it 
should be made clear that labour would be imported 
specifically for mining purposes, and that foreigners 
would be prevented from taking jobs in other industries. 


WELSH CoaL PRopucTION.—Output from the South 
Wales mines showed a reduction of 21,000 tons last week 
to 466,666 tons. The fall was due to the prevalence of 
sickness throughout the coalfield and also to a poorer 
response to the appeal for Saturday working. 


Exports oF CoaL.—Foreign trade from South Wales 
in the first quarter of this year will be extremely limited ; 
this was made clear during the past week when some 
details of export programmes were reported. As had 
been expected, shippers will largely be employed in 
clearing arrears under their 1950 contracts. Some new 
sales might be included, but the quantities will not be 
large. In the case of Portugal, for example, shipments 
for the first three months will be only about oue-third 
of those in the corresponding period of last year. Alloca- 
tions for Italy will also be very limited. For South America, 
there has recently been rather more activity on the part 
of the public-utility undertakings, but trade with the 
railways has remained at a standstill owing to financial 
difficulties. Spanish trade has been on a hand to mouth 
basis and French business has been very quiet. 


Burst WATER MAIN AT TEWKESBURY.—A broke! 
joint in a 24-in. water main near Tewkesbury, discovered 
on January 24, caused a serious shortage of water for 
several days in Tewkesbury, Gloucester and Cheltenham. 
The main supplies the reservoir on Churchdown Hill and 
the leak occurred in a part of the pipeline which we~ 
laid in a backwater of the River Avon. The backwater 
was closed with sheet piling and with an earth dam 
made by a bulldozer, and was then pumped out to 
expose the damaged main. The repair was completed 
and the supply resumed on the evening of Monday 
January 29. The escaping water had eroded a hole 15 fi 
deep in the bed of the backwater. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Eastern Branch: Monday, February 5, 6 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. Thomas 
Lowe Gray Lecture on “ Thirty Years’ Development of 
Opposed-Piston Propelling Machinery,” by Mr. W. H. 
Purdie. Also at the Scottish Branch: Wednesday, 
February 7, 7.30 p.m., Technical College, Dundee; and 
Thursday, February 8, 7.30 p.m., Royal Technical Col- 
lege, Glasgow. Institution: Friday, February 9, 
5.30 p.m., Storey’s-gate, St. James’s Park, S.W.1. 
Meeting in conjunction with Hydraulics Group. ‘“‘ New 
Formulsx for Water Flow in Pipes,” by Dr. J. S. Blair; 
and “ Friction Losses in Turbulent Pipe Flow,” by Mr. 
L. E. Prosser, Mr. R. C. Worster and Mr. S. T. Bonning- 
ton. 


INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, February 5, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘“ Planning an Elec- 
tricity Board’s Distribution System,” by Mr. G. O. 
McLean. Mersey and North Wales Centre: Monday, 
February 5, 6.30 p.m., Pillar Hall, Newry Park, Chester. 
Discussion on Productivity Report ‘‘ Electrical Control 
Gear,” opened by Mr. J. R. Walton. District Meeting: 
Monday, February 5, 7.30 p.m., New Inn, Sandling-road, 
Maidstone. ‘‘ Development ‘of Industrial Switchgear,” 
by Mr. A. T. Crawford. East Midland Centre: Tuesday, 
February 6, 6.30 p.m., Gas Department’s Showrooms, 
Nottingham. “ Electrically Interlocked Guards on 
Machines,” by Mr. W. Fordham Cooper. Radio Section: 
Wednesday, February 7, 5.30 p.m., Victoria-embank- 
ment, W.C.2. ‘‘ Radio-Valve Life Testing,” by Mr. R. 
Brewer. Southern Centre: Wednesday, February 7, 
6.30 p.m., B.E.A. House, Portsmouth. Discussion on 
“Electrical Equipment in Motor Cars,” opened by 
Mr. R. Harris. North Midland Centre: Thursday, 
February 8, 7 p.m., University, Leeds. Joint Meeting 
with Yorkshire Branch, INSTITUTION OF MECHANICAL 
ENGINEERS. “ Application of Gas-Turbine Technique 
to Steam Power,” by Mr. J. F. Field. Education Circle : 
Friday, February 9, 6 p.m., Victoria-embankment, 
W.C.2. Discussion on ‘“ Teaching Mechanics to Engi- 
neers.”” 


Roya. Society oF ARTS.—Monday, February 5, 6 p.m., 
John Adam-street, W.C.2. Cantor Lecture I. “ Train- 
ing for Industries and the Professions,” by Sir Godfrey 
Ince, 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, February 5, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘‘A Ramble Through Patent 
Fields,” by Mr. A. ©. Ashton. Midland Section: 
Wednesday, February 7, 7 p.m., James Watt Memorial 
Institute, Birmingham. Chairman’s Address: “ From 
Stoveplate to Mechanised Moulding,” by Mr. H. A. 
Wainwright. Institution: Friday, February 9, 6.30 
P.m., 39, Victoria-street, S.W.1. ‘“‘ Hydrodynamics of 
Ship Design,’’ by Mr. H. Volpich. 


INCORPORATED PLANT ENGINEERS.—London Branch: 
Monday, February 5, 7 p.m., Royal Society of Arts, 
John Adam-street, W.C.2. “ Capital Outlay,” by Mr. 
Bertram White. South Wales Branch: Tuesday, 
February 6, 7.30 p.m., Grand Hotel, Westgate-street, 
Cardiff. “‘Survey and Report on Civil-Engineering 
Plant,” by Mr. R. M. Pringle. Newcastle-upon-Tyne 
Branch: Thursday, February 8, 7.30 p.m., Royal Turks 
Head Hotel, Grey-street, Newcastle-upon-Tyne. Film 
and Discussion on “ Steam, CO,, and Draught.” 


INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield Branch: 
Monday, February 5, 7.30 p.m., Royal Victoria Station 
Hotel, Sheffield. ‘‘ Oxygen as Aid to Production of 
Carbon Steel in the Are Furnace,” by Mr. A. C. Brearley. 
Lancashire Branch: Wednesday, February 7, 7 p.m., 
Engineers’ Club, Manchester. “ Aspects of Non- 
Ferrous Founding,” by Mr. T. Freeman. Lincolnshire 
Branch: Thursday, February 8, 7.15 p.m., Technical 
College, Lincoln. ‘“ Patternmaking,” by Mr. S. A. 
Morton. Scottish Branch: Saturday, February 10, 
“ D.mM., Royal Technical College, Glasgow. ‘‘ Experiences 
When Visiting Foundries in the United States,” by Mr. 
«. J. Ross and Mr. J. Jackson. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
“entre: Monday, February 5, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘‘ Trends in Vehicle Design, with 
Reference to the 1950 Commercial Motor Show,” by 
Mr. P. M. A. Thomas. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Leeds Branch: Monday, February 5, 7.30 p.m., Great 
Northern Hotel, Leeds. “Fractional Horsepower 
Motors,” by Mr. J. W. Bottomley. York Branch: 
Vednesday, February 7, 8 p.m., Royal Station Hotel, 

ork. ‘“ High-Frequency Heating,” by Mr. H. E. 
Anderson. South-East London Branch : Friday, Feb- 


South-East London Technical 
** Resistance Welding,” 


ruary 9, 8.15 p.m., 
College, Lewisham-way, S.E.4. 
by Mr. E. C. Flade. 


INSTITUTION OF CHEMICAL ENGINEERS,—Tuesday, 
February 6, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘“* Applicability of Vapour- 
Liquid Equilibria to Extractive Distillation,” by Pro- 
fessor F, H. Garner and Mr. S. R. M. Ellis. 


INSTITUTION OF CIVIL ENGINEERS.—Maritime Engin- 
eering Division: Tuesday, February 6, 5.30 p.m., 
Great George-street, S.W.1. ‘“‘ Design and Construction 
of Slipways up to 1,200 Tons,” by Mr. G. C. Grove and 
Mr. D. H. Little. Midlands Association: Thursday, 
February 8, 6 p.m., James Watt Memorial Institute, 
Birmingham. “ Arley Tunnel: Remedial Works Follow- 
ing Subsidence,”’ by Mr. C. W. King. 


INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
February 6, 6 p.m., Caxton Hall, Victoria-street, S.W.1. 
“The Sanitary Engineer and Reports on Chemical 
Analyses,” by Mr. C. J. Regan. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Wales and 
Monmouthsiire Branch : Tuesday, February 6, 6.30 p.m., 
South Wales Institute of Engineers, Park-place, Cardiff. 
“ Structural Design,” by Mr. W. S. Atkins. Northern 
Counties Branch: Tuesday, February 6, 6.30 p.m., 
Cleveland Scientific Institute, Middlesbrough; and 
Wednesday, February 7, 6.30 p.m., Neville Hall, New- 
castle-upon-Tyne. ‘‘ Concrete Control for Small Works,” 
by Mr. N. J. Ruffle. Institution: Thursday, February 8, 
6 p.m., 11, Upper Belgrave-street, S.W.1. ‘“‘ Factory 
Extension at Silvertown,” by Mr. F. G. Etches. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND.—Tuesday, February 6, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘“‘ Current Practice in Marine 
Air Conditioning,” by Mr. W. H. Glass. 


WOMEN’S ENGINEERING Socrety.—London Branch: 
Tuesday, February 6, 7 p.m., 2, Savoy-hill, W.C.2. 
Discussion on “ Festival Lighting.”’ 


INSTITUTION OF WORKS MANAGERS.—Leicester Branch : 
Tuesday, February 6, 7 p.m., College of Technology, 
Leicester. ‘‘ Designing for Standardisation and Produc- 
tion,” by Mr. J. E. Chadbund. Manchester Branch: 
Friday, February 9, 6.30 p.m., Grand Hotel, Manchester. 
* Industrial Law,” by Mr. L. Walsh. 


OF ENGINEERING INSPECTION.—South- 
West Branch: Tuesday, February 6, 7.30 p.m., Grand 
Hotel, Bristol. Film Evening. Birmingham Branch: 
Wednesday, February 7, 7.30 p.m.,Chamber of Commerce, 
95, New-street, Birmingham. “ Electronics in Indus- 
try,” by Mr. S. R. Judd. 


INSTITUTE OF FUEL.— Midland Section: Wednesday, 
February 7, 2.30 p.m., James Watt Memorial Institute, 
Birmingham. ‘“ Fuel Combustion in Gas Turbines,” by 
Mr. A. B. S. Laidlaw. North-Western Section: Thurs- 
day, February 8, 2.30 p.m., Municipal Annexe, Dale- 
street, Liverpool. ‘“ Firing of Shell Boilers by Chain- 
Grate Stokers,’’ by Mr. C. H. G. Hayward. 


RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
February 7, 3 p.m., Whitehall, S.W.1. “ Flying Boats 
in War,” by Air Vice-Marshal P. H. Mackworth. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—Mersey- 
side Section : Wednesday, February 7, 7 p.m., Electricity 
Service Centre, Whitechapel, Liverpool. ‘‘ Transmitter 
for 8-Channel Carrier Wire-Broadcasting System,” 
by Mr. R. G. Kitchenn. 


INSTITUTION OF PRODUCTION ENGINEERS.—W olver- 
hampton Section: Wednesday, February 7, 7 p.m., 
County Technical College, Wednesbury. ‘‘ Mechanical 
Handling Techniques,” by Mr. J. Bain. Nottingham 
Section: Wednesday, February 7, 7 p.m., Victoria 
Station Hotel, Nottingham. ‘“‘ Artistic Metal-Box Manu- 
facture,” by Mr. G. Gledhill. 


RoyaL INSTITUTION.—Thursday, February 8, 5.15 
p.m., 21, Albemarle-street, W.1. Lecture III. ‘“‘ The 
Mechanics of Large Deformations, with Special Reference 
to Rubber,” by Mr. R. 8S. Rivlin. 


ENGINEERS’ GUILD.— Metropolitan Branch: Thursday, 
February 8, 6 p.m., Caxton Hall, Victoria-street, S.W.1. 
“The Engineer in Industry,” by Professor A. L. L. 
Baker. 


NortTH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, February 9, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘“‘ Electrification of Ship- 
yards,” by Mr. J. S. McCulloch. 


INSTITUTION 





HATFIELD MEMORIAL LECTURE.—The Iron and Steel 
Institute inform us that the fifth Hatfield Memorial 
Lecture will now be delivered in the Assembly Hall of 
the Royal Empire Society, Craven-street, London, 
W.C.2, and not in the York Hall, Caxton Hall, as 
previously announced and recorded on page 81, ante. 
The date, February 20, and time, 8.30 p.m., are 





unchanged. 





PERSONAL. 


Mr, JoHN E.uuior, M.Inst.T., who was made Chief 
Regional Officer, ‘London Midland Region, British 
Railways, on January 1, 1950, has been appointed chair- 
man of the Railway Executive in succession to Sm 
Eustace J. MISSENDEN, O.B.E., who relinquished the 
position on January 31. 

Masor G. P. BULMAN, O.B.E., President of the Royal 
Aeronautical Society, 4, Hamilton-place, London, W.1, 
has been appointed to represert the Society on the 
General Board of the National Physical Laboratory and 
on the Educational Policy Committee of the City and 
Guilds of London Institute. 

Mr. C. E. WouRrTzBURG, M.C., has been nominated 
President of the Chamber of Shipping of the United 
Kingdom, for the current year, in succession to Sm 
W. Guy RopneR. Viscount Runciman, O.B.E., 
A.F.C., A.I.N.A., has been nominated vice-president. 

Mr. LESLIE Fatt, C.LE., V.D., B.Sc. (Lond.), 
M.I.C.E., M.I.Mech.E., has been appointed technical 
consultant on the railway materials produced by the 
United Steel Companies, Ltd., 17, Westbourne-road, 
Sheffield, 10. Mr. C. F. Ryan, M.B.E., B.A. (Oxon.), 
A.M.1I.Mech.E., has been made chief of development 
(railway materials) by the Steel, Peech & Tozer branch 
of the firm. 

Mr. W. E. A. REDFEARN, a special director of English 
Steel Corporation, Ltd., River Don Works, Sheffield. 9, 
has been elected chairman of the Alloy Steels Association, 
in succession to the late Mayor Guy S. NEwWToNn. Mr. 
Redfearn is also President of the National Association 
of Drop Forgers and Stampers. 

The Mond Nickel Co., Ltd., announce that Mr. L. H. 
CooPER has been appointed chairman and Mr. L. K. 
BRINDLEY, managing director. Mr. G. ARCHER and 
Mr. A. PARKER HaGvueE continue as directors and Mr. 
I. A. BarLey, Dr. L. B. Prem and Dr. A. G. RAMSAY 
have also been appointed directors. 

Dr. H. L. DRYDEN, F.R.Ae.S., who delivered the 37th 
Wilbur Wright Memorial Lecture before the Royal 
Aeronautical Society in 1949, has been awarded the 
Guggenheim Medal of the Institute of the Aeronautical 
Sciences for 1950 for his contributions to aeronautical 
research. ; 

Mr. WILLIAM BROWN, works general manager of the 
Dagenham and Monk Bretton Works of W. J. Fraser & 
Co., Ltd., has been appointed a director. 

Mr. E. P. HotMEs has been appointed chief industrial 
engineer of the Conveyancer Fork Truck Oo., recently 
registered as a separate division of Electro-Hydraulics 
Ltd., Liverpool-road, Warrington. 

Mr. A. SARGENT, who has been works manager at the 
Helsby Works of British Insulated Callender’s Cables 
Ltd., since 1946, retired on January 31. 

AIR CONTROL INSTALLATIONS LTD., Ruislip, Middlesex, 
have opened a branch office at 70, Mosley-street, Man- 
chester, 2. (Telephone: CENtral 0679 and 0670.) 
The manager is Mr. F. WRIGHT, A.M.I.E.E.,A.M.1.H.V.E. 


A. CO. WICKMAN LTD., have taken up the sole agency 
in the United Kingdom for the sliding head precision 
automatics of the Usines Tornos, Switzerland. 

HENRY LINDSAY, LTD., have removed their head office 
from Queen’s-road to Mansfield-road, Bradford, York- 
shire. The telephone number (Bradford 41384) and tele- 
graphic address (Lindsay Phone Bradford) are unaltered. 

THE IRON AND STEEL CORPORATION OF GREAT BRITAIN 
is to move into offices at 1, Chester-street, London, S.W.1. 

MERZ AND MCLELLAN (SouTH AFRICA), Escom House, 
Rissik-street, Johannesburg, have taken into partnership 
Mr. H. J. BEARD and Mr. T. R. J. Bisnop, in addition to 
the partners of Merz and McLellan and the present resi- 
dent partner, Mr. 8S. G. REDMAN. Mr. Bishop is also 
resident in South Africa. 

The raw-materials section of the Newcastle branch 
ofjGEORGE COHEN, Sons & Co., LTD., has been transferred 
to Coborn Works, Hebburn-on-Tyne. The machinery 
section remains at Trafalgar House, Collingwood-street, 
Newcastle-upon-Tyne, 1. 

THe BRITISH RUBBER DEVELOPMENT BOARD are 
extending their activities to Australia. An office has 
been opened at Charter House, 4, Bank-place, Melbourne, 
under the management of Mr. W. B, HARDEMAN. 

LEO, C. STEINLE LTp., a member of the B.S.A. Tools 
Group, have been appointed sole agents in Great Britain 
for machine tools of a number of German companies, 
including various machines made by Asbo K.G., Herkules, 
Beche und Grohs, R. Berninghaus, R. Blohm, G. Boley 
& Oo., Forte G.m.b.H., G. Goeckel, Heyligenstaedt 
& Co., Karl Hiller, F. W. Kosfeld, Ludwigsburger 
Maschinenbau, Malmedie & Oo., A. Plauert, Wanderer 
Werke A.G., Wetzel Union, A. Wirth & Oo., and F. 
Deckel. 

SIEGRIST-OREL, LTD., 39, Berners-street, London, 
W.1, have taken over the sole agency for Haenni & Oo., 
Ltd., manufacturers of pressure gauges, thermometers 





and hygrometers, Jegenstorf-Berne, Switzerland. 
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THE TRAINING OF 
CRAFTSMEN. 


Wirutn the past few weeks, two diametrically- 
opposed suggestions relating to apprentice training 
have been made : a productivity team has suggested, 
rather hesitantly, that apprenticeships are no 
longer serving a useful purpose, owing to the 
mechanisation of production methods; and Mr. 
John Loxham, M.I.Mech.E., has held that there is 
abundant evidence that. in spite of the vast sums 
spent on education, the engineering industry of 
this country is not being supplied with a sufficient 
number of highly-skilled craftsmen. Both sugges- 
tions arise from the trend towards the transfer of 
as much as possible of the thinking and planning of 
production from the shop floor to the planning 
office. The productivity team found that little 
craft skill was being employed in the United States, 
and, impressed by the tangible results of American 
production methods, concluded that a similar trend 
in this country must be accelerated. Mr. Loxham, 
on the other hand, is alarmed by such a prospect ; 
for him, the future of British industry must depend 
on emulating the Swiss, by putting the maximum 
amount of wealth into the precious raw materials. 
The policy of planning the production programme 
so that the work could be done by unskilled and 
semi skilled labour. though, assisting in over- 
coming immediate difficulties, would, if pursued 
long enough, lead to a deterioration in the skill of 
the people, and a manufacturing system would be 
created which could be copied by nations satisfied 
with a low standard of living. 

Many doubts and queries come to mind on read- 
ing such expressions of opinion. The full implica- 
tions of the productivity team’s suggestion can 
hardly be accepted. The degree of craft skill 
required varies between one works and another, 
but in general the engineering industry of this 
country is founded on skill on the shop floor. 
Perhaps the team consider that the mass of workmen 





should be given only a short period of tuition on 
specialised machines, while a select few would be 
given practical and theoretical training of a high 
order. It would be difficult, however, to make a 
selection at an early stage; the present system, 
even though, in many works, it is not adequately 
planned, acts as a crude sieve, if only because an 
apprenticeship lasts several years. There is a 
dearth of skilled craftsmen, according to Mr. 
Loxham ; but technologists, too, are in short supply. 
Possibly the real trouble is full employment ; cer- 
tainly, with employment at its present level, and 
with the pattern of production oscillating, within a 
few years, between peace and re-armament, there 
must surely be some “Jocked-up stresses” in 
industry. 

In his paper on “‘The Training of Craftsmen,”’ 
presented to the Institution of Mechanical Engineers 
on Tuesday, January 23, Mr. Loxham initiated a 
fruitful discussion which showed that, although 
there may not be much direction from a national 
centre in apprenticeship matters, carefully planned 
schemes are to be found in many works to-day. 
Groups of firms, too, combine to offer a common 
scheme; the Society of British Aircraft Con- 
structors have followed this course, as reported 
on page 146 of this issue. In his paper, Mr. 
Loxham gave ten reasons for the decline in the 


6! number of highly-skilled craftsmen in the engineer- 


ing industry: insufficient difference between the 
earnings of skilled and semi-skilled workmen ; the 
use of fool-proof machines ; production planning ; 
employers’ associations setting too low a standard 
of training; trade-union restrictions on One man 
embracing the skills of two trades; the erroneous 
belief that a person using his hands and a machine 
is not using his brain ; the erroneous belief also that 
all office work demands more intelligence and mental 
concentration than factory work; the lack of any 
craft guilds, etc., whose membership is restricted 
to persons of high craft qualifications ; the lack of 
technical training for the study of the sciences 
associated with engineering production, and an 
inability to adapt the educational structure to the 
increasing practical requirements of a machine age ; 
and these and other circumstances resulting in 
parents, teachers, and, in particular, grammar- 
scheo] headmasters, advising youths that, in spite 
of inherent craft skill, they must plan to spend their 
working lives at some form of office work. 

On the face of it, a nation with a large number of 
skilled craftsmen must be more fortunate than 
another with only a few, but there is the danger 
that, in the first country, many men will waste their 
skill on working out-of-date machines, while in the 
second country great wealth will be produced on 
modern automatic machines. Students of ‘‘ cyberne- 
tics” would argue that, when the present stage of 
production development has passed, the bulk of 
manufacture will be done by fully-automatic 
machine shops and assembly shops, with only a few 
skilled men acting as ‘“trouble-shooters.” Mean- 
while, however, conditions generally in the engineer- 
ing industry are remote from this vision, and when 
so much of the nation’s income is spent on education, 
it is reasonable to expect to find skill and fore- 
thought in the country’s wealth of products. 

In his paper, Mr. Loxham proposed that the 
trade associations, employers’ federations, and trade 
unions should establish a common scheme for the 
entry of apprentices into the engineering industry. 
There would be a standard form of indenture, the 
various crafts would be classified into a small 
number of groups, and there would be a liberal 
overlap, especially between the mechanical and 
electrical problems. Each group would have its 
own minimum standard of training to be covered 
by apprentices in that group, and firms unable to 
conform to the standard would be encouraged to 
combine with other firms in the locality so that a 
transfer of apprentices could occur to broaden the 
training. The prestige of trade apprentices would 
be raised by instituting an entrance examination. 
Mr. C. C. Ferguson, who contributed to the discus- 
sion at the meeting, said that he found, through 
sitting on the Headmasters’ Committee, that the 
boys of to-day wanted to go in for the practical side 
of engineering, whereas some years ago there had 
been a tendency for boys to wish to go into the 
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drawing office, and other offices, rather than into 
the shops. 

Principal R. D. Peggs, M.A., contributed the 
benefit of seven or eight years’ experience of an 
apprenticeship scheme which, he said, was produc- 
ing excellent craftsmen who were proud of their 
craftsmanship. They were recruited by competition, 
not examination, as it was found impossible to 
obtain boys with the right attitude of mind as 
craftsmen by means of a formal examination. 
Tests indicated the aptitude and dexterity of the 
candidate, who was also taken round the works, 
sent home for a night to give him time to think 
about what he had seen, and then taken round the 
following day by the same person. Thus, the task 
of the interviewing panel was simplified. The boy 
entered a training shop for a period of one year, 
which was considered quite sufficient, as the sooner 
he was introduced to the shop atmosphere the 
better. At the end of the year, he was placed in 
one of six groups, namely, fitter, turner, machinist, 
instrument maker; sheet-metal worker and black- 
smith; moulder and patternmaker; electrician ; 
woodworker ; orelectronic mechanic. An “‘ appren- 
ticeship adviser” planned the next two years of 
training, and a selected skilled man, known as the 
apprentice master, was made responsible for the 
boy. An the end of the third year, his craft was 
determined. With regard to academic training, 
the establishment with which Mr. Peggs was con- 
nected had a works college; the principal was 
responsible for co-ordinating the boy’s complete 
training, both practical and academic. 

According to Mr. Loxham’s scheme, two years 
would first be spent in the works school, but part 
of that time would be devoted to work on selected 
automatic or semi-automatic production machines. 
The idea that boys should be given a variety of 
experience in the early stages seems to be generally 
accepted. Courses of study, occupying one full 
day and one evening a week, would be arranged in 
three groups to suit the ability and aspirations of 
the apprentices. The first group, he said, would 
consist of persons of high intelligence who were 
desirous of undertaking a heavy programme ; 
they would take a joint ordinary National Certificate 
course leading to the award of an Ordinary National 
Certificate in Mechanical Engineering and an 
ordinary National Certificate in Electrical Engineer- 
ing. The course would last three years, and would 
include a liberal amount of workshop technology. 

The second group of apprentices would study 
for only one Ordinary National Certificate, and the 
third group would consist of apprentices who, from 
the outset, wished to concentrate on the study of 
actual manufacture. They would be instructed in 
the fundamental laws underlying the trades they 
were to follow, and for this purpose Mr. Loxham 
suggested that a series of experiments, to be used 
on a national scale, should be designed and written 
up in considerable detail. The apprentices would 
take the intermediate examination of the City 
and Guilds of London Institute. Those in the first 
group, he thought, were not likely to exceed 20 per 
cent., and the majority of skilled craftsmen would 
be in the second and third groups. Many may 
feel that such a scheme presupposes a higher stan- 
dard of intelligence than can reasonably be expected 
from the boys who will enter the engineering 
industry. 

A National Certificate in Craftsmanship was 
Mr. Loxham’s final proposal. The certificate would 
be awarded to persons who had completed an inden- 
tured apprenticeship with an approved firm to the 
satisfaction of their employers and trade associa- 
tions; and either obtained an Ordinary National 
Certificate in Meckanical or Electrical Engineering, 
endorsed to indicate that a specified amount of work- 
sbop technology had been included in the course and 
the examinations, or obtained the Final Certificate 
of the City and Guilds of London Institute in an 
approved subject directly related to the trade to 
which an apprenticeship had been served. 

Mr. Loxham’s proposals are admirable, but 
possibly not realistic As Mr. T. B. Worth sug- 
gested, the economy of the country is linked with 
the efficient utilisation of manpower, and because 
@ craftsman’s training is good for one individual, 
it might be wrong to submit all apprentices to it. 


BRITISH RAILWAY RELICS 
AND RECORDS. 


In a brief note on page 105, ante, we referred to 
the publication by the British Transport Commis- 
sion of a report* on the action proposed to be 
taken to preserve for posterity the unique historical 
records of the former British railway companies, 
which passed into the possession of the Commission 
when the railways were nationalised on January 1, 
1948. The summary which we then gave, however, 
hardly did justice to the extent of the survey 
or the nature of the proposals, and some further 
consideration of the subject appears, therefore, to 
be desirable. The exceptional interest and value 
of the relics and archives was recognised from the 
outset, and various societies concerned with the 
railways and their historical development took early 
opportunity to urge, prior to the actual nationalisa- 
tion, that the Commission should take steps to 
ensure the proper preservation of these records, 
The Commission were evidently in sympathy with 
the views expressed and, in November, 1947, they 
invited the chairmen of the four main-line railways, 
and the London Passenger Transport Board, to 
make recommendations on the subject. Eventually, 
a committee was appointed, on which all the Execu- 
tives were represented, and it is the report of this 
committee (already accepted in principle by the 
Commission) which has now been made available to 
the public. In its compilation, advantage has been 
taken of the special knowledge of such bodies as 
the Newcomen Society and the Stephenson Loco- 
motive Society, and, on the suggestion of Lord 
Greene, the then Master of the Rolls, of the expert 
staff of the Public Record Office. The result is an 
outline scheme which, while inevitably open to 
some criticism, is framed on lines which must cause 
general satisfaction ; in some respects, indeed, it is 
conceived on a more liberal basis than many enthu- 
siasts had ventured to hope. 

The keynote of the report is struck on the first 
page of the section dealing with ‘‘ General Policy,” 
where the committee endorse the view that ‘‘ the 
age of canal and early railway construction (covering 
approximately the 100 years 1760-1860) is among 
the greatest creative periods in the history of 
Britain,” during which the builders of the railways 
and, to a lesser extent, of the canals, ‘‘ influenced 
to a considerable degree the social organisation and 
habits of life of the British people.” The opinion is 
expressed, therefore, that ‘‘the Commission’s 
arrangements for the efficient custody of transport 
relics should be founded on a clear appreciation of 
the wider social and cultural -heritage of early 
transport development in many different fields.” 
Moreover, it is emphasised that, as transport history 
(like history in general) is still being made, any 
arrangements made should take account of this 
fact ; so that the collection of relics now existing 
should not remain as a “static and lifeless accumu- 
lation,” but should be constantly expanding and 
improving. 

Problems of considerable complexity are intro- 
duced by the diversity of the relics, ranging from 
railway tickets to locomotives and buildings, and 
by the sheer bulk of some of the records, such as 
the 12,000 volumes of company minutes. Neverthe- 
less, the Committee did not hesitate to express their 
“‘conviction that an all-embracing British Transport 
collection of relics and records is the only satisfactory 
method ” of dealing with the problem of exercising 
a properly unified control; though, for the time 
being, many localised collections, forming parts of 
the whole, must be left in their present situations 
until the suggestions for establishing centralised 
repositories can be put into effect. These sugges- 
tions, it will be recalled, envisaged, as a first stage, 
the retention of the present Railway Museum at 
York to serve as a centre for the railways of the 
North of England—‘‘an area rich in railway 
history”; the concentration at Euston of the 
collections already in London; the expansion of 
the existing collection at Edinburgh to include all 
Scottish material ; and the possible formation of a 





* The Preservation of Relics and Records. The British 
Transport Commission, 55 Broadway, London, S.W.1. 
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Welsh collection in Cardiff. As a second sta.e, it 
was proposed that a permanent museum, capa le of 
accommodating locomotives and rolling stock. and 
perhaps a selection of early road-transport vel ‘cles, 
should be established in the former Nine “lms 
station (not Bricklayers’ Arms, as we stated in error 
last week), which was the original terminus «{ the 
London and Southampton Railway, the forer ‘nner 
of the London and South Western. 

To implement these suggestions must take time, 
and it is to be feared that, as the process continues, 
some Objections may be raised by members of the 
public when they find that familiar relics like 
Stephenson’s ‘ Rocket,” which they have been 
accustomed to associate with particular back- 
grounds, have been transferred elsewhere. It is 
clearly intended, for example, that many, if not all, 
of the early railway relics now in the Science Museum 
at South Kensington shall be removed to the pro- 
jected Transport Museum; and that others, now 
at York or in other less well-known collections, 
shal] also be concentrated in London. An article in 
the Manchester Guardian of January 20, headed 
“York To Be ‘ Robbed’ of Some Railway Trea- 
sures ?”’, is probably typical of others that may be 
expected to appear from time to time. Too much 
weight should not be attached to such protests, 
however. Most museums contain examples of 
similar transferences, which have been generally 
beneficial in the long run. After all, the York 
Museum is a comparatively recent institution, and 
the National Maritime Museum is still more recent ; 
and many models of ships, etc., have been removed 
from the Science Museum to the Imperial War 
Museum within the past few years. What is essen- 
tial is that the relics shal] be readily accessible and 
readily comparable, an ideal which is obviously 
brought nearer to realisation if the exhibits can be 
gathered in one place. There are, of course, equally 
obvious risks in putting all the eggs in one basket, 
but modern methods of storage and of protection 
against fire should obviate most of them. 

The question of access, however, brings in its 
train certain other considerations, in relation to 
which we do not entirely see eye to eye with the 
Committee. They observe that, ‘‘so far as con- 
cerns applications for information by private per- 
sons, the reasons for their enquiries would have to 
be ascertained and assistance afforded according to 
the merits of the particular case”; adding that, 
“as a general rule, an inspection of minute books by 
private persons should not be permitted unless for 
exceptionally good reasons” and, even then, not 
unless the books are of earlier date than 1900. It 
is recommended also that consideration should be 
given to charging a search fee to private enquirers. 

That is the kind of recommendation which com- 
monly results from attempts to legislate in advance 
for all possible eventualities, and the usual effect 
is merely to put unnecessary obstacles in the way 
of the researcher who has the misfortune not to be 
a person of accepted renown. Membership of any 
society of technical or historical repute should be 
the only passport needed. The historical researca 
of the future will have to be done, by most of 
the few who can spare the time and apply proper 
skill to it, on the cheapest possible basis. ‘The days 
are gone in this country, probably for ever, whet 
wealthy amateurs can devote their lives to such 
pursuits, or support museums with the munificence 
of Sir James Caird towards the National Maritime 
Museum. The future supporters of railway museums 
and record offices are going to be the individually 
insignificant donors of oddments, and the amateurs 
—in the true sense of that usually misunderstood 
word—who can contribute little more tangible 
than their labour and their scanty leisure. They 
are not required to “‘state reasons ” before making 
use of a reference library or, for that matter, of § 
public museum. The railways’ records are now 
public property ; that they are entrusted, for the 
sake of political expediency, to a Transport Com- 
mission does not alter that fundamen‘! fact. 
Investigators of those records are never likely to be 
numerous ; but, even if they are, they should be 
welcomed, and not discouraged by restrictions, 
inquisitions, demands for fees, and all ti = 
obstructive devices which, unfortunately, ec lia 





to germinate so prolifically in the official m nd. 
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NOTES. 


A Critican Fur. Posrrion. 


TsE unfortunate necessity for a system of 
priorities in the allocation of coal, which was 
announced by the Minister of Fuel and Power 
(the Rt. Hon. P. J. Noel-Baker) in the House of 
Commons yesterday (Thursday), too late for com- 
ment in this week’s ENGINEERING, adds emphasis 
to a statement made by the Parliamentary Secre- 
tary of the Ministry (Mr. Alfred Robens) on Tuesday. 
January 30. According to this statement, the 
“distributed stocks ”’ decreased to 10,652,000 tons 
during the week ended Saturday, January 20, an 
amount which approximated to that reached in 
March, 1950. The danger level of 9,000,000 tons 
was not approached until April, 1950, but this 
year it may be reached by the end of February. 
Production in the three weeks ended on Saturday, 
January 20, was 12,428,000 tons, and consumption 
13,805,000 tons, so that stocks were being depleted 
at more than the usual rate. In making this 
announcement, however, the Parliamentary Secre- 
tary said that there were certain favourable factors 
to be taken into account, although, he admitted, 
they did not offer any substantial relief to the 
position. The consumption of coal by electricity 
undertakings had decreased week by week since the 
beginning of the year. Nevertheless, the total had 
been 3,189,700 tons, compared with 2,807,100 tons 
during tbe corresponding period of 1950. This 
decrease was ascribed to the mild weather, and 
was likely-to be reversed by the change during the 
past few days. Weather conditions, however, had 
had no appreciable effect on the production or 
movement of coal. Mr. Robens concluded by 
emphasising the need to save fuel in every way 
and to pay continued attention to the maintenance of 
the highest possible efficiency in steam-raising and, 
indeed, in the utilisation of all types of fuel, whether 
home-produced or imported. It is probable, 
however, that the debate on a critical Opposition 
motion, which is taking place as we go to press, will 
disclose the public’s reaction to the position is not 
so complacent as the Government would wish. 


THe Power SHORTAGE AND PRIVATE GENERATING 
PLANT. 


At the time of the coal crisis in 1947, a number of 
industrialists, as recorded on page 166 of our 163rd 
volume (1947), adopted certain expedients to main- 
tain a supply of power to their works. Among the 
most satisfactory of these was the installation of 
Diese! engine-driven generators and, as a result, 
later on in the same year, the Ministry of Supply 
provided facilities for the manufacture of such sets 
to the value of 10,000,000/. and to a total capacity of 
300 MW. The individual units involved in this 
scheme were, however, relatively small, and, of 
course, were not intended to replace, but to supple- 
ment, the power taken from the mains. Naturally, 
the position thus created was not viewed with any 
great favour by the electricity authorities, on the 
understandable grounds that the provision of a 
supply that is only partially or occasionally used may 
frequently be uneconomic. In view of the fuel and 
plant position, however, they agreed to waive the 
conditions in their contracts which prevented the 
installation or use of private generating plant and, 
indeed, granted concessions in the charges for stand- 
by supplies required in association with such plant. 
In 1948, this state of affairs was reviewed by the 
British Electricity Authority and the Area Boards 
i consultation with the Federation of British 
Industries. As a result, it was decided to continue 
the concessions up to March 31, 1952, by which 
time it was hoped the shortage of generating plant 
would have been substantially overcome. Unfor- 
tunately, these hopes have not been realised, and 
it is now announced that the Authority and Area 
Boards have decided to extend the relaxation of 
Nestrictions until March 31, 1956. In this connec- 
tion it may be pointed out that the Authority have 
no power to prevent the installation of stand-by 
plant, except in so far as they can impose conditions, 
more or less onerous, depending on the point of 


Tue Seconp NationaL PackaGine EXxursirion. 


* In opening the second National Packaging Exhi- 
bition, which is being held from January 30 to 
February 9 at Olympia, the President of the Board 
of Trade, Mr. Harold Wilson, O.B.E., M.P., referred 
to the growing shortage of many packaging 
materials, such as softwood, tinplate, paper and 
paper board. The Board of Trade, he said, had 
had discussions with the supplying industries and 
had emphasised the importance of packaging. It 
was hoped that softwood supplies would increase 
before very long, but tinplate, which was in demand 
in the Commonwealth and in other countries which 
required British tinplate to ship essential food sup- 
plies to this country, was in short supply. The 
exhibition is organised by Provincial Exhibitions, 
Limited, City Hall, Deansgate, Manchester, 3, and 
Messrs. F,. W. Bridges and Sons, Limited, Grand 
Buildings, Trafalgar-square, London, W.C.2, in 
collaboration with the Institute of Packaging, which, 
it may be recalled, was formed in 1947 to provide a 
professional organisation for the packaging indus- 
try, to discuss technical problems, to pool know- 
ledge and to advance the education of junior execu- 
tives in the industry. The first exhibition inaugur- 
ated by them was held in Manchester in 1949. At 
the present exhibition, the growing application of 
science to packaging methods is evident. There 
are some 160 exhibitors, of whom about 45 are 
showing British, Continental and American machi- 
nery for filling, labelling, closing, etc. There are dis- 
plays of the various stages through which a package 
passes ; a collection of some new and well-estab- 
lished American packages is on view, and for tbe 
first time in the United Kingdom a display of 
“* Packages of All Nations ” is shown, representing 
a wide variety of industries. One of the most 
interesting exhibits is the mobile drum-making 
factory, which occupies the entire ground floor of 
the Empire Hall. During the exhibition a series 
of lectures is being held in the conference hall. 
Among the lectures which may be of interest to 
engineers, ‘Transport in Relation to Packaging ” 
was discussed by Mr. T. E. Jackson on Wednesday, 
January 31, and on Tuesday, February 6, Mr. 
Roger 8. Falk, O.B.E., will speak on ‘‘ Packaging 
for Export.” On Wednesday, February 7, there 
will be a session at which the British team of 
specialists who visited the United States under the 
auspices of the Anglo-American Council on Produc- 
tivity will answer questions. 


TESTS OF THE ACCURACY OF WATCHES. 


Since 1884, the Kew “A” test has represented 
the highest standard of accuracy in watches, and 
the publication annually of a list of the best watches 
tested, placed in order of merit, has been an effective 
stimulus towards improved design and manufacture 
of watches. This test was inaugurated at the 
request of the British watchmaking industry and, 
as the name indicates, has been carried out at Kew 
Observatory, though, since 1912, the responsibility 
for carrying out the tests and issuing certificates has 
rested with the National Physical Laboratory. 
Until 1915, the tests were made by comparison with 
a weight-driven pendulum clock, and the accuracy 
achieved probably did not exceed a variation of 
about one second in a day. In 1915, the use of a 
recording chronograph enabled variations of 0-05 
second in 24 hours to be detected, and still greater 
accuracy was achieved with the introduction of 
radio time-signals from Greenwich Observatory, and 
the use of an electrically-operated “‘ free ” pendulum 
clock. In recent years, however, the performance 
of precision watches has approached so nearly to 
the limits of the recording equipment that more 
accurate methods of testing have become necessary, 
and it is now announced by the Department of 
Scientific and Industrial Research that, on March 1, 
the Kew “‘ A” tests will be discontinued. In their 
place, tests will be made by means of a quartz- 
oscillator clock in conjunction with electronic 
measuring equipment which will record errors as 
small as 0-005 second. New cold rooms and 
constant-pressure regulating equipment are being 
provided, and it is expected that new standards of 
precision will be set up which will be of much 





view of those concerned, on the provision of alter- 
hative supplies from the mains, 


benefit to the British watchmaking industry. The 


namely, a craftsmanship test for precision watches, 
and a sporting watch test for the watches used ‘by 
sports timekeepers. The N.P.L. test for stop- 
watches is also in process of revision. 


TECHNOLOGICAL EDUCATION FOR PRODUCTION 
ENGINEERS. 


A memorandum on ‘“‘ The Development of Tech- 
nological Education for Production Engineers ”’ has 
been prepared by the Education Committee of the 
Institution of Production Engineers for submission 
to the Council and membership, as a statement of 
general policy in the field indicated by the title. 
It deals, inter alia, with the need for better educa- 
tion and training in production engineering, ‘‘ some 
over-riding considerations in the development of 
facilities,” the need for a major award at post- 
graduate level, the role of the universities, policy 
with regard to National Colleges and the Higher 
National Certificate courses, production engineering 
research in educational institutions, training facili- 
ties for production management, and teaching staff. 
The ‘over-riding considerations’ mentioned are 
that men should be trained to “approach the 
problems of production in both a practical and 
scientific manner, with a particular understanding 
of the human relations aspects of the matter ” ; 
that production engineering requires a closer asso- 
ciation between industria] and educational] interests 
than any other branch of technology ; that a back- 
ground of practical experience is essential if full 
benefit is to be derived from studying production 
engineering ; that facilities must be provided for 
refresher courses ; and that, ‘‘ above all, specialisa- 
tion must be introduced as a gradual process and 
not be undertaken prematurely.” The Institution 
does not favour the introduction of a university 
degree in production engineering, and considers 
that “‘the arguments for the establishment of a 
National College in Production Engineering are 
so far not sufficiently convincing ” ; it is felt, how- 
ever, that the Higher National Certificate courses 
in the subject should receive all possible support 
from industry and that any move to promote higher 
technological studies should add to the value of 
these Certificates. The Education Committee of 
the Institution, in presenting the report, express the 
view that, unless substantial progress is made along 
the general lines indicated (which, in some respects, 
go into considerable detail) there is a danger that 
industry will be “seriously handicapped by the 
lack of well-trained personnel.” 


Tue Roya Society oF Arts EXHIBITION. 


During the Festival of Britain, the Royal Society 
of Arts are to hold an Exhibition of Exhibitions at 
their headquarters in John Adam-street, Adelphi, 
London, W.C.2. The exhibition will be opened 
by the President of the Society, H.R.H. Princess 
Elizabeth, on May 1, to celebrate the centenary 
of the opening of the Great Exhibition of 1851, 
and will continue until October. The purpose of 
the exhibition is to show how several important 
types of modern exhibition have developed through 
the initiative of the Royal Society of Arts, which 
was founded in 1754 ‘for the encouragement of 
arts, manufactures and commerce.”” The Exhibi- 
tion will illustrate the first British exhibition of 
contemporary art, held in 1760, which led to the 
establishment eight years later of the Royal Academy 
and its annual summer exhibitions ; the first photo- 
graphic exhibition, during the course of which the 
Royal Photographic Society was founded ; and the 
world’s first industrial exhibition, held in 1761, 
which was organised by the Society to show pro- 
ducers how they might improve their production 
with better machinery and implements, and con- 
sisted largely of models of agricultural and industria] 
machines. During the years 1847 to 185] a series 
of small industrial exhibitions were arranged by 
the Society ; some of the exhibits from them will 
be on view, together with groups of exhibits from 
three modern displays—the 1935 Exhibition of 
British Art in Industry, the 1946 “‘ Britain Can 
Make It” exhibition, and the 1948 ‘‘ Design at 
Work” exhibition. Finally, exhibits connected 
with the Great Exhibition of 1951, originally 
conceived as a national exhibition but ultimately 
expanded to include entries by foreign countries, 
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LETTER TO THE EDITOR. 


NATIONAL ELECTRICITY SUPPLY. 
To THE EpiTor oF ENGINEERING. 


Str,—On page 78, ante, Mr. D. H. Parry takes 
me to task for having misconceptions about the use 
of electricity for space heating. How does he 
explain that in the United States, where freedom 
of choice for the individual has always been a 
primary consideration, electricity for space heating 
is almost unknown, and the load factor of power 
stations is so much better than in this country ? 
The immediate problem is how load shedding can 
be avoided, and under the present policy it appears 
that the increase in generating capacity will never 
catch up with the increase of load. The only short- 
term answer, in my opinion, is the prohibition of 
sales of electric heaters, and simultaneous propa- 
ganda in favour of gas appliances. Why should 
nationalised industries be allowed to compete with 
each other ? 

The long-term remedy is district heating, com- 
bined with integration of industrial and national 
power plants. Mr. Parry agrees that there is room 
for district heating in our economy, and I am only 
asking for the inclusion of one or two heat-electric 
stations in our national planning. The use of more 
efficient methods of heat insulation is, of course, 
eminently desirable, whatever method of heating is 
employed. District heating is certainly expensive 
in capital expenditure, but there is never likely to 
be a better opportunity than is offered in the 
rebuilding of our war damaged cities, and we appear 
to be losing this opportunity. 

Yours faithfully, 
H. M. Pracock. 
The Haven, 
Fencepiece Road, 
Chigwell, Essex. 
January 27, 1951. 





THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 


(Continued from page 107.) 


QUEST'ON V was entitled ‘‘ Improvements in the 
construction of rolling stock (motor and trailer) 
in view of increasing the mileage between repairs : 
solid wheels or with tyres (metal used for the tyres 
and solid wheels, behaviour in service) ; axleboxes ; 
wearing and friction metals; springs (qualities, 
shape, manufacture).” A summary of the report 
submitted by Mr. E. Pugson and Mr. L. Lynes is 
given below. 


INCREASING MILEAGE OF ROLLING Stock 
BETWEEN ReEPAIRs. 


The regulations of the administrations governing 
the maintenance and repair of rolling stock vary 
greatly in detail, but a common feature has emerged, 
indicating that it is usually the condition of the 
tyres which determines the time in service. The 
wear on tyres has been variously expressed in terms 
of mileage, time and actual amount of wear, and 
it is difficult to form any opinion which is the best 
basis. The actual amount of wear would appear to 
be the most vital and practical, the other measures 
being adopted as the result of experience and 
being peculiar to the administrations concerned, 
with a view to keeving a uniform flow of work 
through the repair shops. The elasticity of the regu- 
lations in meeting the service demands on the stock 
is well exemplified by reference to the British Rail- 
ways, and to the Victorian Railways, Australia. The 
majority view is that it has been found possible to 
increase modern rolling-stock mileage ; the fitting 
of manganese-steel liners to the axleboxes and 
horn guides has shown good results in the case of 
British Railways, and, where roller bearings are used, 
reduction in maintenance is claimed. There is a 
unanimous view of the expediency of applying the 
lessons learned as the result of experience to new 
stock, and repair of existing stock, such action 
with the latter being dependent on economic factors. 





Each administration has made use of solid rolled 
wheels and the range covers all phases of rolling 
stock. Against the advantages claimed, i.e., saving 
of weight, avoidance of loose tyres and lower costs, 
there are reports showing that there are considera- 
tions which affect the indiscriminate use of wheels 
of this type, and in this respect the working condi- 
tions would appear to be an influence. 

It appears to be advantageous to use “‘ one-wear ” 
wheels on account of lower first cost. The use of 
power brakes on wagons and higher-speed services 
may be expected to reduce the expected life of 
such wheels, with consequent earlier replacement. 
In such a case there may not be much difference in 
the real cost of “‘one-wear” solid versus “ built- 
up” wheels, A suggestion for meeting this con- 
tingency favourably, in due course, is receiving the 
attention of the British Railways. No speed 
limitations have been thought necessary for solid 
wheels ; and, in respect of braking, provided cast- 
iron brake shoes are used, their performance is 
satisfactory. The physical characteristics for solid 
wheels are fairly uniform, and this remark also 
applies to the chemical analysis. Concerning the 
manufacture of wheels with a view to obtaining 
appropriate characteristics on the different parts 
of the section, the replies indicate that such control 
is left to the discretion of the manufacturers. 

The general practice of the administrations is to 
re-profile worn treads and flattened tyre surfaces 
by machining. An exception to this practice is 
that of the British Railways (London Midland 
Region), who claim economic advantages from 
depositing metal at the roots of the wheel flanges. 
It would appear that tread defects are likely to 
arise when the operating conditions demand high 
average speeds, heavy passenger loading and 
rapid braking frequently ; and the type of brake 
blocks employed, i.e., cast-iron or non-metallic 
brake blocks, also has an important bearing on 
this problem. 

The quality of steel used by the administrations 
for tyred wheels is broadly similar for specific pur- 
poses, and is chosen, presumably, to achieve the 
mileage between repairs. Heat treatment of tyres 
is under manufacturers’ control. Tyre shrinkage 
allowance varies and it is not possible to form any 
conclusions in regard to the stress imposed in the 
sections to prevent loose tyres, through lack of 
further information respecting diameters of wheels 
and section of material. It is the general view that 
there is a need for a high standard of tyre and wheel- 
centre preparation for shrinkage of tyres, and it 
would appear that careful technical consideration 
has been given to grip allowances as affecting stress 
in the tyres. The duty imposed on the tyres 
influences their final thickness in service, but to 
what extent the views of the administrations are 
in accord it is not possible to determine from the 
information supplied. The answer to the elimina- 
tion of flats by welding is in the negative. Re-pro- 
filing both by grinding and turning methods are 
employed. Lubricators are used by some of the 
administrations, but are generally of the rail type. 
On balance, it would seem that lateral displacement 
of the axle does influence tyre wear. 

Considerable experience in the use of roller- 
bearing boxes has been gained by some of the 
adminirations, who have furnished data regarding 
their reliability and attention required in service. 
The types of roller bearings employed are diverse, 
and no doubt usage will determine the best to adopt 
for rolling stock. The necessity for preventing 
current passing through the roller bearings is deter- 
mined by the electrical conditions prevailing. 

The general practice is to use ordinary axleboxes. 
The British Railways (Southern Region), have used 
successfully for more than 25 years axleboxes incor- 
porating a thrust pad on the covers of motor bogie 
axleboxes, on multiple-unit stock. They are now 
in course of changing over to this practice for 
express electric stock, motor bogies of which were 
built with collars on the axle journals owing to 
the very heavy thrust wear experienced on both 
journal collars and bearings. The ordinary axle- 
boxes are oil-lubricated. Generally, the adminis- 
trations have little to report, apparently using 
axleboxes of conventional designs. A marked 
departure in respect of wagon axleboxes was ap- 





proved by British Railways (Railway Clearing 
House) in that new designs of axleboxes ned 
no longer be fitted with dust shields. Shields are 
frequently found broken and useless after relatively 
short service, and experience has shown that they 
can be eliminated successfully. The cleanliness of 
the interior of the boxes and their running perform- 
ance is at least equal to dust-shielded boxes. These 
results may be due to the favourable conditions of 
humidity which usually prevail in Great Britain. 

The analysis of anti-friction metals indicates 
there is no decided preference to use an alloy with 
arich tin content, except for locomotives and special 
high-speed coaching stock. The replies indicate 
the general appreciation of the need for careful 
preparation of the bearings before turning, exact 
pouring temperatures of alloys, etc. A matter of 
interest is that British Railways were compel!-d, 
through the shortage of tin and lead during the 
world war, to reduce the thickness of white-metal 
linings for carriage and wagon bearings ; the results 
were Satisfactory and the practice still continues. 

Three administrations have formed definite views 
in favour of the modern roller-bearing axleboxes, 
usually for operating reasons; others still prefer 
axleboxes produced as in earlier generations. The 
economics of the matter would seem to favour the 
latter, but obviously, from the data supplied, this is 
now Open to question. 

As stated earlier, wheel tyres affect the time 
rolling stock is out of service ; but other contribu- 
tory causes indicate where attention to detail would 
seem to be worth while. Employment of manganese, 
fabricated materials, case-hardened bushes, etc., 
to give greater working life to details is general. It 
is somewhat surprising that few administrations 
have commented on the recovery of parts by weld- 
ing, usually a most economic procedure. Explora- 
tion into new fields under this heading would appear 
to be confined to the London Transport Executive. 

Careful attention to the manufacture, choice of 
material, low stress limits and compliance with 
specifications would appear to be the best safe- 
guards against spring fractures. There appears to 
be little to choose in performance, whether springs 
are hardened in water or oil. Respecting devices to 
prevent movement, only one administration, i.e., 
Victorian Railways, Australia, appears to have con- 
sidered such provision necessary. The practice of 
hot-buckling springs and riveting the plates in 
the buckles is general. Nibbing is also resorted to 
keep plates in alignment. The employment of 
rubber springs for the purposes defined in the 
question is generally satisfactory. 

The summary adopted at the Congress after 
discussion is given below. 

“Tyre wear generally determines the mileage 
between repairs to the running gear and frame. 
Modern equipment, i.e., stock provided with the 
improvements mentioned in the report, has made 
it possible to extend the mileage between repairs 
with a more intensive utilisation and in certain 
cases an increase in load and speed. New rolling 
stock is ordered for various reasons: saving in 
working costs, higher speed, greater safety, and 
more comfort. The saving in maintenance costs, 
though not the overriding factor, enters into these 
reasons. 

‘One-piece wheels have been tested by many 
administrations. They avoid tyre movement and, 
in the case of carriages, rail-cars and motor coaches, 
the wheels can be lightened. The information on 
cost price of these and tyred wheels does not agree. 
It has to be remembered that the service conditions 
are different. Heat-treating of the tread is advised 
to get at least the mileage of tyred wheels or, better. 
to exceed it. Increasing the resistance to wear 
and ultimately the possibility of repairing the 
root of the flange by welding seem to be two benefits 
more readily obtained with one-piece wheels. It 
appears desirable that the experience with one- 
piece wheels be followed up. ; 

“To increase the mileage between repairs and 
reduce wear with harder rails, some railways use 
tyres of 90 kg. per square millimetre (57-14 tons 
per square inch) quality. Lubrication of the 
flanges or the rails is desirable to reduce the recl- 
procal wear of these two parts. Most ——— 
tions carry the lubricator on the engine. Many a 
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various arrangements are used. Trials of inde- 
pendent wheéls which have been carried out by 
several administrations (L.M.R. of the British Rail- 
ways, Italian Railways, Swiss Federal Railways) 
have often given rise to rapid and irregular wear 
of wheels of this type when used as guiding wheels. 
Definite conclusions regarding the advantage of 
independent wheels would require trials under 
arrangements other than those outlined in the 
report. 

“Roller-bearing boxes tend to be increasingly 
used in view of the reduction in hot boxes and the 
saving in maintenance. In the case of steam 
locomotives, the use of these boxes on the driving 
and coupled axles or on the driving axles only pro- 
vides a reduction in wear, resulting in an important 
increase in mileage between repairs. The few 
incidents reported in connection with the journals 
can be ascribed to these journals being too small. 
In view of the high price of roller-bearing boxes, 
there are cases where other types of box can be 
preferred. When roller bearings are fitted to 
electric locomotives and motor coaches, devices to 
prevent the electric current from passing through 
the roller bearings are generally fitted. 

“Among oil axleboxes, other than the ‘ classic’ 
type, should be noted the boxes with mechanical 
dil circulation, and, on steam locomotives, boxes 
with two brasses completely surrounding the journal 
(British Railways (Southern Region) and French 
National Railways). Lubricator pads of oil axle- 
boxes are improved by increasing the number of 
wool wicks and the use of wool of special qualities. 
The tendency in Europe is to use high-tin antifric- 
tion metal for high-speed locomotives and rolling 
stock. Rose metal or lead copper (Cu, 69 per cent. ; 
Pb, 30 per cent. ; Zn, 1 per cent.) is widely used on 
the Italian State Railways on goods wagons. 
Lately, the tendency has been to use thin coatings 
of white-metal not exceeding 3 mm. (} in.) thick, 
but it is noted that some administrations are going 
back to a rather greater minimum of 5 to 7 mm. 
(Zin. to % in.). 

“The upkeep of parts subject to wear is generally 
done by using detachable wearing plates. Interest- 
ing results have been reported :. (1) for articulated 
joints in general and for brake rigging in particular 
by the use of hardened or case-hardened steel 





bushes ; (2) for axlebox guides by the provision of 
13 to 14 per cent. manganese steel (British Rail- 
ways), and plastic materials (Italian State Railways 
and Metro. of Paris), and asbestos-base material 
(Norwegian Railways). 

“To improve stability and comfort, and reduce 
tyre wear, it is desirable to prevent hunting as far 
as possible. One way to achieve this is to avoid 
longitudinal play in the direction of the track 
between the boxes and frame. Varied methods of 
doing this have been used, which either reduce the 
effects of rubbing or suppress it, e.g., adjustable or 
self-adjusting axlebox wedges, used especially on 
steam locomotives; guides incorporating india- 
rubber fastened to the frame; axlebox guides in 
the form of vertical cylindrical pedestals sliding in 
fitted cylinders ; axleboxes connected to the frame 
by rods and Silentbloc bushes ; and boxes and frame 
connected by laminated springs placed longitudin- 
ally—a variant of the preceding arrangement. 

‘Springs are generally buckled hot. There is 
some extension, in Great Britain and Switzerland, 
and tests in France, of the practice of fitting the 
buckles on cold. Spring steel should be obtained 
under such conditions that the same heat-treat- 
ment in the shops will produce constant results. 
This can be obtained either by specifying the 
chemical composition or by specifying given charac- 
teristics to be obtained by a predetermined heat 
treatment. Coil springs should have their surface 
free from defects. Some administrations report 
fewer breakages with springs of square and rectan- 
gular section than with round-section bars. Rubber, 
widely used on buffing and drawgear, is now being 
applied to the spring gear and connecting members 
between the body and frame of tenders, electric loco- 
motives, motor coaches, rail-cars and carriages.” 


(To be continued.) 





FAIREY 17 ANTI-SUBMARINE AIRCRAFT.—It_ is 
announced by the Society of British Aircraft Constructors 
that the Fairey 17 anti-submarine aircraft has been 
accepted for service in the Royal Navy and is to go into 
production. A brief description of the aircraft, which 
is constructed by the Fairey Aviation Company, Limited, 
Hayes, Middlesex, and is fitted with an Armstrong 
Siddeley Double Mamba propeller-turbine engine, was 
given on page 269 of our 170th volume (1950). 





THE TESTING OF MOTIVE POWER 
MACHINERY.* 

By T. W. F. Brown, D.Sc. 

(Continued from page 108.) 


To obtain the overall economy of an engine, it was 
usual by this time to measure the coal consumed by 
weight rather than by volume, and to state the fuel 
rate in lb. per indicated horse-power per hour. Calorific 
values of fuels were not determined as yet, but tests 
were often made by using a standard type of coal, 
usually designated as ‘‘ Welsh hand-picked.” The 
concept of the thermal efficiency of a steam plant 
as the proportion of the energy supplied in the fuel 
that was converted into useful work, and also its 
separation into boiler efficiency and engine efficiency, 
did not become familiar to engineers until some time 
after 1850. Indeed, at that time, the necessary 
theoretical background was still being developed ; for 
example, Joule was carrying out his experiments on 
the mechanical equivalent of heat, and, though 
Regnault’s determination of the properties of steam 
had been made in 1847, the results were not widely 
known among engineers, most of whom continued to 
believe Watt’s law that the total heat of steam was 
independent of pressure. 

In the days of the jet condenser, the steam con- 
sumption of an engine could not be determined by the 
measurement of the condensate, but after the intro- 
duction of the Kennedy water meter in 1854 the feed- 
water was occasionally measured. This meter (Fig. 1) 
was the first reliable instrument of this kind to be made. 

Steam pressures were measured either with mercury 
manometers, or, in the case of higher pressures, with 
gauges that depended for their action on the compres- 
sion of a column of air. Diaphragm gauges were some- 
times used, but were probably rather inaccurate 
because of the small deflection obtainable from a 
diaphragm capable of withstanding the pressure. In 
addition, they were distrusted as being liable to take 
a permanent set, so altering the scale zero; probably 
because the makers used too weak a diaphragm in an 
effort to obtain a large deflection. The Bourdon type 
of pressure gauge, now almost universal, was first 
described to the Institution of Mechanical Engineers 
in 1852 and appears to have come gradually into general 
use after this date. Its great advantage was the large 
movement obtainable from the Bourdon tube without 
overstressing the material. Figs. 2 and 3, herewith, 
show two applications of the Bourdon tube. 

Steam and water temperatures were measured with 
mercury-in-glass thermometers to a fairly high degree 
of accuracy, but there were still no reliable means of 
measuring higher temperatures, such as flue-gas or 
furnace temperatures. Thermometers consisting of a 
bulb and glass tube with a fine-diameter bore were 
first used at the beginning of the Seventeenth Century. 
Liquid thermometers were described in 1667, and 
improvements producing thermometers similar to those 
in present-day use were introduced by Martine in 
1792. Several types of mercury gauge were available 
for measuring condenser vacuum. 

One of the great developments that was just 
beginning at the end of the Nineteenth Century was 
the supply of electric power to factories. In 1888, the 
largest dynamo in the world was one of 500 h.p., 
constructed by Crompton. Power stations were being 
constructed rapidly, with generators driven by reci- 
procating steam engines; for example, Dickinson- 
street station in Manchester in 1893 has an installed 
capacity of 1,320 kW with ten engines, i.e., 180 h.p. 
each. Oldham station, in 1894, had four Willans 
engines of 80 h.p. each. Edinburgh (1895) had 1,000 
kW in eight units. Most of the engines were non- 
condensing, with a boiler pressure of 160 Ib. per square 
inch gauge. 

The steam turbine, developed by the genius of Sir 
Charles Parsons, dates from 1884. By 1894, turbine- 
driven alternators had been fitted in power stations at 
Newcastle, Cambridge and Scarborough, after tests 
in 1892, carried out by Professor J. A. Ewing, had 
proved that a Parsons 200-h.p. turbine, coupled to a 
100-kW alternator, had a consumption at full load of 
27 lb. per kilowatt-hour (the steam conditions being 
100 lb. per square inch with 125 deg. F. superhkeat). 
This is equivalent to 15-1 lb. per i-h.p. per hour. At 
the beginning of 1900, the largest size of turbo- 
alternator was 350 kW, increased to 1,000 kW by 
Parsons before the year was out. This first 1,000-kW 
turbo-alternator had the high-pressure and low-pressure 
turbines in tandem. The steam consumption of 19 Ib. 
per kilowatt-hour was not excelled by any engine of 
that date. 

After these developments, the use of the recipro- 





* James Watt Anniversary Lecture, delivered to the 
Greenock Philosophical Society on January 19, 1951. 
Abridged. 
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eating steam engine for electrical power production 
rapidly declined in Britain, though in the United 
States large reciprocating units were constructed for 
power stations for a few more years. The “ Man- 
hattan ” type of engine, of 1905, was a combined twin 
vertical and horizontal compound engine fitted with 
Corliss valves and manufactured in sizes up to 7,500 
indicated horse-power. 

A strenuous effort was made at about this time to 
develop gas engines for power production. Belfast 
power station had four 120-h.p. gas engines and two 
of 60 h.p., later increased by two 150-kW sets, giving a 
total power of 700 kW in 1896. In 1901, Humphreys* 
reported that 500-h.p. gas engines were already 
numerous; one of 650 h.p. had been at work over a 
year, and others of 1,000 h.p. and 1,500 h.p. were 
building. 

The first practical Diesel engine was produced in 
1897 after a development period lasting several years, 
during which a number of departures from Diesel’s 
original design were found to be necessary. These 
included the change from coal to oil fuel, the intro- 
duction of water-jacketing and the replacement of 
part-isothermal and part-adiabatic compression by 
compression as nearly adiabatic as was attainable. 
The first independent test of a Diesel engine in Britain 
was carried out in 1902. The engine, which was 





experiments with oil fuel at that date only allowed a 
firing rate ‘‘ less than half” that of coal, higher rates 
causing “‘ dense volumes of smoke.” 

For the propulsion of high-speed Atlantic liners, 
reciprocating engines reached truly formidable sizes. 
The largest reciprocating engines constructed by 1900 
were those in the Deutchland ; the largest ever built, in 
the Kaiser Wilhelm II in 1902, consisted of two 
quadruple-expansion engines on each shaft, developing 
40,000 indicated horse-power and driving twin screws. 
The maximum horse-power developed by reciprocating 
engines in the Navy was 30,000 indicated horse-power 
on two shafts. Naval machinery was lighter and of 
shorter stroke, to reduce the weight and height of the 
engines, requirements which were not so important in 
liner machinery. Large reciprocating engines were 
still used for some time in the mercantile marine, with 
low-pressure turbines taking the exhaust from the low- 
pressure cylinders, but, in general, the sizes built were 
greatly diminished in output. 

Parsons adapted the turbine to the propulsion of the 
world-famous Turbinia in 1894. With a single shaft, 
19} knots was obtained; with new machinery and 
three shafts, 34 knots. The first turbine-engined 
destroyer was the Viper, in 1898, in which 11,500 h.p. 
was provided to give a speed of 364 knots. The first 
passenger vessel was the King Edward, fitted with 


TABLE I.—DIESEL-ENGINE TRIALS RESULTs, 












































Year of Test 1902. 1911. 1926. 1949. 
_ —_ ' 
Type .. os ge oe “s oe Four-Stroke Four-Stroke Two-Stroke Two-Stroke 
Single-Acting Single-Acting Opposed- Piston Oppo-ed-Piston 
Single-Cylinder. Single-Cylinder Four-Cylinder. Six-Cylinder. 
(Prototype for 
M.V. “* Jutlandia’’). 
Authority Ade Clark. Barclay Curle. Marine Oil-Engine Doxford. 
Trials Committee. 

Brake horse-powert er “6 ee a 39-2 124°4 2,910 6,560 

.P.M. a 0 a - ei oa 182-5 143-2 87-4 115-7 
M.I.P., Ib. per sq. in. gauge ae ie Re 117-6 96-2 101 86°8 
1.H.P. oe ee os ee ae ee 52-3 170-6 3,330 7,603 
Mechanical efficiency ~ - es os 0-75 0-73 0-875 0 
Air injection pressure, lb. persq.in. gauge... 850 910 — —_ 
Fuel injection pressure, lb, persq. in, gauge .. - - 9,200 6,200 
Exhaust temperature, deg. F. .. aa nae — 779 632 740 

i ti Ib. per B.H.P.-hr. 0-461 0-4435 0-416 0-348 

Fuel consumption) jy’ per LH.P.-hr... 0-346 03235 0-360 0-300 
Gross calorific value of fuel, B.Th.U. per Ib. .. 19,296 19,500 18,220 19,620 
Sp. gr. of fuel og oe 7” - nd 0-922 0-860 0-949 0-864 
Indicated thermal efficiency, per cent.* “a 38-1 40-3 38-8 43-2 
Brake thermal efficiency, percent.*  .. a 28-6 29-4 33-5 37-2 
Heat to coolant, per cent. ate ae es 28-2 32-4 19-7 19-4 
Heat to exhaust (by difference) per cent. Ee 43-2 38-2 46-8 43-4 





installed by Harrogate Corporation, developed 35 brake 
horse-power and the power was absorbed by brake. 
The power was measured by indicator, the oil consump- 
tion by weighing, and the cooling water by volumetric 
measurements. Thermometers, a speed counter and an 
Orsat gas-analysis apparatus were also used. As the 
calorific value of the oil was obtained, heat balances 
were calculated for various loads. The results are 
given in Table I for comparison with present-day 
figures. 

Several types of oil engine, usually with vaporisers, 
were independently developed in Britain, such as those 
produced by Akroyd Stuart and by Priestman, the 
important point being that direct injection of fuel into 
the cylinder was made and the fuel ignited either by a 














TABLE II. 
~= | 1891, 1901, 
Boiler pressure, Ib. per sq. in... 158-5 | 197 
R.p.m. .. - ig Be 63-8 87 
Piston speed, ft. per min. 529 654 


Coal per i.h.p. per hour, Ib. . : 1-52 1-48 








“hot bulb” or similar device. This differed from the 
Diesel engine, which used air injection to atomise and 


carry the oil into the cylinder, the atomised oil being} PO 


then ignited by the high temperature in the main air 
charge, already heated by compression. 

At this period, 1900, the reciprocating engine was 
the usual means of propu'sion of ships of all types, both 
naval and mercantile. The main changes were from 
simple to compound (1850-80) and then to triple 
(1880-90) and shortly afterwards to quadruple expan- 
sion in the cylinders. The improvement in the surface 
condenser enabled fresh water to be used and the 
boiler pressures to be raised. Average figures for 1891 
and 1901 were as given in Table II, herewith.f 

Coal was the main fuel used in naval and merchant 
ships ; oil fuel was used only in tankers. Admiralty 





* Proc.I.Mech.E., 1901. 
t Proc.1.Mech.E., 1891. 





Loe. cit., 1901. 


* Based on gross calorific value of fuel. 


Parsons turbines in 1901. H.M.S. Dreadnought was 
fitted with turbine machinery of 24,000 h.p. in 1906. 
After this, practically all naval vessels and high-speed 
merchant ships were turbine-driven. 

The Diesel engine was not used at sea until about 
1906, the first ocean-going ship being the Vulcanus 
of 1910, developing 370 brake horse-power, which was 
quickly followed in 1912 by the Selandia and Jutlandia, 
having twin-screw eight-cylinder engines developing 
2,480 brake horse-power. 

Some attempts were made to introduce the gas engine 
for marine propulsion in this period, but with indifferent 
results, as it was difficult to keep the producers gas- 
tight, and dangerous if they were not. The producers 
were also very sensitive to variation in the quality of 
coal supplied. 

In 1900, land and marine tests of motive-power 
machinery could be carried out by absorbing the power 
in a brake. For marine work, except for examples 
such as the test engine, at Armstrong College, now 
King’s College of Durham University, trials were mainly 
based on measured indicated horse-power. Brakes, 
however, were used frequently for tests on smaller 
engines, particularly Diesel and gas engines. The 
friction brake has already been referred to, but the 
maximum power which could be absorbed was of the 
order of 400 brake horse-power at 200 r.p.m. For 
wers above this, it was difficult to carry away the 
heat of friction from the brake drum. 


(To be continued.) 





BIBLIOGRAPHY OF DIAMONDS AS CUTTING TOOLS.—The 
Industrial Diamond Information Bureau, Industrial 
Distributors (Sales), Limited, 32-34, Holborn Viaduct, 
London, E.C.1, have issued a second revised edition of 
their ‘“‘ Bibliography of the Diamond as a Cutting Tool for 
Metals and Non-Metallic Materials,’ first published in 
1945. It contains about 480 references to diamond 
tools arranged in chronological order from 1904-05 to 
June, 1950. The publications and periodicals quoted 
are issued in Great Britain and other European countries 
and in the United States. Interested readers may obtain 
copies gratis from the Bureau. 








ELECTRICAL DYNAMIC BALANCING 
MACHINE FOR ALTERNATOR 
ROTORS. 


To obtain dynamic balance of large turbo-altern:tor 
rotors, the weight of which may be of the order of 
30 tons, has hitherto taken several days, during which 
large amounts of power are consumed and the operators 
are liable to be exposed to danger and discomfort, even 
when the work is carried out in a safety pit. The new 
electrical balancing machine, which has been designed 
by the Witton Development Laboratory of the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, and is now in use in their Witton works, 
therefore marks a considerable step forward, since it 
reduces the time required for this operation to about 
an hour. . 

Before describing the equipment in detail, it may be 
pointed out that it is fundamental in any dynamic 
balancing machine to be able to isolate, locate and 
indicate the value of the balance weights required 
at each of two balancing planes. Any number of 
“‘ unbalances ’’ may be regarded as the equivalent of 
two unbalances, one at each balancing plane. The 
planes selected are, for convenience, usually at the 
ends of the rotor; and dynamic balance is obtaiaed 
by placing weights diametrically opposite the two 
unbalances. The vibration produced by the centri- 
fugal forces set up by these two unbalances may result 
in a uniform or non-uniform lateral movement of the 
rotor, a rocking motion due to the effects of the 
couple or a combination of the two, depending upon 
the relative positions of the weights on the peri- 
phery. To isolate the effect of one of these unbalances 
from the other the simplest mechanical method is to 
mount the bearings (which are the obvious places to 
measure any movement) on a common rigid cradle. 
This cradle can be arranged to rock about a vertical 
pivot, its movement being restrained by springs. 
The pivot can be moved along the length of the cradle, 
so that when it is under the plane of one bearing no 
rocking will occur due to any unbalance at that point. 
Any rocking movement will, therefore, be a measure 
of the unbalance at the other bearing. This method 
has the disadvantage that it is difficult to handle the 
cradle and moving pivots when the rotors are large. 
It is also necessary to run accurately at the resonant 
speed, in order to obtain the sensitivity required, 
while to determine the balance position necessitates 
skilled calculation or the use of complicated and not 
very accurate apparatus. 

On the other hand, it is possible to use a small and 
simple electrical device to isolate the effects of the 
unbalance in a particular plane, without the necessity 
of running the rotor at resonant speed ; and to obtain 
sufficient sensitivity, even at very low speeds. A 
diagram of the arrangement adopted is given in Fig. 3, 
in which the small constant-field generators shown at 
a and b are operated by vibration. These generators 
are mounted one on each bearing and are designed so 
that the voltage generated is proportional to the 
unbalance forces. As, however, the voltage of each 
generator is a function of both unbalances, the two 
have to be isolated. This is done experimentally by 
synchronising the current in the two halves of the 
circuit shown in Fig. 3, with an unbalance in one plane 
only, by means of the phase shifter c. Two equipoten- 
tial points on the resistances d and e are then found. 
If the movable contacts f and g are placed on these 
points there will be no potential difference across the 
network output 4 andi. The result is that the voltage 
set up by the test unbalance on one particular plane is 
neutralised. Any output with random unbalances is, 
therefore, due to the unbalance at the other plane only. 
Similarly, it is possible to obtain an output proportional 
to the unbalance at the first plane by arranging the 
circuit so that no output is obtained from the second 
plane. 

A general view of the machine at Witton, in which 
these principles are used, is given in Fig. 1. It will 
be seen that the mechanical parts are simple. The 
two bearing pedestals can be moved along the bed, 
which is long enough to take the largest rotor. The 
pedestal on the left carries the instrument and control 
panel. The bearings have open-topped white-metal 
lined bushes, which can easily be changed to accommo- 
date different rotors. They are lubricated with oil 
supplied from two different pumps at a pressure 
sufficient to lift the journal. Each bearing rests in & 
pedestal with a vertical pivot which is suspended 
from two leaf springs, which are visible in Fig. 2. 
This spring system can be locked by the smaller of 
the handwheels shown in Fig. 1. The machine 1s 
driven through a short countershaft and universal 
coupling by a 75-h.p. direct-current motor, which 18 
supplied from a Ward Leonard set ; and is capable of 
running a 20-ton rotor up to the balancing speed of 
600 r.p.m. in about two minutes. Regenerative 
braking is provided, so that the rotor can be stopped 
in about the same time. The two moving-coil gencra- 
tors mentioned above are housed in the outer bearing 
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ELECTRICAL DYNAMIC BALANCING MACHINE FOR 


GENERAL ELECTRIC COMPANY, LIMITED, LONDON. 


ALTERNATOR ROTORS. 





pedestal ; and each includes a permanent magnet in the 
field of which a coil is moved by the vibrations of the 
rotor. The main motor controls are placed on the lower 
half of the control panel, with the network and amplifier 
controls above them. Main speed control is effected 
by the largest handwheel on the lower panel and fine 
control by the wheel immediately above it. The large 
meter in the centre of the upper panel indicates the 
amount of unbalance, while below it are the sensitivity 
controller and the switch for changing the network 
over from one setting to the other. The extreme 
left-hand meter in the top row of the panel indicates the 
speed of rotation and the other three meters record the 
output of the small alternators described below. 

As the output from the network shown in Fig. 3 is 
very small it is amplified, after being first roughly 
filtered to remove a large proportion of any unwanted 
frequencies which may have crept in owing to floor 
vibration or bearing roughness. To prevent any 
residual frequencies affecting the results, measurements 
are made on an instrument which is wound on the watt- 
meter principle. One coil of this instrument is 
connected to the amplifier and the other to a small 
alternator, which is driven at the same speed as the 
rotor under test. This alternator, which can be seen 
nearest to the rotor in Fig. 2, is constantly excited and 
only provides a field in the meter at unbalance fre- 
quency. The deflection of the needle on the instrument 
is caused by the interaction of the fields created by the 
amplifier and the alternator and is therefore solely a 
function of the unbalance voltage, which alone has the 
frequency common to both. In order that the reading 
may have a definite meaning, the alternator voltage 
must be synchronised with that of the amplifier. This 
is effected by using a small motor controlled from the 
main panel to rotate the alternator stator until a 
maximum reading is obtained. 

The instantaneous voltage generated by the alterna- 
tor depends on the relative positions of its stator and 
rotor, and that generated by the vibration generator 
upon the position of the unbalance in relation to the 
generating system. The relative positions of the rotor 
and uni-alance are fixed since the two are rigidly 


couplec. The stator of the alternator can be turned 
so that its maximum positive voltage and that of 
the vibration generator are, for instance, 90 deg. out 
of phas: ; the position of the stator at which this occurs 
dependi.g on the position of the unbalance. The 
position of the alternator stator is therefore an indica- 
Hon of {> position of the unbalance. In practice, the 
rotor unccr test is run at 600 r.p.m. and the reading on 
the uni lance meter is adjusted to zero by turning the 
alterna:or stator. A maximum reading is obtained 


when ite alternator and vibration-generator voltages 
are In; .cse and a minimum when they are 90 deg. out 


of phase. The readings are, however, more accurate in 
= lati; position and it is therefore used; although 
+ ma<mum reading can be employed as a check and 
the acc. “acy of this position determined by an oscillo- 
al hen the meter reading has been brought to 


rotor is stopped and turned until a point 











Fie. 1. GENERAL VIEW OF THE MACHINE. 





Fic. 2. Sproya SUSPENSION AND ALTERNATORS. 


on a scale fixed to it is in line with a mark on the 
stator. 

As its reaction to a particular unbalance depends 
upon the position of the balancing plane and the mass 
and shape of the rotor under test, it is necessary to 
calibrate the machine for each type of rotor. Calibra- 
tion is also necessary to effect positioning since the 
mechanical and electrical time lags, which cause a 
variation in the relationship of the position ef the 
unbalance to the vibration-generator system for maxi- 
mum voltage, will also vary with the mass of the 
rotor. Perfect balance of the actual rotor is first simu- 
lated by the use of two further small alternators, each 
of which is in series with a vibration generator. Adjust- 
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|ments are made so that the resultant voltage of each 
pair is zero. Under this condition, the actual unbalances 
of the rotor do not affect the other electrical circuits. 
If, then, a calibrating unbalance is deliberately added 
to the rotor, the extra voltages generated are trans- 
mitted to the external circuit and calibration can be 
effected as if the rotor were a perfectly balanced dummy. 

In carrying out an actual calibration the procedure 
is to simulate perfect balance by “‘ bucking out” the 
vibration-generator voltages with the rotor under test 
in its normal state; and then to produce a known 
unbalance by shutting the machine down and adding 
an unbalance to one plane. Next, with the rotor 
running, the network circuit is adjusted until the 
meter reads zero. ‘The first unbalance is then removed 
and another known unbalance added to the other 
plane. The other half of the network can now be 
adjusted with the rotor running until the meter again 
reads zero, thus giving settings for isolating the un- 
balances on either plane. One calibrating point is 
obtained by taking a reading with the known unbalance 
on one plane and the network set so that the unbalance 
in the other plane has no effect. This known unbalance 
is also used to adjust the locating system and thus 
|to ascertain the relationship between the alternator 
stator and rotor and the unbalance position. The 
known balance is then moved to the other balancing 
plane, the network switched over and calibrating and 
positioning records made for that plane. Finally, 
the known balance is removed and the two alternators 
are uncoupled from the rotor. The machine is then 
ready for the actual balancing run, during which the 
two alternators, being stationary, act simply as imped- 
ances. Experience shows that a 20-ton or 30-ton rotor 
can be balanced to 0-1 oz. at its periphery, while the 
angular position of the unbalance can be found to 
within +1 deg. 
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LABOUR NOTES. 


Prosecutions by the Crown in connection with 
illegal strikes were discussed in the House of Commons 
on Monday last on the motion for the adjournment of 
the House. The responsibilities of the Attorney- 
General were referred to and he was asked to state 
the principles upon which his discretion was exercised. 
Mr. A. L. Ungoed-Thomas, who raised the question, 
stated that there was much confusion in the public 
mind on this matter. In his reply, Sir Hartley Shaw- 
cross declared that the law must not be brought into 
disrepute, or the public held to ransom, by illegal 
strike action. The exercise of discretion in a quasi- 
judicial manner was one of the duties of the Attorney- 
General, as it was of the Director of Public Prosecu- 
tions. Circumstances often arose when a prosecution 
was not in the public interest, and no one should be 
put on trial if the evidence against him was insufficient 
to justify his conviction. -In many strikes, also, the 
public convenience was not affected. Sir Hartley 
emphasised that every consideration of party or 
Government was entirely excluded when prosecutions 
were under consideration. 





Apart from personal and political consiaerations, 
Sir Hartley stated, he had to have regard to a variety 
of considerations when deciding whether to authorise a 
prosecution. It was necessary to acquaint himself 
with all the relevant facts, including the effect of the 
legal action, whether successful or otherwise, on public 
order and morale, and in this connection he had to 
consult his Government colleagues. It was not always 
easy to apply the law laid down under the National 
Arbitration Order to all industrial disputes in peace- 
time. Prosecutions begun too soon might only 
exacerbate the difficulties and impede opportunities 
to settle the disputes, or result in the individuals pro- 
ceeded against being made martyrs in the opinions of 
their fellows. Such a course might bring about a 
further disregard for the law. 





Sir Hartley pointed out that he could not lay down 
in advance the precise rules on which he would act in 
these matters. He was always loth to proceed against 
the rank and file in an industrial dispute where the 
real inciters and leaders had succeeded in covering up 
their activities. There had been strikes in which he 
could not prosecute because technically no trade dispute 
existed. In several cases, he was about to commence 
proceedings when the strikes collapsed. He prosecuted 
in the North London gas strike on account of the great 
inconvenience and hardship being caused to the public. 
Moreover, information available to him showed that 
extreme left-wing elements were anxious for the strike 
to continue, in spite of a pretence being made of urging 
the men to return to ok. That prosecution brought 
home to everybody that not only an industrial regula- 
tion, but the criminal law, was being broken. It had 
a salutary effect. 





In the recent printing-trade dispute, Sir Hartley 
continued, both parties a to be in breach of the 
law, although the initial illegality was apparently on the 
part of the compositors. In the early stages he did not 
consider that the criminal law should be invoked, but, 
as the strike went on, he caused police inquiries to be 
made, with a view to prosecuting the leaders on both 
sides. He would never allow the law or a threat of 
criminal action to be used as a kind of pawn in indus- 
trial negotiations, but he would not hesitate to prose- 
cute in appropriate cases at the appropriate time. 
Nobody, Sir Hartley concluded, should think that he 
would refrain from prosecuting in any properly- 
established case. 





Shortages of capital are causing embarrassment to 
many small and medium-sized engineering establish- 
ments, according to a report by the Engineering 
Industries Association. It is contended that such 
firms are hampered in their businesses by their diffi- 
culties in finding ready money. Many measures 
for improving the existing state of affairs are sug- 
gested by the Associaion, such as one for the granting 
of extended credit by the large contractors to the 
smaller firms of sub-contractors. The Association 
would like the capital issues committee to adopt 
a more flexible policy regarding issues of new capital, 
and suggest that the Inland Revenue authorities 
should be more lenient in their collection of taxes 
from small businesses. Another position is that 
the nationalised industries, nai aiuaiinn, and 


Government Departments should settle their accounts 
more promptly. The Government is urged to practice 
the utmost economy in its expenditure and to consider 
the reduction of taxation on industrial profits. It is 
essential, the Association states, that the productivity 
of the engineering industry should not be hampered. 





Wage increases conceded to seamen on British 
merchant ships, as a result of the negotiations referred 
to on page 110, ante, were announced on January 25. 
Under the terms of the new agreement, which will be 
effective from March 1, all ratings, including boys, will 
receive a general increase of 2/. a month. Able seamen 
will commence, in future, at 22/. a month, exclusive 
of food, and receive increases of 1/. a month annually 
for four years. Chief stewards and cooks on foreign- 
going vessels will receive somewhat. larger basic 
increases. Those granted to radio officers will range 
from 1/. to 9l. a month, and seniority increments after 
four, five, and seven years, will be introduced. These 
increments were previously granted only after ten and 
fifteen years’ service. 





Increases for navigating and engineer officers will 
range from ll. a month for junior ranks to 12l. a 
month for senior chief engineers. The rates for chief 
engineers will be made the minimum rates for that 
rank on all foreign-going vessels, and the position of 
masters of ships will be safeguarded. Financial 
encouragement will be granted to enable officers to 
gain higher certificates. Compensation payable for 
each Sunday spent at sea will be, in future, one whole 
day’s leave or payment of a day’s wages in lieu. 





Industrial production in Great Britain during 1950 
was estimated by the Treasury, in a statement issued 
on January 26, to have been 8} per cent. higher than 
that achieved during 1949, and to have exceeded b 
40 per cent. production during 1946, the first complete 
post-war year. The index-of-production figure for 
all industries in December, 1950, was expected by the 
Treasury to reach a level of between 142 and 143, 
bringing the figure for the whole of 1950 to 140, against 
129 for 1949. During October and November, 1950, 
however, production reached a level of 150 according 
to the index. That compared with a figure of 140 
during November, 1949. This index was commenced 
at the close of 1946, production in each industry during 
that year being taken as 100. 





There was a considerable improvement in Saturday 
working at collieries on January 27. The number of 
pits opened for the working of a voluntary shift on 
that day totalled 769, compared with 716 on the 
previous Saturday, an increase of 53. This was also only 
ten below the record established on December 16, 1950, 
when shifts were worked at 779 collieries. It was 
announced by the National Coal Board on January 29 
that some 90 pits in the Northumberland, Yorkshire, 
and Durham coalfields worked an extra half-hour on 
each shift during the five days eo eer 27, 
as an alternative to the Saturday shift. Including 
these pits, a total of 141 collieries were idle on January 
27. Eight pits in the Durham area worked an extra 
half an hour daily as well as the Saturday shift on 
that date. 





Engineering employees in Government industrial 
establishments had their claims for increased wages 
rejected by the Treasury at the end of last week, accord- 
ing to a statement issued in London. Demands on 
behalf of the various grades of skilled, semi-skilled 
and unskilled Government engineers will accordingly 
be submitted to arbitration at an early date. It may 
be recalled that private firms in the engineering 
industry accepted, in November last, a recommenda- 
tion of the National Arbitration Tribunal] for increases 
of 11s. a week in the basic time rates for skilled opera- 
tives, and of 8s. a week in the basic time rates for un- 
skilled men. Corresponding adjustments to the rates 
for those employed on piecework were included in the 
November agreement. 


Merseyside ship repairers instituted a ban on over- 
time as from last Monday, to mark their dissatisfaction 
with the national wage agreement in the engineering 
industry. The men contend that the new rates do 
not benefit the higher-paid operatives engaged on 
piecework. A meeting of 1,300 Merseyside ship 
repairers, organised by the Merseyside Confederation 
of Shipbuilding and Engineering Unions, took place at 
Liverpool on Sunday last, at the close of which it was 
stated that it had been decided to reject the inter- 
pretation by local employers of the wage award. The 
men demanded the full increases set out in that agree- 
ment, without the loss of their incentives, such as pay- 
ment by results and bonuses. Work on over 50 vessels 
of various types, including cargo liners and naval 
craft, may be delayed owing to the overtime ban. 
The Empress of Australia and H.M.S. Eagle are 
included in the list of ships affected. Earlier in the 
week, it was stated, on behalf of the Merseyside Ship- 
building Employers’ Federation, that many of the 





25,000 men engaged in ship repairing on Merseyside 
would probably not support the ban. 





A meeting of engineering shop stewards, bel -nging 
to the Tyne and Blyth district of the Amalgamated 
Engineering Union, held on Sunday last at Newcastle. 
upon-Tyne, also passed a resolution calling for a ban 
on overtime. The local committee of the Union. met 
on Wednesday to sponsor the resolution and decide 
upon a date for it to be presented to the employers’ 
organisation. Over 20,000 engineers belonging to the 
A.E.U. in this area are likely to be involved in the ban, 





Some 4,000 workpeople employed at the Elswick 
works of Messrs. Vickers-Armstrongs Limited, at 
Newcastle, decided at a mass meeting last Saturday to 
request an increase of 174 per cent. in the firm’s piece- 
work rates. They passed a resolution calling for a 
ban on all overtime and piecework at the Elswick 
works, as from Monday, February 19, should their 
demand be refused. The men rejected a motion asking 
for the ban on overtime and piecework to be made 
effective at once. 

Difficulties have arisen in many parts of the country 
with respect to the payment of employees engaged on 
Piecework. Workpeople in many engineering factories 
have placed a ban on the working of overtime and it is 
estimated that, in the north-west of England alone, 
at least 60,000 persons are operating such a ban. 
Among the firms affected are Messrs. Craven Brothers 


Y | (Manchester), Limited, at whose Reddish engineering 


works, Stockport, 1,200 employees have enforced a ban 
on piecework since January 16. Two hundred opera- 
tives in one of the firm’s iron foundries were served 
with a week’s notice of their dismissal last Friday. 
A statement issued by Messrs. Craven declared that a 
go-slow campaign by the men at the works had been 
intensified gradually until output was only a fraction 
of what it should be, and that fraction was produced 
at a prohibitive price. 

It was also stated by Messrs. Craven that the foundry 
would be closed as from the end of this week, owing 
to the excessive cost of its production, and that the 
castings required by them would be purchased from 
other firms. Representatives of the Amalgamated 
Union of Foundry Workers later expressed their inten- 
tion of asking for an early meeting between their 
Union and the Manchester and District Engineering 
Employers’ Federation to discuss the situation. The 
Union officials claim that the action of the company 
in closing their foundry constitutes a trade dispute. 
A stoppage occurred at the same works early last 
week over an allegation that a foreman worked with 
the men in the foundry, and a works meeting held last 
Monday to discuss this dispute broke down. 





Weekly rates of wages were increased by about 
4 per cent. during 1950, compared with an average 
increase of between 14 and 2 per cent. during 1949, 
and with one of 4 per cent. during 1948. It was esti- 
mated that about 7,350,000 workpeople benefited by 
the increases received during 1950, and that these 
amounted, in all, to over 2,020,0001. a week. The 
Ministry of Labour Gazette, for January, records that 
some 5,200,000 persons obtained advances in their 
wages during 1949 at a total cost of 1,076,0001. weekly. 
The corresponding figures for 1948 were 7,750,000 
persons and 1,900,000/., respectively. By far the largest 
proportion of wage increases during 1950 occurred 
during the last quarter of that year. The index of 
weekly wage rates increased from 100 in June, 1947, 
to 107 at the close of 1948, and to 109 at the close of 
1949, against 114 at the end of December, 1950. On 
the other hand, the average level of retail prices, as 
measured by the interim index, was increased by only 
3 per cent. during 1950. 





More than two-thirds of the total net wage increases 
of 2,020,000/. per week during last year was the result 
of advances conceded to workpeople engaged in the 
engineering, agricultural, building, and contracting 
industries, and in the distributive trades. Altogether, 
over 1,822,000 operatives in the engineering and allied 
industries benefited by increases totalling more than 
821,600. a week during 1950, principally as a result 
of the wage agreement concluded in November last. 
The next largest group to receive increases was in the 
building and contracting industries, where 1,107,000 
persons gained increases amounting to 172,7001. weekly. 
The Gazette points out that 48-5 per cent. of last years 
increases were the result of direct negotiation and that 
15-6 per cent. were settled by Joint Industrial Councils. 
Other conciliation bodies arranged increases amounting 
to 1-6 per cent. of the total. Of the remainder, !°-3 pet 
cent. were arranged by wages councils, 7-5 per cent. 
through arbitration, and 7-5 per cent. were duc to the 
operation of cost-of-living agreements. 
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TEST FOR THE DIMENSIONAL 
STABILITY OF GAUGES.* 


By C. Warnwricut, M.Sc., A.Inst.P., and L. W. 
Nickots, B.Sc. (Eng.), A.M.I.Mech.E. 


It is customary to harden a high-carbon tool-steel 
blank, intended for making into gauges or end- 
standards, by quenching in cold water or brine from a 
temperature in the neighbourhood of 800 deg. C., 
which is high enough to ensure adequate hardness, 
but not so high that there is an appreciable risk of 
causing quenching cracks. It is well known, however, 
that a steel which has been heat-treated in this way is 
not dimensionally stable, and, if left on a shelf at 
normal temperatures, undergoes changes in size which 
may amount to as much as 0-0005 in. per inch during 
the first twelve months of ageing. Instability of this 
order is naturally undesirable, especially with end 
standards, as their sizes are not known with certainty 
except at the actual time of measurement. Fortu- 
nately, a stable condition is attained if a low-tempera- 
ture heat-treatment is given after quenching, and such 
& treatment is now a recommended practice. The 
procedure used in the Metrology Workshop of the 
National Physical Laboratory involves soaking for 
five hours, at 150 deg. C., followed by slow cooling in 
the furnace ; and eae has shown that, by this 
means, @ satisfactorily stable condition is produced 
-—- an undue reduction in hardness. 

Up to the present time, the only practicable method 
of verifying that a steel gauge has actually received a 
stab‘lising treatment has been to make measurements 
of its Size over a considerable period of time, and so to 
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check that no alteration in size has occurred; there 
has not been readily available a satisfactory short-term 
testing process. On the other hand, the worker in the 
X-ray diffraction field has been aware that, as a 
laboratory technique, an examination of its X-ray 
diffraction spectrum is capable of giving information 
about the condition of a sample of steel. Over and 
above the production of a characteristic diffraction 
spectrum, normally recorded as diffraction lines upon 
a photographic film, these lines themselves vary in 
character with the condition of the steel. The X-ray 
lines from a hardened steel specimen are much broader 
and more diffuse (“‘ martensite ”’ lines) than those from 
the same specimen in the fully annealed condition 
(“‘ ferrite ’ lines), and are of intermediate breadth after 
partial annealing. Typical lines corresponding to the 
hardened and annealed conditions are shown in Fig. 1, 
herewith, which shows the breadths of X-ray lines 
obtained with a high-carbon steel; on the left, after 
hardening, and, on the right, after annealing. Thus, 
having established the heat-treatment for a steel of a 
given composition, it is possible to develop the relation- 
ship between annealing temperature and line width 
and intensity, and to use the latter observations as a 
measure of the former. The process is complicated 
and lengthy, however, as there is required not only the 
usual exposure, development, fixing, washing and drying 
of the film, but also a careful photometric survey across 
a selected X-ray line when the film is dry. In view of 
these disadvantages, there has been little reason for 
regarding the method as more than a laboratory 
process, to be — on occasion to special problems. 

These drawbacks are largely removed by the employ- 
ment of the more recently developed Geiger-Miiller 
counter X-ray technique, which replaces the photo- 
metric observations from photographic film by the 
direct counting or recording of X-ray intensity in 
terms of electrical pulses, their production rate being 
proportional to the intensity of the -. entering 
the counter tube through a narrow slit. By the use 
of a Geiger-Miiller counter attached to an X-ray 
spectrometer, the intensity of an X-ray diffraction line 
may be measured at different places across its breadth, 
and a graph of the intensity plotted on a base corre- 
sponding to the line width. This simplified procedure 
has been applied to the problem of dimensional stabi- 
lity, the investigation being undertaken on the sugges- 
tion of Mr. F. H. Rolt, of the Metrology Division of the 
National Physical Laboratory. 

A single specimen of a gauge steel was heat-treated 
to bring it successively into the hardened, the hardened 
and stabilised, and the fully softened conditions, a 
Geiger-Miiller counter survey of the strongest (110) 


X-ray line being made at each stage. The three line 


shapes are shown in Fig. 2, herewith. These curves 
illus rate the anticipated large difference between the 
line shapes obtained for the extreme conditions, but, 
for the immediate purpose, it is more significant that 
a sufficient difference exists between the curves for the 
as-quenched and the stabilised material. Each curve 
was surveyed and plotted in a period of about 30 
minutes. ‘ 

At this stage, it was necessary to consider the prac- 
tical circumstances governing the testing of a gauge 
by the X-ray method. It is known that dimensional 
instability is not the direct result of internal stresses 
set up in the material during the hardening process, 
but is connected with slow modifications of the metal- 
lurgical structure of the steel, the dimensional changes 
being dependent on the mass as a whole. The X-ray 
diffraction examination is essentially a surface test, 
the penetration being about 0-0005 in. If the evidence 
provided by the method is to be adequate, it follows 
that the results obtained from the surface layers must 
be directly related also to the mass of the specimen, 
or a definite correlation must exist between surface 
and internal conditions. In the case of hardened 
gauges, the criterion will normally be satisfied ; for, 
if the specimens are small, they will be hardened 
throughout, and, if large, the interior wil! be softer 
and less likely to display instability than the outer 
regions. A surface observation should provide in 
both cases a definite indication of the tendency towards 
instability. The whole of this correlation is destroyed 
if the finishing processes which follow the heat treat- 
ment create new conditions in the surface layers, so 
that the observations from them are no longer related 
to the previous heat treatment or to the internal 
condition. In general, the possibility of newly heat- 
treated samples having decarburised surface layers 
cannot be neglected, but finished gauges have had 
these outer layers removed during the subsequent 
machining processes. 

Gauge surfaces are of two kinds. Whereas gauging 
faces have undergone fine grinding and possibly lapping 
during the later stages of their preparation, non- 
gauging surfaces, if they have been worked at all, have 
probably received a rougher treatment. Consideration 
of such aspects made it evident that the successful 
application of an X-ray diffraction examination to 
gauges after the commencement of the final working 
operations would depend on the steel in the surface 
layers remaining unaffected. Further experiments 
were devised, therefore, to test the effect of working 
processes, i.e., fine and rough grinding, lapping and 
polishing, on the surface layers of a gauge steel in the 
stable and unstable forms. 

Six cylindrical blocks of 1-3 per cent. C tool steel, 
each 0-5 in. in diameter by 0-5 in. long, were hardened 
by quenching from a cyanide bath at 780 deg. C., 
three of them subsequently receiving the stabilising 
treatment of five hours at 150 deg. C. All the speci- 
mens were then examined on the Geiger-Miiller 
counter spectrometer, the only preparation being the 
removal of a vestige of scale by hydrogen attack in an 
electrolytic sodium-cyanide bath. One end of each 
specimen was used for the X-ray examination. Figs. 3 
and 4, herewith, shows typical curves from the unstable 
and stable specimens, respectively. The second end- 
face of each specimen was ground flat to serve as a 
reference surface for measuring the amounts of metal 
removed by the later processes. 

The criterion of the shape of a curve was its half- 
breadth, that is, the breadth measured half-way 
between peak and background levels. From considera- 
tions of geometrical similarity, this measurement is 
independent of overall intensities, so long as working 
conditions remain steady during the time required for 
any one survey. When half-breadths were measured 
in this way, it was found that the three values from the 
stabilised specimens were between 0-9 deg. and 1-0 deg., 
this range being approximately the same as the anti- 
cipated experimental error; and those from the 
as-quenched specimens were 1-5 deg., 1-8 deg. and 
1-8 deg. The reason for the rather wide range in the 
second case was not investigated, for, in view of the 
general tendency for later results from unstable ma- 
terial to be grouped between 1-4 deg. and 1-5 deg., the 
lower figure of 1-4 deg. was chosen as the criterion, the 
essential feature being that the interval between this 
minimum value and the upper limit of the results from 
the stable material was sufficiently large compared 
with experimental error. 

The specimens were next grouped into pairs, each 
consisting of a stable and unstable specimen, and each 
pair was subjected to one or more of the following 
working operations, which were carried out according 
to regular practice and without special instructions of 
any kind. (1) Rub down through successive grades 
of emery paper to 00 grade. (2) “ Fine finish” 
ground (dry); two fine cuts of 0-0003 in. (3) “ Fine 
finish ” ground (dry); one heavy cut of 0-003 in. 
(4) After (2), lapped. (5) Rough-ground (dry); two 





heavy cuts of 0-003 in. (6) After (5), removal of 
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surface by five successive “ fine finish ” cuts (dry) of | 
0-0005 in. each, making 0-0025 in. in all. 

The subsequent half-breadth measurements are dis- 
played in Fig. 5, herewith, in which F denotes fine 
cuts of 0-0003 in.; G, fine cuts of 0-0005 in.; H, 
heavy cuts of 0-003 in.; L, lapped (0-0002 in.) ; 
P, polished (0-002 in.); R, rough-ground (heavy cuts 
of 0-003 in.); Q, quenched; and 8, quenched and 
stabilised. 

None of the primary operations (1) to (4) caused 
any significant modifications of the surface conditions, 
and the corresponding curves are represented satis- 
factorily by those of Figs. 3 and 4. Like the original 
values, the plotted half-breadths of Fig. 5 lie between 
0-9 deg. and 1-0 deg., and above 1-3 deg., for the stable 
and unstable specimens, respectively. 

On the other hand, the curves of Fig. 6 and 7, here- | 
with, show very clearly that the rough-grinding 

rocess caused a marked alteration in the surface 
ayers. Fig. 6 refers to the unstable specimen and 
Fig. 7 to the stable specimen, after two cuts of 0-003 in. 
In each case, there was a significant modification in 
the form of a second peak, corresponding to the 
presence of a substantial amount of the high-tempera- 
ture phase, austenite, in the surface layers. Also, 
when the half-breadths of the martensite lines were 


It must be emphasised that the half-breadths of the 
X-ray lines are dependent on the quenching tempera- 
ture and on the composition of the steel, and are also 
directly affected by experimental criteria such as the 
width of the X-ray beam and the size of the Geiger- 
Miiller counter tube aperture. Thus the values now 
obtained are to be regarded as significant for the 
a oe of comparison, but not as measures of absolute 
half-breadths. 

During the course of this work, the roughness of 


Fig. 5. 


Stabilised Specimens. Unstabilised Specimens. 
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measured (a simple construction being used in Fig. 6), | 
they were found to lie close together, with values inter- | 
mediate between those for the stabilised and un- | 
stabilised conditions. It was evident that, as the | 
grinding wheel passed over the faces of the specimens, | 
each elementary area was, in turn, raised momentarily 
to a high temperature within the austenitic range, and 
then cooled by conduction of heat to the interior in 
such a way that a proportion of the austenite remained 
untransformed. The closeness of the half-breadth 
values showed that, to the ~_ of penetration of the 
X-rays, the final condition of the martensite content 
was, in both cases, the consequence of the rough 
grinding, and that correlation with the original condi- 
tions had disappeared. 

To determine the depth of these modifications, 
successive 0-0005-in. layers were removed from both 
specimens by fine-finish grinding, an X-ray survey 
being made at each stage. The removal of 0-001 in. 
(two cuts) proved to be sufficient to restore the half- 
breadths to their original values, while only a vestige 
of austenite remained after four cuts. 

The above experiments have made it possible to 
establish a number of conclusions: firstly, that, by 
means of an X-ray diffraction examination, it is possible 
to distinguish between samples of gauge steel which 
have been quenched from 780 deg. C. and those which, 
in addition, while being otherwise similar, have received 
the stabilising heat-treatment of five hours at 150 deg. 
C. The criterion used is the shape of the X-ray lines 
obtained from the steel in the two conditions, and, in 
particular, a quantitative measurement of the breadth 
of the lines. By making use of the Geiger-Miiller 
counter X-ray diffraction technique, the observations 
may be obtained by a simple and direct measuring 
operation with a reasonable time schedule. The 
limited X-ray diffraction examination described above 
will not, however, necessarily distinguish between two 
samples of the same composition which have received 
a low-temperature heat treatment following quenching, 
but with somewhat different conditions of temperature 
and time, one gauge being rendered stable and the 
other almost stable. 

Secondly, it was found that the surface conditions 
are not affected by subsequent dry fine-grinding or 
lapping operations. If any modification of the surface 
layers occurs, the effective — is small compared 
with the depth of penetration of the X-rays. 

Thirdly, dry rough-grinding causes a modification 
of the surface conditions. due to a momentary over- 
heating of the extreme surface layers, followed by an 
immediate quenching due to loss of heat to the interior ; 
thus a quantity of retained austenite is to be found 
at the surface, and half-breadth values no longer give 
an indication of the previous heat-treatments. These 
untoward effects may be removed by further “ fine- 
finish ” grinding. With the particular rough-grinding 
treatment of this investigation, they were found to 
persist to a depth of about 0-002 in. 

Fourthly, the work has been directed primarily to 
discovering whether gauging surface of finished gauges 
may be used for the purpose of X-ray diffraction tests 
for dimensional stability ; but the method would also 
appear to be applicable to the testing of blanks from 
workshop production, e.g., as sampling tests, immedi- 
ately after heat-treatment and before any of the normal 
finishing operations have commenced, this procedure: 
corresponding to the examination of the specimens of 
the present experiments in their initial heat-treated 
condition. For such applications, it would be necessary 
to ensure that the heat-treated surfaces have not 
suffered any deleterious modifications, e.g., decarburisa- 
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the various surfaces produced by the grinding and 
other operations was measured by means of a Talysurf 
instrument.. Rough-ground surfaces were found to 
have surface-roughness values of 55 to 60 micro-inches 
average index value, fine-ground surfaces to have 
values of 4 to 12 micro-inches, and lapped or hand- 
polished surfaces to have values of 1 micro-inch or less. 
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Louis BLERIOT LECTURE.—The fourth Louis Blériot 
Lecture of the Royal Aeronautical Society will be 
delivered by Mr. M. Roy at 6 p.m., on Friday, February 
23, at the Institution of Civil Engineers, Great George- 
street, London, 8.W.1. The subject will be ‘ Power 
versus Weight in Aviation.” 





LLOYD’s REGISTER SCHOLARSHIP IN MARINE ENGI- 
NEERING.—The General Committee of Lloyd’s Register 
of Shipping have decided to offer a scholarship in marine 
engineering, valued at 1751. per annum, and tenable for 
three years at a British university, to be awarded this 
year under the auspices of the Institute of Marine 





tion ; or, if this has occurred, to remove sufficient 
material from the surfaces by one of the admissible 
processes before making the X-ray test. 


Engineers. Further particulars and entrance forms may 
| be obtained on application to the secretary of the Insti- 
| tute, 85, Minories, London, E.C.3. 





THE PRODUCTION OF BOLTS 
AND NUTS.* 
By A. P. NEWALL. 

Ir must have been in the very early stage of develop- 
ment that the necessity of holding together two solid 
bodies intrigued the invention of man. Up to com- 
paratively recent times, it was a very individual pro- 
duction, and each craftsman designed his threads to 
suit his own particular requirements. It was not until 
1841 that Joseph Whitworth read a paper before the 
Institution of Civil Engineers on the necessity for the 
adoption of uniform screw threads; and, in the 
United States, it was not until 1864 that William 
Sellers read a paper to the Franklin Institute, which 
formed the basis of United States standards. It is a 
pity that such a glorious opportunity for the estab- 
ishment of unified threads was missed. It will be 
apparent, therefore, that there was no possibility of 
large-scale production prior to the latter end of the 
Nineteenth Century. Since then the development has 
been very rapid, and, in the last 25 years, can be 
described as spectacular. 

The three principal methods for the production of 
bolts and nuts are machining from a bar of suitable 
dimensions in an automatic or capstan lathe, cold 
upsetting and hot forging. Each method has its own 
particular application, but it is fairly generally con- 
ceded that the cold-heading method has probably the 
greater advantages in the present large-scale mass 
production. The production of bolts from the bar 
was carried out, some 50 years ago, largely on very 
simplified capstan lathes. These were not very econo- 
mic producers, and a large variety of automatic screw 
machines have been produced since. This _parti- 
cular method is more suitable for parts that are of 
a fairly complicated design, and which do not lend 
themselves to the cold upsetting method. 

There is no doubt that the considerable advance that 
has been made in the production of free-cutting steels, 
of which probably the most notable examples are the 
lead-bearing steels, coupled with the improvement in 
tools, particularly in the tungsten-carbide group, has 
led to a very real improvement in production. As an 
example: a motor-car sparking-plug body—a part 
well adapted to this method of production—20 years 
ago took approximately 38 seconds to produce. The 
latest figure for this same part is approximately 
8 seconds. Generally speaking, however, as far as 
actual bolts are concerned, it is not a very economic 
method to adopt ; 100 3-in. by 6-in. bolts, if produced 
by the most modern cold-heading method have a 
scrap material weight of 3 lb., but if this same size 
and quantity of bolts were produced in an auto- 
matic machine, the weight of the scrap produced would 
be 75 lb., and this is not taking into account the 
difference in time absorbed in production. The pro- 
duction time by the cold-heading method is approxi- 
mately 50 per minute. Nevertheless, there is still a 
large field that can be adequately covered by the 
automatic screw machine, nuts being probably the 
largest suitable type of part for production by this 
method. Single-purpose automatics have been de- 
veloped that can produce }-in. nuts in 1} seconds 
each. 

The method of cold upsetting has been in existence 
for a long period, and was originally developed as a 
two-blow type of machine. This involves feeding into 
the machine a coil of wire which is then cut to the 
required length and carried by fingers to a die. The 
first blow, which forms the cone, is then carried out, 
the second punch completing the head in the form of 
round button. The form of the cone is of vital 
importance, as it controls the flow lines of the material. 
After these operations have been carried out, the bolts 
are taken to another machine which trims the round 
buttons into a hexagonal or square form, as required. 
The screwing of the bolts is carried out either by using @ 
die-head and cutting the threads by using chasers, or by 
roll threading. Bolts of this period were made from a 
wire which was equivalent to the effective diameter, 
and, therefore, the body of the bolt was below the 
nominal diameter. This method has now been de- 
veloped to a high pitch of efficiency, and to-day, In 
roll-threaded bolts, it is quite practicable to extrude 
the thread so that the diameter of the bolt is equal to 
the nominal diameter. 

Probably the most important development that has 
taken place is the double extrusion method. a 
theory was developed by Charles Kaufman, who was © 
German origin, but went to the United States when 
boy. He worked out the principles in the 1920s, but it 
was some time before he could find a machine-tool manu- 
facturer who had the necessary experience and know- 
ledge to produce these machines satisfactorily for the 
bolt industry. He was eventually successful, however, 
and the first of the machines was produced about 1934 ; 





* Paper read at a meeting of the West of aa 
Iron and Steel Institute, held in Glasgow on January 1 
1951. Abridged. 
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it has since proved probably the most effective method 
for the high-speed production of accurate bolts. 

As the machine produces from the wire the bolt 
complete in every stage of manufacture, with the 
exception of heat-treatment, it will be realised that 
these tools are costly. The wire is fed into the machine 
as in the normal cold-heading machine, but with this 
method a larger size of wire is used than the finished 
size of the bolt. The first operation is to feed the 
wire in and part-off to the required length. It is then 
carried forward and entered into the first extruding 
die. This reduces the diameter to the finished size of 
the bolt. The average is a reduction of approximately 
25 per cent., and in the highest instances comes up to 
32 per cent. The bolt is ejected from this die and 
carried to the next station, where the thread is ex- 
truded. This generally involves a reduction of about 
16 per cent. At the same time, the head is upset in 
the form of a button. As the wire is of a larger 
diameter than the finished diameter of the bolt, the 
amount of cold working in forming the head is reduced. 
From this die the bolt is again ejected and carried over 
to the trimming station, where a punch forces the bolt 
through a trimming die, which sizes the head. It is 
pushed completely through this die, and the next bolt 
pushes it through a tube, where it eventually emerges 
to a slide which carries it to the pointing station. This 
is operated by a motor-driven vertical shaft, which 
carries cutters. The bolt is pressed by springs against 
these cutters, and the point thus formed. It is then 
carried forward by rails to the back of the machine, 
where there are reciprocal dies, and the thread is 
formed. 

One of the reasons for the extreme accuracy that 
can be obtained from these machines is that the 
working parts of the dies are either made of high-speed 
steel or tungsten carbide, so that dimensionally they 
can be controlled to very close limits. This is of 
particular importance as far as the threads are con- 
cerned, as the finished form of the thread is dependent 
on the accuracy of the size prior to rolling. This parti- 
cular type of machine is produced in a fairly wide range 
and covers from jin. to } in. in diameter. It achieves 
a very high production efficiency, ranging from the 
smaller size at about 125 per minute to the larger size, 
which is produced at 52 per minute. 

This particular method of bolt manufacture calls 
for a high standard of tooling, and particularly of the 
preparation of stock. The physical condition of the 
wire must be perfect, and, for satisfactory use in these 
machines, the wire must be in a spheroidised condition 
and must have received a light draft to stiffen the 
surface of the wire, so that a satisfactory part-off may 
be obtained. On the other hand, any excessive draw 
will materially affect the later operation on this machine. 
The rods from which the wire is prepared must be 
entirely free from any surface blemishes in the form of 
seams, as even the smallest rolling lap will have the 
effect of causing the wire to split on upsetting. It is 
also essential that the rods, to a very considerable 
degree, should be free from decarburisation. It is only 
possible to tolerate up to 0-002 in. to 0-003 in. on 
sizes up to $ in. in diameter, and from 0-005 in. to 
0-007 in. on sizes up to # in. in diameter. Anything in 
excess of this has a serious effect on the later heat- 
treatment, more particularly on the threaded portion. 

There are two extruding operations after the bright 
drawing, so that the surface condition of the wire is 
one of importance to the bolt manufacture. Various 
treatments have been tested out; for instance, sul- 
coating was at one time a popular finish prior to 
drawing, but this has rather fallen out of favour in 
the last few years. The general trend at the present 
time is to draw the wire, using a compound of lime and 
one of the stearates, generally aluminium. Much con- 
sideration has been given also to the advantages to 
be obtained by phosphate coating. This, of course, 
adds materially to the cost of the wire. The experi- 
mental work has not yet gone sufficiently far to assess 
detinitely whether the advantages to be obtained 
outweigh the additional cost. There is no doubt, 
however, that a good deal of interest is being taken 
in the process, and some of the results obtained suggest 
a likelihood that it will be adopted in the preparation 
of wire for this purpose. The cost of tools to the bolt- 
maker is high, and if the life of the tools can be 
increased by any appreciable degree it quickly absorbs 
any additional cost in the wire. 

\nother factor that has been given a great deal of 
thought, both in the United States and in this country, 
is the question of grain size in wire for bolt production. 
Nowadays, practically all the bolts go through a heat- 
treatment process after manufacture, and to obtain 
depth hardening, particularly with oil quenching, it 
has been found that to use a small-size grain on the 
larger diameters is not satisfactory. Generally, the 
grain size in medium carbon steels is controlled at 
6 to 8 McQuaid Ehn on % in. and larger, with water 
quenching, and at 3 to 4 on sizes up to and including 
# ic. diameter, with oil quenching. Alloy steels are 
used in the fine-grain condition and quenched in oil, 











irrespective of diameter. The weight of the coil is also 
becoming of importance on machines of the type of 
bolt-makers, so as to obtain as long a continuous run 
as possible. The weight of coil varies with different 
manufacturers from 280 to 400 lb. per coil. 

Very careful checks must be made to maintain the 
quality necessary for this method of production. 
When the rods are received from the rolling mill, 
careful visual examination is necessary to discover 
any rolling defects, and deep etching is also carried 
out to disclose the presence of any surface cracks, 
seams or laps. Further, on a small percentage of 
the material it is necessary to carry out a micro- 
examination for piping or segregates, and a micro- 
examination to disclose the amount of decarburisation, 
the type of structure, grain size, etc. It is also neces- 
sary, in order to check conformity to the specification, 
to take a complete chemical analysis so that the resul- 
tant bolt after heat-treatment will have the correct 
physical properties. 

Careful spheroidising must be carried out, and this 
is generally done in electric furnaces over a fairly lengthy 
period. On the medium-carbon steels, six hours at 
680 deg. C. should give a satisfactory structure. After 
the drawing operation it is also essential to see that the 
physical properties of the wire are suitable, otherwise 
trouble will be experienced in the later operations. 
For most of the medium-carbon steels, the tensile 
strength should be below 36 tons per square inch, and 
for alloy steels, below 40 tons per square inch. 

Certain tests are carried out in the wire form, for 
example, the cold jump-up test, where a piece of wire 
with a length equal to the diameter is compressed 
until the length is reduced to 0-4 times the original 
diameter. After this, the slug should not show any 
defect likely to prove detrimental to the cold upsetting 
operation. A normal test is also the reverse torsion 
test, in which a sample of the wire must stand complete 
reversal of torsion through four to seven turns on a 
length of 8 in. The number of turns, of course, is 
dependent on the diameter. 

The third method of bolt production is that of hot 
forging, and this is generally adopted for sizes larger 
than those suitable for cold heading, or where the shape 
of the head involves the upsetting of a greater amount 
of stock than is possible on the cold upsetting method. 
Here again, there has been a very considerable advance 
in the machine-tool side of the business over the last 
20 years, and machines of high production capacity 
are now available. One of the problems that has re- 
ceived a great deal of attention in hot forging has 
been the method of heating blanks. Up to ten years 
ago, this was mostly done in furnaces fired with oil, gas 
or coke, with the result that a hot-forging shop was a 
very unpleasant and uncomfortable place in which to 
work. An important development that has taken place 
within the last five or six years is the use of high- 
frequency power for heating blanks for hot forging. 
It has a great effect on the atmosphere of the hot- 
forging shops, and has the advantage of close control 
of the heating, and, owing to the elimination of heavy 
scale, a favourable effect on die life. It naturally 
involves a heavy capital cost to install, and in actual 
cost of heating the high-frequency power is rather higher 
than the other methods. Many producers, however, 
are finding that the advantages to be obtained outweigh 
these disadvantages. 

There are further uses to which this particular form 
of heat-treatment is being applied in the bolt industry, 
more particularly in the direction of surface-hardening 
parts which are subject to severe wear, such as shackle 
bolts and spring pins in motor vehicles. While 
again the cost of this treatment is high relative to the 
older method of carburising or cyanide treatment, it 
has many inherent advantages. In the first place, it 
is possible to use a material having a high core strength, 
of the order of 65 tons per square inch, and the case 
itself retains a higher hardness throughout 80 per cent. 
of its depth. In the conventional pack hardening, the 
carbon diminishes with the depth of the case, so that the 
rate of wear is a constantly increasing factor. Owing 
to the difficulties of packing at correctly spaced inter- 
vals, there is also the question of variation in depth of 
hardness in the pack-hardening method. . 

High-frequency hardening has also been applied 
largely to the production of track pins. The present 
principal use of these is in tractors but, during the 
last war, tank track pins were treated by this method, 
and there is no doubt that the life obtained from these 
showed a very marked improvement over the earlier 
carburised method. It is also possible to produce 
cases of very shallow depth by means of the high 
frequencies obtained from valve generators. This has 
many applications, particularly for the automobile 
industry. 

The question of the production of nuts has barely 
been touched upon, but marked progress has been 
made. Up to ten years ago, nuts to close limits were 
produced from the bar, but the rapid development of 
cold-forming nuts is altering the. general method of 
production noticeably. There have been many diffi- 


culties to overcome in the production of cold-formed 
nuts, but these have largely been surmounted, and a 
product of extreme accuracy can be obtained from the 
latest types of machines designed for their production. 
The production times are very different between the 
machined nut and the cold-formed nut. Production 
of the order of 100 nuts per minute can be obtained by 
this latter method, and, although there are still con- 
siderable tooling problems involved, the output 
obtained from some of these machines is very high 
indeed. Here, again, there is a problem for the steel- 
maker, in the production of wire that will lend itself to 
the extremely punishing process, and which will also 
have reasonable machining properties in the final tap- 
ping operation. The types of free-cutting steels, such 
as find favour for bar production, are not suitable, any 
considerable presence of sulphur being almost certain to 
involve problems in segregation and cracking of the 
finished product. However, through the excellent 
co-operation that has been given by the steel industry, 
materials have been evolved which give every satis- 
faction to the user. 

These machines, while they are capable of producing 
nuts to tolerances which meet B.S. 1083, are in many 
instances, owing to their high production speed and, 
therefore, lower cost of manufacture, used for black-nut 
production. This, however, is only generally the case 
up to a limited size, and not in many instances above 
4 in. in diameter. Machines of this type have been 
produced, however, to cover a much wider range, and 
it is possible to manufacture nuts up to 1 in. size. 
Unfortunately, the capital cost of the machines for 
cold-forming large diameters is very high indeed, but 
owing to the smaller demand for nuts of this size, and 
to the fact that the cost prohibits their use in the 
production of the cheaper black nuts, they are not 
likely to be used in this country. In the United States, 
where the demand for the larger sizes of nuts is very 
considerable, such machines are being run with great 
success, 

The other method of production of nuts is. the hot- 
forging method, which has been in use in the “ black.” 
industry for many years.. Production rates are now 
available that were quite undreamt of in the past ; in 
fact, there is a machine going on trial on the Continent 
this month which has a capacity of 80 j-in. nuts. per 
minute. The question of steel has been prominent in 
the production of nuts, as the operation of tapping 
a nut is a very severe one, and for that reason the 
improvement in the quality of free-cutting steels has 
had a big effect on the industry. Tapping speeds have 
been advanced to a high rate, and it is possible to 
produce, from a single tap, nuts at the speed of 50 or 60 
per minute in #-in. and }-in. sizes. 

There has been a continuous demand for improve- 
ment in accuracy, more particularly in the motor indus- 
try, where limits are now called for which would 
have been considered quite impossible 15 or 20 years 
ago, and it has been necessary to improve inspection 
technique to meet these closer tolerances. This has 
been achieved by the introduction of many excellent 
precision measuring devices, and also by improve- 
ment in the older methods. Threads can now be 
measured with great accuracy and reasonable speed 
of production by the use of comparators. These project 
a thread with various magnifications, one suitable 
magnification being 30. For tolerances on diameters, 
various instruments have been developed, but the 
Electrolimit comparator is probably one of the most 
accurate, and is also reasonably fast in operation. 
Many ingenious forms of screw-thread gauges have been 
produced which permit threads to be measured to 
extremely close limits, and have the advantage that 
they are portable and can be used at the production 
machines. In the United States, where quantities are 
very large, many gauges: adopting electronic principles 
are used, and, where the number of the parts warrants 
it, they show great advantages in that they can carry 
out the measurement of a large number of dimensions at 
the same time, and are automatic. Many hardness 
testers which give accurate results combined with con- 
siderable speed in operation have also been put on the 
market. The motorised Rockwell machine is a good 
example of this development. 





APPRENTICESHIP SCHEMES OF J. AND E. HALL, 
LIMITED.—We have received from Messrs. J. and E. 
Hall, Limited, Dartford, Kent, a brochure entitled 
Engineering Apprenticeship in which they give details 
of the facilities provided at their works for the training 
of trade apprentices, technical apprentices and engineer- 
ing students. These particulars are preceded by a histery 
of the firm—which dates from 1785—and a description 
of the main works at Dartford and of the subsidiary 
works at Belfast and elsewhere. We understand, as 
an indication of the prospects open to an apprentice, 
that, of the eight present directors of the firm, five began 
their careers in the Dartford works, two as trade appren- 





tices and three as pupils. 
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‘*REDUX’’ ADHESIVE PROCESS 
FOR METALS.* 
By F. H. Parker. 


BeroreE the outbreak of war in 1939, research was 
being carried out, on both sides of the Atlantic, to 
evolve some adhesive method of joining aluminium 
alloys, employing temperatures which would not 
damage the composition and strength properties of 
the material. The first company in the United King- 
dom to market a successful metal adhesive, which 
gained Air Ministry approval for use on aircraft struc- 
tures, was Messrs. Aero Research, Limited, Duxford, 
Cambridgeshire. Their patented process is known as 
** Redux,” and is covered by D.T.D. Specification 
No. 775; it depends for its strength on the comple- 
mentary properties of two synthetic resins applied to 
chemically-clean metal surfaces. The resins then 
require to be cured under pressure at a comparatively 
low temperature, 145 deg. C., which is not harmful 
even to high-strength light alloys. The resulting bond 
is of a plastic nature ilies shear strengths on normal 
thicknesses of metal well beyond the elastic limit of the 
alloy. The Bristol Aeroplane Company became actively 
interested in metal bonding at the beginning of 1948, 
and adopted the Redux process, using the combination 
of Redux liquid K 6 and powder conforming to 30-52 
screen, B.S. 410-1943. The first curing press installed 
at Bristol was a laboratory moulding press, with a 
platen sizeof 7 in. by7 in. This equipment was quite 
useful, but a rather larger pilot plant is recommended, 
capable of curing ten specimens simultaneously. 
All the mechanical and heating settings should be 
capable of being accurately pre-set and controlled, 
to allow a methodical check to be made on the control 
of glue thickness, exact repetition of loading, heating 
oyole, etc. 

The first task was to try out the sequence of pro- 
cesses on a small scale in accordance with the manu- 
facturer’s instructions, using the press curing technique. 
Concurrently the first experiments with fluid-pressure 
curing were put in hand. A box was used, consisting 
of two chambers capable of being clamped together 
one on top of the other. The lower chamber was used 
as a steam cavity to heat the work specimen. The 
space in the upper chamber was loaded first with a 
metal die conforming to the shape of the part to be 
formed, then the component, on top of which was a 
rubber bag, restrained by the walls of the chamber, 
which when inflated from a pressure supply gave the 
required pressure on the work specimen. With increase 
in size, this equipment would become unwieldy, and 
the rubber bag would be expensive and easily damaged. 
This crude start established the principle of fluid 
curing ; the necessity for accurately fitting male and 
female dies was avoided and uniform pressure over the 
component was assured. 

The next step was to evolve a method in which the 
air pressure provided its own reaction. The parts to 
be bonded were immersed in compressed air, taking 
care that no air could get between the faces to be 
joined together, so that this cavity remained at atmo- 
spheric pressure. Thus the autoclave process was 
developed. A miniature test autoclave was made from 
an 8-in. diameter steam pipe 18 in: long, together with 
an electrically-heated jig, and a satisfactory process 
was evolved which proved to be suitable for repro- 
duction on a larger size without any further difficulties 
arising. 

Fig. 1 shows the full-size equipment. From left to 
right, the first autoclave is seen with the door open 
and a jig ready for entry. The next unit is a high- 
pressure air accumulator, which, using only a small- 
capacity compressor, allows a very quick charge to be 
made to the autoclave ; to the right is a larger auto- 
clave also charged in sequence from the same accu- 
mulator. The jig consists of a 14-s.w.g. aluminium- 
alloy plate conforming to the final shape of the com- 
ponent, attached to a number of cradle frames to hold 
it to form. Immediately under the jig plate, woven 
electric elements are fitted to provide the necessary 
heat. The component to be cured is laid on top of the 
jig, which is covered with a }-in. thick rubber sheet, 
clamped down around its edges. A suction line is 
attached to the base of the jig, communicating with 
the cavity between the jig and the rubber blanket. 
After the jig has been ioaded and the electrical and 
vacuum connections have been made outside the auto- 
clave, suction is applied to evacuate the rubber blanket 
and to complete the edge-sealing of the rubber, thus 
creating differential pressure across the component and 
jig, which on being confined in the autoclave can be 
brought up to any required curing pressure. The 
glue-line area provides the sole reaction for the whole 
uniformly-distributed air load; thus, with a typical 
corrugated structure, where the glue area is approxi- 





* Excerpt from lecture, entitled “Metal Adhesive 
Processes,’’ given before the Royal Aeronautical Society 
on November 28, 1950. 
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mately one-third of the total area under pressure, 
only 60 lb. per square inch pressure is required in the 
autoclave to give a bonding pressure on the joints of 
180 lb. per square inch. The electrical connections to 
the supply source are made automatically when the 
curing-jig cradle is passed into the autoclave, and the 
necessary safety precautions for the compressed-air 
and electrical supplies are incorporated in the door- 
closing mechanism. 

A 250-ton platen press fitted with 2-in. thick precision 
steam-heated platens, 6 ft. by 3 ft., is shown in Fig. 2. 
It consists of a four-post double-ram rising-bottom 
platen machine. The steam-heated platens are mounted 
on l-in. thick insulating material ; work is fed into and 
out of them from feed tables on either side of the 
machine. All controls, including a curing-cycle time- 
warning clock, are conveniently grouped, so that the 
component can be kept under observation by the 
operator. Two larger presses are to be installed, one 
of which will be a long narrow open-face press for 
bonding edge-reinforcements to skin panels. 

A method of pre-treatment for the metal parts to 
be bonded has been standardised as a result of systema- 
tic investigations* carried out during early tests on 





* Ministry of Supply Scientific and Technical Memo- 
randum No. 7/49. 





the press and in the autoclave. After vapour degreas- 
ing, the components are immersed for 20 minutes in 
an aqueous degreasing solution, at 80 deg. C., contain- 
ing 3 per cent. by weight of Collex ; this is followed by 
a double swill, of 5 minutes duration, in Filton bore- 
hole water at ambient temperature. The parts are 
then pickled for 20 to 30 minutes at 60 deg. C. in a 
solution containing 5 per cent. by weight of chromic 
acid and 15 per cent. by volume of sulphuric acid, 
again followed by a double swill in Filton bore-hole 
water. The components are then placed in an anodis- 
ing bath, containing 3 per cent. by weight of chromic 
acid, for 1 hour at 40 deg. C., followed by a 5-minute 
double swill in Filton bore-hole water and a dip in 
West Gloucestershire supply water at ambient tem- 
perature; they are then dried for 30 minutes !n 4 
hot-air oven at about 30 deg. C. The pre-treatment 
plant, a photograph of which is reproduced in Fig. 3, 
opposite, is installed in the metal-bonding department, 
and is under the control of those responsible for that 
department. - 

The resin coating is applied to the prepared materia! 
by brushing on liquid K6 and then applying the 
powder, the residue after consolidation on the :sin 
face being lightly shaken off. The mating part= = 
then either wired together or stored on a rack untl 
ready for curing. 
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On both systems the curing pressure was 200 lb. 
per square inch for 15 to 20 minutes at a temperature 
from 145 deg. C. up to 150 deg. C. maximum, with a 
period of about one hour between the resin application 
and curing. This short interval was introduced to 
avoid shop contamination. Under these conditions 
press curing resulted in “‘ peel ’’ strengths of great irre- 
gularity, and the visual appearance of broken joints was 
unsatisfactory. The autoclave joint was always 
stronger, particularly in peel strength, and, when 
separated by hand, showed much more uniform and 
ductile properties. The press technique, however, 
could not be abandoned, as it had the advantages of 
a slightly shorter cycle and cheap and simple jigging 
for fat assemblies. Pre-treatment was re-explored 
and every mechanical variation in the press and heating 
equipment was perfected. The outcome was the use 
of a longer open-assembly time and a reduced curing 
pressure of 100 Ib. per square inch. Uniformity of 
pressure and even temperatures over the full area of 
the part’ to be joined are essential to successful curing ; 
thus the platens must fit accurately and the steam 
passages through them must be sufifciently numerous 
and so disposed that the temperature is truly uniform. 

Excessive flow of the adhesive causes undue loss 
of adhesive from the joint, often accompanied by a 
disturbance of the proportion of resin to powder. It 
18, therefore, necessary to control temperature rise and 
pressiire, and to ensure evaporation of all solvents 








befor: the joint is closed. In the autoclave the pres- 


Fic. 5. Bonpep SKIN-PANEL TEST-PIECE. 


sure is applied at a uniform and compensating rate, 
and thus the resin is partially cured and consolidated 
before the full pressure is reached. On the press, 
harsh mechanical crushing can occur at the commence- 
ment of the cure. Thus the introduction of autoclave 
curing and lower pressure press-curing has, on the 
whole, increased the overall strength of Redux-bonded 
joints. The average values obtained on a joint 0-5 in. 
by 1 in. are 2,200 lb. in shear and 60 lb. in peeling. 
Press pressure may be still further reduced, provided 
that the component being cured does not itself require 
considerable force to bring the mating parts into 
uniform contact. With the autoclave working on 
thin material, excellent bonds have been obtained 
using atmospheric pressure only. 

The peeling test developed by Aero Research, 
Limited, which has been established as the main 
control test, consists of peeling against an auto- 
graphically-recording loading device. The peel speci- 
men is clamped to a drum, the free end being held in 
a suitable clamp. The drum is then pulled hydraulic- 
ally, which causes the specimen to rotate and peel the 
two component strips apart. A minimum peeling 
load of 30 lb. has been established on a specimen made 
from 20-gauge D.T.D. 610 alloy. If the test figures 
are to have any significance for comparison, the test 
must be confined to one gauge and one material, since 
any change in these factors completely alters the 
peeling strength. Moreover, the radius which the 





specimen takes up as it leaves the drum varies with 
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Fig. 6. 


the stiffness of the material and increases the loading 
moment on a specimen of low strength, while decreas- 
ing it on a specimen of high strength. A new peel test 
is being developed which will allow immediate com- 
parison of test results on materials of different gauges 
and specifications.. The present single-drum peel test 
is an excellent means of checking the process, since 
it shows up immediately any slight variation in pre- 
treatment or other bonding conditions. It is, how- 
ever, doubtful whether the peel test has any significance 
as a design criterion unless, perhaps, it is associated 
with endurance under repeated stress, Since there is 
no non-destructive test which can be applied to metal 
bonding, inspection routine is strict. 

Strip reinforcement of thin sheet edges by bonding 
allows the use of fewer rivets at panel edges, which also 
makes possible cut-countersinking for final assembly, 
with its attendant economies. This reduces weight 
over the main panel area, while allowing loads to be 
taken through the reinforced edges. The wing leading 
edge of the Bristol Type 175 air liner is reinforced with 
an internal corrugation, the multiple channels thus 
formed acting as ducts for hot-air de-icing purposes. 
This can be seen in Fig. 4. Another application of 
Redux bonding in the Bristol 175, shown in Fig. 6, is 
the assembly of large inter-spar ribs, particularly 
where smooth surfaces are required to prevent chafing 
on flexible petrol tanks. 

The use of metal bonding has four main advantages : 
reduction in structural weight, an improved surface 
finish, reduction of stress concentrations, and lower 
cost. All these advantages may not be achieved 
simultaneously. For example, if minimum structural 
weight is the first objective, highly-stressed closely- 
reinforced thin sheets may be a necessity. Such struo- 
tures cannot be produced without perceptible external 
waviness ; thus, if smoothness is the first consideration, 
some sacrifice in weight must follow. There is, how- 
ever, no difficulty in getting relatively thick (say, 
18 s.w.g.) sheet bonded to stiffeners without any 
visible surface deformation. 

The initial capital cost of the plant is high, but 
maintenance and replacement charges should be less 
than those incurred by the older methods of fabrication. 
Designing for bonding should lead to simpler construc- 
tions than hitherto, with fewer parts and lighter com- 
ponents. Weight saving arises from reinforcing sheet 
edges, leaving the main body of sheets of the desired 


Compressive Failing Loads, lb. 


Bonded Joint. Riveted Joint. 
| —————————— 
44,000 42,000 
37,000 34,000 
53,000 50,000 





original thickness, and the economic end reinforcing of 
stringers. In shear and compression tests, Redux- 
bonded panels are at least as strong as similar riveted 
structures, and, in many cases, the load carried is 30 to 
40 per cent. higher. Some typical results are given in 
the table above. 
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It would appear that the principal factor contri- 
buting to the added strength in stringer-sheet combina- 
tions is the continuity of contact or the avoidance of 
inter-rivet buckling, which can be a source of prema- 
ture failure in a riveted structure. In some cases where 
the rivet pitch has been rather wide, the strength 
difference has been marked. When a bonded panel is 
progressively loaded, failure develops from some region 
of instability, but parting of the Redux joint is never 
the criterion and does not occur until the final collapse 
of the specimen is imminent. 

A good mn of reducing centres of stress concen- 
tration by metal bonding is illustrated in Fig. 5, on page 
145, which shows a helicopter skin with bonded stringers 
and local rivet reinforcings for attaching the skin 
to the rib structure. This part failed at a riveted 
joint, after 150 million cycles of reversed stress. The 
illustration shows clearly the undisturbed bond where 
the fatigue crack traverses the stringer. 

The wing leading edge shown in Fig. 4 was tested 
at room temperature and at 100 deg. C. It is known 
that Redux loses two-thirds of its shear strength at 
100 deg. C., yet the two structures failed at nearly 
identical loads appreciably above the design load. In 
neither case did the Redux bond fail. The reason is 
that in this case the bond is subjected to low intensities 
of stress ; that may not be always the case, and the 
problem of low strength at elevated temperature needs 
to be solved. 





TRAINING IN AIRCRAFT 
ENGINEERING. 


Firms in the aircraft industry who operate apprentice- 
training schemes, are co-operating in exchange arrange- 
ments so that engineer apprentices may obtain experi- 
ence in specialised departments. The training schemes 
of most aircraft, engine and propeller constructors 
follow the same broad lines, particulars of which are 
given in an illustrated brochure which has recently been 
issued by the Society of British Aircraft Constructors. 
Boys entering the industry on leaving school may 
become trade apprentices at the age of 16, and after 
five years training in the workshops they are qualified 
as skilled craftsmen. They are encouraged to attend 
a technical college during working hours to study for 
the National Certificates in mechanical, electrical or 
production engineering. Boys between 16 and 18 
years old, with a school-leaving certificate, may enter 
as engineer apprentices. Both the trade and engineer 
apprentices undergo six months probationary training. 

Engineer ‘apprentices spend four years in various 
sections of the works; they are expected to attend a 
technical college, and are recommended to become 
student members of the Royal Aeronautical Society 
or the Institutions of Mechanical, Electrical or Pro- 
duction Engineers. Wherever possible, boys wishing 
to study for a degree in engineering are encouraged to 
take full-time day instruction at local colleges ; in some 
cases, cash grants may be made to these students. At 
the end of his course, the engineer apprentice is fitted 
for a responsible technical staff position. The Society 
of British Aircraft Constructors offer university 
scholarships at the City and Guilds College or the 
College of Aeronautics, Cranfield, to engineer appren- 
tices who have completed their training, have obtained 
the Higher National Certificate, and who are of out- 
standing ability. The Society also offer educational 
grants to those who are unable, for financial reasons. 
to take up apprenticeship in the aircraft industry. 
The student-apprenticeship scheme is arranged in 
two categories, in one of which a two-years course of 
practical work in the shops is arranged for boys leaving 
school with a higher school certificate, who intend to 
take up a full-time degree course at a university. The 
other two-year practical course is for university 
graduates entering the industry and is arranged to suit 
individual requirements. 

Copies of the brochure and further particulars of the 
training schemes can be obtained from the technical 
secretary of the Society, Summit House, 1-2, Langham- 
place, London, W.1. 





HOT-WORKING AND ANNEALING OF NICKEL ALLOYS.— 
Messrs. Henry Wiggin and Company, Limited, Wiggin- 
street, Birmingham, 16, have issued a comprehensive 
handbook dealing with the hot-working, annealing and 
pickling of nickel, Monel, “‘K”’’ Monel and Inconel. 
The first section, which is on hot-working, deals with 
furnace temperatures and atmospheres, methods of 
forging, dies for drop forgings or pressings and their 
lubrication, and other tters. The id section is 





concerned with methods of annealing, while the final 
section contains information and formule relating to 
pickling procedures. Copies may be obtained gratis 
on application to the firm. 





ELECTRICAL METEOROLOGICAL 
INSTRUMENTS. 


A symposium on “ Electrical Meteorological Instru- 
ments,” which had been organised by the Measurements 
Section of the Institution of Electrical Engineers, and 
in which the Radio Section and the Royal Meteoro- 
logical Society participated, was held on Tuesday, 
January 30. There were two meetings at Savoy-place 
during the course of which seven papers were presented. 


ELEcTRICAL ANEMOMETERS. 


The first paper, on ‘‘ The Development of Electrical 
Anemdmeters,” was read by Mr. G. E. W. Hartley, who 
outlined the development of instruments for measuring 
and recording wind speed and direction, either as a 
mean value over a period of time or as an instantaneous 
value. In each case the instruments consisted of two 
main parts: the transmitter, which usually took 
the form of a cup rotor the speed of which depended 
on the s of the wind; and the receiver, which 
might be a buzzer, flashing light, dial or autographic 
recorder. The two parts were electrically connected 
and might, or might not, require an external power 
supply. For general use in the Meteorological Office, 
the most suitable combination of instruments was a cup 
anemometer of the generator type with an autographic 
recorder consisting of some form of voltmeter, and a 
remote wind vane connected by a self-synchronous 
alternating current transmission system to a recorder, 
which was capable of being operated by a small torque. 
The cup anemometer recorded the speed of the wind 
and the wind vane its direction. For surface wind 
observations it was desirable to have continuous 
autographic records of speed and direction, so that the 
observer knew the present and past values of these 
quantities. Records of instantaneous values were 
generally preferable to step-by-step, or average, values, 
because mean values could be deduced from detailed 
records. 


WIND AND GustT-MEASURING INSTRUMENTS. 


In the second paper, on “‘ Wind and Gust-Measuring 
Instruments Developed for a Wind-Power Survey,” 
Messrs. H. H. Rosenbrock and J. R. Tagg said that a 
survey had been undertaken to determine the annual 
output which might be expected from wind-driven 
electric generators situated in different parts of the 
country and to find the best sites for such generators 
in certain selected areas. The essential information 
required for this survey was a record of mean wind 
speed over half-hourly periods, recorded continuously 
at a number of hill-top sites in each area. It was also 
desirable to record the wind direction. At sites where 
it was probable a generator would be installed, the 
wind speed at several different heights was required, 
since the normal velocity gradient would be disturbed 
as the wind flowed over a hill. Finally, at most sites, 
it would have been difficult to find anyone who could 
visit the station daily. The instruments had therefore 
to record for at least a week without attention. These 
requirements could not be fulfilled by any of the stan- 
dard Meteorological Office instruments and two recorders 
had therefore been developed for use with the standard 
type of cup-contact anemometer. 

A further object of the survey was to determine the 
structure of wind gusts, since these might have an 
important effect on the operation of a wind-driven 
generator, and little was known about them. No 
instrument was available with a response time short 
enough to give the required information. It was 
necessary, therefore, to build an anemometer of 
completely new design and this had since been 
considerably developed. 

The first recorder used was of the photographic type 
and was intended to record the position of a remote- 
indicating wind vane every 30 minutes, and the 
integrated totals of wind passing four standard cup- 
contact anemometer positions during the same period. 
The run of wind was obtained by connecting a battery 
in series with the operating :oil of a telephone-type 
message register with a cyclometer dial. The recorder 
consisted of a wind direction indicator and five message 
registers, four of which were connected to anemometers, 
while the fifth was used for timing purposes. Two 
lamps were switched on at half-hourly intervals by a 
time switch, and the light from them was passed 
through a prism to a lens and thence directed on to 
recording paper, which was housed in a detachable 
camera. The time switch energised a relay circuit for 
six seconds, during which period the lamps were switched 
on for the exposure, the timing counter moved through 
one digit and the circuit of the four other counters 
opened. 

The second recorder was of the impulse type and 
was developed to overcome the delays arising from the 
use of the photographic instrument. It consisted of a 
paper chart moving at 3 in. per hour, on which a dot 





was made after each two miles of wind had passed the 


anemometer. The wind speed was analysed by coun:- 
ing the number of dots and relating them to the lengt) 


of the period. During the passage of two miles of 


wind the anemometer switch closed 40 times, en 
insulated disc rotated one third of a revolution and 
one mark was made on the recording paper. In 
the anemometer for measuring gusts, a perforated 
aluminium sphere was used as the detecting element, 
while a mechano-electronic transducer valve converted 
the mechanical response to an electrical output. The 
instrument was compensated for changes of tempera- 
ture and for the static effects of atmospheric pressure. 
When used with an amplifier-driven recording volt- 
meter the response of the prototype instrument to an 
instantaneous change in wind speed from 65 to 85 m.p.h. 
was completed in about 0-07 second. In modified 
forms of instrument the horizontal components of the 
wind in two directions at right angles and the vertical 
component could be measured. 


ReEsotvina TRuE WIND VELOCITY ELECTRICALLY. 


The next paper, which was entitled ‘‘ An Electrical 
Method of Resolving True Wind Velocity Aboard 
Ship,” was presented by Messrs. H. D. Hawkes and 
J. M. Laws. The apparent wind felt aboard a moving 
ship, it was pointed out, was the resultant of the true 
wind and the speed of the vessel. Thus, if this relative 
wind velocity, the ship’s speed and the compass course 
were known, the true wind velocity could be obtained 
from a simple vector diagram. As it was possible to 
represent a number of co-planar forces in magnitude 
and direction by an equivalent number of alternating 
currents, a current which was proportional to the 
resultant of these forces could be obtained by using 
suitable measuring instruments. The speed and direc- 
tion of the apparent wind were obtained from an 
anemometer and wind vane respectively, and, like the 
ship’s speed and course, were transmitted electrically 
to a “resolver.” This apparatus consisted of a direct 
to alternating current deflectional type inverter (which 
gave an alternating current output proportional to the 
voltage of the anemometer generator) and a current 
summation transformer, which added the component 
currents from the inverter and the ship’s speed corrector 
vectorially. The driving element of the inverter was 
a high torque direct-current voltmeter, the deflection 
of which was proportional to the relative wind speed. 
The moving coil of this voltmeter was rigidly coupled 
to the moving member of a variable ratio transformer, 
which gave an alternating current output proportional 
to the wind speed. 


Mean Winv VE Locity INSTRUMENTS. 


The next paper, by Messrs. J. Bell and E. M. Lang- 
ham, was entitled ‘“‘ Mean Wind Velocity Instruments 
for Use on Naval Craft,” and described two instruments 
in which the Mag-slip system of Messrs. Muirhead and 
Company, Limited, had been employed to indicate 
mean wind direction and true and apparent mean wind 
velocity. In the first of these instruments, a wind 
vane on the masthead drove a transmitter, which was 
connected through a Magslip “‘ hunter ”’ to a similar 
transmitter below decks. The latter transmitter was 
associated with a three-phase motor, the speed of which 
could be regulated by a mechanical governor and which 
drove the transmitter connected to the “ hunter.” 
The motor therefore followed the movement of the 
transmitter, which was operated by the wind vane, 
at a speed controlled by the governor. As the wind 
vane oscillated, the ‘‘ hunter ’’ made contacts on each 
side of its mid-position and the motor, which was 
supplied through these contacts, followed these oscilla- 
tions and took up a mean position, owing to the control 
imposed by the governor. 

In the true and apparent mean _ wind-velocity 
indicator, a normal type of anemometer drove an induc- 
tion generator, which produced a voltage proportional 
to the wind speed. The wind direction was also 
transmitted from the masthead to equipment below 
decks in the manner already described. The movement 
of the wind vane was used to drive the rotor of a 
“resolver,” which was essentially a two-phase motor. 
One winding of this resolver was supplied with a 
voltage corresponding to the wind velocity through a 
feed-back amplifier. This voltage, in combination 
with the movement of the rotor, set up a magnetic 
flux proportional to the wind velocity. The position 
of this flux, relative to the rotor of the resolver, depended 
upon the apparent wind direction, relative to the fore- 
and-aft axis of the vessel. The outputs of the resolver 
were therefore voltages representing the apparent wind 
along and at right-angles to the fore-and-aft axis, 
respectively. The voltage representing the ships 
speed was added to that representing the apparent 
wind speed along the fore-and-aft axis, by an inductive 
potentiometer, known as an Ipot. This circuit was 
connected to one of the input windings of a second 
resolver, the other winding of the latter being supplied 
with a voltage corresponding to the athwartships appa- 
rent wind velceity. The combination of these two 
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FOLDING WEIGHER FOR CONCRETE MIXER. 
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Fie. 2. 


voltages set up a flux proportional to the true wind velo- 
city. A repeater motor, operated from the ship’s gyro- 
compass, was geared to the rotor of the second resolver 
through a differential, the third shaft of which was 
driven by a servo-motor. One winding of the resolver 
rotor was taken to an amplifier, the output of which 
operated the servo-motor. The latter, therefore, ran 
until the voltage generated in the appropriate winding 
of the resolver was zero. The position of the resolver 
rotor then corresponded to the true direction of the 
wind in relation to the geographical axes; and the 
voltage generated in the other winding of the rotor 
corresponded to the true wind velocity. 

Tue true wind speed and direction indicated by the 
second ‘resolver contained all the variations due to 
“ gustiness.”” To counteract these, an induction genera- 
tor was therefore associated with the servo-motor and 
ampifier driving the rotor of this resolver. This genera- 
tor was arranged to give a considerable output compared 
with the voltage generated by the resolver rotor when 
the latter was nearly zero. The response to the servo- 
moter was therefore sluggish. The voltage output 
from the other winding of the resolver corresponded to 
the variations in wind force due to gustiness and, in 
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order to obtain the mean value, this voltage was taken 
to another servo system with a long time constant, 
but arranged in the same way as the first. 

Having obtained the true mean wind speed and 
direction, the apparent mean wind speed and direction 
could be ascertained by recombining the ship’s speed 
with the true wind speed through two more resolvers. 
One winding of the first of these resolvers was supplied 
with a voltage representing the mean wind velocity, 
while its rotor was turned by the true wind direction 
servo-motor and the compass-bearing repeater motor. 
The output voltages from this resolver were equivalent 
to the components of the true wind velocity along and 
across the vessel ; and after the voltage corresponding 
to the ship's speed had been added to them the 
resultants were applied to the second resolver. One of 
the rotor windings of this resolver was used to operate 
a servo-motor, which turned the rotor to a zero position, 
while the voltage corresponding to the apparent wind 
velocity appeared in the other winding. Outgoing 
transmitters operated from this servo-motor gave the 
apparent wind direction, while apparent wind speed 
was given by another servo-motor. 


(To be continued.) 








FOLDING WEIGHER FOR 
CONCRETE MIXERS. 

THE adoption of modern techniques in concrete 
mixing, which call for accurate weighing of the various 
constituents, has led to the introduction of a range of 
weighing machines for use with concrete mixers. 
Some of these machines are designed for use with large 
stationary plants while others have been developed for 
use with portable concrete mixers and, in many cases, 
form an integral part of the mixer. A good example 
of the latter type of machine is furnished by the 
folding weigher illustrated in Figs. 1 and 2 on this 
page, which has been developed by Messrs. Blaw Knox, 
Limited, Clifton House, Euston-road, London, N.W.1, 
for use with their Rex 7S and 10S mixers. The basic 
design of the weigher, of course, is not new, but recently 
several improvements have been incorporated, such as 
the use of sealed roller bearings as pivot points for the 
weighing linkage instead of the more usual knife edges. 
Another innovation is the use, where possible, of 
aluminium alloys, This gives a substantial reduction 
in weight and therefore improves the stability of the 
complete machine when the weigher is in the folded 
position.: 

The outstanding feature of the unit is, perhaps, the 
design of the weighing linkage, which is arranged so 
that a true reading is given on the scale regardless of 
the position of the material inside the skip. This has 
been achieved by arranging for the skip to be free 
from the mixer when in the lowered, or loading position, 
and supported entirely by the weighing gear. Another 
interesting feature is the provision of a sliding weight 
on the weigh-beam, the position of which can be 
adjusted to compensate for build-up of material inside 
the skip. The skip is a standard Blaw Knox unit 
and is, of course, made from sheet steel ; an aluminium 
alloy, however, is used for the supporting framework 
and the weighing linkage. The complete unit is 
supported at only three points, thereby preventing 
‘* racking ” and simplifying levelling, which is effected 
by built-in jacks. As a safeguard, the weighing dial 
and associated mechanism is insulated from the mixer 
by bonded-rubber joints, which prevent the transmis- 
sion of vibration, both to the dial mechanism and the 
weigher itself. 

As previously mentioned, units are available for 
the Rex 78 and 10S mixers. They can be fitted in 
the field without any difficulty, the complete unit for 
the 78 mixer weighing 34 cwt. and that for the 108 
mixer, 4} cwt. The overall width of the mixer and 
weigher when the latter is in the working, or lowered, 
position, is 11 ft. 8 in., for the 7S machine and 12 ft. 5 in, 
for the 10S machine. When the mixer is folded for 
travelling, these dimensions are reduced considerably. 





TRAINING COURSES IN CONCRETE. 


Durina 1950, the Cement and Concrete Association 
conducted a series of refresher courses to provide 
training in certain new uses and applications of concrete 
and in the control and production of high-quality 
concrete. It has been decided to offer similar facilities 
annually, and details of the programme for 1951 
are now available. Six courses, lettered from A 
to F, have been prepared. Course A, on the basic 
principles of making concrete and controlling its 
quality, will be held from April 2 to 6 and repeated 
from April 9 to 13, April 23 to 27, and April 30 to 
May 4. Course B, on the uses, properties and methods 
of making prestressed concrete, will be held from 
May 21 to 25, and again from June 4 to 8, June 18 to 22, 
and July 2 to 6. Course C, on modern methods of 
concrete road and pavement construction, will be held 
once only, from July 30 to August 3. Course D, on 
concrete construction for supervisors, will be held from 
September 3 to 7 and repeated from September 17 to 21, 
from October 1 to 5, and from October 15 to 19. Course 
E, on the use of concrete in farm buildings, will be held 
once only, namely, from November 5 to 9. Course F, 
on modern developments in concrete technique, will 
be held from November 19 to 23 and again from 
November 26 to 30, and from December 3 to 7. Courses 
A, B and F are intended for engineers and architects, 
Course C for engineers, course D, as stated for super- 
visors, and course E for architects, engineers, surveyors 
and others concerned with farm buildings. 

The courses are held at the Association’s training 
centre at Wexham-place, Framewood-road, Fulmer, 
Slough, Buckinghamshire, but some of the practical 
work is carried out at the Association’s nearby research 
station, at Wexham Springs. The courses are under 
the general direction of the Association’s technical 
director, Dr. A. R. Collins, M.B.E., A.M.I.C.E., and 
the officer in charge of the courses is Mr. R. C. Blyth, 
M.A. (Cantab.), A.M.I.C.E., M.I.Struct.E. Most of 
the lectures and demonstrations will be given by 
members of the research and development division of 
the Association, but several practising engineers have 
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—_ to give lectures. There will be no charge 
or the courses and those attending have the option of 
arranging their own accommodation or of making a 
reservation at the hostel attached to the training 
eentre, for which the charge, for the 44 days of each 
course, including all meals, is 5l., per person. Only a 
limited number of participants can be accepted for each 
course and as it is considered that the demand is 
likely to be heavy, those wishing to attend are advised 
to make early application to the technical director of 
the Cement and Concrete Association, 52, Grosvenor- 
gardens, London, S.W.1. 





NOTES ON NEW BOOKS. 


Handbook of Chemical Methods for the Determination 
of Uranium in Minerals and Ores. 

Published for the Department of Scientific and Indus- 

trial Research by H.M. Stationery Office, York House, 

Kingsway, London, W.C.2. [Price 1s. net.] 
TuIs 22-page handbook gives concise details of tested 
and reliable methods for the chemical analysis of any 
type of uranium deposit containing from as little as 
0-1 per cent. of uranium oxide up to high-grade pitch- 
blende with as much as 80 per cent. of uranium oxide. 
No explanation is given of the basic theoretical aspect 
of the analytical chemistry of uranium, as the essential 
purpose of this publication is to describe suitable assay 
methods in such detail that they can be used by 
chemists with little or no previous experience of this 
type of work. Complete working instructions are 
given on the preparation of samples for analysis, 
decomposition and solution of uranium minerals, 
separation of uranium in solution from other minerals, 
and the final determination of uranium by volumetric, 
colorimetric and polarographic methods. ‘ Though 
radiometric methods are frequently used in the investi- 
gation of uranium-bearing minerals, the ultimate value 
of a deposit must be assessed on the results of chemical 
assays, and the reliability of the analytical procedures 
described in this handbook has been proved by four 
years of experience in the Chemical Research Labora- 
tory of the Department of Scientific and Industrial 
Research. The booklet was written by Mr. F. H, 
Burstall, head of the Radiochemical Group, and Mr. 
A. F. Williams, head of the analytical section of the 
Chemical Research Laboratory, and was prepared at 
the request of the Division of Atomic Energy of the 
Ministry of Supply. It is a companion to the Pros- 
pector’s Handbook to Radioactive Mineral Deposits, 
which is also published by the Stationery Office. 








Getriebelehre. 


By Proressor OTTO KRAEMER. Verlag G. Braun, 
Kar! Friedrich-strasse 14, Karlsruhe. [Price 16 D.M.] 


Tus book on kinematics differs from most English 
and American text-books in that it stresses graphical 
methods, almost to the exclusion of calculations. 
Where there are calculations in the text, they usually 
serve to prove the correctness of a graphical method 
or to reveal a graphical interpretation. It is not 
surprising that graphical methods should be employed 
where differentiation and integration cannot be avoided, 
but it is to be hoped that inexperienced readers will 
not be misled into underrating the merits of the calculus 
in problems of kinematics. The book is primarily 
intended for the needs of students, but designers also 
should find it useful as the numerous illustrations (466 
in all) facilitate the selection of suitable mechanisms 
for special purposes. This applies particularly to those 
diagrams which show practical applications, such as 
the mixing of dough, chopping of meat, raking of hay, 
grinding of non-circular shapes, etc. Other illustra- 
tions may serve as reminders that there are simple 
mechanisms equivalent to elliptical gears and also to 
gears for transmitting uniform motion, and that 
rectilinear motion can be achieved without slides. 
The text is lucid, and the illustrations are almost 
self-explanatory, a feature which will be appreciated 
by readers who are not familiar with the German 
language. A point which invites criticism concerns 
the glossary : in a book addressed to intelligent people, 
it is hardly necessary to explain the meaning of such 
words as “factory,” ‘ raaterial,” ‘‘ medicine,” and 
“ sport.” 





CONSTRUCTIONAL WORK FOR 132-K V CABLE INSTALLA- 
TION.—Pirelli-General Cables Works, Limited, South- 
ampton, are installing a 132-kV cable between the new 
Brunswick Wharf power station at Poplar, in the east end 
of London, and the main distribution centre in Islington, 
a distance of seven miles. Extensive civil engineering 
work has been necessary on this route, including the 
driving of tunnels under the East India Dock and Hackney 
roads. The Regents Canal has also had to be crossed on a 
specially constructed cable bridge, near the 300-year-old 
Gunmakers Arms Bridge. 





TRADE PUBLICATIONS. 


Humidification for the Textile Industry.—An_ illus- 
trated leaflet describing their direct humidification 
system for the textile industry has been issued by Air 
Control Installations, Ltd., Ruislip, Middlesex. In this 
system, which can be installed in the weaving shed, water 
is sprayed through nozzles by a low-pressure compressed- 
air supply. Automatic control is provided to maintain 
constant relative humidity. 


Single-Phase Motors.—Details of the single-phase 
(permanent split-phase capacitor) and the single-phase 
repulsion-induction motors manufactured by them 
are contained in two pamphlets recently received from 
the Metropolitan-Vickers Electrical Co., Ltd., Trafford 
Park, Manchester, 17. A third pamphlet, received from 
the same firm, deals with the torque characteristics of 
fractional horse-power motors. 


Locomotive Firebox Stays.—A booklet with this title, 
published by Henry Wiggin & Co., Ltd., Wiggin-street, 
Birmingham, 16, deals primarily with stays turned 
from Monel-metal bar, but also justifies its comprehen- 
sive title by giving some useful data on types of stays, 
the fitting of stays, calculations for the design of firebox 
plates and stays, metals for fireboxes, corrosion, and the 
machining of Monel-metal stays. It is well illustrated by 
reproductions of photographs and line drawings. 


Electrical Equipment.—The wide range of electrical 
equipment supplied by them is well described and illus- 
trated in a catalogue recently published by the British 
Central Electrical Co., Ltd., 6, Rosebery-avenue, London, 
E.C.1. Switch and fuse gear, lamps and lighting fittings, 
cables and wiring accessories, motors and starters, port- 
able tools and instruments, are among the equipment 
covered, and the arrangement of the catalogue is such that 
reference to the various sections is easy. A section 
giving useful data and formule is included. 


Fireproof Heat Insulation.—Wm. Kenyon & Sons, Ltd., 
Dukinfield, Cheshire, have issued an illustrated brochure 
giving particulars of ‘‘ Kisol’’ Vermiculite, a fireproof 
cellular material, inert, acid-resistant and a non-con- 
ductor of electricity, which may be used either as loose- 
fill insulation or as a light-weight mineral aggregate for 
insulating concretes. Vermiculite concrete has good 
sound-proofing properties. Ready-mixed Vermiculite 
and cement aggregate, plaster aggregates, and a special 
fire-resisting concrete, known as Kencrete, for protecting 
structural members of buildings of chemical or petroleum 
plants, etc., are available. 





LAUNCHES AND TRIAL TRIPS. 


8.3. ‘* SEAWALL.”—Single-screw cargo vessel, built 
and engined by William Gray & Co., Ltd., West Hartle- 
pool, for the Matapan Shipping Co., Ltd., London. Main 
dimensions: 431 ft. between perpendiculars by 57 ft. 
84 in. by 38 ft. 3 in. to shelter deck ; deadweight capacity, 
about 10,000 tons on a draught of 26 ft. 4 in. Triple- 
expansion engine, developing 2,500 i.h.p. at 76 r.p.m., 
and three oil-fired boilers. Speed on trial, 12 knots. 
Trial trip, January 11. 


M.S. ‘‘ EGYPTIAN PRINCE.”’—Single-screw vessel for 
the carriage of citrus fruits and general cargo, and 
having accommodation for twelve passengers, built by 
the Burntisland Shipbuilding Co., Ltd., Burntisland, 
Fife, for the Prince Line, Ltd. (Managers: Furness, 
Withy and Co., Ltd.), London, E.C.3. Main dimensions : 
349 ft. between perpendiculars by 51 ft. 3 in. by 30 ft. 9 in.; 
deadweight capacity, 4,625 tons on a draught of 21 ft. 
74 in.; gross tonnage, 3,364; cargo space, 268,000 
cub. ft. - Hawthorn-Doxford four-cylinder opposed- 
piston Diesel engine, developing 3,300 i.h.p. at 110 r.p.m., 
constructed by R. and W. Hawthorn, Leslie & Co., Ltd., 
Newcastle-upon-Tyne, and installed by the shipbuilders. 
Speed, 14 knots. Trial trip, January 23. 


M.S. “ BATTERSEA.”’—Single-screw collier, built by 
S. P. Austin & Son, Ltd., Sunderland, for the British 
Electricity Authority, London, W.1. First vessel of an 
order for two. Main dimensions: 260 ft. between 
perpendiculars by 39 ft. 6 in. by 18 ft. 6in.; deadweight 
capacity, about 2,700 tons on a draught of 17 ft. 1 in. 
Clark-Sulzer eight-cylinder two-stroke single-acting trunk- 
piston Diesel engine, developing 1,280 b.h.p. at 225r.p.m., 
constructed by George Clark (1938) Ltd., Sunderland. 
Service speed, 10$ knots. Launch, January 23. 


M.S. “‘ British Lapy.”’—Single-screw oil tanker, built 
by Smith’s Dock Co. Ltd., South Bank-on-Tees, Middles- 
brough, for the British Tanker Co., Ltd., London, E.C.2. 
First vessel constructed for these owners. Main dimen- 
sions: 400 ft. between perpendiculars by 56 ft. by 
30 ft. l in.; deadweight capacity, about 8,400 tons on a 
draught of 25 ft. Hawthorn-Doxford three-cylinder 
opposed-piston oil engine, developing 2,500 b.h.p. at 
108 r.p.m. in service, constructed by R. and W. Hawthorn, 
Leslie & Co., Ltd., Neweastle-upon-Tyne, and installed 
by the shipbuilders. Service speed, 11 knots. Launch, 
January 24. 
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{Price 6 dols.] McGraw-Hill Publishing Company, 
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U.S.A. [Price 5 dols.] Macmillan and Company, 
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25s. net.) 
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the Cornish Engines Preservation Society. By Dr. 
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PROFESSOR BRUCE CHALMERS. Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 18s. net.] 
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W.C.2. [Price 20s. net.] 
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Irrigation Principles and Practices. By PROFESSOR 
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Limited, 37, Essex-street, Strand, London, W.C.2. 
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>. 
MECHANISED PRODUCTION 
OF RAILWAY LAMINATED 

SPRINGS. 


[HE production of springs of any kind has always 
been regarded as one of the most skilled branches 


{ the blacksmith’s art and, in the relatively few 
«ntres where laminated springs for railway loco- 
motives and rolling stock are made, it has resulted 
in the development of small “‘ pockets ” of specia- 
lists in the art. The work is arduous, however, 
when carried on by the traditional hand methods 
and, in consequence, increasing difficulty has been 
experienced in maintaining an adequate supply of 
recruits to the trade. The fact that the men thus 
employed are known as “‘spring fitters ” indicates 
at once one of the most noticeable characteristics 
of the process, and one of the principal obstacles 

































ENGINEERING. 





The illustrations, Figs. 1 to 5 and 12 to 15, herewith, 
and Figs. 6 to 11, on Plates VI and VII, show 
the process as now carried out, from the incoming 
flat bar steel to the inspection of the finished springs, 
at the rate of 40 springs an hour. 

Before describing the various operations, however, 
it is necessary to indicate some of the considerations 
which have influenced the adoption of these parti- 
cular methods. The fundamental factor is the use 
of oil-hardening instead of water-hardening steel. 
From the metallurgical point of view, there is no 
special advantage in using one method of hardening 
rather than the other, though individual railway 
executives may have their individual preferences ; 
but there is the practical difference that long slender 
bars such as spring leaves cannot be hardened in 
water without risk of distortion. When the leaves 
are hardened in oil, however, the distortion is 
greatly reduced, so that the use of jigs in forming 
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tion of springs up to a maximum length of 5 ft., a 
width of the leaves between 3 in. and 5 in., and a 
maximum weight of 3 cwt. for the complete pack. 
The minimum quantity of a given size that can be 
produced economically is governed by the cost of 
tooling, and is stated to be 250; though, no doubt, 
somewhat smaller quantities may be produced 
profitably in course of time, as repeat orders for 
which some or all of the special jigs, ete., are already 
in existence. 

The general layout of the plant is shown diagram- 
matically in Fig. 1, herewith, in which the direction 
of flow from the bar stock to the final inspection is 
from left to right. The flat bars used are from 
16 ft. to 18 ft. in length as they come from the 
store, and are cut to the required leaf lengths in 
shearing machines, one of which can be seen on 
the extreme right of Fig. 2. The leaves for a given 
order are cut in order of diminishing length, starting 
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to large-scale production by these means ; namely, 
that the individual leaves of each spring pack must 
be worked by hand to an exact curvature, without 
appreciable difference between the corresponding 
leaves of the packs. By long practice, the experi- 
enced spring fitter does acquire a remarkable skill 
in producing complete springs of uniform curvature, 
and reasonably uniform deflection under load ; 
but, obviously, it is difficult to train men to the craft 
quickly enough and in sufficient numbers to meet 
an increase in the demand for railway-vehicle 
springs. War-time conditions, however, caused 
heavy wastage among railway rolling stock all 
over the world, and have brought about a consider- 
ably enhanced demand, which could not be met 
by the existing resources of the industry. The 
decision was taken, therefore, by the English Steel 
Corporation, Limited, to investigate the possibility 
of producing railway lantinated springs in quantity 
by using mechanical processes. 

i he experimental work involved was considerable, 
an occupied several years, About two years ago, 
however, a pilot plant was completed and set to 
work, and on the basis of the experience thus 
gained, a full-scale plant was constructed at the 
Corporation’s Grimesthorpe Works, Sheffield, which 
recently we were afforded an opportunity to visit. 





and quenching the leaves becomes practicable. 
Furthermore, oil-hardened springs preserve a 
better surface finish than can be obtained with 
hand-worked water-hardened springs, with bene- 
ficial effect on the skin stresses set up in service. 

The properties of the steels used for laminated 
springs of the type under consideration, as laid 
down in the British Standard Specification, permit 
a certain latitude ; but an average quality as used 
for a water-hardened spring contains about 0-55 per 
cent. of carbon and has a Brinell hardness of 20 in 
the as-rolled condition. An oil-hardening steel, 
however, has a carbon content of about 0-75 per 
cent. and a Brinell hardness of about 300. With 
such a composition, the desired hardness of the oil- 
hardening steel can be obtained by a much less 
severe quench and, therefore, can be hardened with 
a slower rate of cooling. Thus it is less sensitive 
than a water-hardening steel to a retardation of 
the cooling rate—for example, by the presence on 
its surface of small amounts of mill scale when 
quenching. The scale is broken away in bending 
the steel to shape, and the quick transfer of the 
leaves into the oil bath, which is a feature of this 
mechanised process of manufacture, greatly reduces 
the formation of new scale. 

The Grimesthorpe plant is designed for the produc- 
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with the longest, the full quantity of each length 
being sheared before the batch of the next smaller 
size is begun. This practice has a direct bearing 
on the subsequent process of assembling the springs 
in packs, The leaves then pass through the first of 
three gas-fired furnaces, in which one end of each 
leaf is heated to about 800 deg. C. The gas burners 
employed (which use ordinary town gas at the 
rate of about 2,000 cub. ft. an hour) are of a 
special design, evolved by the technical staff of the 
English Steel Corporation, to concentrate the heat 
on a length of about 6 in. at the end of the leaf. On 
leaving the furnace, the heated end is ‘‘ speared,” 
** studded ”’ and slit in the press to be seen at the 
left of Fig. 2. ‘‘ Spearing ”’ is the process of shearing 
of the corners at the end of the leaf and “‘ studding ”’ 
consists of raising, by means of a punch and die, a 
small elliptical stud on the lower side of the leaf ; 
this stud, when the spring is completed, engages 
with the slit which is cut in the end of the leaf 
below it, thus preventing relative side movement 
of the leaves. 

The leaf then passes to the second furnace, where 
the other end is heated, and thence is discharged on 
to a short conveyor, as shown in Fig. 3, herewith, 
from which it is picked up by the operator of the 
shearing and punching press to be seen in the 
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centre of the same illustration and the other end 
similarly treated. The conveyor mentioned has a 
guarded end, which holds the next leaf until the 
press Operator is ready to work on it; he then 
depresses a treadle which lifts up the end of the 
leaf so that he can seize it with his tongs. After 
this second spearing, etc., the leaf is placed on the 
conveyor at the right of Fig. 3, which takes it to a 
third gas-fired furnace, where the middle 6 in. 
or so is heated, before the punching of the central 
hole through which the securing rivet of the pack 
will eventually pass when the spring buckle is fitted. 
The press which punches this hole is shown in Fig. 4, 
herewith ; the furnace appears in the same illus- 
tration, in the background to the right, with the 
conveyor leading from it to the punching machine. 

It is at this point in the sequence of operations 
that assembly begins, and that the reason becomes 
evident for cutting from the bar stock all the 
longest leaves before starting to shear the next 
smaller size. The bay in which the mechanised 
plant is arranged is some 400 ft. long and 70 ft. 
wide, but, even so, the floor space available was 
not sufficient to provide, at floor level, all the 
intermediate storage necessary to ensure a smooth 
flow of the work and to allow for possible slight 
variations in the speed of flow from one operation 
to another. Some “flywheel effect ’’ was needed, 
and this was provided by installing a new system of 
vertical storage on conveyor-elevators, carried on 
steel structures extending up to the level of the 
eaves of the building. There are, in all, seven of 
these storage elevators, three being arranged side 
by side near to the punching press, and the others 
in pairs between the first inspection bench and the 
final inspection conveyors ; their positions can be 
seen in Fig. 1. They were constructed by the Moxey 
Conveyor and Transporter Company, Limited. 

The three-fold storage elevator, which is used for 
assembling the springs and is illustrated in Fig. 5, 
on this page, consists of three vertically rising and 
falling chain conveyors, independently driven by 
electric motors and having carriers, each of a size 
to hold one spring pack, at intervals of 18 in. in the 
centre section and 15 in. in the side sections. The 
central section can store 386 springs of a maximum 
weight of 3 cwt. each, and each of the two side 
sections, 420 springs weighing up to 2 ewt. each. 
The chains move intermittently, one space at a 
time, under push-button control, each carrier 
pausing at the level of the press table so that the 
punched leaves can be readily loaded on to the 
elevator. The punching machine is supported on 
rails, along which it can be traversed from one 
elevator to another, the horizontal conveyor which 
brings the leaves from the third heating furnace 
being long enough to feed the machine in any 
position, 

As the first batch of leaves (the longest in the set) 
leave the punch in turn, one is placed on each 
carrier of the elevator that is in process of being 
loaded ; this continues until either the batch ends 
or every carrier holds one leaf. The next smaller 
size of leaf follows, one being placed on each carrier 
on top of the first leaf. The process is repeated 
with successively smaller leaves until each carrier 
holds a complete pack. The punching machine is 
then moved to another elevator ; thus, at any given 
time, while one elevator is being loaded, another is 
delivering to the hardening furnace, and the third 
is available to hold a reserve “‘ buffer ” stock. 

It should be mentioned that the horizontal con- 
veyor to be seen in the right foreground of Fig. 2, 
on the preceding page, does not enter into the 
normal sequence here described. Its purpose is to 
enable sheared leaves. which may not require any 
end-forming, to by-pass those operations and to pass 
at once to the furnace which heats the centre of the 
leaf for punching. 

Fig. 5 shows the discharging side of the elevators, 
whence the springs are transferred mechanically 
on to a horizontal roller-conveyor (Fig. 6, Plate VI) 
in which all the rollers are chain-driven from an 
electric motor; this feeds them into the Stein and 
Atkinson gas-fired hardening furnace. From the 
time that the springs are loaded on to the roller 
conveyor until they emerge from the furnace and 
are delivered to the bending press, their move- 
ments are regulated automatically by a master 
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clock on the furnace control panel (Fig. 7, Plate VI), | of the steel, ete. The furnace, shown in Fig. 5. 0" 


in association with a system of interlocks. The rate| Plate VI, is of the walking-beam type, gg a ef 
of throughput is decided, and the control clock set, picking the spring packs in succession off t ; f 
according to the spring weight, the characteristics, of the roller conveyor, which projects int 
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THE ENGLISH STEEL CORPORATION, LIMITED, GRIMESTHORPE WORKS, SHEFFIELD. 


(For Description, see Page 149.) 
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furnace. The rollers, like the storage elevators, 
move intermittently, so giving a “‘ dwell ”’ in which 
the springs can be transferred to the walking 
beams. As the beams come to rest after picking up 
a spring, they operate a switch which restarts the 
rollers to bring up the next spring. The walking 
beams are hydraulically operated, the mechanism 
being housed in a pit below the floor of the shop; 
this is indicated by the rectangle to the left of the 
furnace, in Fig. 1, on page 149. 

At the delivery end of the hardening furnace, 
the walking beams deposit the heated springs on to 
another roller conveyor, which passes them to the 
bending press; this conveyor runs continuously, 
as the necessary time-interval in the discharge of 
the springs is ensured by the motion of the walking 
beams. Between the furnace and the press, 
however, they pass between the rams of a horizontal 
hydraulic press which squeezes the pack of leaves 
edgewise to correct any lack of alignment; Fig. 9, 
on Plate VI, shows a spring pack passing through 
this straightening press. In the bending press, 
the pack (then at a temperature of 920 to 950 deg. C.). 
is pressed upward into the die, formed to the 
required curvature and recessed to fit the stepped 
ends of the leaves. Secondary rams shape the 
ends of the longest leaf while the pack is held 
in the die by the main ram. The bending opera- 
tion is illustrated in Fig. 10, on Plate VII, and 
Fig. 11, on the same Plate, shows the spring in 
the process of being released from the bending 
press and discharged on to a platform in readiness 
for oil-quenching. Here the leaves are separated 
and loaded by hand on to the quenching drum. 

The quenching drum is of hexagonal section, each 
side having attached to it a jig (known as a “‘ crib ’’) 
in which are mechanically-operated dies to grip 
the leaves. The dies are provided with adjustable 
stops which can be set to the appropriate curvature 
anc are clamped mechanically on to the spring 
leaves by the action of a toggle and spring, which 
the operator applies by means of a treadle on the 
pla‘form. The longer leaves are held singly in the 
cribs, but two of the shorter leaves are held in 
one crib. Pressing on a treadle also causes the 
dru». to be turned through a sixth of a revolution 
at « time, thus bringing another crib into the 
loac.. ng position and submerging the leaves already 
inser‘ed. On the bottom centre (that is, after 
half » revolution) a hydraulic ram, actuated by a 
Solenoid, separates the dies and resets the toggle 
gear. The leaves then fall on to a conveyor 
Whic: carries them out of the oil tank and on 
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to the tempering furnace. This conveyor moves 
intermittently, pausing long enough to allow all 
the leaves of each set to fall together on to it, and 
allowing time for the oil to drain away from them 
before they reach the furnace. A set of springs is 
shown on the conveyor in Fig. 12, on this page. 
The furnace operator picks up the leaves with tongs 
and places them on edge on the furnace conveyor, 
in their correct relative positions, first marking one 
end of each with a yellow crayon so that they can be 
correctly re-assembled after passing through the 
furnace and the water-quenching tank at the 
delivery end of it. Fig. 13, above, shows a set 
of leaves being discharged into the tank. The 
tempering furnace, also supplied by Messrs. Stein 
and Atkinson, Limited, is of the mattress-conveyor 
type and operates continuously. Heating is by 
recirculated hot air at a temperature of about 
500 deg. C., the actual temperature being adjusted 
to suit the composition of the steel. 

As the leaves are conveyed out of the water tank, 
they are put together in their correct order to form 
complete springs, being held in position by a tem- 
porary bolt, inserted through the central holes. 
They are then placed in a press and inspected to see 
that the leaves fit closely together. If the fit is not 
sufficiently good, the spring is withdrawn from the 
inspection table and passed to a team of hand spring- 
fitters, whose furnace and anvils are a few feet away 
in the adjoining bay, and who make the necessary 
adjustments. The corrected spring is then returned 
to the line for re-inspection and scragging. In 
the scragging test, the springs (with the leaves held 
loosely together by a temporary bolt through the 
centre hole) are deflected to a predetermined amount 
in a horizontal press, the amount of deflection being 
in accordance with the British Standard Specifica- 
tion previously mentioned. This operation is 
illustrated in Fig. 14, herewith. After the pressure 
is released, the springs are tested for camber by 
stretching a cord between the ends of the longest 
leaf and measuring the depth of the arc. When 
they have passed this test, the springs—with the 
temporary bolt still in place—are loaded on to the 
adjacent storage elevator, to be seen in the back- 
ground of Fig. 14, in readiness for the fitting of 
the hoop or buckle. 

The process of hooping is illustrated in Fig. 15, 
on page 152. The spring pack is lifted from the 
elevator {not visible in Fig. 15, but immediately 
to the right) and is held in a hydraulic vice which. 
like that on the first inspection bench, is so con- 
structed as to allow the pack to be rotated. The 








WATER QUENCHING. 


mild-steel or wrought-iron hoop is heated in the 
furnace to be seeh to the left of Fig. 15, and, with 
the spring pack vertical in the vice, is slipped over 
it until the holes, already punched in the hoop, 
register with those in the centre of the spring leaves. 
The temporary bolt, which had been removed before 
hooping, is replaced and the assembly is lifted on 
to the table of the hooping press, in the centre 
background of Fig. 15. This press, which is 
hydraulically operated, has two rams, one working 
vertically and the other horizontally, so that all four 
sides of the hoop are subjected simultaneously to 
the pressure. The hoop being thus closed tightly 
on the spring pack, the temporary bolt is knocked 
out and the permanent rivet, which has been 
heating in the furnace, is inserted and headed up. 
The spring is then lifted on to the final storage 
elevator, to be seen behind the furnace on the left 
of Fig. 15, and in the left background of Fig. 16, 
also on page 152. 

Fig. 16 shows the final inspection bay, in which 
the completed springs are laid on conveyors which 
transport them from the storage elevator. This 
elevator is in two sections, as previously mentioned, 
and on the delivery side of it is a second hooping 
equipment of vice, furnace and hydraulic press ; 
so that, if the throughput is more than can be 
hooped by the team of two men on the other side, 
one section of the elevator can be used to transfer 
half of the springs to the second hooping gang. 
Otherwise, the springs on the elevator are moved 
mechanically to a cross conveyor which takes them 
to a hydraulic press for final scragging under the 
supervision of the customers’ inspectors. They 
then move down the long conveyors to be seen in 
the centre of Fig. 16, and are given a final examina- 
tion before being painted and stacked in readiness 
for shipment. 

It will be appreciated that, as previously indicated, 
the design details of the plant were not settled 
without a great deal of experimental work, since so 
many of them could not be determined by other than 
experimental means ; for example, we understand 
that the ruling factor which decides the throughput 
(about 2 tons an hour of bars) is the rate of heating 
in the furnaces associated with the end-forming 
operations. It is on this heating rate that all the 
subsequent timing must be based. In course of 
time, no doubt, small modifications will be made, 
as experience with the plant may suggest. One 
such modification, in fact, is being made and it is 
for that reason that there was no mention, in 
referring to the hardening furnace, of the photo- 
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Fig. 14. Scracerna Test. 


electric cell which is mounted over the conveyor 
which feeds the spring packs into the furnace. 

The width of the furnace is sufficient to allow the 
shorter springs, such as those for railway-wagon 
axles, to pass through in a double row, a pair of 
springs lying end to end across the furnace and 
being picked up together by the walking beams. 
For this to be done, the first spring of a pair must 
be carried on the feed conveyor to the far side of 
the furnace and must remain there until the second 
spring is brought up in line with it. It was the 
function of the photo-electric cell, actuated by the 
passage of the spring packs through the light ray, 
operate the timing relays to ensure that the walking 
beams came into operation only after the second 
spring was carried into place. The position at the 
mouth of the furnace is hardly ideal for a photo- 
electric cell, however, and its use is likely to be 
discontinued, as the desired control can be effected 
by other means, through the master timing clock 
and its associated interlocks, 

It is a matter of some interest that the design 
of the plant has been developed throughout by the 
technical staff of the English Steel Corporation, 
headed by Dr. C. J. Dadswell, who is the director in 
charge of spring-making, foundry work and drop 
forging, Mr. R. Fielding, the spring-shop manager, 
and Mr. L. R. Evans, the chief maintenance engineer; 
and that, apart from the hardening and tempering 
furnaces, and the storage elevators, practically the 
whole of the individual items have been constructed 
on the premises, many of them by ingenious adapta- 
tions of material, tools, etc., that happened to be 
available. The result is a plant which has proved 
itself already to be capable of effecting such 
economies in production and increase of output that 
it has been the means of securing some important 
export orders, as well as making a notable contri- 
bution to the renewal of wagon stock now in progress 
on the British Railwavs, 
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Mémento d’Electrotechnique. Vol. IV. Applications 
de l’ Electricité. 
Edited by L. VELLARD. Dunod, 92, Rue Bonaparte, 
Paris, VIe. [Price 2,150 francs.) 
THE applications of electricity have multiplied so 
rapidly since the first editicn of this standard 
French handbook for electrical engineers appeared 
in 1932 that it has been found impracticable to 
include them all within a single vclume cf reason- 
ably convenient size. Instead, the present editor. 
Mr. Vellard, has divided the material between two 
volumes of which this, the first, is confined to the 
mechanical, thermal and chemical applications of 
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electricity. It also forms Vol. IV of the whole work 
and follows commendably promptly upon Vol. III, 
which we reviewed on page 35, anle. 

Electric traction forms the subject of the first 
chapter, which includes sections relating to speed- 
time characteristics, wind and rail resistance, 
gradients and curves, details of representative 
French electric locomotives, the distributicn cf 
power for railway electrification and electric trclley 
*buses, but omits signalling and electric interlocking 
systems. Chapter II deals with mechanical appli- 
cations, beginning with equipment for the starting 
and speed regulaticn of industrial motors, and going 
on to the special features of motors for driving 
machine tools ; compressors and blowers ; hoists, 
cranes, conveyors and lifts; mine winding gear, 
rolling and paper mills, etc. It ends with a note 
on servo-mechanisms, which might with advantage 
have been expanded. The first part of Chapter III 
mentions briefly practically all domestic electrical 
appliances and the second part deals rather more 
fully with electrical installaticns to serve the needs 
cf agriculture and ends with a summary of the 
electrical methods employed in geophysical prcs- 
pecting. Chapter IV, devoted to electrical heating 
applicaticns, is intreduced by a section on refrac- 
tories, resistor elements and heating units. This is 
followed by a discussion on the design of metallur- 





gical furnaces of the resistance, arc and induction 
types, secticns on resistance and arc welding, 
refrigeraticn and air conditicning. The concluding 
chapter is divided into two parts, the first dealing 
with the electrolytic processes involved in the pro- 
duction of hydrogen, oxygen, chlorine and alkalis, 
the electrolytic refining of metals and electro- 
plating. It contains also a useful summary of 
mcdern electrcchemical theories. The second part 
is devoted to primary cells, and to lead and alkali 
storage batteries. 

The treatment, though summary in places, is 
generally clear; diagrams and tabulated data are 
plentiful, and the bibliographies are reasonably 
full and up to date. There is no reference to electric 
ship propulsicn, which, logically, should have com- 
pleted the secticn on electric traction. It is to be 
hoped that the final volume, Vol. V, will not be long 
delayed, because it is to provide a much-needed 
index to the complete work. 








REFRIGERATOR PRODUCTION.—<According to figures 
issued by the British Refrigeration Association, 1, Lin- 
coh.’s Inn Fields, Lordon, W.C.2, the production of 
refrigerator units rose from just over 3,000,000 in 1935 
to 20,305,205 in 1949. During the first half of 1950 
some 12,000,000 were manufactured, of which n:o7e than 
4,500,000 were exported. 
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VI.—Tue Motor Venice Inpustry. 


1950 was the best year yet for the British motor 
industry: the output from January to November 
totalled 717,000 cars and commercial vehicles, 
compared with 566,000 in the correspcnding period 
in 1949, and 507,000 in 1937, the best pre-war 
year. This record output in luded 478,000 cars, 
whereas it had been expected that the industry 
would not build more than 450,000 with the sheet 
steel thought to be available. This performance, 
thus exceeding the most sanguine expectations, is 





__ SNGINESRING _ 


because of the considerable imports of sheet steel, 
mainly from the United States, which, in the last 
quarter of 1950, were at the rate of 1,000 tons a 
week. Plans for increased production in 1951 and 
1952 were based upon the expectaticn of increased 
supplies of sheet steel becoming available as the 
rolling mills at Margam came into full producticn. 
Re-armament has blighted these hopes of mounting 
production, largely because of its impact on the 
supplies of sheet steel. Those motor-vehicle manu- 
facturers who have defence contracts have indicated 
that war production could be handled without any 
interference with ordinary civil production, on the 
doubtful assumption that the Government can 
make available the necessary materials. The short- 


TABLE I.—UNITED KINGDOM: PRODUCTION OF PASSENGER CARS AND CHASSIS.* 
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mills are in production towards the end of the year, 
supplies to motor manufacturers may not be so 
satisfactory as was originally expected. By then 
the armaments programme will be making heavy 
calls, and, for the motor-vehicle industry, this will 
mean losing much, if not all, of the ground gained 
in 1950. Working at a reduced level of output, 
at a time when costs are already being pushed up 
by advancing prices of raw materials, the industry 
will find it difficult to keep down the prices of cars 
and commercial vehicles. It is well known, how- 
ever, that foreign competitors, notably in the 
United States, are experiencing similar, and even 
more acute, difficulties. 

The performance of the industry in 1950 is shown 


TABLE III.—United Kingdom: Exports of Cars by Types. 



























































Total Production. Production for Export. Value of Deliveries.t 
™_ Over | Over 
J c.c. | 1,600 c.c. E 1,600 ¢.c. | 1,600 ¢.c. 
Total. and and not Over Total. and and not Over Total. | For 
Cader. over | 2200 c.c. | Under. | over | 2200 c.c. al. | Export. 
| 2,200 ¢.c. | 2,200 c.c. | 
— | 
Monthly Averages al Week Mea-Woak Pa " Monthly Averages 
y erages or Totals for Four-Week or Five-Week Periods. or Calendar Months. 
Number. Value (£1,000). 
7 in eae ener pane ———_—_—_——_—— ja a a seit 
1935... es .-| 28,192 _ —_ — 4,522¢ | - _ — 
19388 .. Tle ..| 28,4178 — -- _- 5,684f _— 
1946 <r “ --| 18,264 — -- = 8,302 —_— - = — _ 
1947 .. al --| 23,017 —_ “= =. 12,914 a — — 7,796 3,367 
1948... a3 ..| 27,376 19,832 5,522 | 2,022 19,350 15,567 2,623 1,160 9,385 5,272 
1949... oe ..| 34,358 | 23,343 6,160 | 4,855 | 22,683 15,853 3,805 3,025 12,059 6,441 
rc - Led ¢ | j 
1950—January ..| 39,657 27,389 6,462 | 5,806 | 31,860 | 23,200 | 4,820 | 3,840 12,879 8,561 
February ..| 40,694 27,655 7,067 | 5,972 32,620 | 23,431 | 5,178 4,011 14,949 10,352 
Marchijj .-| 51,020 34,013 9,163 | 7,844 41,192 28,749 6,818 5,625 17,744 12,164 
| 
April .. --| 38,314 26,268 6,622 | 5,424 29,776 21,524 4,867 3,385 | 13,790 9,053 
May .-| 42,794 28,948 7,628 6,218 34,911 25,205 | 6,072 3,634 16.062 11,156 
June || 50,028 | 34,173 8,777 7,078 | 40,480 | 29,763 6,332 4,385 | 16,556 | 11,387 
July .. ee 43,456 29,575 8,118 5,763 34,435 25,700 5,424 3,311 16,436 10,832 
August --| 30,747 20,956 5,356 4,435 24,282 17,641 3,970 2,671 12,592 8,550 
September|| ..| 49,538 | 33,291 8,365 | 7,882 | 37,976 | 27,083 6,361 4,532 16,440 10,744 
October --| 45,391 30,215 7,506 | 7,670 34,701 24,456 | 5,455 4,790 16,880 10,564 
November ..| 46,514 30,460 7,558 | 8,496 | 34,752 | 24.651 5,219 4,872 | 





* Including taxi-cabs. ft Including spares produced by motor manufacturers. + Number exported. § Estimated. 


|| Five-weeks period. 


TABLE II.—Unitep KinapoM: EXPORTS OF NEW CARS AND CHASSIS. 





























Number. | Value (£1,000). 
1938. | 1949. | 1950. | 1938, | 1949. | 1950. 
Complete Cars. | 
Ireland .. ae Aah a 1,894 7,183 8,144 205 1,853 2,034 
South Africa. re i 3,487 15,538 19,313 458 5,037 | 4,494 
India... e a Kg 2,940 5,557 10,378 402 1,662 2,673 
Briti h Malaya .. ty: Sp 2,564 5,273 5,910 326 1,531 1,871 
Ceylon... G i aa 1,045 2,760 | 2,516 130 76 729 
Australia . . ei = a 3,070 15,616 =| 76,246 267 18,407 28,233 
New Zealand... 3 is 13,314 9,054 —s! 16,380 1,601 2,257 4,539 
Canada. ‘A in % 572 31,205 76,229 67 7,814 21,504 
Sweden .. * sa " 1,585 3,876 23,647 174 1.003 7,378 
Belgium .. < Re os 465 11,621 12,955 60 3,278 3,810 
Switzerland ny 2 a 188 5,285 5,154 46 1,738 1,924 
Portugal .. x ty ei 641 3,761 2,623 82 1,060 791 
United States. ; ksi ae 45 6,686 19,977 13 1,847. | 6,062 
Brazil... a ss bd 14 7,882 7,176 2 2,580 2,363 
Argentina hs ‘dl ee: 419 277 0 61 148 35 
Other Countries .. a 4 11,880 48,523 56,861 592 15,837 19,098 
‘Total : 53 em 44,123 218,617 $43,618 5,486 | 66,811 107,553 
‘ : Chassis. H : 
Australia .. on ne a 20,490 $3,130 45,916 1,482 4,874 7,27 
Other British countries ie 3,373 2/939 4,060 "24 ‘519 “ais 
Foreign countries er ae 226 3,257 4,708 63 608 960 
Total fe 24,089 39,326 54,684 1,736 | 6001 | 9,088 
fotal, complete cars and ih wha 
chasis aS He 68,212 | 257,943 398,302 7,272 72,812 116,601 

















probably the brightest feather in the cap of British 
private enterprise since the war. Untii the pace of 
Te-:rmament was accelerated towards the end of 
the year, with further accelerations inevitable, the 
metor industry appeared quite certain to achieve, 
and »robably to exceed, its target of 850,000 vehicles 
In ‘951, rising to a million in 1952. The only 
posst!ile threat to this was contained in the relatively 
unexplored problem of demand. Few manufac- 
tures; were entirely at their ease in this respect, 
but » combination of renascent world-wide inflation, 
par’ «ularly in Australia and Canada, and a con- 
ting shortage of dollars, assured manufacturers 
of » igh level of sales. 





T  - high level of production in 1950 was possible 


age of zinc and other non-ferrous metals is serious 
enough, but the motor-vehicle industry has been 
premised high priority in zinc supplies and will 
have the benefit of supplies diverted from the pro- 
ducticn of ccnsumer goods with a less favourable 
export performance. Suitable substitutes, such as 
plastics, for the non-ferrous metals are being sought 
with a fair degree of success. 

The shortage of sheet steel is likely to be the most 
difficult problem and will be particularly serious in 
the first quarter cf 1951, when, as announced by 
the Ministry of Supply, quantities available will be 
15 to 20 per cent. less than in the last quarter of 
1950. There is little hope of much improvement 
jn the second quarter, and, even when the Margam 


Number. Value (£1,000). 





1949, 1950. 1949. 1950. 





Complete Cars. 
Assembled— 
Not exceeding 1,000 c.c.| 15,556 | 28,781 | 3,763 | 7,210 
Exceeding 1,000 c.c. 
but not 1,600 c.c. 119,851 | 166,151 | 33,204 47,896 
Exceeding 1,600 c.c. 


but not 2,206 c.c. ..| 32,819 | 47,872 | 12,655 | 19,181 
Exceeding 2,200 c.c. 

but not 2,800 c.c. ..| 15,067 | 19,172 5,555 8,263 
Exceeding 2,800 c.c. 

but not 3,500 c.c. .. 1,532 4,422 1,032 3,282 
Exceeding 3,500 c.c, .. 5,397 7,988 3,645 5,328 

Una sembled— 

Not exceeding 1,000 ¢.c. 3,650 10,266 7il 2,059 
Exceeding 1,000 c.c. 

but not 1,600 c.c. ..| 15,923 | 45,573 3,691 | 10,419 
Exceeding 1,600 c.c, 

but not 2,200 c.c. ..| 3,037 5,137 994 1,693 
Exceeding 2,200 c.c. 

but not 2,800 ¢c.c, ..| 4,972 7,379 1,171 1,817 


Exceeding 2,800 c.c. 
but not 3,500 c.c, qd 44 3 29 
Exceeding 3,500 c.c. .. 809 833 387 376 





Total, complete cars | 218,617 | 343,618 | 66,811 | 107,553 


Chassis. 
Not exceeding 1,000 c.c. 3,312 3,551 374 439 
Exceeding 1,000 c.c. but 


not 1,600 ¢.c. .. ..| 23,888 | 33,876 3,416 5,199 
Exceeding 1,600 c.c. but 
not 2,200 c.c. .. e 7,815 | 11,759 1,507 2,428 
Exceeding 2,200 c.c. but 
not 2,800 c.c. .. es 4,278 5,426 674 929 
Exceeding 2,800 c.c, but 
not 3,500 c.c. .. és - 3 -— 2 
Exceeding 3,500 c.c. ed 33 69 30 51 
Total, chassis ..| 39,3826 | 54,684 6,001 9,048 





Grand Total. . .| 257,943 | 398,802 | 72,812 | 116,601 

















in Table I, herewith, taken from the Monthly Digest 
of Statistics. For the period January to October, 
deliveries of cars, including spare parts, had averaged 
an annual rate of 185l. millions, and were 24 per 
cent. higher in value than in 1949. The number 
of cars produced from January to November 
(478,000) was 23 per cent. higher than in the 
corresponding pericd of 1949. The prices of cars 
and spare parts, therefore, hardly increased at all, 
though manufacturers have had to pay more for 
essential materials and for many components. The 
number of cars to be supplied to the home market 
in 1950 was fixed by the Government at 110,000, 
and, unlike earlier years when restrictions have been 
in force, this number was not exceeded. Not only, 
therefore, did the export drive have the full benefit 
of the increased production of cars, but it also 
benefited from the fact that the home market 
received 30,000 fewer than in 1949. 

Exports of cars are shown in Tables IT and III, 
herewith, taken from the Trade and Navigation 
Accounts. Frcm these it will be seen that, in 1950, 
almost six times as many cars and chassis were 
exported as before the war. Most of the principal 
markets took more British cars in 1950 than in 
1949, and in some cases the increase was consider- 
able. In only a few instances, generally where 
there were political or currency difficulties, were 
fewer British cars imported. The largest market 
ecntinues to be Australia, which took 122,000 cars 
and chassis—23 per cent. more than in 1949. This 
increase was achieved despite the fact that the 
plant of General Motors Holden’s Limited, an 
associated company of the Genera] Motors Corpora- 
ticn of the United States, was scheduled to be pro- 
ducing cars in Australia at the rate of 20,000 per 
annum. Inflaticnary ccnditicns in Australia, how- 
ever, where high prices have secured good profits for 





farmers, notably sheep farmers, and producers of 








non-ferrous metals, have created a great demand 
for cars. The question now is not whether Aus- 
tralia can take more British cars, but whether the 
British motor industry is physically capable of 
meeting the market’s requirements, and whether 
sufficient ships can be found to transport the vehicles 
to Australia. Dealers and car agents in Australia 
have been making exceptionally high profits. A 
questioner in the Australian House of Representa- 
tives in October asserted that, during the preceding 
two months, dividends of as high as 110 per cent. 
had been paid by distributors of British cars, and 
called upon the Treasurer to freeze excess profits. 
These profits are based entirely on the increase in 
turnover and not upon the amount of profit made 
on each vehicle handled. Conditions of the same 
sort apply in New Zealand, which took 81 per cent. 
more British cars than in 1949. 

The most notable success in 1950 was the expan- 
sion in exports to the Canadian market, which was 
second in importance only to Australia. British 
cars accounted for about one-fifth of the total 
number of all motor vehicles sold m Canada in 1950 ; 
in British Columbia, half the cars sold during 1950 
were said to be British models. Three years ago, 
when the drive began, few would have forecast 
sales of this magnitude. Canadians were accus- 
tomed to the larger type of American car and had 
yet to be convinced that the smaller British car 
could stand up to great mileages on indifferent roads 
or rigorous winter conditions. In 1948, though 
there were long waiting lists for American and 
Canadian cars, only 13,000 British cars were sold ; 
in 1950, when waiting lists bad shortened and the 
Canadian motor-vehicle industry produced 400,000 
units, 25 per cent. more than in 1949, 76,000 British 
cars were sold. Much of the credit is due to devalua- 
tion, which brought the price of British cars well 
below the Canadian and American, and lower prices 
helped to convince Canadians of the other advan- 
tages of British cars. 

This growing popularity has, not unnaturally, 
alarmed Canadian manufacturers, who also found 
that devaluation and currency restrictions placed 
them at a disadvantage in overseas markets com- 
pared with British manufacturers. Canadian export 
sales in 1950 accounted for less than 10 per cent. of 
the total production, compared with 35 per cent. 
before the war. Pressure was brought to bear on 
the Canadian Government, who announced in 
January that British cars would no longer be exempt 
from “dumping ” duties after May 31, 1951. This 
move, however, has provoked considerable criticism 
in Canada, and Parliamentary opposition is expected 
to urge the withdrawal of the Order. It will be 
argued that British cars compete with Canadian in 
only exceptional cases, since their purchasers are in 
income groups which cannot afford the larger home- 
produced models. In any case, it is expected that 
Canadian production will be so reduced when re- 
armament production gets into its full stride that 
British imports could not possibly jeopardise 
marketing prospects. As it is, the increase in duty 
is not expected to prevent British cars from main- 
taining their sales, for British prices will still be 
well below Canadian. 

Devaluation in 1949 was mainly responsible for 
trebling British exports to the United States, but, 
though 20,000 cars were exported to this market in 
1950, this was still 5,400 fewer than in 1948. These 
sales hardly justify the very large selling outlay 
which has been incurred. Some large individual 
orders have been received, mainly for sports cars, 
and the Hambros Trading Company, Incorporated, 
concessionaires to the Nuffield Group in the United 
States, ordered Morris, Riley and M.G. cars to the 
value of 4 million dollars in September. However, 
there is little evidence that British cars have 
established themselves in the American market. 
It must be remembered, too, that 1950 was a boom 
year in America and that the production of cars and 
lorries—over 8 millions—was a million higher than 
in any previous year. High sales of British cars 
may well be maintained in 1951 (if it is possible to 
ship them) for the motor-vebicle industry in the 
United States is faced with grave shortages of 
materials. Production for the civilian market in 
1951 is expected to be 20 to 30 per cent. less than 
in 1950. 
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The greatly enhanced prestige of the British 
motor-vehicle industry was evident at the Motor 
Show in September. The total orders placed were 
estimated at 251. millions (of which 15l. millions 
were for export); well above the total for any 
previous Shows. Most exhibitors reported that 
the business done was beyond their expectations 
and, even had there been no shortage of steel and 
other materials, there would have been such difficulty 
in producing enough cars to meet export demand 
that some markets would probably have had to be 
rationed. 

A warning against over-optimism in the export 
markets, however, was voiced in October by Mr. 
W. Lyons, President of the Society of Motor Manu- 
facturers and Traders, who talked of the long-term 
prospects of the industry before the full meaning of 
the re-armament programme was realised. He 
pointed out that, so far, the industry had been 
operating in a seller’s market, in which the vast 
manufacturing resources of America had given little 
competition. When competition came, moreover, 
it would not only be from North America, but from 
France, Germany, Italy, Czechoslovakia and Ameri- 
can-controlled Australian production. The British 
motor industry was capable of meeting such com- 
petition, but it was not competition-conscious in 
the matter of price. The most serious aspect was 
a constant rise ir production costs, which would 
make prices non-competitive in the export market. 
Mr. Lyons made a plea that the industry be given a 
freer hand to expand the efficiency of its manufac- 
turing resources and this meant a reduction in the 
taxes on profits. He believed that it would prove 
a wise long-term policy to permit the industry more 
freedom in determining the ratio of home and export 
sales. 

Re-armament has again thrust into the back- 
ground, the threat of competition from America, and 
to a lesser extent from other countries, but it must 
return sooner or later. An analysis of prices ruling 
in Switzerland in the early months of 1950 shows 
that British cars were generally more expensive 
than French and German models of comparable 
cylinder capacity ; for example, the Austin A 40 
cost 7,200 Swiss francs, while the German Ford 
Taurus cost 6,250 and the French Simca 6,950 
Swiss francs, all cars of about 1,200 c.c. The four- 
cylinder Vauxhall cost 7,400 Swiss francs, and the 
German Opel Olympia 6,350. German exports of 
cars are already higher than pre-war, amounting 
to 19,643, valued at 15-5 million dols., in the first 
five months of 1950. Volkswagen cars comprise 
nearly half the total, and that company has an- 
nounced the intention to set up assembly plants in 
Argentina, Brazil and South Africa. West German 
production of passenger cars in the first six months of 
1950 was 89,000, or 86 per cent. of the ouput during 
the whole of 1949. 

The British motor-vehicle industry has main- 
tained, with some justification, that since the war 
its production costs have been unduly high because 
shortages of sheet steel have prevented it from 
working to capacity ; even the record output of 
1950 was said to represent only 80 per cent. of 
capacity. These calculations of capacity, however, 
are based upon the floor space potentially available 
for the manufacture of cars ; there is no suggestion 
that the industry is, in fact, tooled up for a higher 
level of output. To achieve the output of a million 
vehicles which the industry planned for 1952 
required an investment of 50]. millions on plant 
machinery and extensions by the “ Big Six” firms 
alone. It is true, nevertheless, that the industry 
has been denied the economies which would have 
resulted from production on a larger scale. Since 
shortages will prevent an increase in output in 1950, 
and manufacturers will be unable to absorb higher 
prices for materials and components in higher profits, 
a general rise in the price of cars in 1951 is inevitable. 
Three manufacturers, Armstrong Siddeley, Limited, 
Singer Motors, Limited, and the Ford Motor Com- 
pany, have lately increased their prices; in the 
case of the Ford Company, the increases range from 
2} to 10 per cent. 

Mr. Lyons’ plea that the industry should have 
greater freedom in determining the proportion of 
its output which should be exported requires careful] 
consideration, particularly now that a balance ha 
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been achieved in the United Kingdom’s tra: 
account and the need for increasing exports to 1} 
United States at all costs has diminished. It | 
long been argued, and the point was again stress: | 
recently by Sir William Rootes, that “in the lon z 
run you cannot have a sound and reliable expo: 
market unless you have a sound home market cn 
which to base it.” The success of the motor-vehiciec 
industry in supporting a high level of output p:e- 
ponderantly on export business appears to be a 
refutation of this argument, but, as already pointed 
out, this success was achieved in a seller’s market, 
when foreign competition was small. Under con- 
ditions of free competition, an unrestricted home 
market would be necessary for volume production, 
and this in turn would help manufacturers to main 
tain competitive prices in the overseas markets. 
Mr. M. J. Buckmaster of the Ford Motor Company, 
writing in the Financial Times on July 13, pointed 
out that favourable conditions in the world markets 
might change without warning, and that a long- 
term policy ought to have been worked out to 
counter possible retrenchment and unemployment. 
The immediate solution, he thought, lay in an 
expansion by slow degrees of the quota of passenger 
cars made available on the home market. 

These arguments, of course, assume that there 
is a large potential market for cars in the United 
Kingdom. There is no doubt that the present 
allocation of 80,000 cars per annum is well below 
the level of potential sales. About 1-6 million of 
the 2-3 million cars in use are at least 11 years 
old, and manufacturers have orders on their books 
for 1-3 million cars, There is, of course, no cer- 
tainty that some of these orders would not be 
cancelled if supplies of cars became more adequate. 
Mr. Buckmaster pointed out that an operator in 
the metal trade, earning 3/. a week before the war, 
required nearly 41 weeks’ earnings to purchase a 
Ford 8h.p. car. At the end of 1949, the same man, 
earning 61. 14s. 6d. a week, required 46 weeks’ 
earnings to purchase the Ford Anglia at the price 
of 2421. plus 68/. purchase tax—the purchase tax 
representing about 10 weeks’ earnings. 

On this argument, the price of a car, in terms of 
working-class incomes, has not changed greatly ; 
but this is not necessarily relevant in assessing 
future market potential, for few men earning 
6l. 148. 6d. a week could afford the outlay of 46 weeks’ 
income (or 36 weeks’ if purchase tax were abolished) 
on a car, and fewer still could afford to run one, 
bearing in mind increases in the prices of petrol, 
tyres and garaging. It may not be possible to fix 
accurately a ‘‘ critical ” level of income below which 
car ownership is impossible, but available evidence 
shows that, before the war, few people with incomes 
below 2501. were car owners. In 1938, there were 
three million people with incomes above 2501.; in 
1948, there were three millions with incomes above 
5001., but this 500/. was subject to heavier income 
tax and would not, in any case, purchase as much 
as 2501. did before the war. The cost of running a 
car, in particular, is at least three times as great as 
pre-war. In 1938, 270,000 cars were produced for 
the home market ; it would be dangerous to assume 
that the demand is now in excess of this figure. 

To increase the market potential for cars in this 
country, manufacturers will have to produce a 
type of car which will be cheaper and more econo- 
mical to run than present models. They have 
already given considerable thought to the problem, 
and at the Motor Show there was evidence of a 
return to the four-cylinder engine for medium-sized 
cars. The Austin Motor Company have made 
known their intenticn to produce an Austin 7 as 
scon as more steel becomes available. The model 
would be introduced immediately, but for the fact 
that it would divert steel from models which are 
selling successfully. Mr. Howard Godfrey, presidcnt 
of the Motor Agents’ Association, speaking at their 
annual dinner, said that the rise in productive effort 
of British industry could not be maintained urless 
the number of new cars and commercial vehicles 
supplied to the home market were increased. 

It is, of course, desirable that industry should 
have ample and efficient transport at its service, 
but there is little evidence that productivi:, 18 
being hampered by a shortage of passenger « urs. 
An inadequate supply of commercial vehicles « uld 
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cause trouble, however, and it is true that supplies 
to the home market have been restricted in the 
past few years. From January to November, 1950, 
only 87,000 commercial vehicles of all descriptions 
were produced for the home market, compared with 
100,000 in the corresponding period of 1949. The 
Society of Motor Manufacturers and Traders 
estimated that there are orders on hand for nearly 
400.000 vehicles. It cannot be inferred, however, 
that there is any shortage of road transport for 
essential requirements. There are now nearly a 


corresponding period of 1949. In 1950, 63 per cent. 
of the total output was exported, compared with 
49 per cent. in 1949. From Tables V and VI, on 
this page, taken from the Trade and Navigation 
Accounts, it will be seen that exports of commercial 
vehicles and chassis in 1950 were 56 per cent. higher 
than in 1949. Most of this increase, however, con- 
stitutes delivery vans and much of it has taken 
place in a single market. Australia, which is by 
far the largest market, took 48,600 vehicles and 
chassis in 1950, or 22,000 more than 1949. This 





million such vehicles on the road, two-thirds more 


TABLE IV.—UNITED KINGDOM: PRODUCTION OF COMMERCIAL VEHICLES AND CHASSIS.* 


success was due largely to the inflationary conditions 



































| ' 
Total Production. | Production for Export. at, 
ner Ee 
Carrying Capacity. Carrying Capacity. | 
Public- Public- , For 
Total. 4 Service Total. F Service Total. |» 
satel Under ae t. Over Vehicles. | Under 15 oon Over | Vehicles.t Export. 
15 cwt. 6 tons. 6 tons. 15 cwt, 6 tons. 6 tons. | 

Monthly A ver- 

Monthly Averages or Totals for Four-Weeks or Five-Weeks Periods. ages or Calendar 
Months. 

Number. Value (£1,000). 

1935 7,131 _ a = 375§ 1,136)| — —_ roam ae —_ | — 

1938 8,667§ — — nti — 1,189)| — — oe — | — 

1946 12,177 4,046 | 6,946 384 801 4,018 | 1,131 | 2,537 84 266 a oe 
1947 12,889 4,826 | 6,668 | 334 1,061 4,200 | 1,511 | 2,246 100 343 7,279 | 1,902 
1948 14,169 | 5,146 | 7,458] 496 1,069 6,983 | 2,804 | 3,562 | 193 424 9,125 | 3,460 
1949 18,031 8,054 | 8,175 591 1,211 8,898 | 4,339 | 4,068 206 284 10,613 | 3,795 
1950—January 19,341 9,418 | 8,328 469 1,126 12,055 | 6,485 | 5,154 130 286 10,650 | 4,647 
february ..| 20,630 9,870 | 9,069 | 549 1,142 13,190 | 6,884 | 5,817 175 314 12,667 | 5,506 
March] 26,346 | 12,049 | 12,359 | 665 1,273 17,049 | 8,263 | 8,207 | 234 345 13,126 | 6,185 
April 20,203 545 | 9,153 662 843 13,022 | 6,623 | 5,954 164 281 11,987 | 5,207 
May 22,189 | 10,529 | 10,193 514 953 14,820 | 7,444 | 6,856 245 275 12,401 | 6,458 
June™ 25,318 | 11,424 | 11,950 | 808 1,136 15,638 | 7,434 | 7,632 184 388 14,120 | 6,334 
July 20,339 9,714 | 9,659 303 663 12,987 | 6,352 | 6,256 123 256 11,139 | 5,575 
August ..| 16,164 7,163 | 7,759 390 852 10,138 | 4,787 | 4,845 172 334 9,488 | 4,720 
Septemberf[ | 24,354 11,158 | 11,892 464 840 15,504 | 7,743 | 7,211 212 338 12,969 | 6,360 
October 21,753 9,329 | 10,979 | 545 900 13,560 | 6,227 | 6,735 | 227 371 12,737 | 6,210 

November. .| 21,817 9,593 | 10,839 | 682 703 13,435 | 5,976 | 6,898} 301 260 






































* Battery-driven electric road vehicles are excluded except 


in 1935. t+ Including spares produced by motor manufacturers. 


























t Including trolley-’buses (except in 1935) but excluding trams : figures refer to production of chassis. § Estimated. || Number 
exported. ‘| Five-weeks period. 
TABLE V.—UNITED KINGDOM: EXPORTS OF NEW COMMERCIAL VEHICLES AND CHASSIS. 
Number. Value (£1,000). 
1938. | 1949. | 1950. 1938. 1949. 1950. 
Complete Vehicles. 
Ireland .. ue =e 149 947 1,202 32 537 361 
South Africa 608 1,419 783 548 1,077 326 
Australia .. ig — 9,597 20,778 -- 2,899 6,726 
British East Africa 109 2,285 2,708 79 1,086 1,139 
New Zealand - 226 758 1,625 36 461 452 
India 449 1,342 1,164 89 634 472 
Canada —- 2,734 6,679 -- 647 1,831 
Sweden .. 316 1,083 3,549 34 276 981 
Netherlands 74 972 3,635 7 326 803 
Belgium .. 66 3,532 8,907 6 888 1,085 
Portugal .. 68 1,444 1,688 10 350 482 
Tran a 236 1,049 783 176 1,345 809 
Argentina 91 87 230 37 157 654 
Others 2,183 17,552 25,192 769 8,552 11,279 
Total 4,575 44,801 73,923 1,823 19,235 27,400 
Chassis. 
Ireland .. “* 956 712 876 155 491 | 505 
British West Africa 38 4,154 4,750 7 1,770 2,073 
South Africa rma 470 1,617 2,695 337 1,690 | 1,646 
British Kast Africa 208 2,076 2,184 41 981 | 1,163 
India ie — 403 3,520 2,837 75 1,598 1,776 
— ” 4,502 17,102 27,873 600 6,767 11,762 
Yanada «« — es — oe — a 
New Zealand 1,254 4,266 4,565 191 1,376 1,633 
0 : 3,508 14,736 24,855 837 8,261 13,781 
Total chassis 10,889 48,183 70,635 2,243 22,934 34,339 
Total, complete vehicles | 
and chassis , 15,464 | 92,984 144,558 4,066 42,169 61,739 




















than in 1938; new demand is mainly for delivery 
vans and other light vehicles, a reflection of post-war 
inflationary conditions. Since the cut in supplies 
in 1950 affected mainly vehicles up to 15 cwt., the 
conse quences are not likely to be serious. 

As far as manufacturers of commercial vehicles 
are concerned, the restrictions on supplies to the 
home market, supplemented by a 33$ per cent. 
purchase tax on vehicles up to 3 tons, did not affect 
output or profits. Table IV, above, taken from 
the Monthly Digest of Statistics, shows that, from 
January to November, 1950, 238,000 commercial 
Vehicles were produced; 43,000 more than in the 





in that country and is of no significance so far as 
the longer-term prospects of British exports are 
concerned. Plans for building trucks on a large 
scale in Australia are already well under way. 
Mr. R. G. Casey, Minister of National Development, 
announced in August that the International Har- 
vester Company were to undertake the manufacture 
of motor trucks, including engines. The company 
are to invest ll. million in a factory at Dandenong, 
Victoria. 

The increase in exports to other countries in 1950, 
though substantial, was generally more moderate 


noteworthy, however, that Canada more than 
doubled imports of industrial vehicles and, as in 
the case of cars, became the second largest market. 

For commercial-vehicle manufacturers and car 
manufacturers alike there is little likelihood that 
the successes of 1950 will be repeated in 1951 and 
1952. The high level of output in 1950 was possible 
apparently only because the industry had more 
than its share of the sheet steel available. It will 
be increasingly difficult to supplement inadequate 
home supplies by imports if there is a shortage in 
the United States. At the beginning of January, 


TABLE VI.—United Kingdom: Exports of Commercial 
Vehicles by Types. 























Number. Value (£1,000). 
| aes: 
| 
| 1949, 1950. 1949. 1950. 
Complete Vehicles. | 
Delivery vans and dual- | 
purpose vehicles (utili- 
ties) .. - ..| 87,844 | 68,808 | 11,109] 21,317 
Electric trolley "buses 46 6 179 32 
—- and omnibuses— 
Single-deck as ° 386 ° 1,251 
Donble-deck | ee } oe 17 } 1,778 { 72 
Tractors (other than 
track-laying and agri- 
cultura] tractors) 697 531 616 484 
Goods vehicles— 
Exceeding 3 tons un- 
laden weight <a 773 1,141 
Not exceeding 8 tons 
unladen weight ‘ 5,552 1,925 5,559 971 
Other descriptions 1,477 2,132 
Total. . 44.801 73,923 19,235 | 27,400 
Chassis. 
Of electric trolley "buses 144 109 324 264 
Of coaches and omni- 
a 632 
Single-deck “a . ° 3,246 ° 2,896 
Double-deck : } 2,082 ‘209 } 2,036 380 
Of goods vehicles— 
Assembled— 
Diesel-engined 2,217 3,668 2,920 3,853 
ther “ 18,225 | 16,715 | 5,571 | 6,818 
Unassembled— 
Diesel engined 8,139 6,066 3,138 6,056 
Other 5s 27,376 | 40,457 8,945 | 13,971 
Of other descriptions _ 165 —_ 101 
Total 48,183 | 70,635 | 22,0384 | 34.339 
Grand Total. . 92,984 | 144,558 | 42,169 | 61,739 














1951, it was reported that the Pressed Steel Com- 
pany were working only four days a week. Those 
companies which press their own bodies have not 
been affected so far, but the Ministry of Supply has 
undertaken to ensure that the reduction in supplies 
is spread as fairly as possible through the industry. 

Both the Government and the manufacturers 
can do and have done much to ease the shortage 
of zinc, which is used for a wide variety of products, 
including hubs, door furniture, dipper switches, fan 
pulleys and instrument panels. The industry has 
been given high priority, and the cut in allocations 
for die castings of the type used by the motor- 
vehicle industry is only 15 per cent., while other 
zine users have had their supplies cut by 50 per cent. 
and many types of consumer goods embodying zinc 
have been placed on the “ prohibited” list. Cast 
iron can be used in some cases as a Substitute, but 
it is more expensive. Shortage of sheet steel, 
however, will be the limiting factor in production, 
and while this persists the shortage of zinc is likely 
to be little more than annoying. 

Later in 1950, the motor-vehicle industry was 
faced with another and a more surprising type of 
shortage. The export drive was seriously threa- 
tened by a shortage of shipping, which was accen- 
tuated by the emergency diversion of ships to bring 
coal from the United States to the United Kingdom. 
Exporters of cars to Australia were informed by 
the shipping lines that it might not be possible to 








than that achieved in the Australian market, It is 


meet their requirements in full. Part of the 
difficulty lay in the terms upon which cars are 
shipped. Ships are normally chartered in the 
freight markets on a deadweight basis. Applied to 
cars, this would mean calculating the rates in terms 
of tonnage and cubic capacity, and thus on less 
favourable terms than those under which cars 
are normally shipped under the Australian Confer- 
ence tariff rates. Arrangements have now been 
made between the Australian shipping lines and 
British motor manufacturers under which, when the 
regular lines cannot meet their requirements, ex- 
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porters of cars, if able to secure the offer of any 
tonnage, will pay no more than Conference tariff 
rates, Shortage of shipping is no temporary pro- 
blem; it is but another aspect of war and re- 
armament. Even if, therefore, car manufacturers 
were able to maintain output, it would not follow 
that, in spite of a high level of demand abroad, they 
would be able to increase exports. 

While the indirect effects of re-armament on the 
motor-vehicle industry are serious and immediate, 
the direct effects by way of Government contracts 
for military vehicles are at present relatively small. 
Defence orders are being negotiated, but production 
cannot get fully under way in less than a year. 
The Austin Motor Company have secured a con- 
tract for a four-wheel drive jeep type of vehicle and 
for a large number of engines for them. This has 
necessitated the leasing of an old aircraft factory 
adjoining the company’s Longbridge works. The 
Rootes Group have been given an order for one-ton 
trucks and for some of their engines ; no other con- 
tracts, however, have been announced. The Gov- 
ernment decision to standardise on a range of three 
engines (at the end of the last war, there were 600 
different types of Service vehicles in use) has not 
been gladly received by all sections of the motor- 
vehicle industry. These engines, designed by Rolls- 
Royce Limited, which range from 80 to 160 brake 
horse-power, have been designed with 90 per cent. 
of their parts in common and will be employed in 
all British combat vehicles. Rolls-Royce Limited 
cannot, of course, manufacture these engines in 
the quantities required ; most of them will have to 
be built by the ‘‘ Big Six.” These firms, not un- 
naturally, would prefer to supply their own types 
of engine under war contracts, since much retooling 
and reorganising would be avoided. The prime 
necessity, however, is to be able to carry out repairs 
as quickly as possible in the field, which will be 
greatly facilitated by standardisation of spare parts, 
and the production difficulties associated with the 
production of the new types of engines must be 
accepted. As far as non-combat vehicles are con- 
cerned, the question of standardisation has not 
yet arisen, for the War Office possesses large 
stocks of vehicles of a great variety of types, which 
it has held since 1945. Since these vehicles are 
required to operate under much less arduous con- 
ditions than combat vehicles, standardisation of 
spares is not urgent. In the early stages of re- 
armament, at least, it is thought that few large 
orders for non-combat vehicles will be placed. 

To sum up, motor vehicle factories will go on 
producing large numbers of cars and commercial 
vehicles during this year. The total numbers may 
be less than in 1950, they will certainly be less in 
the case of cars, but production is not likely to be 
affected to the point of serious disruption by the 
current shortage of sheet steel. Manufacturers need 
not fear any fall in demand, and most of their 
problems will arise from inflationary conditions, a 
state of affairs with which they are thoroughly 
familiar. It is hoped that they will not lose sight 
of the longer term problems outlined in this article. 





HEAT PROCESSING OF INDUSTRIAL MATERIALS.— 
Standard Telephones and Cables, Limited, Connaught 
House, Aldwych, London, W.C.2, have established a 
Heat Treatment Group at Footscray, Kent, as part of 
their Industrial Supplies Division. A well-equipped 
laboratory has been erected to which manufacturers are 
invited to send their heat processing problems for 
investigation. The results will be embodied in a report 
with recommendations regarding the method and type 
of equipment which should be used for the purpose in 


view. 





MonoscorpE TELEVISION CAMERAS.—A __ television 
camera with a full-range test pattern engraved on the 
face of the pick-up tube has recently been designed by 
Marconi’s Wireless Telegraph Company, Limited, Chelms- 
ford, for use by the British Broadcasting Corporation. 
These new cameras will be installed at remote outcast 
broadcast points and will enable checks to be made of 
the mobile transmitter and of the coaxial cables and 
micro-wave links connecting it to the main stations ; 
and through the main transmitter and aerial array back 
to areceiver. The output of the monoscope camera is of 
standard form with blanking, but without synchronising 
signals. The test pattern transmitted will always 





maintain the same standards of fidelity. 


THE NATIONAL COLLEGE 
FOR HEATING, VENTILA- 
TING, REFRIGERATION AND 
FAN ENGINEERING. 


With the opening of new laboratories, the 
National College for Heating, Ventilating, Refrigera- 
tion and Fan Engineering is now more adequately 
equipped to fulfil the functions for which it was 
established in January, 1948. The laboratories 
were opened by the Minister of Education, the Rt. 
Hon. George Tomlinson, M.P., on Friday, Febru- 
ary 2, and are situated in Borough-road, London, 
8.E.1, close to the Borough Polytechnic, which is 
the home of the College. The installation of equip- 
ment and apparatus is not yet complete, but, as 
Figs. 2 to 7 show, the work is well advanced. 

The College, like the other National Colleges, 
was to some extent the outcome of a recommenda- 
tion in the Report of the Departmental Committee on 
Higher Technological Education, 1944 (under the 
chairmanship of Lord Eustace Percy) to the effect 
that where, because of the comparatively small or 


Fig. 1. 





laboratory is equipped for experimental work 
carried out by the diploma students. The exp:ri- 
ments are arranged to illustrate various features of 
the lecture syllabuses, such as the measurement of 
thermal constants, the steady and non-steady 
transfer of heat, air flow and fuel technology. i 

The whole building is heated by a system of 
embedded floor panels which has been designed to 
allow a number of factors affecting the performance 
of floor-heating systems to be studied. Normally, 
an existing boiler house supplies the panels with 
hot water which is mixed with the return water 
from the panels by means of a thermostatic mixing 
valve to maintain a maximum flow temperature of 
110 deg. F. A safety device shuts down the plant 
if the flow temperature rises above a predetermined 
value. For experimental purposes, however, the 
three electric boilers shown in Fig. 4, on page 162, 
can be used instead of the main boiler. The power 
supplied to each boiler is variable from zero up to the 
maximum rating, and is controlled by a thermostat 
limiting the flow temperature and also by a room- 
temperature thermostat. Each boiler supplies a 
part of the floor. The consumption of electrical 
power is metered, and the heat input to the panel 
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(@6.a.) 
dispersed nature of an industry, it was impossible to 
provide adequate facilities for technical education, 
of the highest standard on a regional basis, such 
facilities should be provided at one college on a 
national basis. Actually, in 1942 the heating 
and ventilating industry arranged a_ specialist 
full-time course on a national basis as part of 
its accepted educational scheme for technicians 
employed in the industry. That scheme, which 
was financed by the industry, was so successful 
that a year later the refrigeration industry took 
similar steps. Acting on the recommendation of 
the Percy Committee, the Ministry of Education, 
in consultation, with these two industries, and with 
the fan industry, established the College at the 
Borough Polytechnic in 1948. 

The two main aims of the College are to provide 
appropriate technological training of the -highest 
standard and to provide for research. Full-time 
courses include diploma courses in heating and 
ventilating engineering, in refrigerating engineering, 
and in fan engineering ; short summer courses in 
heating and ventilating, refrigeration and fan 
engineering; and associateship courses which 
provide specialised post-graduate instruction and 
training in research methods. Part-time day 
courses and evening courses are also organised. 
The Director of the College is Dr. Douglas H. Ingall, 
F.R.LC., F.Inst.P. (Principal of the Borough 
Polytechnic), and the Head of the College is Mr. N.S. 
Billington, M.A., A.M.I.H.V.E., to whom we are 
indebted for the following description of the 
laboratories. 

The College lecture rooms are in one of the 
Polytechnic buildings ; adjacent to it is the new 
laboratory building, the arrangement of which is 
shown in Fig. 1. It contains the College library, 
a number of small laboratories, and a staff room 
which is on the first floor or balcony level, above 
one of the laboratories. The library is still quite 
small, but a collection of text-books and reference 
books is being formed, some 30 or 40 British and 
foreign journals are regularly taken, and an exten- 
sive range of trade publications is available. One 
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under test is indicated and recorded by the inte- 
grating B.Th.U. meter shown in the background of 
Fig. 5, on page 162. In addition, the temperatures 
of the flow and return mains at any panel can be 
recorded on a multi-point temperature recorder. 

The floor panels comprise }-in. and 1-in. pipes 
at depths ranging from 1} in. to 5 in. below the 
floor surface. The floors have been, laid with four 
different types of finish so that the behaviour of 
each can be studied. One experimental panel 
embodies a grid of }-in. pipes at 3-in. centres, each 
pipe being separately valved so that, in effect, the 
pipe spacing is variable. Another similar panel is 
insulated below the pipes. Heat-meter plates 
beneath each panel enable the flow of heat into the 
ground to be measured, and thermocouples have 
been buried beneath the floor and outside the build- 
ing, at various depths to a maximum of 9 ft., so 
that ground temperatures can be determined. 
Thus, the effects of pipe diameter, covering, spacing, 
etc., on the surface temperature and output of the 
panels can be found. The plant will afford consider- 
able scope for research by the staff and students. 
In the old building adjacent to the laboratories 
there is also an air-conditioning plant. The 
remaining space allocated to heating and ventilating 
subjects is being used for a variety of research 
projects, including a study of the discharge of air 
from inlet openings (mainly in walls) and an investi- 
gation of temperature distribution and heat flow 
in building structures, using an electric network 
analyser. 

The plant and equipment in the refrigeration 
laboratory have likewise been selected for both 
instructional and research purposes. The principal 
item is a small ammonia plant which, through the 
co-operation of the refrigeration industry, has been 
built up of units representative of the current 
practice of six manufacturers. Though the plant 
has a capacity of only 4 tons (American Society of 
Refrigerating Engineers rating), it is believed that 
conclusions just as useful and instructive can be 
obtained from such a plant as from a larger plant. 
Moreover, the problem of providing and measuring 


ete eZ: _ ak ke ok 


— Ge << 


Aa #8 © & =~ —«— «- 


of 
res 
be 


8 
he 


ur 


th 
he 


nt 
nt 
of 
at 
be 
at. 
ng 





FE B. 9, ht al a 











ENGINEERING. 





REFRIGERATION AND HEAT-EXCHANGE LABORATORY. 











Fie. 3. 


the heat to balance the refrigerating capacity is less 
with a small plant. Much of the equipment has 
been adapted specially for laboratory purposes, 
and the whole has been designed to secure the 
maximum flexibility in operation. There are two 
twin-cylinder compressors, of different types but 
similar capacities, driven by variable-speed 12-h.p. 
alternating-current motors, which allow a reduction 
to 35 per cent. of full speed. One compressor has 
variable-clearance pockets for varying the capacity. 
Moreover, the two compressors may be arranged 
as a compound machine, the power taken by which 
can be measured separately for each stage. Both 
compressors have been, modified to permit the use 
of cathode-ray engine indicators. The ammonia 
plant is shown under construction in Fig. 2. 

The heat-exchange equipment, which is shown in 
course of erection in Fig. 3, includes a shell-and- 
tube condenser, a double-pipe condenser (which 
may also be used as a water-cooled intercooler) 
and a forced-draught evaporative condenser. The 
evaporators are arranged, to serve as calorimeters, 
the heat needed to balance the refrigerating capa- 
city being supplied electrically, either directly or 
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HeEat-EXCHANGE PLANT UNDER CONSTRUCTION. 


through the medium of brine. One is virtually a 
normal shell-and-tube evaporator, but it incor- 
porates immersion heaters to heat the refrigerant. 
It can also be used as a brine cooler, in which case 
the heat is supplied by heaters in a separate brine 
tank. There are two submerged evaporator coils 
in this tank, one arranged for flood working and 
the other for dry expansion. Both coils can be 
fed by a liquid-ammonia pump, the shell-and-tube 
evaporator acting as a low-pressure receiver. There 
is also a flash-type intercooler for use in compound 
working. The flow of liquid refrigerant, water and 
brine can be measured, and temperatures through- 
out the system are recorded on a multi-point 
recorder. 

A cold chamber, 8-ft. cube internally, is being 
built on a mezzanine floor, above the refrigeration 
laboratory, for experiments on heat flow at tem- 
peratures below 0 deg. F. A minimum of framing 
is used in its construction to avoid disturbing the 
heat flow and temperature distribution in the 
insulation. Numerous thermocouples are inserted 
in the walls, particularly at the corners and edges. 
One wall contains a removable panel in which 





various insulating materials can be studied, and 
which will provide an opportunity for investigating 
vapour transmission and the performance of vapour 
barriers. The inside of the chamber is cooled either 
by an automatic refrigerating plant or by a brine- 
washed air cooler fed with brine from the ammonia 
plant. Other equipment in the refrigeration labora- 
tory includes a small Freon-12 plant, designed for 
laboratory purposes and arranged for use with the 
cathode-ray indicator. Measurements of the capa- 
city can be made with a secondary refrigerant 
calorimeter. 

The equipment of the fan laboratory, which is 
illustrated in Fig. 6, on page 162, has been planned 
to demonstrate the basic principles of fluid mech- 
anics relating to fan design, to permit the testing 
of fans and to provide facilities for research. The 
test ducts for centrifugal and propeller fans are all 
in accordance with British Standard Specification 
848-1939, but an Admiralty-pattern duct, visible 
in Fig. 6, ‘s used for axial-flow fans. Some data, 
obtained from the laboratory, on the performance 
of contra-rotating axial-flow fans has already been 
published. Fan speeds are normally measured by 
a high-illumination torch stroboscope, which is 
also used in conjunction with calibrated torque 
couplings to determine the power input to the fan. 
As an alternative method for use with small fans, 
a small variable-speed ‘‘ swinging-carcase ”’ dynamo- 
meter set has been installed. Fan noise is measured 
by an objective sound-level meter and analyser. 

A small low-pressure pneumatic conveying and 
dust-collection plant has been provided for the 
double purposes of investigating the carriage of 
suspended particles by air flowing in horizontal 
and vertical ducts and of research in cyclone design. 
The plant comprises a closed circuit with a vertical 
duct 15 ft. in length and a 25-ft. horizontal run, 
together with cyclones and injectors for feeding 
graded particles into the system. 

The wind tunnel, which is illustrated in Fig. 7, 
on page 162, is of the open-return type, and has test 
sections 8 in. by 24 in., in which air speeds up to 
150 ft. per second can be produced. It is intended 
primarily for testing aerofoils under two-dimen- 
sional flow conditions, to provide data for axial-flow 
fan design. The wind is generated by a dual-duty 
contra-rotating axial-flow fan with three methods 
of speed control. One method, of particular interest, 
consists in retarding the rotation of the upstream 
impeller by injecting a small direct current into the 
upstream alternating-current induction motor. Pro- 
vision is made for the visual] examination of the 
flow conditions and for the measurement of lift and 
drag by both the pressure-tap and aerodynamic- 
balance methods. The tunnel is built in sections, 
and is thus suitable for subsequent modification, 
such as that required for testing aerofoils in cascade. 

In the work of equipping the laboratories and 
installing the plant, the College has had the ready 
assistance and advice of the industries concerned, 
and much of the plant was presented to the College, 
or supplied at reduced cost. 





ELECTRICITY SUPPLY STATISTICS.—During the week 
ended January 19, 1951, the output of public solid-fuel 
fired generating stations in this country was 1,223-1 
million kWh, compared with 1,228-4 million kWh in 
the preceding week and with 1,086 million kWh during 
the week ended January 20, 1950. 


THE FUEL LUNCHEON CLUB.—The next meeting of 
the Fuel Luncheon Club will be held on Tuesday, 
February 20, at the Connaught Rooms, Great Queen- 
street, London, W.C.2, at 12.40 for 1.10 p.m. The 
after-luncheon address will be given by Dr. H. E. 
Merritt, M.B.E., chief research officer of the British 
Transport Commission, whose subject will be “ The 
Efficiency of Fuel Utilisation in Transport.” 


Wort”p Sources OF URANIUM.—According to the 
annual report of the Geological Survey Board for 1949 
(which has been published by H.M. Stationery Office 
at the price of 9d.), the atomic energy laboratories 
conducted over 3,000 radiometric analyses of samples 
from many parts of the world, of which about 800 proved 
to be sufficiently radioactive to merit further investiga- 
tion. None of the known uranium-bearing rocks recently 
discovered in Great Britain is capable of being worked, 
except at a prohibitively high cost. 
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THE WROTHAM TRANSMITTING 
STATION OF THE BRITISH 
BROADCASTING CORPORATION. 


Tue British Broadcasting Corporation has estab- 
lished a very high-frequency radio transmitting station 
on Wrotham Hill, Kent, about 20 miles south-east of 
London and 730 ft. above sea level, in order to carry 
out comparative tests on the amplitude-modulation 
and frequency-modulation systems of transmission. 
Programmes are being sent out simultaneously on both 
systems and are received on special sets by 60 observers 
of the Corporation’s staff, who make fortnightly 
reports on the results. It is thus hoped to be able to 
assess the value of the very short wave band for the 
Corporation’s home services and to plan a coverage of 
80 to 90 per cent. of the United Kingdom, if this 
system were to be adopted for sound broadcasting. 
The station will also be used for transmitting television 
programmes. 

The frequency-modulated transmitter, which was 
manufactured by Marconi’s Wireless Telegraph Com- 
pany, Limited, Chelmsford, has an output of 25 kW 
and operates on a mean carrier frequency of 91-4 
megacycles per second (corresponding to a wave- 
length of 3-28 m.) with a maximum deviation of 
+ 75 kilocycles per second. It incorporates the 
Marconi F.M.Q. system of frequency modulation, in 
which a quartz crystal oscillator is connected through 
a quarter-wave network to a balanced modulator. 
The susceptance of this modulator varies with the 
modulated signal and, in turn, varies the frequency 
generated by the crystal oscillator. The crystal is 
specially cut so that it does not produce spurious 
harmonics within the operating range. The output 
of the oscillator is passed through three frequency- 
doubling stages and one tripling stage so that a 
frequency of 91-4 megacycles is a. Amplifi- 
cation in six stages then takes place. The first two 
of these are conventional push-pull stages, while the 
remainder are single-ended earthed-grid stages with 
coaxial line tuning elements. The output stage consists 
of two valves in parallel giving an output of 25 kW. 
The anodes of these valves are supplied at 6 kV and 
3 kV from hot cathode mercury-vapour rectifiers and 
the filaments are heated by alternating current. 

The amplitude-modulated transmitter, which was 
also manufactured by the Marconi Company, has an 
unmodulated power of 18 kW and operates on a carrier 
frequency of 93-8 megacycles per second (corresponding 
to a wave length of 3-2 m.). The radio-frequency 
amplifiers in this transmitter are practically the same 
as those in the frequency-modulated equipment, and 
there are four stages of modulation. Both transmitters 
are controlled from a desk in a room overlooking the 

















transmitting hall. This room also contains monitoring 
equipment for measuring the frequency deviation due 
to modulation and checking any variation in the mean 
carrier frequency. 

The output of each transmitter is passed through a 
concentric feeder and a filter for minimising harmonic 
radiation to change-over switches, so that it can be 
supplied either to the aerial or to test loads, consisting 
of short lengths of concentric cable through which 
water is circulated. Further feeders of the concentric 
type, with an impedance of 51 ohms, lead from. the 
change-over switches to a combining filter, which pre- 
vents power from being fed from one transmitter to the 
other. From this filter a single concentric feeder is 
connected to a slotted aerial system, which is mounted 
on the top of a 470-ft. mast, some 50 yards from the 
transmitter building. 

The mast, which was designed and built by British 
Insulated Callender’s Construction Company, Limited, 
Norfolk-street, London, W.C.2, consists of a lattice- 
steel structure 360 ft. high, on which a cylindrical 
section 110 ft. long and 6} ft. in diameter is mounted. 
Its construction is generally similar to that at the Sutton 
Coldfield television station.* The aerial system, which 
was developed by the British Broadcasting Corpora- 
tion’s Research Department, is suitable for any fre- 
quency within the 87-5 to 95 megacycle band and has 
a mean power gain of about 8 decibels, which does not 
deviate by more than + 1 decibel in any horizontal 
direction. It radiates horizontally polarised waves 
from both transmitters and consists of 32. slots cut in 
the surface of the cylindrical section. These slots 
are arranged in eight tiers of four, which are spaced 
at intervals of 90 deg. Each slot is 8 ft. high and 
1 ft. wide and is screened by a backing of horizontal 
bars placed one above the other at one-foot intervals. 
In the centre of one half of each slot and parallel to 
the edge is a rod, one end of which is connected to the 
surface of the cylindrical mast and the other to the 
feeder. Each slot is operated as a folded slot, so that 
input impedance is reduced from about 600 to 150 
ohms, a value which is more convenient for feeding 
by coaxial cables. All the slots are supplied with 
currents of the same amplitude and phase. 

Power for operating the station is obtained from the 
mains at 11 kV through duplicate feeders, which ter- 


480-B.H.P. DIESEL-ELECTRIC 
LOCOMOTIVES FOR STEELWORKS. 


THE first locomotive of an order for four Diesel- 
electric shunting locomotives for the Steel Company 
of Wales has recently been completed at the Castle 
Engine Works of Messrs. W. G. Bagnall, Limited, 
Stafford. Three of the locomotives will operate at the 
Steel Company’s new Abbey Works, Port Talbot, 
and the fourth locomotive at the Trostre Works, 
Llanelly. The locomotive has been designed by the 
Brush Electrical Engineering Company, Limited, 
Loughborough, and the electrical equipment has been 
manufactured at Loughborough ; the Diesel engine has 
been made by the associated company, Messrs. Mirrlees, 
Bickerton and Day, Limited, Stockport, and the mech- 
anical parts have been produced in the Stafford Works 
of Messrs, W. G. Bagnall. The locomotive was erected 
at Stafford, and we understand that it is the first 
Diesel-electric locomotive to be constructed at the 
Castle Engine Works. 

The locomotives have been designed for the heavy 
duties which are encountered in steelworks operation, 
and special attention has been paid to the robustness 
of the frames and buffer beams. Fig. 1, on this page, 
shows the second locomotive at Stafford, and a part- 
sectional elevation and plan are given in Figs. 2 and 3, 
opposite. The locomotive is of the 0-6-0 type and the 
outer axles are driven by means of nose-suspended 
axle-hung traction motors, but the coupling rods 
ensure that the whole of the locomotive weight is 
| available for adhesion. The Mirrlees TLST six-cylinder 
four-stroke cold-starting oil engine is equipped with a 
Buchi exhaust-gas turbo-charger, and is rated at 
480 brake horse-power for 12 hours at 720 r.p.m., and 
at 528 brake horse-power for one hour at 720 r.p,m. 
|The engine is direct-coupled to the main generator, 
| which is of the six-pole three-field type, with a separ- 
ately-excited and self-excited shunt winding and a 
differential series winding in order to give the correct 
characteristics. The auxiliary generator is a four-pole 
shunt-wound inter-polar machine, mounted on a sliding 
| base on top of the main generator and driven from the 
main generator armature by multiple belts. 1 he 
Diesel engine is started by motoring the main generator 
from the battery until the engine fires. The battery 





minate on switchgear in a substation near the trans- 
mitter building. This supply is transformed to 415 
volts and distributed from a low-voltage switchroom in 
the transmitter building to the transmitters and auxi- | 
liary equipment. A 50-volt supply for the control 
circuits is obtained from metal rectifiers and there is a 
battery for emergency lighting. 

—— | 


* See ENGINEERING, vol. 168, page 661 (1949). 





is of the lead-acid type and comprises 40 cells with a 
capacity of 108 ampere-hour at the five-hour rate of 
discharge. The battery is the D.P. Battery Company § 
type DSKA 108, and is charged from the auxiliary 
generator. 

The locomotive frames and body are of riveted and 
welded construction, and the axleboxes are fitted with 
Skefko roller bearings. In the cab, special attention 


___ FEB. 9, 1951. 


FEB. 9, 1951. 








ENGINEERING. 








159 








DIESEL-ELECTRIC LOCOMOTIVE FOR THE STEEL COMPANY OF WALES. 



























































































































































































W. G. BAGNALL, LIMITED, STAFFORD. 
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has been given to the provision of maximum visibility 
and to the convenient disposition of controls. Window 
wipers are fitted to the spectacle windows in the cab 
front plate and also to the windows in the cab back 
plate. To house the power unit and auxiliary equip- 
ment, the superstructure is divided into three main 
compartments, namely, the radiator compartment, 
engine compartment and generator compartment, 
and the engine and generator compartments are 
Separated by a bulkhead which keeps the fumes of 
the engine compartment out of the generator compart- 
ment. The doors in the sides of the latter are fitted 
with Visco oil-wetted filters which ensure a supply of 
clean filtered air to the main and auxiliary generators, 
and also to the Sturtevant traction-motor blower, which 
% motor driven. The radiator compartment houses 
the elements for water and lubricating-oil cooling, 
together with the fan runner, which is driven by means 
of multiple belts from a shaft extension coupled to the 
main engine crankshaft by a flexible coupling. 

A feature of the locomotive is that the radiator ele- 
ments at the front are protected from the heat of hot 
metal cars by insulated doors in front of them. The 
ooling air is drawn through the body sides, and after 
passing through the elements is expelled through 
openings in the roof which are covered by expanded 
metal to prevent the ingress of stones, etc. The air 
passed through the main generator is then discharged 
mt the engine room. For ease of access to the engine 
compartment there is a set of hinged louvred doors on 
each side of the locomotive, and a portion of the roof 
at the forward end is designed to slide to the rear to 
facilitate access to, or removal of, the cylinder heads. 
To assist in general maintenance, the roof is removable, 
thus permitting the complete power unit to be with- 






drawn through the opening between the cantrails 
without dismantling the body sides. 

The main and auxiliary fuel tanks are fitted to the 
main frames between the generator compartment and 
the driving compartment ; the capacity of the main 
tank is 615 gallons and of the service fuel tank, which 
is built into the top of the main tank, 135 gallons. 
The main. frames are of steel plate 14 in. thick and the 
buffer beams are 3 in. thick. Arrangements have been 
made for the application of brackets to the buffer 
beams, to permit the locomotive to be lifted for wheeling 
and unwheeling by means of Whiting jacks applied 
to the four corners of the locomotive. The engine and 
generator compartment flooring is formed of continuous 
plates , in. thick, and is without any pockets, to 
enable the engine-room floor to be kept clean. Man- 
ganese-steel liners are fitted to the axleboxes and 
axlebox guides and are not lubricated. Westinghouse 
straight air-brake equipment is fitted to the locomotive, 
the compressed air being supplied by a Westinghouse 
motor-driven DHC2 compressor. The driver’s brake 
valve is of the self-lapping type, mounted on the 
left side of the cab front plate, and arrangements are 
made, as for all other driver’s controls, for either-side 
operation. Brake blocks are applied to the front of 
each wheel. The motor-driven compressor will supply 
air through hose connections at the buffer beams for 
the operation of air-operated dump cars. Pneumatic 
sanding and a hand brake of the screw type are fitted. 
The control gear is housed in a cubicle in the centre 
of the driving compartment at the cab front plate. 
A sloping instrument panel contains the control switches 
for the various lighting points, and also the following 
instruments: motor blower ammeter, auxiliary genera- 





tor voltmeter, driver’s brake air-pressure gauge, lubri- 


—"sENGINEERING” 
cating-oil pressure gauge, lubricating-oil temperature 
thermometer, and radiator-water temperature gauge. 
All the electrical controls are mounted on the cubicle 
top, and comprise the main switch, master controller, 
and reverser. 

Other particulars of these locomotives as as follows : 
weight in working order, about 55 tons; gear ratio, 
19-92: 1; maximum starting tractive effort, 32,000 lb ; 
one-hour tractive effort, 18,600 lb at 7-2 m.p.b. ; 
continuous tractive effort, 15,100 lb. at 8-3 m.p.h. ; 
and maximum speed,-20 m.p.b. 





PRODUCTION OF LIGHT METALS.—In a statement issued 
by the Ministry of Supply it is shown that the United 
Kingdom production of virgin aluminium, in November, 
1950, was 2,473 tons, and that imports, during that 
month, reached 10,804 tons. In addition, secondary 
smelters produced 8,409 tons of aluminium from scrap. 
It is also estimated that, during the month under review, 
the output of magnesium-alloy products comprised 40 
tons of sheet and strip, 3 tons of extrusions and 340 tons 
of castings. 





LLoyD’s REGISTER WRECK RETURNS.—<Acocording to 
statistics contained in a return recently issued by Lloyd’s 
Register of Shipping, 46 vessels, making together 63,984 
gross tons, were totally lost or cond d, 
upon casualty, during the quarter ended June 30,1950. Of 
these, six ships totalling 15,742 tons were owned in 
Great Britain and Northern Ireland. Ships otherwise 
broken up or condemned during the same three months 
numbered 56 aggregating 165,424 tons, and of these, 
20 vessels comprising 40,629 tons were owned in the 
United Kingdom. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 

THE STEEL TRADE IN SCOTLAND.—The effect of the 
raw-material shortage is now being seen in the Scottish 
steel industry, where production has been between 5 and 
10 per cent. below recent levels, ingot production at 
Colvilles’ works having dropped from 39,000 tons to 
36,000 tons in consecutive weeks. Pig iron has declined 
similarly. Even to maintain the present standard of 
output has entailed heavy withdrawals from makers’ 
reserves of scrap. So far, the effect of the drive for 
increased collection from domestic sources has been 
restricted by adverse weather, but an early improve- 
ment is confidently expected by the merchants. Several 
ships arrived in the Clyde last week and discharged 
considerable tonnages of iron ore. 





WATER-TURBINE CASING FOR GLEN SHIRA POWER 
StraTIon.—A 50-ton turbine casing for the Glen Shira 
hydro-electric power station will be shown in the steel 
section of the Exhibition of Industrial Power in the 
Kelvin Hall, Glasgow, this year. The casing was cast 
by William Beardmore & Co., Ltd., Glasgow, and was 
machined and finished in the Scotstoun works of Harland 
and Wolff, Ltd. It is 20 ft. 3 in. high, and must be 
tilted to manceuvre it into the hall, the largest door being 
only 20 ft. high. 

STYRENE PLANT FOR GRANGEMOUTH.—It is proposed 
to erect, at Grangemouth, a plant to manufacture styrene 
monomer, an intermediate stage in the production of 
polystyrene. A new company, Forth Chemicals, Ltd., 
has been formed to carry through the development. 
Two-thirds of the capital is held by British Petroleum 
Chemicals, Ltd., and one-third by Monsanto Chemicals, 
Ltd. A contract has been negotiated with the Monsanto 
Chemicals Company of America for the design of the 
chemical engineering plant. 





SCOTTISH BUILDING CENTRE, GLASGOW.—Visitors to 
the Scottish Building Centre, Glasgow, during 1950 
numbered 30,000, according to the chairman, Colonel G. 
Gardner-M’Lean, speaking at the annual meeting held 
in Glasgow on January 29. The number of technical 
inquiries, he said, had increased to 16,000—double those 
of the previous year. Professional and technical groups 
continued to take advantage of the facilities provided by 
the centre, and the number of meetings, lectures, demon- 
strations, and special exhibitions had also doubled, as 
compared with 1949. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


TEES SHIPPING INDUSTRY.—Heavy cargoes were 
dealt with at Tees-side wharves last year, and, in addition, 
over 120,000 tons more than in 1949 was handled at 
Middlesbrough Dock. The 730 vessels that entered the 
Dock in the twelve months ended December 31, 1950, 
represented a total of 166,554 net registered tons and 
dealt with cargoes amounting to 758,356 tons. A report 
just issued states that, despite increased business, 
there has been a marked improvement in the turn-round 
of ships. 

Dock GATES FOR THE THAMES.—Head, Wrightson & 
Co., Ltd., have delivered to the Proprietors of Hay’s 
Wharf, Ltd., a pair of welded dock gates, electrically 
operated, which have been built at their Teesdale Iron- 
works, Thornaby-on-Tees, for Hay’s Dock, Bermondsey. 
The entrance to the dock is 40 ft. wide and the gates 
weigh 26 tons each. They were'taken to the Thames 
by sea and, on Monday of this week, were placed in 
position by the 60-ton floating crane of the Port of 
London Authority, both gates being stepped in one tide. 
The operation of the gates will be under push-button 
control from either side of the dock. 


LANCASHIRE AND SOUTH 
YORKSHIRE, 

DIFFICULTIES IN THE STEEL INDUSTRY.—Because of a 
Shortage of steel, the main mill of the Tinsley Rolling 
Mill Co., Sheffield, has been closed, affecting the employ- 
ment of between 70 and 80 operatives. Imports of iron 
ore have been curtailed by the diversion of ships to carry 
imported coal. It is stated that a few hundred tons of 
steel would have saved the situation, but efforts to secure 
it were unsuccessful. For the past fortnight, the rolling 
mills of J. J. Habershon & Sons, Rotherham, have been 
working four days a week only, owing to lack of steel. It 
is computed that the proposed increases in the prices of 
coal and coke will put up the costs of steelmaking by 
8s. a ton. Mr. F. Lloyd, the President of the Sheffield 
Chamber of Commerce, has stated that the 15 per cent. 





production in many Sheffield trades, including those 
engaged on work of high national importance. Mr. 
Wilton Lee, the Master Cutler, emphasised recently that, 
though industrialists are faced with shortages of ma- 
terials, the labour shortage is one of the major problems 
confronting them. He urged the need to accept longer 
hours and to persuade employees to produce more in an 
hour. An effort must be made, he added, to persuade 
the men not to stop at a certain wage limit ; they should 
strive to earn more. 

MATHER AND PLATT, LIMITED.—The firm of Mather 
and Platt, Limited, are celebrating three anniversaries 
in 1951. It is 150 years since the parent of the com- 
pany commenced to produce machinery for the textile 
industry, in Salford; 100 years since the firm first 
became known as Mather and Platt; and 50 years 
since they began to transfer the works from Salford to 
the present headquarters at Park Works, Manchester, 10. 
The firm will mark the triple anniversary by affording 
all their employees an opportunity to visit London and 
the Festival of Britain as guests of the company. 

IRON FOUNDRY AT PRESTON.—Dorman Smith Hold- 
ings, Ltd., announce that they have acquired a modern 
iron foundry which will be operated by their wholly- 
owned subsidiary company, John Booth Foundries, Ltd., 
Derby-street, Preston. The operating companies of the 
group are now Dorman and Smith, Ltd., DS Plugs, Ltd.. 
British Klocker Switchgear, Ltd., Alorite, Ltd., John 
Booth Foundries, Ltd., and Dorman and Smith (Pty), 
Ltd., South Africa. 

EXPLOSION FROM STEAM-HEATED SAWDUST DRIER.— 
The Ministry of Transport have issued the report of a 
preliminary inquiry (No. 3353) into the explosion, on 
June 19, 1950, of a steam-heated cast-iron steam chest. 
It was of the type used in fabric presses, but had been 
in use for some twelve years for drying sawdust at the 
works of Greenwood and Batley, Limited, Leeds. It was 
found that there were old cracks in four of the internal 
ribs; and the surveyor concluded that the inadequacy 
of the reducing valve in the steam supply line, as proved 
on test, together with the absence of a relief valve on the 
drier, had allowed the internal pressure (nominally 
30 lb. per sq. in.) to rise to an extent that the casting, 
in its defective condition, could not withstand. The 
report is published by H.M. Stationery Office at 6d. net. 

RAILWAY WHEEL PRODUCTION IN MANCHESTER.—At 
the Trafford Park Works of Taylor Brothers & Co., Ltd., 
Manchester, the production of railway-vehicle wheels is 
being transferred to a new plant which has been con- 
structed, at a cost of more than 750,0001., as part of 
the British steel industry’s development plan. The 
plant, claimed to be the most modern of its kind in the 
world, will produce forged and rolled steel solid wheels 
and disc centres at the rate of one a minute, and within 
close dimensional tolerances, to reduce the subsequent 
machining to the minimum. It is expected to be in 
production within the next few weeks. 





MANCHESTER ASSOCIATION OF ENGINEERS LECTURE.— 
The sixth ‘‘ Manchester Association of Engineers ”’ 
Lecture was delivered to the Association on February 2, 
at the College of Technology, Manchester, by Sir Claude 
D. Gibb, C.B.E., F.R.S., whose subject was “ Planning 
for Production Efficiency.”” The chair was taken by 
Mr. F. Buckingham, B.Sc., in the absence of the Presi- 
dent, Mr. J. Adamson, who is abroad. In the course of 
his address, Sir Claude observed that, in the heavy engi- 
neering industry—chbaracterised by contracts ‘‘ which 
the Americans call ‘ custom-built ’ and we call ‘ one off’ ” 
—Britain has less to learn from the United States than 
in quantity production. On the subject of incentive, he 
pointed out that “‘every American boy believes that 
ultimately he can become, if not president, at least a 
vice-president of his company”; and expressed the 
opinion that “if every apprentice entering a British 
works had the same belief that, by really working during 
working hours instead of doing a proportion of dodging, 
he could reach the post of chief engineer or chief execu- 
tive,” there would be a notable change in the mental 
attitude of workpeople. 


THE MIDLANDS. 


LABOUR IN THE MIDLAND COAL MINES.—The bi- 
monthly conference of the Midland Area Council of the 
National Union of Mineworkers, at Stafford, on January 
29, rejected, by a large majority, a proposal that Italian 
miners should be employed in the pits of the West 
Midland Division of the National Coal Board. It has 
been pointed out, however, that numbers of foreign 
miners are already employed in these pits, and that the 
question of engaging further Italian labour will be consi- 
dered by the union at national level. If the principle is 
accepted, it will apply in the Midlands also, and those 
pits which voted for Italian labour in the recent meeting 


SHORTAGE OF CRAFTSMEN.—The immediate shortage 
of labour in the Midlands is well known, but it has been 
pointed out that the long-term problem of training crafts- 
men, particularly for the foundry and heavy trades, is 
one which is at present no nearer to a solution. Mr. 
Vincent Everard, works director of Belliss and Morcom, 
Limited, Birmingham, said recently that one answer to 
the problem might be to improve the status of the crafts- 
man, and to do everything possible to remove the stigma 
popularly supposed to attach to the “dirty” job. On 
the whole, the large firms which have attractive appren- 
ticeship schemes are much better placed than the smaller 
ones, for they are able to attract the few apprentices 
who are coming forward. The majority of firms in the 
Midlands, however, are employers of less than 500 
operatives; many of the engineering concerns have 
considerably less than this number, and are not in a 
position to operate an elaborate apprenticeship scheme. 
One suggestion which has been made to solve the problem 
is that a group of employers in the same line of business 
should run a joint apprenticeship scheme, but the 
question of cost has yet to be settled. 





JUBILEE OF RAPID MAGNETIC MACHINES, LTD.—The 
firm of Rapid Magnetic Machines, Ltd., Lombard-street, 
Birmingham, 12—for many years, until a few months 
ago, the Rapid Magnetting Machine Co., Ltd.—recently 
celebrated their jubilee by a dinner and social evening 
at the White Horse Hotel, Birmingham. It was in 1901 
that they introduced their drum separator, carrying a 
yoke of electromagnets for extracting ferrous metals 
from mixed scrap. The occasion was also marked by the 
presentation of long-service awards to a number of 
employees (including one of the directors) who had been 
with the firm for 25 years or more. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


GLAMORGAN RIVERS Boarp.—Cardiff Corporation 
Development Committee have decided to ask their 
representatives on the newly-formed Glamorgan Rivers 
Board to raise, at the inaugural meeting of the Board 
this month, the question of the silting of the River Taff 
estuary at the entrance to Cardiff Docks. Mr. D. G. 
Hoppins, the Cardiff Docks manager, said that silting 
was worse now than at any time in the past 27 years. 
The National Coal Board stated in a letter that an 
analysis of samples from the river showed that 57,000 
tons of solid matter, probably half being small coal, was 
brought downstream yearly. 


360-MW GENERATING STATION AT PORTISHEAD.— 
Plans are now well advanced for the construction of 
the Portishead “‘B” generating station in the South 
Western Division of the British Electricity Authority. 
The ultimate capacity will be 360 MW, made up of six 
60-MW sets, of which, it is hoped, the first will be 
operating in 1954. Three other sets will follow in the 
succeeding three years, and the last two later. South 
Wales sea-borne coal will be used as fuel. A new 132-kV 
switching station will be erected on an adjacent site. 





OSCILLATIONS OF SUSPENSION BRIDGES.—On Tuesday, 
January 30, Dr. R. A. Frazer, F.R.S., F.R.Ae.S., gave a 
lecture to the Bristol Branch of the Royal Aeronautical 
Society, on the ‘‘ Aerodynamic Oscillations of Suspension 
Bridges.” Much of the lecture was concerned with model 
investigations on the proposed Severn bridge. A cine- 
matograph film was shown, made in the Aerodynamics 
Division of the National Physical Laboratory, of the 
oscillations of a model suspension bridge in a wind tunnel. 





EXPLOSION IN OIL TANKER “ ATLANTIC DUCHESS.”— 
On Friday, February 2, a serious explosion, followed bya 
fierce fire, occurred on board the tanker Atlantic Duchess 
in the Queen’s Dock, Swansea, shortly after she had 
discharged a cargo of 12,000 tons of Persian Gulf oil. 
The vessel’ had just completed her maiden voyage. 
The explosion injured the captain and a number of the 
crew; and five officers and two more men, who were 
trapped in their cabins by the fire, lost their lives. Some 
hours later, a second explosion injured the chief fire 
officer and several men of the Swansea fire brigade. 
The ship broke her back, tearing the side shell plating 
practically to the water line; but she remained afloat, 
and the re-insurance rate of 25 guineas per cent., subse- 
quently accepted at Lloyd’s, suggests that she is consi- 
dered to be repairable. The Atlantic Duchess was 
built for Atlantic Oil Carriers Limited, by William Gray 
and Company, Limited, West Hartlepool, and her geared 
Diesel machinery, by the Central Marine Engine Works, 
was the subject of an illustrated article in ENGINEERING 
of January 19, on page 61, ante. A Home Office inquiry 
has been ordered. It will be conducted by Dr. H. E. 
Watts, H.M. Inspector of Explosives, who will be assisted 
by Mr. A. H. Wilson, senior engineer surveyor of the 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
February 12, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “ Inventor, Engineer and Manager,” 
opened by Mr. P. P. Eckersley. Western Centre : Monday, 
February 12, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. ‘‘ An Electricity Board’s Distribu- 
tion System,” by Mr. G. O. McLean. North-Eastern 
Centre: Monday, February 12, 6.15 p.m., Neville Hall, 
Newcastle-upon-Tyne. ‘‘ Design of Power Transformers 
to Withstand Surges Due to Lightning,” by Mr. A. T. 
Chadwick and others. District Meeting: Monday, 
February 12, 7.30 p.m., Royal Hotel, Norwich. ‘‘ The 
Series-Connected Magnetic Amplifier,” by Mr. H. M. 
Gale and Mr. P. D. Atkinson. Measurements Section: 
Tuesday, February 13, 5.30 p.m., Victoria-embankment, 
W.C.2. “‘The Inductor Compass,” by Mr. A. Hine. 
North-Western Centre : Tuesday, February 13, 6.15 p.m., 
Engineers’ Club, Manchester. ‘‘ Standardisation and 
Simplification in the Electrical Industry,” by Mr. J. T. 
Moore. Institution : Wednesday, February 14, 6.30 p.m., 
Central Hall, Westminster, S.W.1. Faraday Lecture, 
“Lamps and Lighting,” by Mr. L. J. Davies. Scottish 
Centre: Wednesday, February 14, 7 p.m., Heriot-Watt 
College, Edinburgh. ‘‘ New Theory of the Magnetic 
Amplifier,” by Mr. A. G. Milnes. Utilization Section: 
Thursday, February 15, 5.30 p.m., Victoria-embankment, 
W.C.2. “* Dimming of Low-Pressure Discharge Lamps,” 
by Mr. C. E. Williams. East Midland Centre: Thursday, 
February 15, 7.30 p.m., George Hotel, Kettering. ‘‘ Evo- 
lution of the Lighting Art,” by Dr. J. W. T. Walsh. 

ROyaL Society oF ARtTS.—Monday, February 12, 
6 p.m., John Adam-street, W.C.2. Cantor Lecture II., 
“ Training in Industry,” by Dr. A. G. Beverstock and 
Mr. F. H. Perkins. Wednesday, February 14, 2.30 p.m., 
“1851-1951: A Century of British Science,’’ by Dr. 
D. McKie. 

INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section : Monday, February 12, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ The Production Engineering 
Research Association,” by Dr. D. F. Galloway. Halifax 
Section: Monday, February 12, 7.15 p.m., Whiteley’s 
Café, Westgate, Huddersfield. ‘‘ Foundry M chanisa- 
tion,” by Mr. J. Blakiston. Yorkshire Section : Tuesday, 
February 13, 7 p.m., Hotel Metropole, Leeds. ‘ Indus- 
trial Radiography.”’ by Dr. L. Mullins. Western Section : 
Wednesday, February 14, 7.15 p.m., Grand Hotel, 
Bristol. ‘‘The Automatic Loom,” by Mr. H. de G. 
Gaudin. Liverpool Section: Wednesday, February 14, 
7.15 p.m., Radiant House, Bold-street, Liverpool. 
“Measurement of Productivity,” by Mr. W. C. Puckey. 
Preston Section: Wednesday, February 14, 7.15 p.m., 
Canteen, Atlas Iron Works, Park-road, Blackburn. 
“ Ball and Roller Bearings,” by Mr. S. Critchley. London 
Section: Thursday, February 15, 7 p.m., Royal Empire 
Society, Craven-street entrance, W.C.2. ‘“‘ Building a 
Liner,” by Mr. J. S. Redshaw. Glasgow Section : Thurs- 
day, February 15, 7.30 p.m., 39, Elmbank-crescent, 
Glasgow. ‘ Education for Management,” by Lieut.-Col. 
L. Urwick. 

INSTITUTION OF THE RUBBER INDUSTRY.— Midland 
Section: Monday, February 12, 6.45 p.m., James Watt 
Memorial Institute, Birmingham. ‘‘ Tyre Testing in 
Relation to Vehicle Behaviour,” by Mr. V. E. Gough and 
Mr. P. W. B. Jones. 


INCORPORATED PLANT ENGINEERS.—Dundee Branch : 
Monday, February 12, 7.30 p.m., Mathers Hotel, Dundee. 
Various short papers. Hast Lancashire Branch : Tuesday, 
February 13, 7.15 p.m., Engineers’ Club, Manchester. 
“ Generation and Distribution of Electricity,”’ by Mr. 
R. A. 8. Thwaites. East Midlands Branch: Wednesday, 
February 14, 7 p.m., Welbeck Hotel, Nottingham. 
ss Geology in the Service of Man,” by Dr. W. Davies. 
Liverpool Branch: Thursday, February 15, 7 p.m., 
Radiant House, Bold-street, Liverpool. ‘‘ Drawings for 
Plant Engineers,” by Mr. L. E. Stapleford. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Feb- 
nuary 13, 5.30 p.m., Great George-street, S.W.1. ‘‘ Funda- 
mental Economies of Hydro-Electric Design,” by Mr. 
©. M. Roberts. 

CHEMICAL ENGINEERING Group.—Tuesday, Feb- 
ruary 13, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. “‘ Manufacture of “Alginates,” 
by Mr. C. W. Bonniksen. 

‘NSTITUTE OF MARINE ENGINEERS.—Tuesday, Feb- 
ruary 13, 5.30 p.m., 85, The Minories, E.C.3. “‘ Corrosion- 
Resistant Materials,” by Mr. L. W. Johnson and Mr. 
E. J. Bradbury. 

ystrrution OF MECHANICAL ENGINEERS.—South 
Wal ’ Branch: Tuesday, February 13, 6 p.m., South 
Wales Institute of Engineers, Park-place, Cardiff; and 
North-Western Branch : Wednesday, February 14, 6 p.m., 
24, Dale-street, Liverpool. Thomas Lowe Gray Lecture, 





by Mr. W. H. Purdie. Western Branch: Wednesday. 
February 14, 7 p.m., College of Technology, Bristol. 
** Full Application of Motion Study,” by Anne G. Shaw. 
Friday, February 16, 7.30 p.m., Arts Centre, Swindon. 
“Twin Centaurus Power Plant for the Brabazon,” by 
Mr. J. L. Norton. Midland Branch: Thursday, Feb- 
ruary 15, 6 p.m., James Watt Memorial Institute, Bir- 
mingham. Annual Meeting. ‘‘ Screws and Screwing,” 
by Mr. C. Eatough. Institution: Friday, February 16, 
5.30 p.m., Storey’s-gate,S.W.1. “ The Aviation Engine,” 
by Air Commodore F. R. Banks. AUTOMOBILE DIVISION. 
Derby Centre : Monday, February 12, 7.15 p.m., Midland 
Hotel, Derby. ‘“‘ The Fell Locomotive,” by Col. L. F. R. 
Fell. Luton Centre: Monday, February 12, 7.15 p.m., 
Town Hall, Luton. ‘“‘ Use of Wire-Resistance Strain 
Gauges in Automobile Engineering,” by Dr. J. R. 
Bristow and otbers. Institution: Tuesday, February 13, 
5.30 p.m., Storey’s-gate,S.W.1. ‘“‘ Wear of Fuel-Injection 
Equipment and Filtration of Fuel for Compression- 
Ignition Engines,” by Dr. A. E. W. Austen and Mr. B. E. 
Goodridge. 

ILLUMINATING ENGINEERING SocIETY.—Tuesday, Feb- 
ruary 13, 6 p.m., 2, Savoy-hill, W.C.2. ‘“‘ Extension of 
the Gas-Are Condition,” by Mr. H. W. Cumming. 


RoyaL AERONAUTICAL Sociery.—Tuesday, Feb- 
ruary 13, 7 p.m., 4, Hamilton-place, W.1. ‘“‘ Aero- 
dynamic Loads for Stressing Purposes,” by Mr. D. J. 
Lambert. Thursday, February 15, 7.30 p.m., Sibree 
Hall, Coventry. ‘“‘ Aspects of Flight Research,’’ by Mr. 
Handel Davies. 

INSTITUTION OF WORKS MANAGERS.—West Midland 
Branch: Tuesday, February 13, 7 p.m., Grand Hotel, 
Birmingham. ‘‘ The West Midlands Joint Electricity 
Board,” by Mr. W. Lewis. 

INSTITUTION OF ENGINEERING INSPECTION.—Coventry 
Branch: Tuesday, February 13, 7.30 p.m., Technical 
College, Coventry. ‘‘ Electric Welding,” by Mr. F. A. 
Thomas. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—W estern 
Group: Tuesday, February 13, 7.30 p.m., Grand Hotel, 
Bristol ; and South Wales Group: Friday, February 16, 
7 p.m., South Wales Institute of Engineers, Park-place, 
Cardiff. ‘“‘ Brake Linings,” by Mr. J. G. Remington. 
North-Western Centre : Wednesday, February 14, 7 p.m., 
Engineers’ Club, Manchester. ‘Trends in Vehicle 
Design,”” by Mr. P. M. A. Thomas. Institute: Thursday, 
February 15, 6.30 p.m., Royal Society of Arts, John 
Adam-street, W.C.2. ‘“‘ Tyre-Inspection Panels,” by Mr. 
W. H. Binns. 

Royan SANITARY INSTITUTE.—Wednesday, Feb- 
ruary 14, 2.30 p.m., 90, Buckingham Palace-road, S.W.1. 
Discussions on ‘* Problem of Reduction of Atmospheric 
Pollution,’”’ opened by Dr. 8S. R. Craxford; and ‘* Mea- 
surement and Survey of Atmospheric Pollution,” opened 
by Mr. S. H. Richards. 

NEWCOMEN Socliety.—Wednesday, February 14, 5.30 
p.m., 4, Grosvenor-gardens, S.W.1. ‘‘ James White and 
His ‘New Century of Inventions,’” by Dr. H. W. 
Dickinson; and “ Adrian Stephens: Inventor of the 
Steam Whistle,” by Mr. Charles E. Lee. 

INSTITUTE OF PETROLEUM.—Wednesday, February 14, 
5.30 p.m., 26, Portland-place, W.1. ‘‘ Petroleum Waxes,” 
by Mr. T. C. G. Thorpe. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Wednes- 
day, February 14, 6 p.m., 11, Upper Belgrave-street, 
8.W.1. Joint Meeting with the REINFORCED CONCRETE 
ASSOCIATION. ‘‘ Ultimate Strength in Bending of Pre- 
stressed Concrete Beams,” by Professor A. L. L. Baker. 
Lancashire and Cheshire Branch : Thursday, February 15, 
7 p.m., College of Technology, Manchester. Joint Meeting 
with the INSTITUTION OF CIVIL ENGINEERS (North- 
Western Association). ‘‘ Britannia Tubular Bridge,” by 
Mr. J. Cunningham. 

INSTITUTE OF FUEL.—North-Western Section : Wednes- 
day, February 14, 7 p.m., Grosvenor Hotel, Chester. 
‘The Influence of Fuel Characteristics on Behaviour of 
Compression-Ignition Engines,” by Mr. C. D. Brewer 
and Mr. B. H. Thorp. 


DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
February 15, 2.30 p.m., Caxton Hall, S.W.1. Informal 
discussion on ‘‘ Operating Problems.” 


INSTITUTION OF MINING AND METALLURGY.—Thursday, 
February 15, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘ Fire Prevention and Fire 
Fighting at Kolar Gold Field,” by Mr. H. E. Jeffery ; 
and ‘“ Filling Stopes with Glacial Drift at Buchans, 
Newfoundland,” by Mr. V. Hodgson. 


Roya InstiruTion.—Thursday, February 15, 5.15 
p.m., 21, Albemarle-street, W.1. Lecture IV, “‘ Mech- 
anics of Large Deformations,” by Mr. R. 8. Rivlin. 
Friday, February 16, 9 p.m., “‘ Cosmic Radiation,” by 
Dr. C. F. Powell. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Feb- 
ruary 16, 6.30 p.m., 39, Victoria-street, S.W.1.- ‘‘ Modern 
Practice in the Manufacture of Town Gas,” by Mr. L. J. 
Clark. 





PERSONAL. 


Stk HENRY WILSON SmiTH, K.C.B., K.B.E., MR. 
ALFRED READ, M.B.E., Mr. M. B. REID, M.B.E., M.C., 
J.P., and Mr. T. S. OvERY have been appointed addi- 
tional directors of Powell Duffryn, Limited, 40, Lime- 
street, London, E.C.3, as from February 1. Mr. Alfred 
Read wikgretain the office of secretary to the company. 


Sm Eric YounG, M.I.Min.E., M.1.C.E., F.G.S., has 
been elected a director of Hayden-Nilos, Ltd., colliery 
engineers, Sheffield. 

Three new directors of the de Havilland Aircraft Co., 
Ltd., Hatfield, Hertfordshire, have been elected, namely, 
Mr. H. Povey, general production manager of the 
company; Mr. C. S. THeM, business manager of the 
company; and Mr. A. F. BuRKE, O.B.E., M.Inst.T., 
F.R.S.A., managing director of the de Havilland Engine 
Co., Ltd. 


Mr. E. D. E. ANDREWES, MR. T. J. BOULSTRIDGE and 
Mr. P. Grove have been elected to the board of Tube 
Investments Ltd., The Adelphi, London, W.C.2. Mr. I. 
TURNER has been appointed ecretary in succession to 
Mr. A. B. I. Dick, who will now devote his whole time as 
managing director of Talbot Stead Tube Co., Ltd. 


Mr. T. E. Harris, C.B.E., M.I.Mech.E., M.1.E.E., has 
been made chief superintendent of the Royal Ordnance 
Factories, Woolwich, London, 8.E.18. 


Mr. F. J. Bates, M.B.E., works director of B.S.A. 
Tools Ltd., and Index Automatic Maehine Co., Ltd., 
and a director of Cardiff Foundry and Engineering Co. 
(1947) Ltd., and Leo C. Steinle Ltd., has recently 
retired from active directorship, after bing with the 
B.S.A. Tools Group for 42 years. His services will 
remain available in a consultative capacity. 


Mr. T. H. R. PERKINS, only son of Mr. Frank Perkins, 
chairman and managing director of F. Perkins Ltd., 
Queen-street, Peterborough, has been appointed a 
director. 

Mr. E. D. TRASK, M.I.Mech.E., M.I.Loco.E., assistant 
motive-power superintendent, Scottish Region, British 
Railways, has been appointed motive-power superin- 
tendent, Scottish Region. 


Mr. Harry ADAM, M.C., M.I.Mech.E., is to be water- 
works engineer, Planning and Design Section, Public 
Works Department, Cyrenaica. 

Mr. W. F. S. WoopFrorpD, who has been acting secretary 
of the Institution of Production Engineers, 36, Portman- 
square, London, W.1, since April, 1950, has now been 
appointed secretary of the Institution. 

Mr. H. R. Hens, industrial gas officer of the West 
Midlands Gas Board, has been elected chairman and 
Mr. R. F. HAYMAN, deputy chairman, of the Industria! 
Gas Development Committee. This was formerly a 
committee of the British Gas Council and will continue 
as a committee of the Gas Council, 1, Grosvenor-place, 
London, 8.W.1. 

Mr. GORDON FARRER, B.Sc. (Leeds), A.M.I.Mech.E., 
has been appointed head of the Engineering Department 
at the Technical College, Accrington, Lancashire. 


Mr. E. J. Houprn, director of Associated British Oil 
Engines (Export) Ltd., has been appointed, in addition, 
general sales manager of J. and H. McLaren, Ltd., 
Hunslet, Leeds. 


Mr. J. M. BROMLEY has joined the sales staff of the 
Rockwell Machine Tool Co,, Ltd., Welsh Harp, Edgware- 
road, London, N.W.2, and is attached to the firm’s 
Birmingham office. 


Mr. D. MACMILLAN has been appointed to the staff 
of J. Stone & Co. (Charlton) Ltd., and, as from March 1, 
he will handle their marine sales in Scotland from their 
Scottish office, at 12, Bulldale-street, Yoker, Glasgow, 
Wa. 


Mr. A. H. BINGLEY has been appointed factory repre- 
sentative of J. H. Fenner & Co., Ltd., in the Union of 
South Africa, as from March 1. His address will be that 
of the firm’s agents, Reunert & Lenz, Ltd., P.O. Box 92, 
86, Main-street, Johannes! urg. 


Mr. EvetNeE FREYSSINET and PROFESSOR GUSTAVE 
MAGNEL have been elected honorary members of the 
Prestressed Concrete Development Group of the Cement 
and Concrete Association, 52, Grosyenor-gardens, London, 
8.W.1. 


Tuomas DE LA RvE & Co., LTD., 84, Regent-street, 
London, W.1, announce that to facilitate the operation 
of their industrial group, their wholly-owned subsidiary 
company, DE LA RvE Extrusions, LTp., has been 
placed in voluntary liquid.tion and the business will, in 
future, operate under the Plastics Division of the parent 
company. 


The new telegraphic address of Smart & BROWN 
(MACHINE TOOLS) LTD., 25, Manchester-square, London, 
W.1, is: Smartool, Wesdo, London, 
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“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
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Subscribers receiving incomplete copies through 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
aod in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘‘ Appointments Open,” “ Situations 
Wr: cted,” “Tenders,” etc., is 10s: for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
le, per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 
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THE SELECTION OF STAFF. 


Lazour turnover causes a serious economic loss 
in many industries. The problem it presents is 
probably more acute at the shop-floor level than 
in the administrative or technical office, but at staff 
level the loss of particular individuals may prove 
even a long-term embarrassment and may seriously 
interfere with design or manufacturing programmes. 
An obvious way of attempting to reduce turnover, 
when engaging new workpeople or new staff 
members, is to attempt to select candidates whose 
qualifications, mental, moral and physical, appear 
particularly suitable for the posts available, as an 
individual is more likely to remain in a job if it 
suits his temperament and abilities. This state of 
affairs should make it worth while to give consider- 
able attention to the methods adopted in selecting 
new employees and if, for instance, this responsi- 
bility is in the hands of a personnel manager, it 
is of importance that he, or she, should have the 
right temperament and ability. The greatest 
turnover occurs with female labour and, to a consi- 
derable extent, this is due to domestic difficulties ; a 
wise and sympathetic woman personnel manager 
will be able to obtain information about domestic 
affairs from candidates, enabling her to judge if 
they are likely to remain in employment for a 
reasonable period. No useful end is served by 
engaging a woman and teaching her a job, if she 
leaves as soon as she is competent. 

It may be said that, in this time of labour shortage, 
it is not possible to pick and choose among candi- 
dates. Certainly, in many cases, works managers 
and others have to take the workpeople they can 
get, but actually, a condition of heavy turnover 
adds importance to the matter of selection. If 
there is much turnover there must be much selection, 
and, if this is carried out with sufficient under- 
standing of the abilities and mental qualities of 
the applicants, it may do something towards a reduc- 
tion in the constant flow of workpeople through the 
shops by fitting individuals to the jobs for which 





they are particularly suited. Various aptitude and 
intelligence tests have been devised and are in use 
which give a measure of the suitability of an indi- 
vidual for a particular type of work; some are 
claimed to give a measure of temperament, but 
estimates of this latter are usually based on the 
judgment of the personnel officer. A “* vocabulary 
test’ has been devised which is designed to detect 
“‘delinquent, perverted and neurotic’ cases, but 
probably most personnel officers would claim 
that they could detect an individual of this type 
in a ten-minutes interview, without any tests. 

It is stated, in a recent publication,* that an 
American survey of the personnel departments of 
more than a hundred companies showed that three- 
quarters were weak on selection. Pertinent ques- 
tions would appear to be, who carried out the 
survey, and who tested the competence of the 
people who drew the conclusion? In the absence 
of further information, it may be surmised that 
what the investigators really meant was that three- 
quarters of the companies did not employ the 
selection technique which they, the investigators, 
considered to be essential. It is more than probable 
that some of the companies were weak in selection, 
and it is certain that value may lie in the develop- 
ment and use of a definite procedure in the evalua- 
tion of candidates; that is not to say, however, 
that a works manager who relies entirely on his own 
judgment and sums up an applicant in an interview 
is necessarily ‘‘ weak in selection.”” He may have 
a particular aptitude for weighing-up his fellow men 
and, after all, even with the most elaborate tests, the 


3 |decision to engage or reject an applicant depends 


finally on the judgment of an individual. There 
is nothing in this report about the selection or 
testing of personnel managers. 

In large manufacturing organisations, it is 
clearly necessary that the engagement of workpeople 
should be handled by a special department. Appli- 
cants for important technical and administrative 
posts, however, will be examined by senior staff 
members and, for posts at the highest level, by the 
directors. Personnel officers in large companies who 
spend much of their time interviewing candidates 
will, consciously or unconsciously, develop a 
procedure ; whether this is a good one or a bad one, 
will depend on the ability of the particular officer. 
Senior members who are less frequently called up to 
judge applications, or interview candidates, are more 
likely to deal with each case in an individual way 
rather than in accordance with a set procedure. 
As, however, this subject of selection has been 
extensively studied and data accumulated about the 
reliability of certain tests and methods, it is desirable 
that even the most self-reliant personnel officer or 
works manager should make himself acquainted 
with procedure which has been established and 
tested. The knowledge acquired will not prevent 
him from exercising his own judgment and it may 
suggest procedures or points of view which are 
new to him. 

It is the purpose of this valuable report to give this 
information. Quite apart from the question of 
selecting from among applicants for a job, the report 
should be of service to many, as it gives the names 
and addresses of the principal officers of all the 
university appointments boards, of the Ministry of 
Labour appointment offices, and of professional 
associations which maintain lists of candidates for 
vacancies. Most large engineering firms, no doubt, 
possess much or all of this information and obtain 
a considerable proportion of technical recruits 
through university boards, but there are probably 
many smaller firms which are not in touch with these 
sources. The report also contains specimen applica- 
tion forms for workpeople and for higher staff. The 
former need not be commented on, but a form de- 
signed to cover “‘executive, technical and super- 
visory staff” appears to be of doubtful valve. It 
certainly ensures that a candidate shall give the 
basic information about age, education, etc., in a 
concise form, but ‘general experience” is not 
usually well expressed within the limits of a rigid 
form. That was clearly demonstrated in connection 








* Methods of Recruitment and Selection of Personnel in 
Industry and Commerce. O.W. Roskill and Co. (Reports) 
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20s. net.) 











164 


ENGINEERING. 


FEB. 9, I9Q5I. 











with the compilation of the Central Register before 
and during the recent war. 

Many of the test methods which have been de- 
veloped are of a mechanical nature, and are intended 
to measure manual aptitude and the accuracy of 
perception. Some, however, claim to indicate 
temperamental characteristics. If the tests are to 
be of value they must be conducted by experienced 
people and those claiming to indicate temperament, 
presumably by trained psychologists. Tests are, 
no doubt, of value in assessing workpeople, but it 
does not seem likely that even the latter type would 
be applied in selecting, say, a chief draughtsman. 
Senior staff members are usually appointed on the 
basis of their credentials and an interview, but it is 
suggested in this report that value attaches to a 
more formal and predetermined procedure. It is 
remarked that a large number of business men will 
probably consider many of the proposals in the 
report to be “long-haired,” but it is contended 
that they have proved their worth in many ¢ases 
and are likely to be useful in many others. 

The subject covered by the report is wide and 
diversified. It would seem reasonable to test the 
quickness of observation and manual dexterity of 
girls who are required to pack cigarettes, but 
the same procedure could hardly be suitably applied 
to a man required to take charge of a section in a 
research department. In any case, he would 
probably not put up with it. Appointments of 
that kind are likely to continue to be made on the 
basis of experience, plus the results of an interview. 
It is possible to keep applicants for a week or so 
and see how they behave at breakfast, as in the Civil 
Service Stoke d’Abernon scheme, but that procedure 
is not likely to be widely adopted by commercial 
firms. As, in most cases, acceptance or rejection of 
a candidate will turn on an interview, the way in 
which that is conducted is of importance. The 
report deals with the matter in some detail. Senior 
appointments will usually be made by senior men 
and it is stressed that the members of the staff who 
are called away from their ordinary duties to conduct 
the interview should not consider it an unwelcome 
interruption. It should be looked upon as an 
opportunity for mutual exchange of information. 

It is pointed out that, when interviews are con- 
ducted by a selection board, care should be taken 
that the board are not dominated by a single indivi- 
dual. Equally important is it that the official in whose 
department the applicant will serve, if appointed, 
should be a member of the selection board and should 
not be present merely as an adviser. The opposite 
undesirable procedure is not unknown in the Civil 
Service. Inexperienced interviewers are recom- 
mended to make a rough plan of the course of the 
interview in advance. They are then less likely 
to waste time thinking about what questions to ask, 
or later to find that they have overlooked important 
points, To obtain the information required from 
very reserved persons, or to prevent a talkative 
person from taking control of the interview, demands 
experience and ability, and those to whom the task 
of interviewing seldom falls will find much guidance 
in this report. 

It was mentioned earlier that various tests claim- 
ing to indicate temperament are intended to be 
conducted by trained psychologists. Some large 
firms may find it worth while to adopt methods 
involving this procedure, but it is probably not 
common with small and medium-sized ones. As, 
however, psychology is ‘‘ the science of the nature, 
functions and phenomena of the human soul or 
mind,” it would appear that any interviewer is 
practising its elements. The report says that 
final judgments on a ce ndidate will include ‘“‘general 
impressions . . . and assessment of certain traits 
of character.”” These latter appear to be pheno- 
mena of the human mind and, while there is no 
reason to suggest that ordered study of these 
matters may not lead to greater skill and wider 
knowledge, ‘‘ general impressions”? will be con- 
ditioned by the mentality of both the interviewed 
and the interviewer. This appears to suggest, as 
stated at the beginning of this report in connection 
with those who will have nothing to do with 
‘“* modern fancy tests,” that, given “‘a good judge 
of men, the chances are that he will be right more 
often than not.” 





CRISIS IN THE COAL 
INDUSTRY. 


In commenting on the coal shortage as recently, 
as January 26, (see page 103, ante), we said that it 
should have been possible ‘to look ahead for at 
least six months and to have made preparations 
during the past summer for the situation that has 
now arisen.” In the official view, on the other hand, 
the blame for what has happened cannot be ascribed 
either to the Government, to the National Coal 
Board, or to,the miners, but should be distributed 
in indeterminate proportions between the indus- 
trialists, who, in responding to the call for increased 
output, have used more coal than was expected ; 
the domestic consumers who, in spite of high prices 
and low quality, have taken the deplorable course 
of attempting to acquire a little comfort; and 
the weather, which, in a phrase coined in the days of 
the Crimean War, has once again turned traitor. 

The naiveté, to use a mild description, of this 
attitude is exposed by turning back to April, 1950, 
when the chairman of the National Coal Board said, 
‘**Kither we get more coal or the whole basis of 
British life may be threatened ...I doubt if 
the country realises the gravity of the position.” 
Whatever the reaction of the country to this state- 
ment, it is clear that the Minister of Fuel and Power 
was little disturbed by it; for in July, and again 
in September, he expressed considerable optimism 
regarding the position, in spite of the facts that 
figures should have shown him how events were 
trending and that the Federation of British Indus- 
tries had drawn his attention to the inadequacy of 
industrial fuel stocks. Indeed, the Federation 
had requested that a meeting of the Emergency 
Committee of the National Production Advisory 
Council (a body which, since the last crisis, has dealt 
with fuel questions) should be called to examine 
the position, As a result of this meeting, the 
Government were informed that industrial coal 
stocks were not being built up fast enough; and 
that there was, therefore, every prospect of a crisis 
during the coming winter. It was also recom- 
mended that stocks in the main industrial group 
should be brought up to 4-5 weeks supply by 
Christmas. It is fair to admit that an average 
stock level of 4-3 weeks was reached, but only at 
the expense of coal exports and with the assistance 
of expensive imports of American coal. 

In the meantime, however, home production 
had not come up to the estimate of 218 to 223 
million tons made in the Hconomic Survey for 
1950, while consumption bad risen to an annual 
rate of 202,500,000 tons, an increase of 7,500,000 tons 
over 1949. The result was that the “‘ target ”’ for 
stocks of 16,500,000 tons by October 31 had to be 
abandoned, and the lower figure of 14,000,000 tons 
substituted. The official view is that this lower 
figure could have been attained, but for the abnorm- 
ally high consumption in December. Actually, it 
was not reached. In any event, taking all factors 
into consideration, the margin was unwisely narrow. 
The position towards the end of the present year 
was so serious, in fact, that the Government called 
a meeting of the Emergency Committee, which, after 
some delay, was eventually held on January 10. 
At this meeting the information was given that the 
consumption of electricity and gas had greatly 
exceeded estimates, and that, consequently, coal 
stocks had been drawn upon at an abnormally high 
rate. In one week in December, indeed, 240,000 
tons were taken from stocks for use in power 
stations alone. To deal with this situation, orders 
were therefore given that the replenishment of these 
stocks was to be given priority and that supplies to 
industry were to be ‘‘under-delivered.”” At the 
end of January, 1951, stocks had fallen to 10,652,000 
tons, compared with 13,455,000 tons on the corre- 
sponding date in 1950. 

The obvious question which then arose was how 
the position brought about by these ‘‘ under- 
deliveries ’’ was to be dealt with. The Federation 
of British Industries suggested a number of what 
can only be called palliatives, including the wider 
employment of Diesel-electric plant not in regular 
use ; the substitution of fuel oil, where possible, for 
coal; and the reduction of the amount of coal in 


transit on rail. As these palliatives would obvious] 
only touch the fringe of the problem by providing 
about 5 per cent. of the power required in industry, 
it was further suggested, after consideration of other 
alternatives, tlat a level cut should be made in 
deliveries throughout industry. This, it was 
considered, would be the course which would cause 
least damage, provided that the extent of the cut did 
not. exceed about 15 per cent. This proposal has 
now been accepted by the Government, and it is 
understood that details of how it is to be imple- 
mented will shortly be issued by the Coal Board. 
These details will probably include the principle 
put forward by the Federation, that each firm should 
be told what coal it might expect during the emer- 
gency and then be left to work out the methods of 
bringing about a reduction in consumption. It is 
also suggested that the uniform cut should only be 
departed from in exceptional circumstances, the 
most important of which is that, where existing 
stocks exceed six weeks consumption at the new rate, 


deliveries may be further reduced or, presumably, — 


suspended. On the other hand, where existing 
stocks are below one week’s consumption, ‘‘ rescue 
measures ’’ may be taken without, however, affecting 
the level cut imposed on other firms. This is 
probably the best that can be done in the circum- 
stances, and even that means that the crisis is not 
solved but only postponed. In fact, whether or 
not a position will arise between now and the end 
of February, similar to that which occurred in 1947, 
depends upon two factors: whether coal can be 
produced and delivered in sufficient quantities, 
and whether the climate will be favourable. He 
would be an optimist, however, who believed that 
any real improvement in production was likely to be 
attained so quickly, while to bank on mild weather 
is to base hopes on the most slender of foundations, 
That a leading, even a vital, national industry 
should have reduced the country to such a position 
is not a state of affairs of which anyone need be 
proud. 

This being so, it is most important that definite 
steps should be taken, which will have a reasonable 
chance of preventing the recurrence of yet a third 
crisis in the coal industry. The reasons for this 
in the present state of world politics and in the 
existing economic condition of this country are 
clear. The means which should be adopted to 
secure this improvement, though they do not stand 
out with equal clarity, are not difficult to discover. 
They will not be discovered, still less imple- 
mented, by the type of debate which took place 
in the House of Commons last week on a motion 
deploring the contrast between Ministerial promises 
of adequate supplies and stocks of coal, and the 
present shortages. For this atmosphere of un- 
reality, we fear the proposer of the motion (Mr. 
Brendan Bracken) was at least partly to blame. 
His speech hardly dealt at all with the funda- 
mentals of the situation ; and, when challenged by 
an interrupter to state the Opposition’s positive 
proposals for getting more coal, could only reply 
‘*Change the Government.’ While many may 
incline to agree that this might be an important 
step towards a remedy it is only a step; and there 
are others, perhaps more difficult to formulate and 
certainly no easier to carry out, which require 
immediate consideration. Over-centralisation, al- 
though undoubtedly a much advertised weakness 
in the present organisation, is not the only other 
factor which requires correction, nor is much 
to be gained by making comparisons between the 
promises and performances of the Government, and 
leaving matters there. As Mr. E. R. Bowen 
rightly said in the course of the debate, the House 
would have been better employed in putting for- 
ward constructive suggestions rather than in making 
recriminations. On the other hand, to increase the 
price of coal, not to call up underground workers 
as Class Z reservists, and to encourage the return 
of men now serving in the Forces can do little to 
affect the present position ; and might conceivably 
make it worse. 

As the Minister of Fuel and Power said, the 
primary and ever-pressing aim is to get more coal 
and, having got it, to use it to better advantage. 
One way of increasing production may be to wit 





more open-cast coal, although this is a policy which 
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farmers, and many others, regard with a good deal 
of disapprobation. Another is to make more 
use of power loaders at the pit face and Mr. Noel 
Baker rightly hoped that this form of capital invest- 
ment would be extended with all reasonable speed. 
We agree that both these courses should be adopted, 
though we should like more assurance that the 
installation of more machinery will be followed by 
greater output. A third way, according to the 
Minister, is to increase the man-power of the 
industry. Mr. Noel Baker expressed himself 
satisfied with the position in this respect, but once 
again the only criterion of success in this direction 
is to be found in increased production. This 
equally applies to the recruitment of foreign labour, 
a policy requiring greater drive and more tact than 
has yet been exhibited. Another problem, which 
requires early consideration, is that of voluntary 
absenteeism. This is still running at a figure which 
may be as high as 15 per cent. and as low as 7 per 
cent. but which in any event represents between 
10 and 5 million tons of coal. There is an extra- 
ordinary sensitiveness on this subject in the industry, 
as is shown by the statement during the debate, that 
to call attention to the miner’s imperfections was 
bad psychology and created resentment. It can 
only be supposed that such sensitiveness is the 
result of some qualms of conscience. 

Probably, however, the worst feature of the 
situation is the complacency of the Government, 
in face of a situation which is still full of real danger. 
This was shown not only by the Minister, but by 
Mr. A. Robens, his Parliamentary Secretary, who, 
in replying to the debate and making the extra- 
ordinary statement that, had the Opposition been 
in power, productivity would not have been as 
high as it is to-day, went on to say that the only 
way that coal could be saved to build up stocks 
in the summer was to take it from exports. In 
other words, it is apparently the policy of the 
Government, not to make every endeavour to 
increase production, but to place obstacles in 
the way of what used to be one of the most impor- 
tant branches of export trade. This is not the 
method in which the affairs of a great and vital 
industry should be handled. We therefore note 
with relief that, in a speech on Sunday last, Mr. 
Robens pointed out that the only way to avoid a 
coal shortage was to increase output. In fact, if 
that is not done the prospect is bleak indeed. 





NOTES. 


THe Depate ON STEEL. 

Tx debate in the House of Commons on Wednes- 
day of this week, on the Opposition’s motion, 
calling upon the Government to postpone the 
vesting date (February 15) for the nationalisation 
of the iron and steel industry, ended with a majority 
of 10 for the Government, the voting being 298 
for the motion and 308 against it. As the motion 
was regarded by the Government (as it was intended 
to be) as one of censure, neither effort nor expense 
was spared to muster every available supporter ; 
but whether the result could reasonably be claimed 
as an endorsement of a ‘‘ mandate ”’ to nationalise 
steel production is a matter on which considerable 
doubt is justified. The wording of the motion, 
which stood in the name of Mr. Winston Churchill, 
was ‘That this House, in view of the record pro- 
duction attained by the iron and steel industry 
and the urgent needs 6f rearmament programme, 
is of the opinion that the decision of His Majesty’s 
Government to give immediate effect to the nation- 
alisation of this industry is not in the public interest 
and should be reversed.” By the time that the 
hext issue of ENGINEERING appears, the vesting 
date will be past and the industry will be under the 
contro! (legally, at any rate) of the new Iron and 
Steel Corporation. How that Corporation—not 
exactly overburdened with knowledge of steel or 
of the industry—is to improve on the remarkable 
Performance of those whom it is to displace and 
Tegulate, is by no means obvious: and we suspect 
that the Minister of Supply (Mr. G. R. Strauss) is 

lly aware of the Corporation’s weakness in that 
respect. His assertion that the re-equipment of 
the industry was necessary because, in the inter-war 
Period, “‘ under private ownership,” it “‘ was allowed 


to fall into a desperate state of disrepair,” is un- 
pleasantly reminiscent of Dr. Hugh Dalton’s sneer at 
the railway companies’ “‘ poor bag of assets ” and, 
like that earlier example of political distortion, 
reflects little credit either on the author or on those 
who condone such deliberate disregard of facts. 


Tue InstiruTion oF MgcHaNIcaL ENGINEERS. 

It is not often that the Institution of Mechanical 
Engineers is diverted from the serious business of 
pure mechanical engineering, but on one or two 
occasions lately the members’ attention has been 
directed to general topics such as productivity and 
—as on Friday, February 2—to esthetics. Mr. 
H. G. Conway, M.A., M.I.Mech.E., presenting a 
papér on “Industrial Design and its Relation to 
Machine Design,” dealt with the possibilities of 
“improving” machine design as a result of the 
advent of the industrial designer. Since advance 
copies of his paper, as of other Institution papers, 
are available, it is natural to turn to the discussion, 
which, on a paper of this kind, is just as important 
as the paper itself. Mr. Gordon Russell, O.B.E., 
M.C., of the Council of Industrial Design, said that 
the engineer often underestimated his capacity to 
produce a good design and was inclined to think 
that what he called art had nothing to do with him. 
He was, however, the guardian of quality, and 
a good standard of design depended primarily on 
a thing being reasonably well made. Where he 
dealt directly with the customer, as in machine 
tools, he could explain the quality, but it was 
fatally easy for a retailer to sell entirely on price 
because he did not know enough about the article 
to explain why it should be more expensive. The 
unfortunate thing in the civilisation that had been 
built up in England was that there was so much 
ugliness about that people had forgotten what could 
be done to make things look beautiful. Looking 
at a book on the steam engine published a hundred 
years ago, he had been struck by the beauty of the 
plates and illustrations and by the admirable design 
of the engines and the good lettering on them. 
At that time, the engineer had been working inside 
the background of the Eighteenth Century civilisa- 
tion, and probably half the buildings around him 
then were good. Mr. S. W. Lister considered 
that engineers could learn by studying the work of 
artists, especially in the applied arts such as archi- 
tecture. American motor-car design, he thought, 
was decadent because it was too preoccupied with 
curved surfaces and decoration. Mr. F. D. Holister, 
who preferred ‘‘ work” to ‘‘art”’ as applied to 
industrial design, disputed the author’s statement 
that in Britain industrial designers had hardly 
graduated beyond the artistic or styling part of 
their work; there were some successful teams of 
artists and engineers working in their own fields. 
Mr. W. Duffy, speaking as an industrial artist in 
an electrical and general-engineering firm, made a 
plea for the education of engineers and artists so 
that each could advise and use the other to the 
best advantage. A number of other speakers con- 
tributed to the discussion ; all accepted the author’s 
general thesis and none disputed the importance of 
the subject. The concluding speaker, Professor 
R. D. Russell, said that, at the Royal College of 
Art, where for the past two years they had been 
training designers in wood, metals and plastics, an 
attempt was being made to arrange a syllabus for 
an engineering course. 


Tue Peak Loap PROBLEM. 

The Economist, whose comments on electrical 
matters are usually worthy of attention, criticises 
the British Electricity Authority’s “‘ single-minded 
policy of continued expansion of generating capa- 
city” as a method of reducing the gap between 
installed capacity and peak demand; and quotes 
with approval an “independent and expert esti- 
mate” in favour of the use of switches, operated 
by a ripple, for reducing the load. It is, in fact, 
considered that the whole of the Authority’s net- 
work could be “ripple signalled” for about 
2,000,000/.; and that the cost of installing the 
Necessary switches on the premises of most com- 
mercial consumers and of the domestic consumers 
whose electricity bills reach, or exceed, 101. per 
annum, would be another 12/. million. For this 





expenditure, it would be possible to reduce the 


demand of each of the two million consumers 
affected by 1 kW, and thus the peak by 2,000 MW, 
so that the present load problem would disappear. 
Something like this method of dealing with the 
peak was, of course, considered by the Clow Com- 
mittee in 1948, but it is doubtful whether in the 
interests of true national economy, not to mention 
other reasons, it would be right to spend even this 
comparatively small amount on apparatus that 
would only be temporarily required. For we 
contend that the present position is only temporary ; 
and that load shedding as and when required, 
however inconvenient it may be, is probably the 
best method of dealing with the situation. More- 
over, the cost of “ripple” equipment could not, 
as our contemporary seems to imply, be set off 
against that of further generating plant. That 
plant would still be required, unless new connections 
of all kinds were forbidden. The Economist also 
proposes that ‘‘an agreed ‘essential’ total con- 
sumption” should be set for each consumer and 
he should then be allowed to decide ‘‘ how he 
allocated that total at any one time.” This state- 
ment seems to exhibit that not unusual confusion 
between demand and consumption, which lay critics 
often display, since as it stands there would be 
nothing to prevent the quota being used entirely at 
peak hours; and this is not, of course, what is 
intended. We agree that the solution ‘deserves 
@ more considered and more convincing answer ” 
than the B.E.A.’s old standby of “‘ technical diffi- 
culties.”” We are doubtful, however, whether that 
answer would be altogether satisfactory to the 
protagonists. 


Ciry anp GuILps oF Lonpon IwsTITUTE. 


At a meeting held on Friday, February 2, the 
Council of the City and Guilds of London Institute 
conferred the Fellowship of the Institute (F.C.G.I.) 
on five past students of the City and Guilds College. 
They are Mr. Gerald Roche Lynch, 0.B.E., B.Se. 
(Lond.), M.B., M.R.C.S., F.R.1.C., senior official 
analyst to the Home Office, who was President, 
Royal Institute of Chemistry, from 1946 to 1949; 
Sir Harold Leonard Saunders, B.Sc. (Lond.), Comp- 
troller-General of Patents, Designs and Trade Marks, 
and Comptroller of the Industrial Property Depart- 
ment, Board of Trade ; Mr. 8. Scott-Hall, C.B., M.Sc. 
(Eng.) (Lond.), D.LC., F.R.Ae.S., Principal Director 
of Technical Development (Air), Ministry of Supply, 
Busk Memorial Scholar, 1925-26, and Pilcher Me- 
morial Prizeman and member of Council of the 
Royal Aeronautical Society ; Dr. Reginald Leslie 
Smith-Rose, A.R.C.S., D.L.C., M.1.E.E., Director of 
Radio Research, Department of Scientific and Indus- 
trial Research; and Mr. Marmaduke Tudsbery 
Tudsbery, C.B.E., M.L.C.E., civil engineer to the 
British Broadcasting Corporation. During his 
24} years with the Corporation, Mr. Tudsbery has 
been responsible for all the building and civil- 
engineering work, notably that at Broadcasting 
House and large and small transmitting stations 
throughout the country. He has served as Governor 
of the Imperial College since 1942, and is a member 
of the Delegacy of the City and Guilds College. 


TRANSPORT IN SCOTLAND. 


Speaking in Glasgow on Wednesday, Lord Hur- 
comb, chairman of the British Transport Commis- 
sion, reviewed the state and development of trans- 
port in Scotland. The creation of a unified Region, 
he said, had made possible, for the first time, co- 
ordinated railway working in areas previously 
served by two main-line companies, and had 
yielded considerable economies. The re-arrange- 
ment of freight train working, which included the 
closing of certain freight marshalling yards, had 
saved nearly 100,000/. annually, and the complete 
unification of the railway system in Scotland, since 
the Commission took over in 1948, had resulted in 
economies amounting to over 2,000,0001. At the 
same time, the number of express freight trains 
run in Scotland was now double the number for 
1938. The Commission and the Railway Executive 
had under review the Clyde steamer services, the 
operation of which had continued to involve them 
in a considerable loss. Nevertheless, they had been 
anxious to improve and extend those facilities, and 
the Executive had been authorised to place tenders 





for four new passenger ferry boats with accommo- 





166 


FEB. 9, 1951. 





ENGINEERING. 








dation for 500 passengers each, and for three general - 
purpose ships carrying 500 passengers each, together 
with motor cars and cargo. The general-purpose 
ships would operate between Wemyss Bay and 
Rothesay, Gourock and Dunoon, Ardrossan and 
Arran. They would provide a fast service irrespec- 
tive of the state of the tides, with improved equip- 
ment for the unloading of motor cars, containers 
and miscellaneous cargo. The new ferry boats 
would give a shuttle service between the mainland, 
the Cowal Coast, Bute and the Cumbraes. About 
1,000,000/. would be spent on improving steamer 
services in the Firth of Clyde. On the other hand, 
certain branch railway lines were only used by a 
very small number of people, in spite of the cheap 
fares offered, and the point had been reached where 
some could no longer be subsidised by the rest of 
the system. Subject to arrangements for alterna- 
tive transport facilities, some 36 branch lines had 
been provisionally selected for examination. The 
nationalised road passenger services in Scotland 
were operated, in effect, under the former Scottish 
Motor Traction management. Various ’bus under- 
takings had been merged into the group, which had 
1,400,0002. worth of new coaches on order for 
delivery up to the end of 1952, and had plans for 
new garages and buildings which would cost 
500,0001. 


Fitms ror InpustriaL TRAINING. 

The Scientific Film Association is arranging to 
hold a Conference on “The Use of the Film in 
Training for Industry,” in the Hotel Majestic, 
St. Annes-on-Sea, Lancashire, during the week-end 
from Friday, March 30, to Sunday, April 1. The 
Conference will be opened on the Friday evening, 
after which a number of films will be shown and 
individually introduced. On Saturday, March 31, 
there will be three sessions dealing, respectively, 
with training in the textile, engineering and building 
industries, when speakers from these industries will 
explain how they use films for training. On the 
Sunday morning there will be a discussion meeting, 
the work of the Conference will be reviewed, and 
consideration will be given to the use of scientific 
films. Both professional and amateur examples of 
film-making will be shown, and the secretary of the 
Association (whose address is 4, Great Russell-street, 
London, W.C.1) asks to be informed of other 
amateur-made films on appropriate subjects. The 
fee to cover registration and overhead expenses will 
be one guinea. Hotel accommodation for the week- 
end can be booked through the office of the Assc- 
ciation, but members will defray the charge (fixed 
at the inclusive figure of £3 11s. 6d.) individually 
to the hotel management. 


THe FEDERATION OF CONSTRUCTION MACHINERY 
IMPORTERS. 

The fact that production, not men-for the Forces, 
was the first desperate need in the rearmament 
programme, was stressed by Mr. John W. Harriman, 
deputy chief of the Economic Co-operation Adminis- 
tration’s special mission from the United States to 
this country, at the luncheon of the Federation of 
Construction Machinery Importers held at the Dor- 
chester, London. on Wednesday. Great problems 
were arising, such as the allocation of materials, but 
similar problems had occurred before and had been 
solved. Increased output per man was the most 
important factor; the source of inspiration was 
unimportant, but zeal was essential. Anglo- 
American co-operation and solidarity had not always 
been perfect, but were vital now. Though Britain 
had finished with Marshall Aid, the E.C.A. still 
had a number of interests in this’ country, including 
the productivity team», the technical-assistance pro- 
gramme, joint efforts to increase Britain’s earning 
of dollars, as well as the rearmament programme. 
As to the defence plans of European countries, Mr. 
Harriman sounded a note of caution on calculating 
and comparing the relative efforts of the different 
countries ; there were a number of factors which 
invalidated such simple comparisons. Three things 
were wanted—faith, work and time: faith in our- 
selves and each other ; work to achieve the prodigies 
of production that were required ; and time to do it. 
Mr. Harriman was proposing the toast of the 
Federation, to which the chairman, Mr. Rupert G. 


LETTERS TO THE EDITOR. 


THE INSTITUTE OF METALS. 
To THE EprTror oF ENGINEERING. 


Str,—In his letter to you, on page 106, ante, 
Mr. H. S. Tasker, analysing the case for and against 
amalgamation of the three institutions at present 
catering for metallurgists, details some of the 
factors which occur to those members who have 
given some thought to the matter, and also adduces 
reasons against amalgamation which would not at 
once be evident to the ordinary member outside 
Council circles. In this respect, Mr. Tasker’s letter 
is a real contribution to members, who must have all 
the facts before arriving at a decision. There are, 
however, one or two points in his letter on which 
I would like to comment. First of all, however, I 
should state that there was no doubt in my own 
mind of the difficulties of the proposed amalgama- 
tion. Such an operation could not be undertaken 
lightly, and some of the difficulties to be overcome 
leap to the mind. If, however, a reasonable case 
can be made for amalgamation, and if the majority 
of members desire it, the difficulties must be over- 
come. 

On the matter of subscription rates and their 
load on younger men, Mr. Tasker does not mention 
the important changes which have taken place in 
the age limits for subscription groups. These 
changes involve some of the younger men in 
increases of the order of 300 per cent. Whatever 
may be the justification for the present charges, the 
fact remains that they are too high. The solution 
proposed by Mr. Tasker at the end of his letter— 
to transfer the burden to industry— is one which 
too many people are trying at the present time, 
and there is a limit to the burden which industry 
can bear. The matter of taxation, based on func- 
lightly, and some of the difficulties to be overcome 
however, that an organisation providing both quali- 
fying and publication services would have all its 
income taxed on the basis of its functions as a 
qualifying body ? 

As a purely personal opinion, I disagree entirely 
with Mr. Tasker’s view that the two Institutes 
cater for two distinct types of membership, Such 
distinction as there is, I suggest, has arisen from 
the separation of the two publishing Institutes in 
the past, and is to be deplored. A compartmenting 
of metallurgy into two such groups is, in my view, 
neither good metallurgy nor good business. 

One must, of course, give serious attention to 
Mr. Tasker’s analysis of publication costs and his 
view that no economies will derive from amalga- 
mation. On the face of it, however, one recognises 
this problem as one which occurs frequently at the 
present time in business, where the epithet 
‘rationalisation ” has been applied to the method 
of handling it. I fail to see the basis of Mr. Tasker’s 
claim that advertising revenue would necessarily 
fall if the combined institutes produced a joint 
volume. 

Finally, I would reiterate that my proposal 
visualised more than the amalgamation of the two 
publishing institutes. Any solution which does not 
include the Institution of Metallurgists would not 
be a complete solution. 

Yours faithfully, 
F. H. Keatina. 

Imperial Chemical Industries, Limited, 

(Billingham Division), 
Billingham, Co. Durham. 
January 30, 1951. 





AN INTERNATIONAL CARGO 
HANDLING CO-ORDINATION 
COMMITTEE. 

To THE Eprror oF ENGINEERING. 

Sir,—Sir Wilfrid Ayre, in the Burntisiand Ship- 
yard Journal, refers to the general increase in sea 
speed of ships ; and Sir William Currie has spoken of 
the fact that, for the East African trade, five fast 
cargo and passenger ships are needed to do the 
work of four, because of port delays. Mr. W. 
MacGillivray, in 1948, presented a paper to the 





Ledger, replied. 


Institution of Naval Architects, dealing with the 








inter-relationship of sea speed and port speed. [n 
it he detailed some of the devices which have been 
produced recently for the rapid mechanical handling 
of cargo. Many ship types can be built to-day 
which are automatic in the discharge of their 
cargoes and sufficiently rapid in doing so to enable 
them to co-ordinate their sea and port specds, 
Equally, shore equipment is so efficient that much 
labour can be released for other work. 

Most of the developments of this kind, however, 
are localised. There is neither standardisation of 
design nor co-ordination of knowledge and experi- 
ence, both of which are essential to increase port 
speed. It is useless to have, for example, in some 
port a device which can remove cargo quickly 
from certain ships, but which cannot handle others 
with equal celerity because hatches or side doors 
are inconveniently placed. It has been suggested, 
therefore, that an International Committee, to be 
known possibly as the International Cargo Handling 
Co-ordination Committee, might be established. 
This would be purely unofficial, though of prime 
importance, in the first instance to manufacturers 
of rapid cargo handling gear. The basic idea has 
been promulgated in France and there is considerable 
interest in it in Holland. 

I have been asked to initiate steps which might 
make possible the eventual formation of such an 
international organisation, which would be truly 
international and completely non-governmental. I 
am informed that certain of the technical insti- 
tutions would like, however, to hold a watching 
brief. It would be interesting to have the ideas 
of your readers on the establishment of such an 
organisation, which would make possible the free 
interchange of all information about the newest 
devices to shipboard and those on shore. 

Yours faithfully, 
A. C. Harpy. 

110, Fenchurch-street, 

London, E.C.3. 

February 1, 1951. 





NATIONAL ELECTRICITY SUPPLY. 
To THE EDITOR OF ENGINEERING. 


Srr,—In reply to the letter from Mr. H. M. Pea- 
cock, on page 136, ante, I should not find it easy to 
explain why, in the United States, electricity for 
space heating is little used, any more than why tea 
as a beverage is less popular than coffee, but I think 
there are many good reasons. The domestic load 
factor in the United States is good, but so also is the 
industrial load factor, and it might be easier in the 
United Kingdom to improve the industrial rather 
than the domestic load factor. An improvement in 
industrial load factor by two-shift or three-shift 
working would reduce the need for load shedding, 
and would improve power-station efficiency by 
better usage of the more economical generating sets. 

I deduce, from the early disappearance this winter 
of the free market in coke, that the gas industry has 
little margin to meet increased peak demands for 
heating, and I would be more hopeful of reducing 
heating demands by encouraging off-peak methods 
of electrical heating. I would support Mr. Peacock 
in his desire for one or two heat-electric stations in 
our national planning, but I regret that I cannot 
share his belief in district heating as a long-term 
remedy for fuel and power shortages. 

Yours faithfully, 
D. H. Parry. 
71, Holmfield-road, 
Leicester. 
February 5, 1951. 








Low Power CHAIN REACTOR IN THE UNITED STATES. 
—According to Mechanical Engineering for December, 
1950, a so-called “‘ zero power ”’ reactor has been erected 
at the Knolls Power Atomic Power Laboratory, near 
Schenectady, New York, and will be operated for the 
Atomic Energy Commission by the General Electric 
Company. The equipment will be used primarily for 
testing those phases of reactor design which are not 
directly connected with the generation of large amounts 
of power. For this reason, it has been designed +0 that 
it can be taken down and re-erected in eleven ditferent 
combinations. Its output is only a few watts, so 4s to 
restrict the radioactivity of its parts to such low values 
that they can be handled manually with safety. 
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OBITUARY. 


SIR EUSTACE TENNYSON 
D’EYNCOURT. 


Few naval architects have witnessed greater 
changes in warship design, or have been so closely 
associated with many of them, than Sir Eustace 
Tennyson D’Eyncourt, whose death occurred at 
his flat in London on February 1. He was 82 
years of age and, we understand, had been in failing 
health for some time. 

Eustace Henry William 
Tennyson D’Eyncourt was 
born on April 1, 1868, the 
third son of Mr. Louis 
Charles Tennyson D’Eyn- 
court, a first cousin of 
Lord Tennyson, Poet Laur- 
eate. He received his 
general education at Char- 
terhouse School, which he 
left in 1886 to serve an 
apprenticeship to ship- 
building in the Elswick 
Shipyard of Sir W. G. 
Armstrong, Mitchell and 
Company (afterwards Arm- 
strong, Whitworth and 
Company). He remained 
there for three years, going 
on to the Royal Naval 
College, Greenwich, where 
he took the course in 
naval architecture. He 
then returned to Elswick, 
where he worked in the 
design office under Mr. 
(afterwards Sir) Philip 
Watts until 1898. In that 
year, he took up _ the 
position of chief assistant 
naval architect with the 
Fairfield Shipbuilding and 
Engineering Yompany, 
Govan, under Dr. Francis 
Elgar. In 1902, when 
Watts was appointed Direc- 
tor of Naval Construction 
at the Admiralty, in suc- 
cession to Sir William 
White, D’Eyncourt  re- 
turned to Elswick as chief 
assistant to J. R. Perrett, 
who had been appointed in 
Watts’s place; an office 
which he held until 1912, 
when he followed Watts 
to the Admiralty as Direc- 
tor of Naval Construction. 

His service as D.N.C. 
extended over 11 years, 
terminating in 1923. In 
the following year, he re- 
turned once again to Els- 
wick as managing director 
of > shipyard of Sir 
W. G. Armstrong, Whit- 
worth and Company, con- 
tinuing in that capacity 
until February, 1928. He 
then set up in practice as 
aconsulting naval archi- 
tect, with offices in London; but in recent years 


he had been living practically in retirement, 
though he continued to take an active interest 
in the affairs of the Institution of Naval Archi- 
tects, which he was an honorary vice-presi- 
dent, and presided at the special meeting held 
in 1947 — certain changes were made in its 
constit1: 

Sir oles received the K.C.B. in 1917 
and as bay ‘onetcy in 1930—was directly concerned 
bn the design of a wide variety of ships, though 

was 


«8 a designer of the heavier type of warship 
that he was chiefly known. While at the Fairfield 
yard, he was engaged on liners, cargo vessels and 
‘ome of the earlier torpedo craft ; and, at Elswick, 
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with the Brazilian battleships Minas Geraes and 
Rio de Janeiro, and the Chilian battleships Almirante 
Cochrane and Almirante Latorre. During the 
1914-18 war, he was responsible, as Director of 
Naval Construction, for the design of all the vessels 
built for the Royal Navy; an unusually varied 
fleet of which he gave a most informative account 
in a paper on ‘“‘ Naval Construction during the War,” 
read before the Institution of Naval Architects 
at their Spring Meeting in 1919. At the same 
meeting, he was associated with Mr. T. Graham in 
the authorship of a second paper, on ‘‘ Some 


Recent Developments towards a Simplification of 





Tue Late Sm Eustace TENNYSON D’EYNCOURT. 


Merchant-Ship Construction,” in which further 
war-time experiences and expedients were embodied ; 
and in the following year he presented a paper on 
**H.M.S. Hood,” which is still the principal source 
of information on that most handsome of all modern 
heavy war-vessels. He contributed two more 
papers based on his specialised experience as 
Director of Naval Construction, namely, ‘‘ Notes 
on some Features of German Warship Construction,” 
in 1921, and ‘‘ The Tendency of Warship Design as 
affected by the War,” in 1922. At the Spring 
Meeting in 1923, he presented, jointly with the 
late Mr. J. H. Narbeth, a paper on ‘‘ A Proposed 
Aircraft-Carrying Mail Steamer,’ which aroused a 
good deal of discussion at the time and which, 








perhaps, may have had some influence on the 
adaptation of merchant ships to act as escort 
aircraft-carriers during the recent war. By that 
time, he was at the end of his period of service as 
Director of Naval Construction; but, as he con- 
tinued for some while afterwards to act as an 
honorary consultant to the Admiralty, it may be 
supposed that the views expressed in that paper 
were at least semi-official. 

The design of warships, however, was not Sir 
Eustace’s sole preoccupation. It is frequently 
forgotten that the Admiralty—inspired by Mr. 
Winston Churchill—were closely concerned in the 
design and production of 
the first ‘“‘ tanks,” which 
brought the Director of 
Naval Construction into 
the field of land warfare. 
As a result, when the 
building of tanks became 
one of the activities of the 
Ministry of Munitions, Sir 
Eustace was appointed vice- 
president of the Tank 
Board, holding that posi- 
tion in 1917 and 1918. 
He was also a member 
of the Tank Committee of 
the War Office, acting as 
chief technical adviser on 
tanks to them as well as 
to the Admiralty. Airships 
also came within his pur- 
view until, in 1917, a 
separate department was 
established to deal with 
them; though he con- 
tinued to serve on the 
Advisory Committee for 
Aeronautics throughout the 
war. During the war, also, 
he designed a number of 
sloops for the French Navy, 
for which he was made a 
Commander of the Legion 
of Honour. 

Possibly some of the most 
difficult tasks with which 
he was confronted as a 
naval architect arose out 
of the Washington naval 
agreement of 1921, and the 
restrictions that it imposed 
on the displacement and 
armaments of warships. 
These difficulties were par- 
ticularly acute in the case 
of the battleships Nelson 
and Rodney, originally de- 
signed to be of much greater 
displacement than the 
Washington Convention 
permitted ; they were sur- 
mounted, however, with 
notable skill and, in service, 
these ships proved to be 
very satisfactory in per- 
formance, although some- 
what bizarre in appearance. 
Sir Eustace was also con- 
cerned in the design of a 
number of cruisers, subject 
also to the severe limita- 
tions of the Washington 
agreement, and some of these are still in service. 

Of the many honours conferred upon Sir Eustace 
D’Eyncourt, the first was the Turkish Order of 
the Medjidieh (3rd Class), which he received so 
long ago as 1900, after he had visited Turkey to 
report upon the condition of the Turkish fleet. 
The K.C.B., already mentioned, had been preceded 
by the C.B. in 1915. He was elected a Fellow of 
the Royal Society in 1921, and was also'the recipient 
of the honorary degrees of D.Sc. from the University 
of Durham, and LL.D. from the University of 
Cambridge. On the conclusion of the 1914-18 war, 
he was awarded the Distinguished Service Medal 
by the President of the United States. 

The professional institution in which Sir Eustace 
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took the most active part was, as indicated above, 
the Institution of Naval Architects, which he joined 
as a member in 1894. He was elected a member of 
Council in 1913, a vice-president in 1916, and an 
honorary vice-president in 1935. At various times, 
he had served on most of the standing committees, 
and had represented the Institution on the Engineer- 
ing Joint Council, the Engineering Public Relations 
Committee, and the Executive Committee of the 
National Physical Laboratory. In 1927, he was 
appointed chairman of the Advisory Committee 
of the William Froude National Tank. He was one 
of the oldest members of the North-East Coast Insti- 
tution of Engineers and Shipbuilders, and an 
honorary Fellow, and was president from 1925 to 
1927. He was also a member of the Institution of 
Civil Engineers, to which he was elected in 1920, 
and served on the Council of that Institution from 
1930 to 1937. He was a member of the Association 
Technique Maritime, and a foreign associate of the 
Académie de Marine. In 1915, he was made a vice- 
president of the Junior Institution of Engineers 
and, in 1919-20, was elected President, when he 
delivered an address on ‘‘ The Influence of the War 
on Engineering.” He was a liveryman of 38 years’ 
standing in the Worshipful Company of Shipwrights, 
and served the office of Prime Warden in 1928. 

After retiring from Elswick, Sir Eustace joined 
the board of the Parsons Marine Steam Turbine 
Company in 1928, continuing on it for 20 years. He 
also acted as naval adviser to Vickers-Armstrongs 
Limited. As the third successive Elswick naval 
architect to become Director of Naval Construction, 
he was a distinguished successor to Sir Philip Watts 
and Sir William White, and his death may be 
regarded as marking the close of an era in British 
warship construction during which the private 
shipbuilders of the country were responsible for 
probably greater advances in design technique than 
at any other period. 





SIR ARTHUR H. PREECE. 


WE regret to record the death of Sir Arthur 
Preece, on Wednesday, January 31, at the age of 
83. He was well known, both in this country and 
overseas, for his work in the establishment of 
electricity supply undertakings. 

Arthur Henry Preece was born in London on 
August 16, 1867, being the second son of Sir 
William Preece, K.C.B., F.R.S., who was engineer- 
in-chief of the Post Office for many years and 
had also been President of both the Institutions 
of Civil and Electrical Engineers. He received his 
early education in private schools, at King’s College 
School, London, and in Germany. He later studied 
at King’s College, London, and after qualifying as 
an associate of that institution served as a pupil 
with Messrs. Elwell Parker (later the Electric Con- 
struction Company, Limited) at Wolverhampton. 
In 1889, he was appointed assistant engineer with 
the Metropolitan Electric Supply Company and 
took part in the erection of the Rathbone-place 
generating station. Three years later, he joined the 
staff of Dr. Gisbert Kapp and was engaged under 
him in the preparation of plans and specifications 
for the first generating station at Bristol. In 1893, 
he began to practice as a consulting engineer on 
his own account and was responsible for the design 
of many other early generating stations, including 
those at Hammersmith, Wimbledon, Llandudno, 
Kingston-on-Thames, Gibraltar and Malta. 

In 1899 he entered into partnership with his father, 
his brother and Major Philip Cardew, who had 
recently retired from the post of Electrical Adviser 
to the Board of ‘rade, to form the consulting 
engineering firm of Preece and Cardew. This firm 
did considerable pioneer work in increasing the 
availability of electricity supplies in many parts of 
the world. Both in the early days and, after they 
had been joined by Sir John Snell and Mr. J. H. 
Rider, the partners were responsible for the design 
of many generating stations, among which two of 
the more recent were those at Fulham (282 MW) and 
Tir John North at Swansea (134 MW). They also 
carried out important works in the Colonies, in the 
Far East and in South America, 

Sir Arthur, who retired from active work in 
March, 1949, received the honour of knighthood in 
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1932. He was elected an associate member of the 
Institution of Civil Engineers in 1894 and trans- 
ferred to the class of member ten years later. In 
1898, he was awarded the Telford Medal and Pre- 
mium for a paper on ‘‘The Electricity Supply of 
London.”” He became an associate of the Institu- 
tion of Electrical Engineers in 1890, and a member in 
1898. He received the honorary degree of LL.D. 
from the University of Hong Kong in 1924. 





MAJOR F. L. WATSON, M.C. 

Too late for mention in: last week’s issue, we 
learned of the death on January 26, at Lyndhurst, 
of Major F. L. Watson, a former member of Council 
of the Institution of Mechanical Engineers and 
twice chairman of the Yorkshire Branch. 

Frank Leslie Watson was born on November 15, 
1871, so was in his 80th year at the time of his 
death. He was educated at Cheltenham grammar 
school, and at the then Yorkshire College (now the 
University of Leeds), where he studied civil and 
mechanical engineering from 1888 to 1891. There | 
followed an apprenticeship of three years with the 
Hunslet Engine Company, under Mr. James Camp- 
bell, M.I.Mech.E., after which he obtained a post as 
draughtsman with a Leeds firm of consulting engi- 
neers, Messrs. James and Watson, who were engaged 
in the design of steam and other engineering plant, 
and particularly of municipal refuse destructors. 
C. W. James and George Watson, the partners in 
the practice, were associated with another firm, 
the Loidis Engineering Syndicate, formed to work 
certain patents which they held, and of this firm 
Watson became manager in 1895. Four years later, 
the business was absorbed by the Horsfall Destructor 
Company, to which he transferred in the capacity 
of general manager, retaining that position until 
1912. In that vear, he entered a different branch 





of engineering, being appointed secretary of Joshua 
Buckton and Company, of Leeds, the makers of 
heavy machine tools, testing machines, etc. On 
the outbreak of war in 1914, he was mobilised as a 
Territorial officer, seeing much active service and 
being mentioned in despatches and awarded the 
Military Cross. He had reached the rank of major 
when he was recalled to England in 1917 and given 
the task of organising the National Gun Factory at 
Leeds. This appointment proved only temporary, 
however, as he was made Deputy Director of 
Ammunition Production at the Admiralty later in 
the same year, retaining this position until the 
end of the war. He then returned to Leeds as man- 
aging director of Joshua Buckton and Company. 
Major Watson was a member of the Institution of 
Civil Engineers, entering the Institution as a student 
and being elected an associate member in 1896. 
He was transferred to the grade of Member in 1921. 
He was also a member of the Institution of Mechani- 
cal Engineers, to which he was elected in 1905. 
He was twice chairman of the Yorkshire Branch of 
that Institution, in 1922 and 1930, and, ex officio, 
a member of Council. His three contributions to 
the Proceedings—on ‘‘ Obsolescence and Organisa- 
tion,” ‘“‘ The Functions and Training of the Mechani- 
cal Engineer’? and ‘ Skill’”°—were marked by 4 
clarity of thought and expression which those who 
knew him will recall as a notable characteristic. 





OSWALD WANS. 


Towarps the close of a week of particular obituary 
significance, we learned of the death, on February 2, 
at the age of 80, of Mr. Oswald Wans, M.I.Mec hE. 
formerly chief engineer of the oil-engine department 
of Ruston and Hornsby, Limited. We hope 
review his professional career in next week’s issue. 
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THE DEVELOPMENT OF THE 
275/300-KV GRID. 


ABOUT a year ago (see page 235 of our 169th volume, 
1950),. we announced that the British Electricity 
Authority had decided to proceed with the construction 
of a 275/300-kV grid, in order to reinforce the existing 
132-kV system. Such reinforcement was necessary 
in order substantially to increase the capacity of the lines 
inter-connecting the different parts of the country, and 
to make the most economic and effective use of the 
generating plant available at a minimum overall capital 
expenditure. The reliability of the supply would thus 
be increased and the selection of the most suitable sites 
for new genérating stations facilitated. 

The British Electricity Authority have now adopted 
a ten-years provisional programme for the development 
of such a reinforcing grid. The scheme, which has been 
broadly approved, is shown diagrammatically on the 
opposite page, and is expected to meet requirements 
until 1960. As will be seen, it provides for lines 
running from Glasgow via Carlisle, Newcastle-upon- 
Tyne and Sheffield to Staythorpe,. near Newark-on- 
Trent, and thence to the London area. A line will also 
be run from Staythorpe westwards and then north- 
wards to form a ring via Manchester, Blackburn and 
Leeds. A second main trunk line will be erected from 
the East Midlands to the London area, and there will 
be a further connection southward through Birming- 
ham, Gloucester and Melksham to London. There will 
be three main receiving centres on the north, west and 
south-west of London, which will be inter-connected 
80 that there will be a loop round the metropolis from 
Tilbury on the north bank of the Thames to Littlebrook 
on the south bank. 

As foreshadowed in the Authority’s previous an- 
nouncements, the voltage of the new system will be 
275/300 kV, but consideration is being given to design- 
ing certain sections, notably those connecting the Mid- 
lands to the London area, 80 that they will be suitable 
for operation at 380/400 kV. This, incidentally, is 
the highest voltage that has yet been proposed for use 
m any part of the world. The constructional work 
will be carried out in stages, and contracts will shortly 
be placed for those portions of the scheme which it is 
inteaded to commission in 1955. It is also intended 
that the greater part of the additional lines necessary 
to connect the 132-kV grid with the new system and 
to couple the new generating stations shall be com- 
pleted in the same year. 

As is well known, a new 275-kV line is already under 
construction between Staythorpe and West Melton, 
near Sheffield, a distance of 21 miles, and the work is 
now nearing completion. The first major extension 
to be undertaken will probably be the continuation of 
this reuit from Sheffield via Newcastle and Carlisle 
to Glasgow, in order to provide urgently-needed rein- 
force: nt on the north-east coast. The Staythorpe 
line consists of a single circuit with flat spacing of 
conductors and with double earth wires for a distance 
of a mile from each terminal station. 














Fie. 2. 


COLD-STARTING EQUIPMENT FOR 
DIESEL ENGINES. 


THE starting of compression-ignition oil engines in 
conditions of low temperature has been a matter of 
considerable importance for some time, particularly 
with regard to vehicles, tractors and other equipments 
liable to be left in the open during cold weather. This 
problem was emphasised during the second World War 
when both service and civilian users were subjected to 
a cycle of exceptionally cold winters. Prior to 1938, 
with the needs of the home market only in view, it had 
been generally accepted that an engine which started 
promptly at 32 deg. F. would meet most service 
requirements. Comparison between British and foreign 
practices, however, showed that it was advisable to 
lower the test temperature to 20 deg. F.; subsequent 
experience in the early part of the war caused a 
further revision and it was generally agreed that the 
test temperature should be lowered to 0 deg. F. When 
Russia came into the war in 1941, it became necessary 
to consider even lower temperatures, and finally it 
was decided that equipments destined for Russia 
should be capable of starting at — 40 deg. F., and those 
for the Continent at 0 deg. F. 

To start an oil engine at 0 deg. F., however, without 
special equipment, necessitates cranking speeds as high 
as 280 r.p.m. and as such speeds were impracticable 
in the starting conditions specified, it was decided to 
investigate the matter further and see if other aids 
could be made available to ensure satisfactory starting. 
Those examined included heating of the inlet air and 
the use of ignition-promoting agents and it was soon 
decided that the latter scheme offered the best chance 
of developing satisfactory cold starting ; for some time 
previously, it had been common practice to introduce 
an ignition promoter into the induction air during the 
cranking operation. Much work was carried out to 
determine the best promoter and it was ascertained 
eventually that diethyl ether offered the most effective 
aid to ignition. Subsequently, many vehicles were 
fitted with the necessary equipment for its use and there 
is no doubt that the method proved successful in 
many theatres of operation. In view of the excellent 
results achieved, Messrs. C.A.V. Limited, Acton, 
London, W.3, decided to adopt this principle for com- 
mercial application, and since the end of the war they 
have carried out a great deal of experimental work in 
their cold rooms. They have now evolved a satisfac- 
tory device and hope to commence full production 
later in the year. 

The function of the ignition-promoting agent is, of 
course, to provide a mixture which will ignite spon- 
taneously at low temperatures so that the heat of 
reaction raises the temperature of the fuel-air mixture 
to such a value that it will burn. As ignition con- 
tinues, the amount of promoter required to sustain 
combustion is reduced, until finally normal firing 
proceeds without any aid from the promoter. In the 
early experiments, the methods used did not control 
the feed of the ether so as to ensure steady running 
before it was exhausted and troubles were also experi- 
enced with knocking, back-firing and racing. To 
overcome these troubles, experiments were started 
with a variety of metering devices, Ricardo and 
others having used such devices successfully. Many 
types were developed and tested, and a butterfly valve 
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was fitted to the intake manifold to create a depression 
during cranking. Initial tests showed that it was 
possible to obtain positive starting without any ten- 
dency towards back-firing, knocking or racing; un- 
fortunately, with the devices used an abnormally long 
cranking period was required before firing occurred. 
This was a serious disadvantage and further efforts 
were made to reduce the cranking period. Eventually, 
it was ascertained that if an initially rich ether-air 
mixture was provided, satisfactory starts could be 
made, but that, once first ignition had occurred, the 
rate of ether supply must be controlled to enable the 
engine to continue to run so that the combustion- 
chamber temperature is raised sufficiently to support 
normal combustion. Tests on these lines were con- 
tinued until a design was evolved which combined the 
starting requirements with suitable capacity and 
extreme simplicity. 

The final device, which will go into production 
shortly, is illustrated in Fig. 2, above, from which it 
will be seen that it is quite small and can, there- 
fore, be fitted to almost any type of engine. It differs 
in many ways from the device fitted to Army equip- 
ments during the war; the ether, for example, is 
contained in a simple plastic capsule, which is pierced 
automatically on insertion, whereas the Army device 
involved the use of steel capsules, which, when re- 
quired for starting, were punctured in a special tool, 
the ether subsequently draining into the starting 
device. The operation of the C.A.V. device may be 
followed by referring to the drawing reproduced in 
Fig. 1. It is inserted and held in the induction mani- 
fold by means of the screwed plug lettered a, the end 
of the plug projecting into the manifold in line with 
a pilot passage formed in a butterfly valve. This 
arrangement can be seen in Fig. 3, above, which shows 
a longitudinal section through part of the induction 
manifold. The plug a passes through a lug formed on 
the body of the device and is drilled to permit the 
starting fluid to pass into the manifold. The capsule 
containing the fluid is introduced in the bowl b and the 
bowl subsequently screwed into the body, this action 
causing the screwed central prong c to pierce and enter 
the capsule. This prong is drilled down its axis to 
provide a passage for the starting fluid, which rises up 
the prong and enters the annular chamber d formed in 
the body, through cross drillings in the top of the 
prong. 

The centre prong, however, has an integral collar 
formed on its body, which supports the flexible washer e, 
and the upper edge of the bowl has the rim f machined 
in it. When the bowl is screwed up, although the 
capsule is pierced, upward flow of the fluid does not 
commence until the rim f makes contact with the 
flexible washer e; this action seals the bowl so that, 
when it is screwed in further, the subsequent reduction 
in internal volume forces the liquid up the central hole 
of the prong into the annular chamber d. The dimen- 
sions are so arranged, however, that at the instant 
the chamber d is filled, the rim at the edge of the bowl 
passes the sealing washer and atmospheric pressure 
is restored in the bowl. The bowl is then tightened up 
so that it is sealed at the lower joint face, the felt air 
filter g in the base of the bowl permitting the entry of 
air through the drilled holes A and a slot machined in 
the thread of the bowl to the space above the capsule. 
Another drilled hole, lettered j in Fig. 1, connects this 
space with the annular chamber d and, therefore, with 
the outlet to the manifold. 
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When it is required to use the device, a capsule is 
placed in the bowl and the bowl screwed into position, 
the spring clip k being provided merely as a safeguard. 
The butterfly valve is then turned to the position 
indicated in Fig. 3, and the starter energised; the 
partial vacuum produced at the outlet of the screwed 
plug a draws a very rich mixture of fluid and air 
from the annular chamber d into the induction mani- 
fold, thereby enabling the engine to fire immediately. 
As the engine gathers speed, the depression at the outlet 
increases and the first few strokes are sufficient to 
exhaust the relatively small volume of fluid from 
the annular space. Once this volume has been used, 
the fluid is drawn through the central passage in the 
prong from the bowl, and this mixes with air entering 
the annular chamber through the passages referred to 
previously. It will be appreciated that the fluid in 
the annulus requires but a slight depression in the mani- 
fold to overcome the static lift, whereas the fluid in the 
bowl needs a somewhat greater depression. The ratio of 
the fluid in the annular chamber to that in the bowl is 
arranged so that the engine fires vigorously so long as 
the rich mixture lasts, after which the weaker mixture 
supplied from the bowl is sufficient to ensure con- 
tinuous running until the temperature in the cylinders 
is capable of supporting normal combustion. 

It will be realised that the device is essentially easy 
to operate and the starting sequence cannot be inter- 
fered with by the operator. It is simple to fit and the 
only modification of any importance required to be 
carried out on the engine is the fitting of a butterfly 
valve in the manifold; even this modification is 
unnecessary on an engine fitted with a pneumatic 
governor. The plastic containers form a convenient 
means of handling the highly volatile and inflammable 
starting fluid, and as evaporation cannot take place 
until they are punctured there can be no loss of fluid 
before use. In tests with the equipment, engines have 
been started in two seconds at a temperature of 10 deg.F., 
and in from two to five seconds at temperatures as low 
as — 10 deg. F.; one engine has been started satisfac- 
torily at — 20 deg. F., the time taken in this case being 
six seconds. The tests made at the lower tempera- 
tures, however, were not necessarily carried out with 
the standard electrical equipment. Nevertheless, by 
using special arctic lubricants of low viscosity, the 
resistance to cranking can be reduced considerably, and 
there appears to be no reason why commensurate 
results should not be obtained in the field. 





CONTRACTS. 


Joun Brown & Co., Ltp., Clydebank, and HARLAND 
& Wo.rr Ltp., Belfast, have each received an order 
from the Peninsular and Oriental Steam Navigation 
Company to build a vessel similar in appearance, dimen- 
sions and tonnage, to the 28,000-ton liner Himalaya. 
The two new ships will probably be fitted with the 
Denny-Brown stabilisers which have had a prolonged 
and successful trial in the P. & O. Company’s S8.S. 
Chusan. An illustrated description of this stabilising 
gear appeared on page 557 of our issue of Decem- 
ber 29, 1950. The two new liners, when completed, will 
join the Himalaya on the Australian service. 

THE NorTH BRITISH LOCOMOTIVE Co., LTD., Glasgow, 
have received an order, valued at 1,750,0001., for 100 
coal-burning 4-6-2 metre-gauge locomotives for the 
Indian State Railways. 

THE AC-SPHINX SPARK PLUG CO., DIVISION OF 
GENERAL Morors, Lrp., have received an order from 
Mexico for one million spark plugs. This is stated to be 
the largest single export order received by the firm in the 
last 40 years. 

During December, 1950, the British Electricity 
Authority placed contracts for equipment for power 
stations and transforming stations and transmission lines 
amounting, in the aggregate, to 6,802,9781. These in- 
cluded main transformers and accessories for Tilbury 
station, with the ENGLISH ELECTRIC Co., LTD. ; 132-kV 
switchhouse and associated civil engineering works for 
Barking ‘“‘ C ” station, with Sm ROBERT MCALPINE AND 
Sons, LTp.; coal-handling plant for Thornhill station, 
near Dewsbury, with RICHARD SUTCLIFFE, LTD.; two 
30-MW turbo-alternator sets for Connah’s Quay station, 
Chester, with C. A. Parsons & Co., LTp.; switchgear 
for Rye House station, Fertfordshire, with the BRITISH 
THOMSON-HovusTON Co., LTp.; ash- and dust-handling 
plant for Bold station, near St. Helens, with B.V.C. 
INDUSTRIAL CONSTRUCTIONS, LTD. ; three 60-MW turbo- 
alternator sets for Keadby station, near Stoke-on-Trent, 
with C. A. Parsons & OCo., LTD.; two 60-MW turbo- 
alternator sets for Skelton Grange station, with C. A. 
Parsons & Co., LTp.; two 30-MVA 132/33-kV trans- 
formers and earthing transformers for Carmarthen and 
Haverfordwest substation with HACKBRIDGE AND 
Hewirtic Evectric Co., LTD. ; and two 60-MW 132/33- 
kV transformers and earthing transformers for Telford- 
road and Gorgie substations, Edinburgh, with the 
METROPOLITAN-VICKERS ELECTRICAL Co., LTD. 





LABOUR NOTES. 


Fears that widespread unemployment and an acute 
shortage of coal might result from the present situation 
in the industry were expressed by Mr. Alfred Robens, 
Parliamentary Secretary to the Ministry of Fuel and 
Power, in a speech at Bedlington, Northumberland, on 
February 4. He declared that the only sure way to 
avoid these misfortunes was by the achievement of a 
high level of output in the pits. The Prime Minister’s 
recent appeal for the mining of an additional three 
million tons of coal before the end of next April meant 
that production must be increased by 44 per cent. The 
miners must dig an extra hundredweight of coal during 
the next few months for every ton mined last year. 
This would not be an easy task, but he did not believe 
it to be an impossible one. 





Commenting on the “ substantial increases in wages 
and other benefits’ recently conceded to the miners, 
Mr. Robens expressed the view that further improve- 
ments would depend upon what the coal industry 
could afford without placing an undue burden on the 
consumer. In another speech, later on the same day, 
at Cambois, near Blyth, Mr. Robens stated that, even 
with an increased output sustained over a considerable 
period, it would be several years before all restrictions 
on coal supplies for domestic and overseas consumers 
could be removed. He asked householders to exercise 
the utmost economy in the use of coal and reminded 
his audience that a saving of 10 per cent. in gas and 
electricity in every home would decrease the con- 
sumption of coal by 60,000 tons a week. 





Fewer collieries were open last Saturday. The 
National Coal Board announced on February 3 that a 
total of 761 pits worked a shift on that day, compared 
with 769 on Saturday, January 27. The number of 
collieries then open, however, was only ten below 
the record established on December 16, 1950, when 
shifts were worked at 779 collieries. The number of 
pits open on Saturday, January 20, was only 716. 
On February 3, the whole of the 91 pits in the East 
Midlands division, and all the 62 pits in the West 
Midlands division, were at work. Good attendances 
of miners were recorded at collieries in the Cheshire, 
Lancashire, and North Wales coalfields, but absentee- 
ism in Scotland was reported to average at least 24 per 
cent. A record was established in the Durham division 
on the same day, when miners at 111 pits signed on 
for the Saturday shift. In the same division, an extra 
half-hour was worked daily at 16 pits during the five 
days ended on February 2. 





Coal production in the Cumberland coalfield has 
been affected by the unofficial strike of ’bus drivers 
and conductors at Maryport, Whitehaven and Work- 
ington. Some four to five hundred employees of Messrs. 
Cumberland Motor Services, Limited, ceased work last 
Saturday in protest against new time schedules which 
were to have been introduced on February 4. One 
result of the strike was that absenteeism at collieries 
served by the company’s omnibuses increased to nearly 
50 per cent. Local officials of the National Coal Board 
have organised emergency services of cars and lorries 
throughout the week to transport the men between 
their homes and the mines. In some cases, miners 
residing in isolated places have been conveyed by 
taxi. Attendances at the collieries affected by the 
strike have varied considerably, however, being in 
some cases very disappointing. : 





Coal imports purchased by Britain from the United 
States, India, and Nigeria already exceeded 1,070,000 
tons, according to a statement made by Mr. Philip 
Noel-Baker, Minister of Fuel and Power, in answer to 
a Parliamentary question last Monday. He reported 
that the necessary shipping had been chartered for the 
transport of the coal to Britain, but he declined to give 
the prices which the Government had paid for these 
supplies. Mr. Hugh Gaitskell, the Chancellor of the 
Exchequer, stated in Parliament on Tuesday that the 
National Coal Board had spent 3,345,400 dols. on 
the purchase of United States coal, up to January 22. 
It may be recalled that Mr. Noel-Baker informed the 
House last week that, up to the end of January, 
250,000 tons had been imported from the United 
States. Imports, he then stated, were running at the 
rate of about 90,000 tons weekly, but exports of coal 
from Britain, in fulfilment of her overseas commit- 
ments, amounted to about 100,000 tons a week. A 
request that priority should be given by the Coal 
Distributors’ Organisation to manufacturers with less 
than one week’s supply was made by the fuel sub- 
committee of the London and South Eastern Regional 
Board for Industry at its meeting on Monday last. 
Officials of a number of Government departments and 








the regional fuel controllers serve on the sub-committec. 
as well as two persons representing employers and 
workpeople respectively. 





Strikes by electricians and building-trade employees 
engaged on construction work for the Festival of 
Britain at the South Bank and Battersea Park sito: 
were ended last Saturday, when work was resumed. 
The dispute commenced on January 26, when about 
100 men employed by a firm of contractors on the 
construction of the river wall on the South Bank site 
ceased work in support of their demand for a 20 per 
cent. bonus, representing an increase of 28s. a week. 
On the same day, about 150 electricians employed on 
the site asked for an extra 2d. an hour exhibition 
money, and, following a meeting of their shop stewards, 
went on strike. By the following Tuesday the unofficial 
strike had spread to all the 300 electricians employed 
on the South Bank site. On January 31, the next day, 
the number of building-trade employees idle had 
increased to over 800, many of these having ceased 
work in sympathy with the claims of the electricians. 
There were then hardly more than 300 operatives left 
at work on the South Bank out of a total strength of 
1,400. 





Later, the number of strikers on the South Bank 
increased to over 1,200, and they were joined, on 
February 2, by about 60 electricians employed on the 
amusement section of the Festival, at Battersea Park. 
The dispute was reported by the employing firms and 
by the authorities of the Festival to the Ministry of 
Labour on February 1, but the National Federated 
Electrical Associations expressed their unwillingness to 
negotiate with the unofficial strike committee of shop 
stewards, and their desire to be approached op the matter 
by the Electrical Trades Union. Work was resumed 
on the understanding that negotiations between the 
two sides to the electricians’ dispute were commenced 
witbin a few days. The dispute will be discussed at 
the forthcoming meeting of the National Joint Council 
for the Electrical-Contracting Industry. Work on the 
Festival sites has fallen well behind schedule, as a 
result of the stoppage, and only a speedier execution 
of outstanding tasks and a considerable use of overtime 
can enable these arrears to be made good. 





Overtime and piecework have been banned again 
by the workpeople at the aero-engine factory of Messrs. 
Rolls-Royce Limited, at Hillington, Glasgow. Over 
3,000 employees are affected by the new decision, 
which was taken on February 5. The ban was originally 
imposed on January 22, as a protest at the operation 
of the recent wage award for the engineering industry, 
but was lifted a week later to enable negotiations 
between the factory management and the men’s repre- 
sentatives to proceed. 


The increases in wages recently offered by dock 
employers, and referred to on page 82, ante, were 
accepted by 46 votes to 23 at a national delegate 
conference of dockers held in London on February 1. 
As from next week, dockers throughout the country 
will receive an extra 2s. a day, thus bringing the 
minimum payment for a day’s work to 2l1s., and 
giving an increase of Ils. in the time rate for a full 
week of 11 shifts. The new minimum weekly wage 
will be raised thereby to 5l. 15s. 6d. It is estimated 
that over 90 per cent. of the 75,000 dockers concerned 
in the agreement are engaged on piecework and these 
men will receive proportionate increases. Permanent 
employees engaged on piecework will obtain the full 
increase of lls. a week. In addition to the dockers, 
some 20,000 men employed in dock areas on ancillary 
services are also affected by the new agreement, the total 
cost of which will amount to about two million pounds 
in a full year. 





Unofficial strike action in opposition to the dock 
wage increases commenced at Birkenhead on the day 
after these increases were accepted in London. The 
men’s unofficial leaders on Merseyside have agitated 
for many months for an increase of 6s. a day, which 
would provide a daily time rate of 25s. against the 21s. 
provided by the new agreement. On February 3, 
about 2,200 Birkenhead dockers ceased work and the 
campaign quickly spread to Liverpool docks, so that, 
by the end of the day, a further 2,500 men were on 
unofficial strike at that port. Attempts were made 
during last week-end and throughout the early days 
of this week to spread the strike to other ports. ‘I'here 
was some sympathetic action at Manchester but these 
attempts were otherwise very unsuccessful. A state- 
ment issued by the National Dock Labour Board carly 
on Thursday gave the total number of dock em- 
ployees on strike in Liverpool, Birkenhead and Man- 
chester as 11,966. The Board reported that 73 snips 
were idle at these ports and that 30 others were con- 





siderably undermanned. 
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ELECTRICALLY-INTERLOCKED 
GUARDS ON MACHINES.* 
By W. Forpuam Cooper. 

THE paper summarises the results of a study made 
in 1948-49 of the defects commonly found in attempts 
to lock guards on dangerous parts of machines by 
electrical means. Interlocking cannot be considered 
in isolation, but has to be related both to the operation 
of the machine and to the characteristics of the drive 
and of the electrical control equipment. In particular, 
the provision of suitable braking is most important. 
In a paper read before the Institution of Mechanical 
Engineers} in 1945, Mr. H. A. Hepburn classified the 
types of guard into: fixed guards, which by virtue of 
their position prevent access to the dangerous parts ; 
automatic guards, which move in advance of each 
operation of a machine and sweep the operator’s arm 
or person out of the way before a stroke is made, or 
automatically take up a position similar to a fixed 
guard before the danger can arise ; interlocked guards, 
Which must be in correct adjustment before any poten- 
tially dangerous operation can commence; trip 
guards, which stop the machine or automatically 
cause other appropriate action to be taken immediately 
danger arises; and positional and distance guards 
which are placed to keep an operator at a safe distance 
from a machine. Electrical methods of interlocking 
are applicable primarily to interlocked and trip guards 
and to a less extent to automatic and positional and 
distance guards. 

Interlocked guards may be divided into those in 
which the dangerous parts of the machine must be at 
rest bef»re the guard can be opened and those in which 
the action of opening the guard stops the machine 
or the ungerous parts of it. In both cases, it should 
be imp: ‘sible to re-start the machine until the guard 
18 agai: in position and locked; and in nearly all 
cases ii is necessary to bring the dangerous moving 
Parts-t» vest before anyone can get at them. Guards 
80 arranged that dangerous parts of the machine 
must be at rest before they can be moved are preferable 
to those where the action of opening the guard stops 








the mach‘ne. Trip guards only operate when danger is 
s : Pay: on “ Electrical Control of Dangerous Machin- 
Ty and Processes: Part 2—Electrically Interlocked 


Guards 0»; Machines,” read before the Utilisation Section 


- the Liscitution of Electrical Engineers on Thursday, 

Pe ra 18. Abridged. A review of the first part 
S paper appeared in ENGINEERING, vol. 162, page 

494 (1944), 

Brae dings of the Institution of Mechanical Engi- 
» Vo: 152, page 149 (1945). 
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imminent ; a very quick stop is therefore necessary. 
Where it may be essential to allow the machine to 
perform some part of its cycle of operations unguarded 
the only solution may be to run it very slowly under 
careful control. Where electrical interlocking is 
provided it should be possible to arrange the interlock 
so as to prevent normal running, but to permit the use 
of a special inching controller, which is only brought 
into operation by @ key which is in charge of a respon- 
sible official. 

Safety devices should always do the right thing or 
nothing at all and if they cease to function the “ signals 
should go to danger ’’ ; and the whole apparatus should 
immediately assume a “safe”’ condition. A failure 
of power supply does not necessarily cause a machine 
to stop immediately and when it stops it may not do 
so in a safe position. It is therefore important that 
guards remain locked while the danger persists. In 
most circumstances, this can be achieved only if the 
interlocks, relays or limit switches are arranged to 
break circuit for safety. 

When a machine has been stopped, it must remain 
stopped if danger is to be prevented. Interlocks 
should not be included in the low-volt release circuit 
of most starters and controllers, since in that case the 
machine could be immediately re-started with the 
guard open and would continue to run so long as the 
starter handle was held over. The guard could, in fact, 
be opened with the machine running if the starter 
handle were held. This is a fairly common fault. 
A starter with a “‘ no-volt/no-close”’ mechanism may 
be used, but on the whole, when interlocking is required, 
contactor control with the interlocks in the operating 
and retaining-coil circuits of the main contactor are 
probably the best safeguards. There is always a danger 
that electrical interlocks may fail if ‘‘ sneak” circuits 
are established. These mostly arise from faults to earth. 
The best arrangement is to use an isolating transformer 
and a low-voltage interlock circuit, as shown in Fig. 1, 
where a is the isolator, b the isolating transformer, c the 
starter, d the brake solenoid, e the stop button, f the 
reset button of the interlock, / the pin in the slot, and 
ithe trip bar. The stop and re-set buttons are mechani- 
cally interlocked to prevent either sticking. The trip 
bar opens the interlock but does not close it. Operation 
of the stop button or of the interlock trips a low-voltage 
release in the starter box. After the interlock circuit 
has been re-set, the starter must be operated in the 
normal manner. This arrangement is comparatively 
immune from sneak circuits, insulation troubles and 
shock risks. The latter consideration is important, as 
interlocks have often to be placed in exposed or vulner- 
able positions and sometimes on moving parts. In 





some cases, the secondary low-voltage winding may 
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be left unearthed, and if the type of circuit described 
below is used, direct earthing is undesirable unless 
special precautions are taken to guard against faults 
between the transformer windings. One method, 
which is not very expensive, is that in which two 
transformers are used, with the intermediate circuit 
earthed as shown in Fig. 13. A _ sensitive high- 
impedance “earth” trip or relay on the isolated 
operating circuit is a valuable additional safeguard. 

When it is necessary to stop a machine very quickly, 
some form of braking must be employed, and this will 
be more effective if the moving parts to be arrested 
are reduced to a minimum by the use of a clutch. An 
ordinary friction brake is the simplest device, and it 
should be held off against the resistance of a spring 
or counterweight, so that it is applied automatically 
if the power fails. On the other hand, clutches should 
be held closed against the spring or counterweight 
which tends toopenthem. The reversal of this arrange- 
ment caused an accident where a cutter suddenly 
started to revolve when the power was cut off and 
continued to run until the motor came to rest. Electro- 
dynamic braking of various types helps to achieve a 
quick stop, but is ineffective at slow speeds. It is 
therefore a useful addition rather than an alternative 
to a friction brake. Torque reversal (plugging) is 
very effective, but in many cases a reverse-rotation 
cut-out will be required, and this is generally an 
undesirable complication. 

Some machines, such as hydro-extractors, heavy 
printing machinery and various forms of rolls, cannot 
possibly be stopped quickly and trip guards and _inter- 
lock guards wherein the action of opening the guard 
stops them are unsuitable. If the guard is such that 
the dangerous parts of the machine must be at rest 
before the guard is opened, a delay device or rotation 
detector becomes necessary. 

Where a very quick stop is required, the guard and 
control gear must be designed asa whole. All backlash 
and whip must be eliminated from the mechanical 
parts and all unnecessary relays and contacts from 
the electrical apparatus. Each pair of contacts which 
has to open, and every brake or clutch solenoid which 
has to release, allows the machine to run a little further. 
Care must also be taken with the connections. A 
direct-current motor will generate a back-electromotive 
force and hold off shunt brakes until the field has 
decreased. There is also a tendency for an induction 
motor to act as a generator for a very short interval, 
and if there is a starting or power-factor condenser 
it may generate for a considerable period while running 
down. For this reason, it is best to control the brake 
and/or clutch by independent contacts on the contactor, 
as shown in Fig. 1. 

It is particularly important with trip guards that 
once a machine is stopped it should remain stopped until 
deliberately reset and started. Self-resetting safety 
devices are objectionable, whether they are trip guards, 
limit switches or emergency-stop buttons. If they 
operate, there is something wrong which should be 
investigated. It is sound policy to arrange matters so 
that the safety devices cannot be reset by the operator, 
but require the attention of an electrician or fitter. 
This feature of ensuring that the machine remains 
stopped until it is re-set can be obtained by electrical 
or mechanical means—the latter being preferable ; 
it is illustrated in Fig. 1. The push-button shown is 
of the latched type and has no return spring. When 
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it is depressed, the contactor circuit is broken and 
remains broken until the resetting button is pushed, 
the two buttons being linked mechanically. If reliance 
is placed on electrical interlocking between the stop 
and the resetting devices, the machine may suddenly 
re-start when pressure is removed from the stop button 
or trip bar, use the resetting device has stuck 
in the “run” position. The trip bar is also arranged 
so that the linkage opens the circuit but does not 
re-close it. Furthermore, when the contactor opens, 
the low-volt release of the starter opens, but the 
machine does not re-start immediately the trip bar and 
interlock circuit are reset, as the starter needs to be 
operated in the normal manner. 

If speed is to be reduced so that certain adjustments 
can be made with the machine operating in a slow 
and safe manner, care must be taken to see that it is, 
in fact, sufficiently slow; it should be a crawling 
speed and no more. This is fairly easily achieved with 
direct-current or Ward Leonard units or with brush- 
shifting alternating-current motors, but it is more 
difficult to accomplish with induction motors. Where 
this facility is required, it is best left to the joint efforts 
of motor and control-gear makers. With existing 
machinery, the simplest solution in some cases will be 
to use a small pony motor for inching and barring. 

Far too frequently the speed which can be obtained 
with the “‘ crawl ”’ button is much too high, and such 
devices should therefore only be used with a time relay 
or dashpot, which limits the length of time for which 
the circuit can be held closed. Preferably, one pressure 
of the button should only move the machine a definite 
and small distance forward and then stop it. Movement 
can then be continued only by releasing the button and 
pressing it again. 

Where the power supply must be cut off before the 
guard is opened, and where the guard must be closed 
before the supply can be restored, a two-way interlock 
is required. This demands a certain amount of 
ingenuity, and defective interlocking usually results 
from failure to appreciate clearly exactly what needs 
to bedone. In Fig. 2, page 171, a bar ais rigidly linked 
to the switch and engages in a slot in b, which is attached 
to the guard or forms part of it. Until a is raised and 
the power thus cut off, b cannot be moved. While b is 
displaced, a is held off. Figs. 3 and 4 show a develop- 
ment of this applied to a revolving disc ¢ and a bar d, 
and Fig. 5 shows it applied to two discs ; Figs. 6 and 7 
show a very simple variation of this idea applied to 
a sliding door. hen the door is closed the switch a 
can be operated, but the door cannot be opened until 
a is switched off, and it must stay off until the door is 
closed again. 

It may be necessary to check the movement of a 
guard or interlock to prevent its over-running the 
** safe ’’ position and reaching a position in which it is 
no longer effective. Such a checking device must be 
mechanically robust and able to withstand any strain 
which it may have to bear due to careless operation. 
It is also important that such interlocks should not be 
“critical”? and rendered ineffective as a result of 
moderate damage or wear and tear. If they are at all 
critical, then positions should be fixed by accurately fitted 
dowel-pins to ensure that when removed for any purpose 
they can be put back in exactly the same position. 

Where dangerous moving parts might be reached 
before they come to rest, it is necessary either to 
introduce some delay in freeing the guard or to use a 
device which detects the rotation or movement and 
does not release the guard until the machine has defi- 
nitely stopped. Various electrical means have been 
Suggested for doing this, but they are all vulnerable to 
some extent. Mechanical devices are quite simple to 
construct ; for example, the principle shown in Figs. 3 
to 5 can be used, neline it necessary to pass a rod or 
disc through a slot in another revolving disc. These are 
certainly effective, but if an attempt is made to operate 
them while the disc is moving, the interlock is subjected 
to a terrific hammering, and maintenance may be 
heavy. The author prefers a simple warning device for 
detecting movement, with a positive mechanical 
interlock as a second line of defence. A magnetic 
interlock might be constructed, as shown in Fig. 8, page 
171. In this a permanent-magnet rotor a revolves 
inside a copper ring b and develops an eddy-current drag 
which is transmitted to the interlock by a rocking lever 
c. The drag would fall off as the speed decreases, but 
it should be effective until it is so reduced that an 
automatic friction brake will be quickly effective. 

It is always less safe for the movement of the guard 
to cut off the power than to arrange that power must 
be cut off before the guard is moved, but, in repetition 
work, when machines must be fed by hand, the saving 
in time may be very important. If this method is 
adopted, it will nearly always be necessary to employ 
quick-acting brakes and, perhaps, rotation detection. 
In some cases it may be desirable to use position detec- 
tion, ie., the guard should be locked except when the 
moving parts are at rest in a particular position. 
For these purposes, the interlock may well take the 





form of a roller and cam, such as those shown in 
Figs. 9 and 10, page 171, which are otherwise similar in 
principle to those shown in Figs. 2 and 3, and are 
equally positive. Unfortunately, reliance is often placed 
on push-buttons at that side of the guard which opens. 
The guard presses on the button and holds the contacts 
closed against a spring. Removal of the pressure 
allows the contacts to open and trips a contactor—if 
the makers have had the sense not to insert the contacts 
in the low-volt release circuit of the starter. Such a 
device is very easily defeated by putting a finger on 
the button; if a recessed button is operated by a 
projecting pin, it also is easily defeated by the end of a 
pencil. Apart from this, however, the button may 
stick in for a variety of reasons and thus defeat itself. 
Deliberate interference can be prevented in the manner 
shown in Fig. 11, page 171. When the guard is raised, 
links a move a shutter b across the front of the button c. 
If, instead of this, the link forced a latch d down 
at the back of the button, as shown in Fig. 12, it would 
ensure that the button could not stick in, which 
would be still better. The great advantage of these 
push-button interlocks is that they are sensitive and 
will detect a much smaller movement of the guard 
than will the cam and roller. Where the latter are 
used it is generally necessary to allow some overlap 
on the guard, so that dangerous parts are not exposed 
until the roller has lifted on the cam. 

Some large machines are almost surrounded by 
guards, some of which have to be removed completely 
from time to time, so that adjustments can be made 
or the parts cleaned. Once the guards have been 
removed they are likely to remain off. It is hardly 
possible to interlock them mechanically without con- 
gesting the whole space with rods, links and cams. 
The application of a method previously used for 
screens in electrical testing has also been suggested. 
If, however, each guard is spanned by an insulated con- 
ductor securely fixed to it and having a plug at one end 
and a socket at the other, the interlock circuit is only 
completed when all the guards are in position and 
connected up. This must clearly be a low-voltage 
circuit, because of shock risk and possible insulation 
troubles; it should preferably be supplied via an 
earthed isolating circuit and two transformers, as 
shown in Fig. 13, page 171, in which a and 5 are step- 
down and | to 1 isolating transformers, respectively, c a 
balance resistance, d a contactor coil and e a sensitive 
high-impedance trip. -Plugs and sockets are shown 
at f and the guard at g. The circuit may also be 
vulnerable to double earth-faults; the arrangement 
shown will cause a leakage trip to operate if any part 
of the interlock circuit becomes earthed. If, during 
adjustments, it is necessary to inch the machine with a 
guard removed, this can be permitted by interlocking 
the main controller, but allowing the use of an inching 
controller. 

De-clutzhing and braking are even more important, 
and time factors more critical, with trip guards than 
they are with automatic guards, and there are a number 
of structural features which merit attention. Such 
guards should preferably be “ finger-light,” and a 
touch should operate them. When they have to move 
links to operate clutches (or even switches), they often 
tend to be very stiff and capable of inflicting at least 
a nasty bruise, even though they may prevent worse 
injury. A light trip-guard may be useful when com- 
plete guarding is very difficult, if it is made impossible 
to reach the dangerous parts without touching the trip 
bar. Operators will soon learn that they must keep 
clear of the trip bar, and therefore out of harm’s way. 
A fixed guard may often be arranged so close to an 
in-running surface that a serious nip is virtually impos- 
sible, but this is not, asa rule, true. Where trip guards 
are used in such circumstances care should be taken 
in their arrangement, bearing in mind that the surface 
or material will move some way at least before it can 
be stopped and may take the hand or fingers with it. 
If arranged in a leading position, it will be dragged 
down and will grip ; if trailing, it will rise a little. In 
some cases, instead of a flap, a light roller of tough 
insulating material might be used, as shown in Fig. 14, 
page 171, where a is an insulating roller, b a conducting 
Spindle, and c the bottom contact. The spindle would 
rest on two conducting half-bearings at the ends, a low- 
voltage supply passing along it to complete the circuit. 
If disturbed, however slightly, it would immediately 
break the circuit at one end or the other; this would 
cut out all linkages and backlash. It is necessary, of 
course, to have check stops above each end to prevent 
it lifting too far and ceasing to be a guard. The voltage 
may be rather critical, for it must be sufficient to 
break down any air or dust film, but insufficient to cause 
pitting. An alternating-current supply of about 
15 volts would probably be suitable. A device which 
relies ultimately on a spring for its operation is apt to be 
anathema in safety engineering. If springs must be 
used, it should only be to obtain quick action, and they 
should be followed up by a positive mechanical drive. 

The author has previously discussed the inherent 





merits and weaknesses of electronic circuits.* {ch 
circuits use very small currents, often at comp ra- 
tively high voltages, and are therefore particu: rly 
liable to be disturbed under industrial condi:ions 
by leakage currents which are too small to be detected 
by normal earth-leakage protection devices. ‘he 
inherent character and arrangement of the circuits and 
valves frequently makes it very difficult to segrezate 
circuits by isolating transformers or to arrang: for 
failure to safety. A good deal can be done by literal 
loading, by the use of high-voltage components on low. 
voltage circuits and by special protective treatment 
to reduce surface leakage ; but a guard interlock needs 
to be very reliable indeed. 

Photo-electric cells and light beams have frequently 
been suggested, and sometimes used, to provide a 
trip guard formed of interlacing reflected beams, but 
they have several disadvantages: they can often be 
defeated by an electric torch; they are sensitive to 
changes in datum or background illumination, and may 
become ineffective in bright sunlight ; it is not easy 
to make the equipment fail to safety; and although 
the electrical components may operate virtually 
instantaneously, a definite and by no means negligible 
interval is necessary before the moving parts are 
arrested. A mechanical trip-guard itself introduces 
some obstruction and delay and gives the trip a chance 
to operate. With a light beam this is missing, and 
it is very difficult to stop the machine before a quickly- 
moving hand can reach a dangerous position. The 
first objection can be met by using an interrupted or 
modulated beam and a tuned relay to detect it. Alter- 
natively, several independent lights and detector cells 
may be used instead of one beam and a succession of 
mirrors. A man is hardly likely to use half-a-dozen 
torches at once. The second objection may be met 
by screening and the use of an adjustable datum, 
but this is not altogether satisfactory. It should not 
be difficult to make a device which is self-adjusting 
to the general level of illumination—somewhat on the 
lines of ‘‘ automatic volume control,’ but this adds 
undesirable complications. The third objection can 
only be met, if at all, by careful circuit design, while 
the fourth limits the application to cases where the 
operation is slow and the ‘‘ guard” can be fitted 
sufficiently far back to prevent anyone “ beating the 
pistol.” Burglar alarms have been made to detect 
the presence of an intruder by disturbing the balance 
of a capacity bridge, or similar circuit. This can be 
very sensitive, and has been suggested as another form 
of electronic trip-guard. This, however, is also subject 
to the third and fourth objections. 

In a certain limited number of cases, a key-interlock 
system, similar to the well-established method of inter- 
locking switch cubicles, could be adapted. A com- 
paratively simple example would be a large removable 
guard with a key anchored by a short chain at either 
end, instead of the conductor shown in Fig. 13. These 
keys would operate a series of small switches to complete 
the interlock circuit. Hinged guards can be inter- 
locked by trapped keys which are released only when 
the guard is closed and locked and are retained so long 
as the guard is unlocked and/or open. The key 
is used to release the handle of a main isolating switch, 
so that it may be closed ; the key is trapped so long as 
the switch remains closed. Such a system could be 
combined with the use of a master key for releasing 
guards for maintenance work, the key being held and 
used only by a specially-appointed and skilled person, 
but experience in power stations has emphasised the 
dangers which may arise from the existence of master 
keys and their use to defeat interlocks as a mere matter 
of convenience rather than necessity. 

Electrical equipment must be either flameproof or 
intrinsically safe, as described in B.S. Code of Practice 
CP 1003 : 1948, wherever inflammable liquids or gases 
may be present; this is particularly important for 
interlocking circuits. The use of a low-voltage circuit 
is not sufficient. Where the risk arises from dust, 
dust-tight enclosure may be sufficient, but unfor- 
tunately there is no suitable standard specification 
and it is best to use the same safeguards as for gases 
and vapours. Where explosives are being handled 
there are special requirements. The use of expensive 
and clumsy flameproof gear can, however, often “ 
avoided by suitable design. Some time ago, the 
author was consulted about the provision of a trip 
guard for a mixer containing a proportion of — 
mable solvent. The electrical interlock, which h : 
to be flameproof, was to be mounted on a moving par 
of the machine. He found, however, that « 
guard was unnecessary, and that an interlocke: — , 
wherein the dangerous parts of the machine = sa 
be at rest before the guard could be opened, cid 
used ; this made it possible to remove the © _ 
components from the moving parts and place t ce 
virtually outside the area of risk, although t>° Te’) 
was made intrinsically safe as a further prece:‘0D+__ 


* See Proceedings of the Institution of Electric 
neers, vol. 96, Part II, page 131 (1949). 
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It is not possible to illustrate the paper adequately 
with examples from current production, because very 
few makers of guards and machines have properly 
understood the principles which have been examined. 
The following brief notes, however, may indicate some 
of the ways in which theory may be translated into 
practice ; but no form of guard or interlock should be 
considered as final and satisfactory until it has been 
tried out over a reasonable period of time. 

Figs. 15 and 16 show what may be the first application 
of a key interlock between a movable guard and a 
switch. The key is released when the guard is closed, 
and it can be used in a special switch associated with 
the starter; alternatively, ironclad isolators arranged 
for key interlocking can be used, and may be prefera- 
able. Fig. 17 shows the application of a rod and 
bolt interlock to a hinged guard. This is so arranged 
that when the guard is open the bolt, which actuates 
the switch, cannot be pushed home. A similar device 
has been adopted for hinged and other doors, where a 
bolt into the floor is Pare sorkow with a key. The key 
Cannot be released unless the bolt is ‘‘ home ” and the 
bolt can be pushed down only when the door is closed, 
because that is the only position in which there is a 
hole for it to enter. 

Fig. !8 shows a pair of guards on a milling machine, 
Which could easily be interlocked by a slotted bar and 
disc as indicated in Fig. 3. Fig. 19 shows a removable 
guard in front of the cylinders of a rotary printin 
press. it is suspended by hooks from a Lecientet 
bar anc can be lifted off. Such a guard could be inter- 
locked by the plug-and-socket technique or by chained- 
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key interlocks, both of which have been described 
above. Side guards are desirable in addition to the 
front guard shown in position in Fig. 19. 








| 
| SODIUM-HYDRIDE 
TUBE-DESCALING PLANT. 


A LARGE descaling plant for tubes, in which the 
sodium hydride process is utilised, has recently been 
installed in the stainless-steel tube department of 
Messrs. Accles and Pollock, Limited, Oldbury, Birming- 
ham. Briefly, the process consists in immersing the 
tubesin a bath of molten caustic soda, containing some 
2 per cent. of sodium hydride (NaH), and maintained 
at a temperature of about 370 deg. C. The tubes are 
left in the molten chemicals for a period slightly longer 
than that taken to attain the bath temperature ; they 
are then removed, quenched in cold water and given a 
final swilling in hot water. The action of the sodium 
hydride is to reduce the oxides on the surfaces of the 
tubes, present in the form of scale, to a fine metal 
powder. An exception is chromium-oxide scale which 
loses some of its oxygen in the process, thereby being 
reduced to a lower oxide but not right down to the 
metal. On quenching in cold water, the steam 
generated by the hot tubes forces off the metal powder 
or oxide adhering to the tube, leaving the surfaces 
clean. The final swill in hot water removes any 
remaining caustic soda and hastens the drying of the 
tubes. The process is applicable to all metals with the 
exception, of course, of those having low melting points 
or which are readily attacked by caustic soda. 

The plant at Oldbury consists of a drying and pre- 
heating stove, a molten caustic-soda bath heated by 
electrodes and two water tanks, one cold and the other 
heated. Tubes up to 27 ft. in length and of $ in. bore, 
and larger, can be handled in the caustic-soda bath, 
which is 4 ft. 6 in. wide and has an effective depth of 
4 ft. Running along one side of the bath are the 
sodium hydride producers, or “ generators”’ as they 
are called. They consist of welded mild-steel boxes 
open at the base and covered by lids, but furnished 





with a hole at the top through which dry blocks of 
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Fig. 16, 











REMOVABLE GUARD. 


Fia. 19. 


sodium are charged at intervals. The boxes are 
immersed in the caustic soda to a depth of 15 in., and 
project about 8 in. above it. Hydrogen, obtained from 
cracked ammonia, is bubbled through the caustic-soda 
bath and meets the layer of molten sodium floating 
on the surface, inside the generators, thus producing 
sodium hydride. The surplus hydrogen is ignited and 
allowed to burn off at the top of the hydride generators. 
The additions of sodium are such as to maintain a 
sodium hydride content of from 1-8 to 2 per cent. in 
the caustic-soda bath. The tubes to be descaled are 
placed in steel-grille carriers which are taken through 
the operations of drying and heating, descaling, cold- 
water quenching and hot-water swilling by an overhead 
crane, remotely controlled by a driver working behind a 
glass screen. 

The sodium hydride process of descaling has several 
advantages over acid pickling. Only the scale or 
oxide is removed and there is no action on the parent 
metal, which may mean a considerable saving when 
dealing with expensive metals and alloys. The molten 
caustic soda is very fluid and readily covers all surfaces, 
thus ensuring that the inside surfaces of the tubes are 
cleaned as well as the outside surfaces. The process is 
very rapid and there is no hydrogen embrittlement of 
the parent metal. 





PocKET DIARY.—We have received a leather-bound 
pocket diary from Messrs. International Alloys, Limited, 
Haydon-hill, Aylesbury, Buckinghamshire. This con- 
tains over 80 pages of useful technical information, in 
addition to the diary section proper, which provides 





spaces for one week’s notes at each opening. 
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DRYING OF FOUNDRY MOULDS 
AND CORES.* 


By G. T. Hampton and W. H. Taytor. 


(Concluded from page 125). 

Stove drying is restricted to heavy box-moulded 
work where sand of high moisture and low permeability 
is used in order to produce the necessary moulding 
properties. One battery of stoves consisting of three 
chambers each measuring 26 ft. by 18 ft. by 8 ft. is 
in use. It is coal-fired by means of a mechanical stoker, 
and is similar in construction and operation to the 
old-type core oven. A temperature of 300 deg. C. is 
developed, and drying takes from 12 to 48 hours, 
depending on the volume of sand in the mould. Load- 
ing is by means of bogies running on ball tracks. 
Two stokers feed 20 tons of coal per week, and the 
average amount of sand dried is 140 tons. 

Large floor moulds and any other moulds which 
cannot conveniently be accommodated by the stoves 
are dried by the use of portable hot-air driers. This 
type of drier consists of a brick-lined kiln which is 
heated by means of a gas burner using, in this case, 
Mond gas. A fan blows air through the kiln and, 
through a branch pipe, the air required for combustion 
of the gas. The resultant hot air and products of com- 
bustion are directed into the mould through a throat 
at the bottom of the kiln. The drier is usually em- 
ployed in the following manner. The two halves of 
the mould are placed in position, a space between them 
being provided by arranging bricks along the full 
length of the mould joint. The drier is positioned 
above any convenient opening in the top of the mould, 
all other openings being covered by plates. The 
openings provided for feed metal are usually found 
to be ideal for this purpose. It is usually necessary to 
protect the mould face at the point of entry of the hot 
air, in order to avoid spalling of the mould, by means 





TABLE III.—CompaRisON OF TYPES OF DRYING EQUIPMENT: RELATIVE PERFORMANCE DaTa.* 


town gas or gas of low calorific value are used for this 
drying operation, and the drying period required is 
judged from the appearance of the paint, which is 
baked when sufficient moisture has been removed or 
driven back from the mould face. Using Mond gas, 
torches consume 110 cub. ft. of gas per hour, and the 
drying time varies according to the surface area of the 
mould. 

From a consideration of the results shown in Table 
III, the following observations can be made. An indica- 
tion of the efficiency of the mould stove can be obtained 
by comparing it with the core ovens. On a cost basis 
it compares favourably with the best results obtained 
with the latter, and on this rating its performance is 
satisfactory. Considering its simple construction it 
is thought that the stove operates near maximum 
economy and efficiency, although modernisation would 
no doubt improve its all-round performance. 

Turning now to the performance of core ovens, 
rack-type loading, as used on the recirculating oven 
and the gas-fired oven, is not a satisfactory method of 
core-oven charging. Table III indicates that increased 
loading is possible by all other methods of charging. 
For economy of operation the continuous oven would 
seem to give the best results ; it is somewhat limited, 
however, in the size of core it can handle. The hori- 
zontal continuous oven has an advantage in this 
respect over the vertical oven, since it can handle 
larger cores. The mechanical parts are not subjected 
to so great a strain and the action of the oven is steadier. 
The possibility of a large core being dislodged from the 
tray by a sudden strain on the mechanism, and, in 
falling, upsetting the balance of all the other trays in 
the vertical oven, must not be overlooked. It is 
suggested, therefore, that all small- and intermediate- 
size cores should be dried in a continuous oven and that 
only the very heavy cores should be dried by a fixed 
oven, preferably of the recirculating type. Cores 
should be graded by the size and physical properties 














, , Tons B.Th.U. | Fuel Cost 
| Vol. of |Working| Tons Hours Moisture 7 | : 
Drying Equipment. Oven, Temp., Sand Drying — Per ; meee. yt Gena 
cub. ft. | deg. C. | Dried. | Time. | pour. cent. Dried. Dried. 
| | 
as ——$————____—— — 
8. d. 

Mould stove . . ‘| 11,232 300 140 140 1-0 4-5 20 tons coal | 2,160,000 6 6 
Core ovens :- 

Old type (batch), coal-fired | 1,640 200 34-0 48 0-70 6°5 3 tons coal 2,674,000 4 0 

Recirculating oven (batch), | 

coal-fired a --| 1,912 180 30-4 100 0-30 3-5 5-85 tons coal 5,825,000 8 10 
Gas-fired (batch) .. --| 1,087 200 14°25 84 0-17 2-6 254,800 cub. ft.) 2,685,000 16 3 
Mond gas 
Continuous, gas-fired — 200-250 38-0 45 0-84 2-5 162,495 cub. ft.) 641,428 311 
Continuous, coke-fired _ 200-250 50-2 45 1-10 2-7 3-55 tons coke | 2,090,000 | 5 10 
| | 
































* Obtained on an average week's work with the drying equipment described. 


of a plate. Gas flow is at the rate of 2,500 cub. ft. 
per hour and drying time depends on the surface area 
of the ‘mould. 

With this equipment mould temperatures of 200 deg. 
to 300 deg. C. are obtained, depending on gas pressure. 
On checking, it was found that temperatures up to 
850 deg. C. were obtained in the kiln, and at the throat 
the temperature fell to 460 deg. C. The temperature 
in the mould below the muffle was 290 deg. C., and at 
a point 8 ft. away it was 250 deg. C. This would seem 
to indicate that reasonably constant temperature con- 
ditions are produced throughout the mould. The 
number of these units available is sometimes in excess 
of the demand, and the view is held that, in the absence 
of reliable data on drying times, the tendency is to 
exceed the optimum, resulting in waste of fuel and 
increased drying cost. 

Comparing the two drying methods, the portable 
hot-air drier develops the same drying temperature as 
the average mould stove, and appears to use the heat 
to better advantage, inasmuch as the heating effect 
is concentrated on the working face of the mould. 
The drying. time should thus be much less than for 
stove drying. While this method of drying is more 
costly than stove drying, judged on the data available 
it could be much cheaper if there were standardisation 
of drying procedure. ‘Further, there is no doubt that 
its portability eliminates a great deal of the handling 
necessary with stove dying, since moulds can be dried 
on the moulding floor. It is the most suitable equip- 
ment for drying floor moulds, and it is felt that in the 
field of skin drying it should have a far greater 
application. 

orch drying is restricted to moulds which fall 
between the green- and dry-sand groups. These 
moulds are painted with a —— wash which must 
be dried before casting. Gas torches burning either 

* Paper presented to the Midland Section of the 
Institute of Fuel at Birmingham, on Wednesday, Jan- 
nary 3, 1951, and the North-Eastern Section of the 
Institute, at Newcastle-upon-Tyne, on Monday, Jan- 
uary 15, 1951. Abridged. 











of the sand used, to suit various drying units and to 
facilitate maximum loading and minimum drying 
times. 

Battery ovens are not an economic proposition in 
the large mechanised foundry, as greater loading is 
possible with one large chamber and no heat is lost 
through the necessity for numerous charges, as with 
battery ovens. The usual types of cores dried could 
be dried more cheaply by the continuous oven. No 
doubt they are of advantage to the small works, where 
a little extra cost can be offset by their convenience 
and versatility. 

No direct comparison of the fuel employed should 
be made from the above results, as the design and 
method of operation of the drying equipment vary 
greatly. The figures given should, however, link up 
the drying practice applied to sand with the drying 
practice adopted in other industries. It is thought 
that the use of solid fuel and of gaseous fuel would 
result in approximately the same cost under the same 
conditions. Gas, however, has the advantage over 
solid fuel in that better control is possible, and the 
minimum of attention is required during operation. 

Specific data regarding operating costs in the foundry 
under review were lacking when this paper was being 
prepared. It is suggested that there is a shortage of 
such information throughout the industry ; as a result, 
many of the drying units do not operate at their 
greatest efficiency. Insufficient drying can cause 
many cas‘ing defects, and, in a bad case, a total 
** blow-out ’ of metal from the mould. In foundry 
practice there are many other possible sources of 
defects, and so the opportunity to eliminate one source 
cannot be ignored. The foundryman does this by 
establishing a generous factor of safety in drying, 
especially in the production of large castings where 
several days may elapse between drying and casting. 

Where large numbers of moulds and cores of similar 
type are produced it is a simple matter to establish 
optimum drying conditions. Thus, in the repetitive 
foundry, drying units can be said to operate at the 
best efficiency within the limitations imposed by the 





type of plant. In the jobbing foundry, where the size 
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of the work and the properties of the moulding ind 
core-making materials vary greatly, the tendency is to 
err on the generous side at the expense of fuel econ: my 
The amount of published work on the subject \s ‘a 
whole is very scanty, and there is obviously consider. 
able scope for investigations in this field of foundry 
operations. : 

Developments in foundry drying technique are not 
limited to the establishment of accurate drying proce- 
dures and the use of better equipment. Progress in 
foundry sand practice has a bearing on the problem. 
Developments in this field will lead to a reduction in 
the number of moulds and cores requiring drying, and 
indeed this trend is already being felt in the’ foundry. 
Also, new core-bonding materials are now available 
which enable shorter drying times and lower tempera- 
tures of drying to be used. Thus, it would seem that, 
in the future, less drying equipment will be required, 
while the drying that will be done will be of shorter 
duration, with attendant decrease in costs. 





AN ELECTRICAL INFORMATION 
ROOM AT NOTTINGHAM. 


THE information room of the East Midlands Division 
of the British Electricity Authority, at Barker Gate, 
Nottingham, was established to provide a collecting 
centre for data relating to generating stations and sub- 
stations, plant, water, coal, transmission lines and per- 
sonnel. It was designed to afford easy access to informa- 
tion of value to all departments of the Division, to avoid 
the duplication of records required by more than one 
department and to display graphically the progress that 
is being made: Further, it is intended to stimulate 
interest and healthy competition and to help to convert 
the whole divisional organisation into one smoothly- 
working team. The detailed description given below 
was prepared by Mr. F. Poynton, senior assistant to the 
chief engineer (operations), East Midlands Division. 

The information room, of which a view appears in 
Fig. 1, is located on the fourth floor of the headquarters 
building in the generation (operation) section and has a 
floor space of 621 sq. ft. It is rectangular in shape and 
has been designed to give a continuous run of wall 
surface for display purposes. Particular attention 
has been paid to the lighting. Seven special fittings 
each carrying three 5-ft. fluorescent tubes, the outer 
tubes being “* cold white ’ and the centre tube “ warm 
white,” have been installed to ‘ flood” the walls, 
whilst two central fittings have been used for general 
illumination. A high standard of shadowless illumina- 
tion has been obtained. The fittings were supplied by 
the General Electric Company, Magnet House, Kings- 
way, London, W.C.2. 

The principal feature in the room is the divisional 
map. This isa relief model which is mounted vertically, 
as can be seen in Fig. 1, and shows an area 120 miles 
north to south and 105 miles east to west on a scale 
of 1 in. to the mile. The altitude scale is 1 in. to 800 ft. 
On the west side of the map, running from top to bottom, 
is a panel containing references to the detailed informa- 
tion shown. The boundary of the Division is clearly 
marked and inside it is shown the geographical location 
of the power stations, substations, grid lines, canals and 
sewage-effluent discharge points, while the main roads, 
rivers, railways and collieries are also indicated. 
The value of the map has already been demonstrated 
by the frequent use made of it by all sections of the 
staff. It has been found to be particularly useful when 
the siting of a new generating station is being considered, 
since, by examination of the relief model, it is possible 
to see at once the nearest collieries, rivers, canals, 
railways and grid lines to the prospective site. The 
model was designed by the engineers at Divisional 
Headquarters and was manufactured by Messrs. George 
Philip and Son, Limited, 32, Fleet-street, London, E.C.4. 

To express graphically and display on the walls the 
progress and the results of the Division’s work, the 
slotted-chart Graphdex system of Messrs. Remington 
Rand, Limited, 1, New Oxford-street, London, W.C.I, 
is used. The system is based on a panel measuring 
30 in. by 15 in. and 1 in. deep, the area of which is 
punched with slots at half-inch pitch in both directions. 
Into these slots are placed various coloured signals, 
and it is possible to construct bar graphs which stand 
out boldly against the white background. The instal- 
lation consists of 52 panels which are divided into five 
groups, each of which bears the name of the Depart- 
ment it represents. The groups are visible in Figs. | 
and 2; they deal with accountancy, transmission, 
technical, generation (construction) and generation 
(operation), and to indicate the range of work cov ered 
it may be said that the transmission section comprises 
ten panels and shows: transmission and construction 
work in progress, substation work in progress, anc the 
transmission-tower painting programme. The 12 panels 
allocated to the technical department carry the titles : 
transformer and generator protection ; feeder protec- 
tion; telecommunications; maintenance inspections 
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and fault investigations ; line diagram and Post Office 
rented circuits ; and tariff metering, and may be said 
generally to show the equipment associated with all the 
plant in the Division. The generation (construction) 
section, which has eight panels, shows the progress being 
made on installation of new plant, and the panels are 
headed : Staythorpe generating-station progress chart ; 
Leicester generating-station progress chart ; Notting- 
ham generating-station progress chart ; and plant ex- 
tension progress for the year. A group of ten panels 
shows the results obtained by the generation (operation) 
department, and carries the titles : Daily plant avail- 
ability ; Fuel stocks; Divisional units sent out; Divi- 
sional running load factor ; Divisional pounds of fuel 
per unit sent out ; Divisional thermal efficiency ; and 
Cost per ton of fuel delivered and relative heat values. 
A wide variety of information is therefore given so 
that it is possible to compare the results of each depart- 
ment within the boundary of one room. 

The information room contains a viewing desk 
which is built up of ten three-drawer type Milner 
filing cabinets bolted together. Four cabinets form 
the centre piece, the three on either side being fixed 
at an angle of 20 deg. to the central block. They are 
“urmeinted by a continuous wooden desk top covered 
with plate glass. Under the glass are photographs of 


= Cif t largest generating stations in the division. 

a. , »inets contain reference information associated 
1 Ths >» > ° . . 

discha generating stations, collieries, sewage-effluent 


a ‘©, transmission department, technical depart- 
I _ ud personnel records, ete. In compiling the 
information coneerning the plant in the generating 


‘»s, no effort was spared to make it as comprehen- 
— sible. Messrs. Remington Rand’s suspended 
i filing system has been used throughout and 

shane itself readily to the required classification of 
“M ‘ng station details. The information has been 
boile, ‘own into six sections bearing the titles: coal, 


“‘ouse, engine room, cooling water arrange- 





ments, control room, and general; and each section 
has been divided into the required number of sub- 
sections. For instance, the coal section is subdivided 
under the headings of reclaiming equipment, handling 
equipment, ‘‘ coal boiler designed for,” coal obtained 
and if suitable, ash handling, weighbridge and weighing 
apparatus, capacity of sidings, capacity of stocking 
ground, and transportation (internal). The infor- 
mation, which was collected from the generating 
stations, was first analysed and prepared for filing. 
Each station has been allocated one drawer in the 
viewing desk and the details of plant installed have been 
placed in the drawers in exactly the same way for all 
the stations. At the moment, 20 of the 30 drawers 
available are in use, the remainder being kept in 
readiness to deal with additional generating stations 
and extensions to existing ones. It is realised that the 
work involved in building up the system envisaged 
is of such magnitude that it will take a long time to 
complete the present stage, but there is little doubt 
that when completed the information will prove to 
be a considerable saving of both time and money. 

The grid diagram, which occupies a corner of the 
room, was made by the engineering staff at the Notting- 
ham headquarters. It shows the Division’s portion 
of the 132-kV and 33-kV grid systems, and also the grid 
substations, complete with isolators and switches, 
within the East Midlands boundary. The diagram 
was built up on a wooden base which is painted an 
eau-de-nil colour. The transmission lines and sub- 
station *busbars are shown by adhesive cellulose tape 
of appropriate colour, black representing 132 kV, 
brown 66 kV, green 33 kV, yellow 15 kV, red 11 kV, 
and blue 6-6 kV. Ivorine discs suitably marked have 
been used to represent switches and isolators, a switch 
being red on one side and green on the other, while 
an isolator has a black bar which can be fixed either 
vertical or horizontal. When the diagram was being 
designed it was realised it would be erected in a room 
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where appearance was important, and so care was 
taken to avoid transmission lines crossing. This was 
made possible by moving the bays in the substations to 
positions to suit this condition. In order, however, to 
show the position of these bays relative to one another, 
they have been marked alphabetically, so that should 
three consecutive bays bear the letters “‘ A,” ‘C,” 
“ B,” indication is given that for the purpose of the 
diagram a convenient alteration has been made, but in 
fact the physical arrangement on site is that ‘“C” 
occupies the position marked “ B”’ and “‘ B ” occupies 
the position marked “* C.” 

A major difficulty that had to be overcome when the 
room was being designed was the finding of adequate 
space for storing the drawings that constituted a part 
of the information contained in the filing cabinets, parti- 
cularly in the generating-station section. This problem 
was solved by purchasing an epidiascope, and by 
reducing the drawings on the Statfile equipment in the 
headquarters drawing office to a size of 6 in. by 4 in. 
A special combined table and cabinet was made to 
carry the epidiascope. The cabinet has been con- 
structed to accommodate 16 Remington Rand Kardex 
books units, each of which carry one hundred reduced- 
size drawings. The capacity of the cabinet is 3-6 cub. 
ft., and it is possible to store 1,600 drawings in this 
small space. There is little doubt that if detailed 
scrutiny of a drawing is required, it is better to examine 
the original on a desk rather than a projected reduction 
of the original on a screen. The latter method, 
however, is not without certain advantages, for 
example: a better appreciation may be had of the 
drawing as a whole due to its increased size when 
projected ; it is possible to enlarge and show a portion 
of a drawing; and it is much more convenient for a 
number of people to examine and discuss a drawing 
shown on a screen than if those people were surrounding 
the original on a desk. There is, of course, the added 
advantage of ease in storing the drawings. 

Two meters manufactured to the Division’s design 
by Messrs. Chamberlain and Hookham, Limited, New 
Bartholomew-street, Birmingham, 5, are identical in 
all respects but one is used to show the generated 
maximum demand, and the other the Area Board 
maximum demand. An unusual feature of the 
meters is that cyclometers are fitted on the plate 
below the scale to record the date and time of the 
most recent load shown. The meters have three 
pointers, coloured black, blue and red. The black 
pointer gives the maximum demand at the time and 
date shown on the cyclometers. The blue pointer 
gives the maximum demand for the corresponding 
month in the previous year, and the red pointer the 
highest load during the previous year. The meters are 
designed so that they may be developed in two stages. 
The first stage, which is the one in use at the present 
time, is regarded as preliminary. The daily-load 
pointer is on the shaft of a small electric motor and is 
operated by a press-button on the top of the instrument. 
By use of this button, the previous day’s maximum 
demand is set up. The second stage is that the meters 
have been so designed that when a telephone line is 
brought back to the headquarters from each generating 
station, the black pointers will automatically give 
the generated load and the Area Board load. The blue 
and red pointers are set by hand, since the blue is only 
moved once each month and the red once each year. 

The room is under the control of the chief generation 
engineer (operations), Mr. P. Ormiston, and is operated 
by his staff. The senior clerk to the chief generation 
engineer is in charge of the room, and he has a junior 
assistant. The information shown on the Graphdex 
panels is either changed daily, weekly or monthly, 
depending on its design. The senior officers in all 
departments supply new information concerning the 
activities of their departments by an arranged date. 
The information is passed to the information room, 
and it is the senior clerk’s responsibility to ensure that 
it is displayed without delay. On no account is 
anyone allowed to alter any information shown on the 
Graphdex panels without reference to him. He is also 
responsible for the building-up of the technical details 
in the filing cabinets, the accurate setting of the 
information given by the meters and the projection 
of the pictures. 





RUBBER-ASPHALT SURFACE ON RAILWAY PLATFORM.— 
The north end of platforms 7 and 8 at York railway 
station has been resurfaced experimentally with a rubber- 
asphalt mixture consisting of a normal bituminous 
macadam, 1 in. thick, containing $-in. steel slag chippings 
to which was added a small quantity of flocculated latex 
crumb (rubber powder). The area covered was about 
2,000 square yards, and the new surface was laid over 
the existing concrete slabs. The work was carried out 
by Crowley, Russell and Company, Limited, of Castle- 
ford, Yorkshire, in collaboration with the British Rubber 
Development Board, and was completed in less than 


three days. 
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NOTES ON NEW BOOKS. 


Problémes du projet et de Vétablissement de grands 
souterrains routiers alpins. 

By CHARLES ANDREAE. Verlag. Leemann. 

strasse 64, Zurich, Switzerland. [Price 

francs.] 
Various projects for the construction of road tunnels 
through the Alps have been under discussion in recent 
years. It is stated in this booklet that before the war 
a scheme for connecting the Swiss Cantons of Glarus 
and Grisons by means of a tunnel through the Glarus 
Alps had reached an advanced stage and that some 
funds had been granted, but on the outbreak of war 
the project was abandoned and had not been taken 
up again at the time of writing. The author of 
this 50-page brochure assumes, probably correctly, 
that the construction of road tunnels of considerable 
length will ultimately be undertaken and the purpose 
of his work is to examine the problems which will 
arise, particularly those connected with ventilation. 
He deals in some detail with the contamination of the 
air by CO produced by motor vehicles, and reviews the 
ventilating arrangements of the Holland Tunnel in 
New York and the Rotterdam, Antwerp and Mersey 
tunnels, and considers them in relation to the problem 
presented by a much longer tunnel. He puts forward 
a proposal for an Alpine tunnel 12 km. long. It would, 
for ventilation purposes, be divided into 750-m. zones, 
which would be independently supplied with fresh air, 
and vitiated air would be extracted, through conduits. 
These would connect both to the portals of the tunnel 
and to shafts intercepting its length. The shafts would 
not necessarily be vertical. In the case of a tunnel 
through a high mountain such intermediate shafts 
would be very long and difficult to construct, and it is 
stated that the possibility of, presumably, towing 
motor vehicles through such a tunnel by electrical 
means in order to avoid contamination of the air by 
exhaust fumes, has been considered. Questions of 
lighting, dust problems, etc., are also dealt with in 
the brochure, which is a useful contribution to what 
may become an important practical problem in the 
future. 


Stocker- 
7°90 Swiss 


Plant for Prestressing Concrete. 


National Building Studies. Bulletin No. 12. 
Stationery Office, Kingsway, London, W.C.2. 
1s, 3d.) 


Durtna development work on the manufacture of 
prestressed pre-cast concrete units for building, the 
Field Test Unit of the Ministry of Works (which has 
since been transferred to the Department of Scientific 
and Industrial Research) have evolved a variety of equip- 
ment for applying both pre-tensioning and post-tension- 
ing techniques. For the benefit of new manufactyrers 
of prestressed pre-cast components, the present seven- 
page illustrated bulletin describes a straining bed of 
adjustable length for pre-tensioning the tension wires, 
and simple and effective wire-gripping devices for use 
with high-tensile steel wire of diameters ranging from 16 
to 6 s.w.g., either as single strands or twisted cables. 
These are of two types, static grips for holding the 
wires for an indefinite period, and quick-release grips 
which are used for the initial tautening of the wires 
before a static grip is applied for the main straining. 
Brief notes are also given on the wire tensioning equip- 
ment used, problems of determining the stress in the 
wires, and vibrating and compacting equipment. 


H.M. 
[Price 





An Outline of the Development of the George Fischer 
Works. 

George Fischey Limited, Schaffhausen, Switzerland. 
NatuRE, which has been generous enough to Switzer- 
land in many respects, has not been very bounteous in 
bestowing the requisites for the maintenance of an 
iron and steel industry. Nevertheless, the industry 
founded by Johann Conrad Fischer at Schaffhausen, 
in 1802, has grown steadily and continuously since 
that time, and next year it will celebrate its 150th 
anniversary. In connection with this event, the firm, 
now bearing the name George Fischer, Limited, are 
publishing a series of books which will cover the 
history of the development of the concern over the 
whole period of its existence. The work of the founder, 
who died in 1854, has been described in a book pub- 
lished in 1926, and after his death the business was 
carried on by his grandson, George Fischer, who intro- 
duced the manufacture of malleable cast iron in 1860, 
and in 1864 commenced the manufacture of tube 
fittings of this material. The manufacture and indus- 
trial exploitation of malleable-iron castings and tube 
fittings were the chief occupations of his life. On his 
death, in 1887, his son, also named George, carried on 
the business, and in the following year introduced the 
steel-casting process. At first he used open-hearth 
furnaces, which were replaced by Bessemer converters 





at the end of the century, but at present electric 
furnaces are used exclusively. In 1895, he built a 
malleable-iron foundry and fittings factory at Singen- 
Hohentwiel, in Germany, which became a branch of 
the Schaffhausen works. In the following year, the firm 
acquired the status of a limited company, with a 
capital of three million francs. The book mentioned 
above as having been published in 1926 covers the 
history of the first 30 years of the company in this 
form. The next 20 years, 1926 to 1946, are dealt with 
in the recent publication, which contains much inter- 
esting material. The period has been one of steady 
expansion, as is evident from the fact that the works 
which covered an area of 75 acres in 1925 had increased 
in area to 125 acres in 1944; in 1945, the total number 
of employees at Schaffhausen was about 4,000. Malle- 
able-iron castings and tube fittings are still the back- 
bone of the business and find application throughout 
the world. The firm’s products also include steel 
castings, grey-iron castings, wheels for motor vehicles, 
woodworking machinery and other machine tools, 
flour-milling plant, textile machinery, wine and cider 
presses, and other machinery. These are not all 
produced in the Schaffhausen works, as the firm have 
factories in other parts of Switzerland, as well as in 
some foreign countries. Many of these factories are 
illustrated in the book under notice, which also shows 
some of the amenities provided for the firm’s staff and 
employees. There can be little doubt that the com- 
plete series of books will contain much of interest to 
engineers and metallurgists, as well as to industrialists 
and welfare workers. 





LAUNCHES AND TRIAL TRIPS. 


M.SS. “* APURE ” and ‘ ORINOCO.’’—Twin-screw shal- 
low-draught vessels to carry 16 first-class and some deck 
passengers, together with cargo and 40 cattle, built by 
Yarrow & Co., Ltd., Scotstoun, Glasgow, for the Com- 
pafiia Anonima Venezolana de Navegacion, Caracas, 
Venezuela. Main dimensions: 140 ft. overall by 33 ft. 
by 6 ft. 6 in. to main deck and 14 ft. to promenade deck ; 
deadweight capacity, 100 tons on a draught of 3 ft. 8 in. 
Both vessels fitted with two seven-cylinder opposed -piston 
Diesel engines developing 600 b.h.p. at 450 r.p.m., con- 
structed by British Polar Engines Ltd., Glasgow. Speed, 
11 knots. Trial trips, December, 9, 1950. 


M.S. ** BOLETTE.”’—Single-screw oil tanker, built and 
engined by Harland and Wolff, Ltd., Belfast, for Fred 
Olsen & Co., Oslo, Norway. Main dimensions: 623 ft. 
6 in. overall by 78 ft. by 42 ft. 6 in. to upper deck ; 
deadweight capacity, 24,000 tons on a draught of about 
32 ft. Harland-B. and W. seven-cylinder single-acting 
two-stroke opposed-piston oil engine. Trial trip, 
January 16 and 17. 


M.S. *‘ MasorIAN.”—Single-screw oil tanker, built and 
engined by Vickers-Armstrongs Ltd., Walker, Newcastle- 
upon-Tyne, for Aksjerederiet Julian (Hilmar Reksten), 
Bergen, Norway. Main dimensions: 565 ft. between 
perpendiculars by 80 ft. by 42 ft. 6 in. to upper deck ; 
deadweight capacity, about 24,500 tons on a draught of 
31 ft. 9 in.; gross tonnage, 16,800. Vickers-Doxford 
six-cylinder opposed-piston oil engine, developing 7,200 
b.h.p. and an average service speed of 13 knots. Launch, 
January 22. 


M.S. “* CrUDAD DE MEDELLIN.’’—Sirgle-screw cargo 
vessel, built and engined by the Fairfield Shipbuilding and 
Engineering Co., Ltd., Glasgow, for the Flota Mercante 
Grancolombiana, S.A., Bogota, Colombia. Main dimen- 
sions: 395 ft. by 55 ft. by 24 ft. 6 in.; gross tonnage, 
5,500. Fairfield-Doxford four-cylinder opposed-piston 
oil engine developing 4,600 b.h.p. at 118 r.p.m. Service 
speed, 14} knots. Launch, January 23. 

S.S. ‘‘ MERCHANT DUKE.’’—Sing!e-screw cargo vessel, 
built and engined by William Gray & Co., Ltd., West 
Hartlepool, for the Drake Shipping Co., Ltd., London, 
E.C.3. Main dimensions: 431 ft. between perpendicu- 
lars by 57 ft. 6 in. by 38 ft. 3 in. to shelter deck ; dead- 
weight capacity, 9,950 tons on a draught of 26 ft. 3 in. 
Triple-expansion engines developing 2,500 i.h.p. at 76 
r.p.m., and three oil-fired boilers. Service speed, 11} 
knots. Launch, January 24. 


S.S. ** ARCTIC WARRIOR.’’—Single-screw trawler, built 
by Cochrane and Sons, Ltd., Selby, Yorkshire, for the 
Boyd Line, Ltd., Hull. Main dimensions: 178 ft. 
between perpendiculars by 31 ft. by 16 ft. 3 in.; gross 
tonnage, 700 ; fishroom capacity, 15,400 cub. ft. Triple- 
expansion engine and one oil-burning boiler, to develop 
1,200 i.h.p., constructed by Amos and Smith, Ltd., Hull. 
Launch, January 25. 


S.S. “‘ KOLBEINN UNGI.’’—Single-screw trawler, built 
and engined by John Lewis and Sons, Ltd., Aberdeen, 
for the Icelandic Government, Reykjavik, Iceland. 
Second vessel of an order for two. Main dimensions : 
205 ft. overall by 30 ft. by 16 ft. Triple-expansion 
reciprocating steam engine and one oil-fired forced- 
draught boiler. Launch, January 25. 
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TRADE PUBLICATIONS. 


Preservation of Conveyor Belting.—A revised e:: ion 
of their handbook giving guidance on the mainter:nce 
and preservation of cotton and rubber-and-cotton con- 
veyor belting has been published by Richard Sut: litte 
Ltd., Universal Works, Horbury, Wakefield. 


Conveyor Chains and Wheels.—The Renold & Cox try 
Chain Co., Ltd., Renold Works, Didsbury, Manch: ster, 
20, have forwarded to us a catalogue giving dei iled 
dimensions and prices of their conveyor chains, 
pins, stay bars, wheels, accessories and spare parts. 


spigot 


Mechanical-Handling Equipment.—Richard Suicliffe 
Ltd., Universal works, Horbury, Wakefield, have sent 
us a catalogue of their gate and trunk conveyor com- 
ponents as used in collieries, factories, workshops, ware- 
houses, quarries, sand and gravel pits, generating stations, 
and gasworks, 


Nickel Alloys.—Various types of furnace equipment 
and applications of heat-resisting high-nickel alloys are 
featured in issue No. 328 of “‘ Wiggin Nickel Alloys,” 
Other items of interest include the use of these materials 
in glass-blowing operations, food processing, chemical 
plant and other works. 


Drying Ovens.—We have received from Funditor Ltd., 
Woodbridge House, 3, Woodbridge-street, London, 
E.C.1, a leaflet containing details of their electric drying 
and preheating ovens. The standard temperature range 
is 140 to 500 deg. F. (60 to 260 deg. C.) and this can be 
controlled to within + 2 deg. C. 


Laboratory Machinery.—Crushing machines and rolls, 
and grinders ; end-runner, ball and batch mills ; vibrat- 
ing screens, test sieves, disintegrators, rotary dryers, air 
separators and other laboratory machinery are described 
and illustrated in a catalogue (No. 9602) issued by 
Sturtevant Engineering Co., Ltd., Southern House, 
Cannon-street, London, E.C.4. 


Direct and Alternating Current Flameproof Motors.—A 
trade list containing details of their } to 25-h.p. natural- 
cooled direct-current flame-proof motors and of their 
+ to 14-h.p. single-phase and $ h.p. upwards three-phase 
motors with the same enclosure has been received from 
the Electrical Power Engineering Co. (Birmingham), Ltd., 
Bromford-lane, Birmingham, 8. 


Bakelite Products.—Lightweight plastic helmets for 
firemen, laminated scientific-instrument cases, work 
tables, heat- and sound-insulating materials, moulded 
handwheels and laboratory-balance bases and weight 
boxes are among the articles described in the current 
issue of Bakelite Progress, published by Bakelite, Ltd., 
18, Grosvenor-gardens, London, S.W.1. 


Boilers.—A publication consisting of a series of repro- 
ductions of photographs, with brief particulars, of boilers 
of numerous types and capacities for many different 
purposes has been issued by Cochran & Co., Annan, 
Ltd., Newbie Works, Annan, Dumfriesshire. Tables of 
sizes of the firm’s coal-fired vertical and Sinuflo boilers 
and gas-fired Sinuflo boilers are included. 


Steels.—The United Steel Companies, Ltd., 17, West- 
bourne-road, Sheffield, 10, have issued a publication 
entitled ‘“‘ Fox Steels,” giving particulars of their alloy 
and special steels, which are produced in the Stocksbridge 
works of Samuel Fox & Co., Ltd., for the aeronautical, 
automobile, railway, shipbuilding, chemical, fuel and 
power, food, and general engineering industries. The 
book also contains standard and aircraft specifications, 
tables of standard wire gauges and bar weights, conver- 
sion tables, and a table of hardness and tensile-strength 
equivalents. 


Electric Railway Signalling.—A well-illustrated bro- 
chure, issued by Metropolitan-Vickers G.R.S., Ltd., 
132, Long Acre, London, W.C.2, contains a description 
of the electric signalling installation on the Mile End- 
Stratford section of the Eastern Region, British Railways. 
This section was formerly controlled from nine mechanical 
signal boxes, but these have been replaced by three boxes. 
at Mile End, Bow Junction and Stratford, which control 
42, 64 and 178 routes, respectively, through complicated 
junctions, over which dense traffic passes. Full details 
of the internal and external equipment employed for this 
purpose are given. 


Calcining, Drying, Crushing and Grinding Plants.— 
Ernest Newell & Co., Ltd., Misterton, via Doncaster, 
have sent us a handsome brochure entitled “ Typical 
Installations,” in which plant built by the firm during 
the past ten years is described and illustrated. Certain 
special equipment, constructed during the war for the 
Government, as well as the firm’s normal pr ducts, 
including crushing, grinding, calcining, drying, washing. 
screening and handling plant for cement works, chemical 
and fertiliser factories, refractory producers, col:e-oven 
plants, collieries, and quarries, are dealt with i: some 
detail. The publication is available in Fre: h and 
Spanish as well as in English. 
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THE YONGE-STREET 
SUBWAY, TORONTO. 


An interesting example of one way of dealing 
with the traffic congestion which is becoming such 
a serious problem in many large towns is furnished 
by the Yonge-street subway now under construc- 
tion in Toronto. The Toronto Transportation Com- 
mission operates 1,000 street cars, 500 omnibuses 
and 100 trolley coaches, and carries 300 million 
passengers per year. Yonge-street is the main 
artery of the system and has become so congested 
that the speed of public-service vehicles is at times 
reduced to 6 m.p.h. The track and equipment have 
been in use for 25 years and are in need of renewal, 
and it is estimated that new track and cars would 
cost 12 million dollars. If such rehabilitation were 
carried out, however, it would no nothing towards 
relieving a traffic situation which has become 
intolerable. Accordingly, in 1944 it was decided 
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heavy, and a minimum of 8 ft. was provided at all 
such localities. As will be seen from Fig. 2, surface 
conditions have permitted the adoption of a number 
of open-cut sections on the private right-of-way. 
These have 2-to-1 side slopes, a width of 44 ft. at 
the bottom of the slopes, and an overall right-of- 
way width of 120 ft. To carry streets crossing the 
open cuts, a fixed-frame reinforced-concrete bridge 
has been designed. It has a span of 48 ft. 4 in. and 
a minimum vertical clearance from the top of the 
rail of 13 ft. 

The subway structure consists of a reinforced- 
concrete box section, 17 ft. 78 in. deep and 32 ft. 6 in. 
wide overall. The cross-section is shown in Fig. 3, 
on this page. The two track tunnels each 13 ft. 6 in. 
wide by 13 ft. high above the rails, are separated 
by a 1-ft. 6-in. wall in which openings, 5 ft. wide 
and 7 ft. high, and 15 ft. apart, are provided to 
serve as refuge bays for workmen and to relieve 
air pressure caused by the movement of trains. 





A footpath, 2 ft. wide, is formed along each side 
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steel frames to carry the roadway. As, however, 
steel beams are not rolled in Canada, it was decided 
to employ domestic material, in the form of rein- 
forced concrete, rather than import steel from the 
United States. 

The subway is being built by contractors, and the 
sections into which it is divided, as indicated in 
Fig. 1, represent different contracts. The tender of 
Pitts, Johnson, Drake and Perini, for the construc- 
tion of Sections 1 and 2, was accepted in 1949, and 
that of Rayner Construction, Limited, for Sections 
3, 4 and 5, in 1950. The contract for Sections 5A 
and 6 will be awarded this year. In order that there 
should be no delay in starting work, the Transporta- 
tion Commission placed a firm order for 8,000 tons 
of steel for falsework, and the specifications required 
that contractors should accept delivery of the steel 
allocated, although it was possible for them to 
make changes in sizes to suit their construction 
plans. This procedure enabled work to be put in 








hand immediately a contract had been placed and 
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that subways should be constructed under Yonge- 
street and Queen-street, and in 1945 plans for the 
Yonge-street work were prepared. Operations were 
started in the following year, and it is expected 
that the subway will be in service at the end of 
1953. Its cost was originally estimated at 30 million 
dollars, but rising costs will cause this sum to be 
exceeded. 

The subway will have a length of about 4-75 miles 
and a total rise, from the south end to the nortb, 
of 280 ft. A plan and side elevation are given in 
Figs. 1 and 2, on this page. As will be seen, the 
subway starts at Front-street at Union station, and, 
passing round a curve of 400 ft. radius, follows 
Yonge-street for about 5,800 ft. It then diverges 
to the east and follows a private right-of-way to 
the terminus at Eglinton-avenue. The private 
right-of-way was adopteds because it allowed of 
easier gradients and better transfer arrangements 
with cross-town lines. The alignment of the subway 
18, In general, straight, with easy curves, and the 
maximum grade is 3-5 per cent. 

As it is anticipated that about 75 per cent. of 
subway passengers will transfer from or to surface 
Vehicles, the position of transfer points was 
important. For the same reason, it was desirable 
to locate the track at the highest permissible level 
in order to make the transfer as short and con- 
venient as possible. Adequate cover was, however, 
necessary at all points at which surface load was 
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wall. At stations, the subway structure, as shown 
in Fig. 4, has overall dimensions of 18 ft. 3} in. by 
52 ft.4in. The width adopted provides unobstructed 
platforms 11 ft. 10 in. wide. The centre wall of 
the subway proper is replaced by steel columns in 
the stations in order to permit a full interior view. 
The stations are 500 ft. long and capable of accom- 
modating a train of ten 48-ft. cars. There are 
12 stations on the Yonge-street subway, one at 
each intersection with important crossing streets. 
Access will be by both stairs and escalators. 

The other subway, which is to be constructed 
along Queen-street, will pass under the Yonge- 
street subway at Queen-street station and will 
embody facilities for passengers transferring from 
one subway to the other. Stations on the Yonge- 
street section of the subway under construction 
will be underground, but those on the right of way 
will be surface structures. A paper describing the 
work was read by Mr. W. H. Paterson, Chief 
Engineer of the Toronto Transportation Commission, 
before a joint meeting of the Engineering Institute 
of Canada and the American Society of Civil 
Engineers, held in Toronto in July, 1950, and much 
of the information in this article, together with 
Figs. 1 to 4, is taken from that paper. This is, 
perhaps, an appropriate place to mention that this 
is the first traffic subway to be constructed in Canada. 
A number of such works have been carried out in the 





United States and it is there the practice to employ 








avoided the delay which would probably have 
occurred if contractors had placed orders. Although 
the plans and specifications were drawn up in such 
a way as to leave contractors free to devise their 
own methods of construction, it was assumed that 
the procedure would be to drive H-section columns 
along the outside of the structure and use these 
to carry beams spanning the street and supporting 
a temporary timber deck. It was considered that 
a centre support for the deck beams would be 
undesirable. With minor modifications, this pro- 
cedure has been followed by the contractors. 

The construction of the Yonge-street sections 
necessarily involves closing of the road and extensive 
traffic-diversion arrangements had to be made. 
In addition to affecting vehicle movement, however, 
the taking up of the road requires the re-location of 
telephone, electricity and gas mains. This affects 
a number of authorities and companies and the whole 
procedure is accordingly being handled by a Public 
Utilities Co-ordinating Committee. When being 
moved, the telephone cables are put under gas 
pressure, which not only prevents water from 
entering, but, by loss of pressure, gives immediate 
indication of any damage to the sheath. The gas 
mains are removed from the excavated road, 
temporary mains being laid in parallel streets. 
These connect to temporary feeders laid below the 
sidewalks for supply to the premises in Yonge- 
street. 

The ground through which the subway is being 
built consists mainly of clay lying over shale rock. 
Yonge-street is comparatively narrow and a large 
number of the buildings which it contains are old 
and rest on rubble foundations, many being laid 
up with lime mortar. This condition required 
a large amount of careful underpinning to be 
carried out. The H-section columns which are 
driven along each side of the area to be excavated 
are normally pitched at 6-ft. centres, but in some 
situations have had to be set closer. The columns 





are driven to a depth of from 6 ft. to 8 ft. below 
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excavation proceeds, wood sheeting is placed 
between the flanges of the columns. The sheeting 
is not driven down with the excavation, each sheeting 
plank being left in the position in which it is first 
placed as others are added below. The columns 
with the timber sheeting in place can be seen at the 
left-hand side of Fig. 5, herewith, which shows 
excavation work proceeding underground after the 
temporary road decking had been placed. Sand 
is packed behind the sheeting to prevent movement 
of the adjacent ground. 

The tops of the columns are connected by stringer 
beams and these, in turn, are connected by the cross 
beams carrying the temporary roadway. For 
places at which the excavated cut was rather wide. 
a built-up truss was designed to serve as a deck 
beam. Some cf these were installed, but it was 
found that their greater depth interfered to such an 
extent with underground operations that their use 
was discontinued except for unusually long spans. 
The arrangement of the cross beams with inter- 
mediate stringers can be seen in Fig. 5, and a view 
showing the placing of the timber deck is given in 
Fig. 6, herewith. So much public interest was 
taken in this operation that the normal business 
of the street was interfered with and it was finally 
necessary to build high closed fences along the sides. 
Facilities for vehicular traffic are maintained as 
far as possible; when the section of temporary 
decking between two side streets has been completed 
it is at once made available for use. Yonge-street 
is an important shopping centre and it has been 
made a condition of the contracts that no work 
shall be done above the street surface during the 
month of December. This requirement has imposed 
careful planning of operations. 

The track which is to be laid in the concrete 
subway tunnels follows a design which has been used 
on bridge decks by the Canadian National Railways. 
A malleable-iron plate is bolted to the concrete 
floor, a rubber pad being placed below it to act 
as a cushion for the rails. The holes in the plate 
for the bolts of the rail clips are slotted to allow 
sufficient lateral movement to permit of accurate 
gauging of the track. After the rails have been 
set, the bolt holes are filled with lead. Vertical 
control is obtained by the use of shims under the 
plate. Insulation for signalling purposes is provided 
by fibre bushes on the bolts and fibre washers. 
It is stated that a reduction in overall height of 
12 in. has been obtained by the use of this track 
arrangement, with a resultant saving of 500,000 
dollars. In the open-cut sections, a normal timber 
sleeper construction will be used. 

The ventilation of the subway will be provided 
by the piston action of the movement of the trains 
forcing out or drawing in air through vent shafts, 
which will be located at both ends of stations and 
mid-way between them. Fans and louvres will be 
installed to control the movement of the air, and 
to supply fresh air when trains are not operating. 
The subway will be illuminated throughout by 
fluorescent lamps. The intensity of illumination 
in stations, and on stairways and escalators will 
range up to 12 ft.-candles ; in the tunnels, it will 
be 1 ft.-candle. Signalling will be automatic, with 
three-colour lights, and train-stop mechanisms will 
be installed to ensure obedience to the red signal. 
Automatic speed control will operate on down 
gradients. 





LITERATURE. 


La Machine & Vapeur. 
By Jean Brocu. Coilection Armand Colin No. 257. 
Librairie Armand Colin, 103, Boulevard Saint-Michel, 
Paris, Ve. [Price 180 francs.) 
As no actual types of steam engine are described 
in this book, its title is somewhat misleading. The 
task that Mr. Broch has set himself is to discuss the 
properties of steam, the thermodynamics of steam 
cycles and the basic physical principles of the steam 
turbine. Numerical data occupy a prominent place 
and are based on the steam tables issued by Koch 
in 1941. An elementary knowledge of thermo- 
dynamics, such as is contained in Fabry’s Zlements 
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de Thermodynamique in the same series, is assumed. 
The first part, occupying the first half, of the book 
is concerned with a study of the thermodynamic 
properties of water. After an introduction in 
which the distinction between reversible and irre- 
versible processes is clearly brought out, the charac- 
teristics of liquid-vapour equilibrium are sum- 
marised. The state of a homogeneous fluid, being 
a function of the three variables, pressure, volume 
and temperature, can be represented by a surface, 
and an admirable exposition is given of the features 
of the characteristic surface for water and of the 
various regions into which it is most conveniently 
subdivided by appropriately disposed plane sections. 
Particular types of transformation, such as those 
occurring under constant-pressure and constant- 
volume conditions, are described and illustrated. 
Extensive data on the specific heat of liquid water 
and of water vapour, and on the latent heat of 





vaporisation, are included in Chapter IV, though 
in only one instance is any detail given as to the 
experimental means for obtaining them. The 
next two chapters deal, respectively, with the 
entropy-temperature diagram and the Mollier chart 
for steam; they include details of the point-by- 
point construction of shch diagrams, and of the 
information that can be deduced from them. The 
symbol A, used to denote enthalpy, is neither usual 
nor is it officially recommended. The first part 
ends with examples of the calculation of the effects 
consequent upon isentropic expansion of wet and 
dry steam. 

Part II comprises two chapters on the various 
forms of Rankine cycle that are approximated to 
in actual steam cycles. Theoretical values for the 
efficiency under typical working conditions are 
listed. Superheating is shown only to increase the 
efficiency notably when it is considerable, and prac- 
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tical working limits are taken to correspond to 
superheating to 550 deg. C. and a condenser vacuum 
of 96 percent. Part ITI, opening with a derivation 
of the equation of flow of an ideal fluid, goes on 
to consider the effect of friction and the isentropic 
flow of gases and vapours. Chapter XI discusses 
the regimes of flow (including shock waves) exhi- 
bited by air and steam in traversing nozzles of 
different section profiles. In the final chapter, 
devoted to the steam turbine, the principles under- 
lying the operation of both the impulse and reaction 
types are outlined while the advantages of com- 
pound, or multiple stage, turbines are briefly 
indicated. Though the 1948 decision to take the 
joule as the unit of heat is mentioned, it has not 
been adopted either in the thermodynamic formulz, 
in which “‘ J” persists throughout, or in the tabu- 
lated values. On the contrary, work is sometimes 
(as on pages 84 and 94) expressed in the old heat 
units. In addition to minor and obvious misprints 


on pages 18, 74, 82, 95, 103 and 135, © should 


read Ss log p on page 61, (x) should read 
aT oT], 

on page 63, pt} should read tr on page 

v 
165, y1 should read y+ 1 on page 178 and V, 
should read V2 on page 187. The velocity of sound 
in air is proportional to the square root of the abso- 
lute temperature, not to the absolute temperature 
as stated on page 171. 

Professor Broch’s miniature treatise has all the 
qualities that have contributed to the deservedly 
high reputation of the Collection Armand Colin. 
It contains nothing superfluous, is clearly and 
simply written, is abundantly illustrated with well 
chosen diagrams and with calculations based on 
the most recent numerical data. It covers attrac- 
tively and compactly the essential groundwork, 
without which no technical study of the steam 
engine can be profitably undertaken. 





Modern Railway Motive Power. 

By BRIAN REED. Temple Press, Limited, Bowling 

Green-lane, London, E.C.1. [Price 8s. 6d. net.) 
Tuts book is one of the publishers’ Technical Trends 
Series, in which the authors write for ‘‘ students 
and apprentices requiring up-to-date, inexpensive 
introductions to their subjects, and for busy tech- 
nicians and scientists who need to keep abreast with 
technical trends in subjects which closely concern 
them.” Students and apprentices are likely to find 
Mr. Reed’s book of value; so, too, are locomotive 
engineers, but those busy technicians and scientists 
(assuming they recognise themselves by this label) 
who turn to it will do so because, like many of their 
fellows, they cannot resist an argument about 
steam, electric, Diesel and gas-turbine locomotives. 
Mr. Reed devotes most of his book to the steam 
locomotive. In this field it is extraordinary how 
much has been written, and continues to be written, 
in a general technical style which, while demanding 
a basic knowledge of the subject, avoids all but the 
simplest mathematics and thermodynamics; the 
imumerable variables of steam-locomotive design 
are considered in a relative way, with here and there 
some figures to indicate recent progress and current 
values. This approach, which is to some extent 
inevitable when treating of steam locomotives, is 
followed by Mr. Reed. Chapterson the steam locomo- 
tive deal with power, compound engines (with partic- 
ular reference to French designs), the boiler and fire- 
box (proportions and constructional features), super- 
heating, the “front end,” valves and valve gear 
(long-travel valves, poppet valves, etc.), testing, the 
chassis and driving gear, and “the steam locomo- 
tive as a vehicle.” Two points of special interest 
Which he raises in the introductory chapter are, 
first, the question whether the efficiency of loco- 
motives (as “traffic machines”) can be high if 
their use dictates that the permanent way and all 
under-line bridges and structures must be twice 
as strong as is needed by the other 94 per cent. 
of the railway’s vehicles (by implication, adhesion 
should be shared throughout the train); and, 
secondly, the heavy price which must be paid, in the 
form of restricted power, for having a locomotive 
With high route availability. 





THE VARIATION OF MEAN 
FLOOR LOADS WITH AREA. 
By Dr. M. R. Horne, M.A., A.M.I.C.E. 


THE floor loads defined in building codes to-day 
are little more than convenient constants to be 
substituted in the empirical formula of the accepted 
design method, which is so simplified as to be largely 
irrational. Where more rational methods of design 
are used, it is desirable to work with real values for 
the loads. It is no easy matter, however, to decide 
for a multi-storey building, for instance, what is the 
real economical value to use. The actual measure- 
ment of loads on a sufficient scale to provide reliable 
data is too big a task for the individual engineer or 
firm, and must be done by some organisation with 
greater resources. When the Steel Structures 
Research Committee were developing their rational 
method, a certain amount of work in this field was 
carried out* and, since then, more data collected in 
the United States have become available.t In view 
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of the interest which is being taken in the develop- 
ment of more rational methods of designing steel- 
framed buildings, it is essential that further surveys 
of loads in buildings should be made so that building 
material is not provided to carry load intensities 
which it is highly improbable will ever exist. When 
these surveys are undertaken, it is hoped that this 
article may be found a useful guide in reducing 
the results to practical proportions. 

Despite the importance of estimating safe but 
economical floor loads for design purposes, there 
are comparatively few data available on the subject. 
This is due, no doubt, to the difficulties of carrying 
out loading surveys. If a survey is to be at all 
useful, it must be carried out accurately, and the 
weight and disposition of all except the most trivial 
items in a building must be recorded. At the same 
time, the survey must include a large area of each 
type of occupancy investigated, since large varia- 
tions in floor-loading intensities are to be expected. 
The analysis of the survey must also involve a 
great amount of labour if full use is to be made of 
the information collected. 

In these circumstances, it is hardly surprising 
that none of the surveys undertaken and reported 
to date has been sufficiently extensive to allow of a 
complete statistical analysis. The two most exten- 
sive surveys for which data have been published 
refer to office buildings. The first of these surveys 
was made in London in 1930, and the results are 
given by C. M. White, as indicated in the First 





* “ Survey of Live Loads in Offices,” by C. M. White. 
First Interim Report of the Steel Structures Research 
Committee, page 45 (1931). H.M. Stationery Office. 

t “ Design Live Loads in Buildings,” by J. W. Dun- 
ham. Trans. A.S.C.E., vol. 112, page 725 (1947). 





Interim Report of the Steel Structures Research 
Committee. The second survey was that carried 
out by J. W. Dunham in Washington, D.C., just 
prior to 1946, reference to which has also been made. 
Both of these surveys have been used to arrive at 
live loads suitable for design. Since the information 
is limited in each case, this has necessitated a 
considerable amount of guesswork, but a useful 
purpose may be served by a description of the 
method. The quantitative results obtained must 
be regarded, therefore, as illustrations of the method 
rather than of direct importance in themselves, 
though it is believed that the general level of agree- 
ment obtained is some indication of the usefulness 
of the approach. The preparation of this report 
forms part of a general investigation into the 
behaviou~. of rigid-frame structures being carried 
out at the Cambridge Engineering Laboratory under 
the direction of Professor J. F. Baker, Head of the 
Department of Engineering. 

The general principle that the mean floor load 
assumed in designing a member should decrease 
with increasing area is in agreement with the 
elements of the theory of probability, and is widely 
accepted. Both the British and the American 
surveys show that there is a marked decrease of 
maximum observed mean live load as the area 
considered is increased, and this decrease has been 
allowed for empirically by both authors in their 
proposals for design loads. There is considerable 
disagreement, however, regarding the rate of this 
decrease. The empirical rules formulated by White 
and Dunham, and the rules given in various loading 
specifications, differ widely, and there would seem 
to be a place for a rule based at least partly on 
theoretical considerations. In the present article, a 
theoretical formula is derived and is applied first 
to Dunham’s data. The figures given in the First 
Interim Report of the Steel Structures Research 
Committee are then examined in the light of a similar 
formula, which is compared with White’s empirical 
formula based on the same data. A comparison is 
also made with the requirements of B.S. 449-1948 
for Class VII loading. 

Let an area A, be defined, and let observations be 
made of the mean live load on a large umber of 
such areas of floorspace. The sample of floor areas 
should be taken at random from a large number of 
occupied buildings of the type under consideration. 
If a frequency curve for the whole range of observed 
intensity of loading is drawn, it will have the form 
shown in Fig. 1, herewith. If w, is the observed 
mean live load on any area A, and n is the number 
of observations made, the mean intensity of loading 
is w,, where 


1 
w= ae Wp. « ; - @) 


The standard deviation o, of the load intensity is 


X (wo — w,)* 


(n — 1) (3) 


0d = 
Now, since the general frequency curve is difficult 
to deal with analytically, it is proposed to use the 
normal error curve with the same mean and the same 
standard deviation (see Fig. 2, herewith). This 
differs considerably from the true frequency curve 
in Fig. 1, particularly for the lower intensities of 
loading. Thus, according to the normal error curve, 
negative loadings are possible. However, this 
article is concerned only with the higher intensities 
of loading, and the normal error curve should 
therefore be satisfactory as a first approximation. 
The use of the normal error curve implies the assump- 
tion that live load is due to the combined effect 
of a large number of independent causes—an 
assumption which, though obviously untrue, is a 
not unreasonable first approximation. 

Consider now the probability that, according to 
the normal error law, the intensity of loading on 
any area A, shall exceed some value w. Denoting 
this probability by P, then 
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Values of P for various values of “—“! may be 
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obtained from tables of the normal distribution. 
If it is desired to find the value of w for a given 
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P be denoted by x. Then A summary of the total areas supporting various| For the building for which results have been given 
wW= Wt oor. . ; . (4) |¥anges of intensity of mean live load in the Internal | above, Dunham would suggest a basic live load of 


Hence it is easy to find the load w such that the pro- 
bability of that load being exceeded is not more 
than any value P. The values of x for a series of 
values of P are given in Table I, herewith. 


TABLE I.—Normal Error Distribution. 











Probability Deviation from 

Level = P. Mean, z. 
0-5 | 0 
0-2 0-824 
0-1 1-254 
0-05 1-598 
0-02 2-054 
0-01 2-326 
0-005 2-576 
0-0005 | 3-291 
0-00005 | 3-891 


Equation (4) refers only to floor areas Ay. If 

se areas are grouped in larger areas A and these 
larger areas are treated as units, the standard 
deviation will become o, / “9, while the mean load 
remains at w,. Hence, for any given probability 
level, the intensity of loading becomes 


w=, + wza/ - - (5) 


Finally, let 09 V Ay = o;, so that o, is the standard 


deviation for unit areas. Then 
o,2 
w=w,+— . . - (6) 
A 


The above equation represents a rational means 
of arriving at suitable design loads from an observa- 
tion of the loading intensities on a large number of 
independent areas Ay. Any desired degree of proba- 
bility that the design loads will not be exceeded can 
be obtained by assigning a suitable value to x. 

It will be observed that, as long as the normal 
error law is assumed for the load frequency distri- 
bution, it is impossivle to arrive at a value of w 
such that there is 100 per cent. certainty that this 
load will not be exceeded. In any given survey, 
the frequency distribution obtained (Fig. 1) will 
have an upper limit, whereas the normal distri- 
bution (Fig. 2) has no such limit. In this connec- 
tion, however, the normal distribution is probably 
more reliable, since it is impossible to state practic- 
ally what is the absolute upper limit of load. If 
equation (6) is used for arriving at a design load 
specification, judgment in choosing a suitable value 
for z will be necessary. However, the use of such 
a formula would ensure that the variation of floor 
soading requirements with area supported was con- 


Revenue Building examined by Dunham is given 
in Table II, herewith. The normal unit of area 
used in grouping the load intensities is not stated, 
but it will be observed that the lowest recorded area 
is 770 sq. ft on Floor 3 at a load intensity of 80 to 
100 Ib. per square foot. Since several figures of 
similar magnitude appear in the Table, it will be 
assumed that the unit of area was 800 sq. ft. The 
standard deviation calculated from the Table is 
15-64 lb. per square foot, and the mean live load 
is 19-20 1b. per square foot. Hence o, = 15-64 V.800 
= 442-5 lb. per square foot, and w, = 19-20 lb. per 
square foot. Substituting these values in equation 


(6), 





w= 10-9 4+68-56—— . . 
VA 


Dunham calculated the actual live loads on the 
twelve columns which, from inspection, seemed 


100 Ib. per square foot and a dead load of 180 Ib. per 
square foot. This gives the dotted line shown in 
Fig. 3. In four cases, the load on the stanchions is 
greater than the design load. Dunham maintains 
that it is reasonable to allow occasional overstressing 
in a few members, as long as there is no danger of 
serious overstress. The safety of the building will 
then be ensured, assuming that a “‘safe stress ” 
design method is used. 

The variation of mean live load with area accord- 
ing to equation (7) is shown for three probability 
levels (0-1, 0-01 and 0-001) in Fig. 3. The 0:1 
probability curve is below some of the observed live 
loads, as will be expected when it is remembered 
that these observed loads correspond to the five 
most heavily loaded columns out of a total of 70. 
The 0-01 probability curve lies above all the 
observed loads. Hence, though equation (7) is 





based on somewhat crude assumptions, it gives 


TABLE II.—Dunuwam’s Data. 





























Live Load, in Pounds per Square Foot. 

oy — = —J} Total. 

| 0 to 20. 20 to 40. 40 to 60. 60 to 80. | 80 to 100. 100 to 110. 
snticcceenciniaapeslicnnsiiiait eee |e —_ _ 
Sq.ft. Percent.| Sq. ft. Percent.| Sq.ft. Percent.| Sq.ft. Percent.| Sq.ft. Percent.| Sq.ft. Percent.| Sq. ft. 

1 19,814 74 229 20 890 3 790 3 — _— — — | 26, 

2 23,999 90 1,988 7 _ -- — — — a 825 3 

3 18,449 70 5,040 19 1,030 4 1,100 4 | 770 3 - _ 

4 21,367 81 4,965 19 - - — — — - 7 — 

5 25,480 97 845 3 — — | — - - — 

6 7,850 30 9,966 39 6,830 26 1,290 5 | — — - ome 

7 10,290 45 4,676 21 6,412 28 1,263 6 | - _ <a 
Total | 127,249 (70) | 82,709 (18) | 15,162 (8-5) | 4,443 (2-5) | 770 (0-5) 825 (0-5) | 181,158 














to be the most heavily loaded. The total number 
of columns in the building was 70. The results 
for the five most critical columns are represented 
graphically in Fig. 3, herewith. The total live load 
carried by each column at each storey level is 
plotted vertically, and the total tributary floor area 
is plotted horizontally. Despite the tendency for 
the lower floors to carry the heavier loads, there is a 
marked tendency for the mean live load to decrease 
as the total supported area increases. 

The following are the proposals made by Dunham 
for design live loads: firstly, that the basic live 
loads shall be the maximum average live load that 
it is intended to allow in any panel ; secondly, that 
the basic live load may be reduced for the design 
of any member at the rate of 0-08 per cent. per 
square foot of tributary area; and, thirdly, that 
the maximum percentage reduction shall not exceed 
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results which are in satisfactory agreement with the 
observed data. 

White’s survey covered a large variety of office 
buildings, and special attention was given to the 
effect of area on mean maximum intensity of live 
load. White has recorded the maximum floor loads 
encountered in given unit areas in each type of 
office, and his results are reproduced in Table Il, 
opposite. He also attempted to judge what 
increases (if any) in maximum floor loads might be 
expected in the future, taking into account changing 
trends in the use of office furniture, machines and 
filing. As a result of these deliberations, White 
suggested the following design loads for general 
offices: where the area supported is less than 
100 sq. ft., 3,000 lb. concentrated + 75 Ib. per 
square foot, evenly distributed ; and, where the area 


4/100 
supported is greater than 100 sq. ft., 105 a/ = 
Ib. per square foot ; where A sq. ft. is the,total area 
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influencing the load on a given member. In; follows that be seen whether a similar method can be used 
cases where an Office is used essentially for e for a large variety of smaller buildings. 
records, and is to contain closely packed banks of o-Rt+e— + + @ While the precise numerical results are of doubtful 


files, White suggested that these loads be increased, 
respectively, to 3,000 lb. concentrated +- 110 lb. per 


4 
square foot evenly distributed ; and 140 - 


per square foot. 

The above are the suggested live loads for beams 
and stanchions. If the nominal area supported 
by a beam is a, then, in general, A = 2a, since the 
actual load on any area of a floor will be shared 
between two beams. Similarly, for a stanchion, 
A= 4a. In the case of slabs, White suggested 
that the loads quoted above for areas less than 
100 sq. ft. should be used for all areas. White’s 
proposals for general offices, as they apply to slabs, 
beams and stanchions, respectively, are shown by 
the dotted lines in Figs. 4, 5 and 6. In addition, 


The loads given by this formula, as applied to 
slabs, beams and stanchions for a probability level 
of 0-001 (x = 3-13), are given in Figs. 4, 5 and 6, 
respectively. For beams and stanchions, 2A and 
4A, respectively, are substituted for A in equation 
(8), in accordance with the procedure adopted in 
applying White’s recommendations. It will be 
seen that the general form of these curves is very 
similar to that of White’s curves. The greatest 
discrepancy occurs in the case of stanchions, when 
equation (8) gives loads considerably lower than 
those recommended by White. 

The requirements of B.S. 449-1948 (Class VII) 
loading have also been represented in Figs. 4 to 6. 





TABLE III.—Wnauite’s Data. 


For this purpose, slabs spanning less than 8 ft. 

















Unit of Area (Sq. ft.). 
— ‘ 
Type of Office. 10 | 25 | 50 | 100 | 250 | 1,000 Average. 
Maximum Observed Live Load, Ib. per sq. ft. 
—a_ .®it¢té#itatnsetatTs 
‘iovernment Department ae 168 136 | 96 §2 45 21 11-4 
Structuralengineers .. ie: 95 65 | 44 30 20 13 5-3 
Consulting engineers... — 105 | 85 | 83 63 63 35 11-5 
Railway company an 120 | 60 34 34 21 14 7:4 
Finance company ee ne 230 - | 120 92 | 41 | 19 12-3 
Merchant a a a 195 | 119 83 | 72 48 22 15-6 
Industrialcombine |. 215 150 | 110 | 98 | 75 29 7+5 
Bank : — a | 235 | . — | 84 | 48 | 30 14-0 
Eee oe) eenneee: nee, ee ee staal a 
\lltenancies ..  ..| 285 | 150 120 =6| 8 | a 10-6 
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the observed maximum loads taken from Table II 
are shown in Figs. 4 and 5. 

The data published by White do not enable an 
estimate to be made of the standard deviation of 
the load intensities. The mean live load as given 
in ‘Table III was 10-6 Ib. per square foot. It 
might be expected, however, that the ratio of stan- 
dard deviation to mean load would be of the same 
order of magnitude as the corresponding ratio 
taken from Dunham’s data. From equation (7), 


1 93-05. 
Uy 


Actually, Dunham’s data refer to a single building, 
whereas White’s data refer to a number of different 
types of building. It is to be expected, therefore, 


that the ratio “! will be somewhat greater for 


— be | 
White's than for Dunham’s data. If it is assumed 
that the increase in the ratio is 33} per cent., it 





have been assumed square, so that there is a con- 
tinuous increase of mean live load intensity as the 
area is decreased below 64 sq. ft. For Fig. 6 it has 
been assumed that a stanchion supports 200 sq. ft. 
at each floor level. 

On the assumption that loading is due to a large 
number of independent causes, a formula has been 
derived which appears to be in quite good agreement 
with Dunham’s data for loads on stanchions. The 
application of a similar formula to White’s data 
gives loads which are essentially in agreement 
with the design loads suggested by him. It would 
be wrong, however, to attach too much significance 
to this agreement. The formula derived contains 
two constants (w, and o,). The value chosen for w, 
has been fixed by the mean live load obtained for 
all White’s data, but the method of fixing a value 
for o, has been somewhat arbitrary, due to lack of 
necessary information. While the results obtained 
with Dunham’s data show that the formula is 
reliable for a single large building, it remains to 





value, interest attaches to the general form of the 
loading curves. Support is given to White’s 
conclusions that there is a very considerable falling 
off in mean live load with increase of area. This 
falling off in load is continuous, but the rate of 
decrease of load with increase of area decreases as 
the total area increases. On the other hand, where 
existing specifications do allow a decrease of live 
load for large areas, these decreases are discon- 
tinuous and do not vary with the total area. Taking 
as an example the case of beams (Fig. 5), equation 
(8) gives a rate of decrease of mean load with area 
of 0-361 lb. per square foot per square foot at 100 sq. 
ft., 0-032 Ib. per square foot per square foot at 
500 sq. ft., and 0-004 Ib. per square foot per square 
foot at 2,000 sq. ft. B.S. 449 allows no decrease 
of load intensity between 100 sq ft. and 500 sq. ft. 
after which there is a mean rate of decrease of 
0-010 lb. per square foot per square foot up to an 
area of 3,000 sq. ft. While it may be inconvenient 
to allow a continuous decrease of load intensity 
with area, the steps by which such decreases are 
allowed should be adjusted to bring the general 
form of the specified loadings into line with a 
rational formula. 

Since White’s loading curves and those given by 
equation (8) are in closer agreement with each other 
than with B.S. 449, a general criticism of the 
B.S. 449 loadings from the standpoint of the 
formula derived above is justified. These criticisms 
are grouped below as they refer to slabs, beams and 
stanchions, respectively. 

Slabs.—-For slabs of small area, the assumptions 
on which equation (8) is based (i.e., that loading is 
due to the combination of a large number of inde- 
pendent causes) become absurd. In designing 
slabs, the procedure of specifying a given concen- 
trated load together with a uniformly distributed 
load would seem to be preferable. White’s recom- 
mendations contain such a proposal. Comparing 
B.S. 449 with White’s formula (Fig. 4), the former 
would appear to give excessive loads for small and 
large slabs (less than 30 sq. ft. and greater than 
200 sq. ft.) and inadequate loads for medium slabs 
(40 to 100 sq. ft.). 

Beams.—B.S. 449 is in agreement with equation 
(8) for beams supporting an area of 64 sq. ft. (see 
Fig. 5), but appears to give excessive loads for all 
other areas. For very short beams, this is probably 
not very important, but the provision in B.S. 449 
for decreasing the load with increasing area is 
inadequate. No decrease in live load is allowed 
for areas between 100 and 500 sq. ft., which means 
that, for the majority of beams, no allowance is 
made for the effect of area on mean live load. 
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Stanchions.—Except for stanchions supporting 
very long beams, mean live loads according to 
B.S. 449 are a function of the number of storeys 
supported and not of the total area. For a building 
in which each stanchion supports an area of 200 sq. 
ft. in each storey, the rate of decrease of live load 
‘appears to be approximately correct (Fig. 6), but all 
loads would appear excessive compared with beam 
loads at 64 sq. ft. (Fig. 5). In order to obtain 
consistent results, it would be preferable to make 
mean stanchion loads a function of the total sup- 
ported area, using a formula similar to that used 
for beams. 

Before placing reliance on the theoretical formula 
which has been derived (equation (6)), it would 
be necessary to test its application to a large variety 
of data. The loads obtained from a loading 
survey should be grouped first as loads on conveni- 
ently small areas, and typical samples of small area 
loadings taken. Extreme loadings should also be 
tabulated. Similar information should then be 
obtained for larger areas. Estimates of the 
standard deviation of load should then be made, 
using for each estimate a given area A. By multi- 
plying each estimate by +/A, values of o, would be 
obtained. If the assumptions on which equation 
(6) is based are sufficiently accurate, these different 
estimates would be in close agreement with each 
other. Having calculated the mean live load w, 
the reliability of equation (6) may be tested by 
comparing the ‘ probability’ of certain extreme 
loads occurring with the number of observations 
of such extreme loads. 

In this brief sketch of procedure, numerous 
serious difficulties have not been mentioned. The 
most serious is the question of load disposition and 
concentration. Since it would be impossible to 
consider all possible arrangements of articles in 
every room, it would be necessary to make a special 
study of certain typical rooms. It should thus be 
possible to gain some idea of the maximum equiva- 
lent distributed load for a given actual mean load. 
White carried out an investigation of this type, 
and describes his results as follows. ‘‘ A number 
of typical rooms were considered, and the whole 
floor of each was assumed to be a simply supported 
beam of length equal to either the breadth or the 
length of the room. In the worst case, the difference 
between the equivalent distributed load and the 
actual load did not exceed 20 per cent., while 
usually it was of the order of 2 to 5 per cent., a 
result which was regarded as a sufficient justification 
for assuming that the load could be represented by 
the total load divided by the area which contained 
it.” 

Having tested the validity of equation (6), then, 
assuming that it was found to be satisfactory, the 
next stage would be to estimate suitable values for 
the constants for design purposes. At this point, 
careful judgment would be required. It would be 
necessary to take into account present trends in 
Office usage, and allow for any possible general 
increase in average live loads. In this connection, 
the constant w, should probably be given a value 
equal to the’ highest mean live load for a complete 
building, rather than a value equal to the gross 
mean live load for all the buildings investigated. 
Judgment would also be necessary in choosing a 
suitable ‘‘ probability level,” which would determine 
the value of x used in equation (6). The whole 
question of design loads is also bound up with the 
choice of a design method. If the loads are being 
derived for use with the plastic method of design,*t 
loads should first be calculated to give a small 
known probability that the loads would be exceeded. 
An overall safety factcr of the order of 1-5, applied 
to such loads, should then be sufficient, and would 
render the danger of catastrophe infinitesimal. 





ECONOMY IN CEMENT.—The Ministry of Works have 
issued an addendum (gratis) to their y an 
dum, “‘ Use of Cement in Engineering and Large-Scal 
Building,” published in April, 1949, explaining how 
further economies can be made in the use of cement. 








*“A Review of Recent Investigations into the 
Behaviour of Steel Frames in the Plastic Range,” by J. F. 
Baker, Jl. Inst. C.E., vol. 31, page 188 (1948-49). 

t “The Design of Steel Frames,” by J. F. Baker, 
Jl. Inst. Struct. E., vol. 27, page 397 (1949-50). 
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For shipbuilders and marine-engine builders, 1950 
ended much more hopefully than it had begun. 
New orders for ships received in 1949 amounted to 
only 438,000 tons ; in 1950, they were nearly four 
times as great, and the larger shipbuilders, with 
many berths empty towards the end of the year, 
now have enough work to keep them occupied for 
over two years. The total order book of the indus- 
try, including tonnage now building, amounts to 
3-5 million tons. Supplies of steel and other 
materials were generally abundant, and output in 
1950 achieved a post-war record. Table I, here- 
with, taken from the Returns of Lloyd’s Register of 
Shipping and relating to merchant ships of 100 tons 
gross and over, shows that launchings amounted to 
1-31 million tons, which was 50,000 tons more than 
in 1949. The tonnage completed, 1-39 million tons, 
was also slightly above that of 1949, and new vessels 
laid down, 1-42 million tons, were 205,000 tons 
more. The output of propelling machinery totalled 
1-4 million horse-power, compared to 1-2 million 
horse-power in 1949. 





Since the war, activity in the yards has been 
increasingly dependent upon the demand for tankers, 


had difficulty in finding funds to buy new tonnage, 
for depreciation allowances are calculated on the 
basis of the original cost of tonnage in service, and 
not at its inflated replacement cost. Boom condi- 
tions in 1950 postpone, but do not dispel, the long- 
term problems of the industry, which, at present, 
finds employment for 120,000 people (compared 
with 90,000 in 1939) in new construction, both 
merchant and naval, and in ship repairing. When 
boom conditions subside, some reduction is inevit 
able, even if the industry continues to secure its 
present share of new construction in the world 
market. 

The output of vessels of over 1,600 tons is shown 
in Table II, opposite, taken from the Monthly 
Digest of Statistics. From January to November, 
1950, the output of completed vessels in this class, 
at 1-1 million tons, showed no change as compared 
with the corresponding period of 1949 ; but tankers 
accounted for 45 per cent. of that output, compared 
with 32 per cent. in 1949 and 18 per cent. in 1948. 
The trend is continuing, for, in November, 1950, 
57 per cent. of the tonnage under construction, and 
about 70 per cent. of the tonnage on order but not 
laid down, consisted of tankers. The proportion 
of orders booked for tankers, during 1950, to orders 
for other types of tonnage, had fallen back to 





TABLE I.—UNITED KINGDOM: MERCHANT SHIPBUILDING. 









































Under Construction 
and Preparing. Laid Down. Launched. Completed. 
pot 
r. 
° N 1,000 N 1,000 No 1,000 No 1,000 
a Tons Gross. ae Tons Gross. . Tons Gross. . Tons Gross. 
1948, March .. 721 3,407 89 213 65 181 81 234 
June a 704 3,517 85 375 84 302 88 274 
Sept... 706 3,716 61 238 78 273 78 272 
Dec. +4 682 3,547 80 353 94 417 98 433 
Total, 1948 .. 315 1,179 321 1,172 345 1,213 
1949, March .. 645 3,511 73 274 73 263 76 311 
June on 617 3,481 64 288 96 358 88 339 
Sept... 575 3,253 80 402 73 337 86 340 
Dec, - 524 2,990 65 249 79 302 90 364 
Total, 1949 .. 282 1,213 321 1,260 340 1,354 
1950, March .. 495 2,938 66 268 65 204 86 361 
June - 474 2,955 66 372 95 485 85 346 
Sept... 450 2,878 68 388 63 307 71 289 
Dec. va 478 2,999 84 390 55 318 77 393 
Total, 1950 .. 284 1,418 278 1,314 319 1,389 














and in 1951 tankers will account for about 70 per 
cent. of the total output. Long-awaited orders for 
dry-cargo tonnage, expected because there is a very 
large number of over-age and inefficient tramps 
still in service, failed to materialise in 1948 and 
1949, and for the greater part of 1950. Towards 
the end of the year, however, a large volume of 
orders was placed for tramps, cargo liners and 
passenger vessels, amounting to half the total 
tonnage of all orders received during that year. It 
is, however, too early to tell whether or not there 
will be more orders for ships of this kind; the 
wave of orders which was associated with the 
rise in freight rates beginning in September, 1950, 
may subside as quickly as it rose. Even then, 
there was no uniform prosperity throughout the 
industry, and some small yards have booked no 
orders for 18 months. Moreover, the boom in 
tanker tonnage cannot last indefinitely, and, while 
some yards will benefit from the programme of 
naval building, this is on too small a scale to affect 
materially the prospects of the industry. Thus, 
while there is room for cautious optimism, insecurity, 
the curse of shipyards, has not been banished. 

Of particularly grave concern is the growth of 
world shipbuilding capacity, which is now greatly 
in excess of the foreseeable demand in time of peace. 
Countries which have extended or restored their 
shipyards since the war, in order to rebuild their 
merchant fleets, are considering export prospects, 
now that the home demand is satisfied ; some are 
already in the field, aided by generous State subsi- 
dies, and are quoting lower prices and granting 
better credit facilities than their British competi- 
tors. The latter have been able to do little to 


arrest a steadily rising trend of costs. As a result, 





shipowners had to pay more and more for ships, 


50 per cent., but it would be rash to forecast a 
reversal of the post-war trend. Tankers now 
account for 21-3 per cent. of the world tonnage 
afloat, compared with 18 per cent. in 1939; and, 
at 16-9 million tons, the tanker fleet is 5-4 million 
tons larger than before the war. World consumption 
of petroleum has increased steadily since the war, 
but it would need to increase at a very much faster 
rate than at present to sustain indefinitely a building 
programme of the present magnitude. When the 
tonnage at present on order is completed in 1953 
and 1954, it is unlikely that the demand for tankers 
will be much above a low replacement level. 

At present, many shipping companies find tanker 
ownership an attractive proposition, British and 
American oil companies have been willing to enter 
into charter agreements for periods of five years or 
even longer. The oil companies themselves have 
been building at an unprecedented rate. The 
British Tanker Company, the shipping subsidiary 
of the Anglo-Iranian Oil Company, have commis- 
sioned a number of ships of 16,000 tons carrymg 
capacity, as well as six of 28,000 tons, of which the 
British Adventure, launched on December 12, by 
Vickers-Armstrongs Limited, was the first. Sir 
William Frazer, the chairman, said on that occasion 
that the company were then negotiating for vessels 
of 32,000 tons, as well as of 14,000 to 16,000 tons. 
The expansion in the fleet of the British Tanker 
Company since the war has been considerable. 
In 1939, it consisted of 93 tankers, half of which 
were lost during the war; to-day it comprises 137 
vessels, with a carrying capacity of about 1-6 million 
tons, and the company have on order a further 
22 ships, which will increase the carrying capacity 
of the fleet to 2 million tons. In addition, they 
have 2 million tons on charter, giving a total 





while, until recently, their earnings have steadily 
declined. Moreover, in Britain many owners have 
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tonnage now available for service of 3-6 millions. 
British yards have also had the advantage of large 
orders from the United States. Under the agree- 
ment with the British Government which preceded 
the abolition of petrol rationing in the United 
Kingdom, the Standard Oil Company of New Jersey 
agreed to take payment in sterling for British 
purchases of petroleum products. The resulting 
funds were to be used to buy British equipment and 
tankers. The first of these orders, for two tankers 
of 26,500 tons deadweight, valued at 25/. millions, 
were placed with Vickers-Armstrongs Limited in 
October. 

Only some of the larger shipbuilding companies 
can construct the large and fast tankers now in 
demand ; as a result, prosperity in 1950 was far 
from uniform throughout the shipyards. Even for 
the larger companies, such a high degree of depen- 


of 84 million tons is still 2 million tons larger than 
in 1939, even if the 14 million tons laid up in the 
American reserve are excluded ; also, in spite of 
the large number of old ships, the average speed 
and average efficiency is higher than in the pre-war 
fleet. The post-war volume and pattern of world 
trade, moreover, until the Korean outbreak, made 
fewer demands on available tonnage than in 1939. 
Entrances and clearances through ports in the 
United Kingdom, which is dependent more than 
any other country on external trade, were one- 
quarter less in 1949 than in 1939. The trend of 
freight rates was steadily downwards, the Chamber 
of Shipping index (1948 = 100) falling from 111-3 
in January, 1948, to 71-4in May, 1950. By Novem- 
ber, however, it had recovered to 97-6, and rates 
are still rising. 

The direct influence of the war in Korea was 





pressure on the tight situation. The exceptional 
demand for shipping is thus the result of a com- 
bination of several factors which individually should 
be non-recurring. Nothing in the situation suggests 
that the shortage of shipping is more than tem- 
porary, or that the freight rates may not slide back 
as quickly as they rose. There may be a case for 
creating a reserve of ships to meet possible emer- 
gencies of the present type. A considerable reserve, 
however, already exists in the United States, and 
though this is apparently regarded at present as a 
strategic and not a commercial reserve, it could 
easily fulfil both functions if the level of freight 
rates rose sufficiently. New ships are required, not 
to swell the total of world tonnage afloat, but simply 
for replacement purposes. Even at their present 
level, freight rates are not likely to delude owners 
into increasing their fleets, for, while tramp ships 





TABLE II.—UNITED KINGDOM: MERCHANT SHIPBUILDING. 











(Vessels of 1,600 gross tons and over: thousand gross tons.) 



















































































Tankers. | Other Vessels. 
¥ Und a. ae | pe | I i | —_ = ¥ 
aia , Jnder Construction . wie } : , | Inder Construction , no 
ee Laid Down. at End of Period. Completed. | Laid Down. at End of Period. Completed. 
|___——_—— — |__| _______—_ |___ —|——_{~——— 
| Total. For Export. | Total. For Export. Total. For Export. Total. For Export. Total. | For Export. | Total. | For Export, 
ia ee ee ee SS ee ee | os siakiewniiuasts = 
| ! 
Annual Totals : | | | 
1945. re 268 | = 350 = 183 839 — 1,019 134 488 _ 
1946 xe. 208 57 242 57 314 | . 1,028 307 1,446 350 601 91 
1947 a 291 99 | 414 | 155 119 | -- 772 275 1,451 436 764 187 
1948 = 409 230 620 326 203 59 710 212 1,238 336 923 312 
1949 i 608 | 293s 855 | 448 380 176 | 538 135 939 225 880 262 
Monthly : | | 
1949, October ial 71 33 841 439 38 23 | 24 2 1,001 239 90 40 
November san 24 | 7 832 430 33 16 33 3 974 229 61 12 
December .. 7 | 55 | 29 855 448 31 | 14 Ag 8 939 225 160 13 
1950, January | 80 69 868 461 66 | 55 12 _ 898 214 53 10 
February .. on 32 18 | 855 460 45 8 22 6 885 213 35 
March “al 5 18 883 450 27 | 27 | 71 15 860 207 97 21 
April _ a 76 25 | 898 435 61 | 41 | 49 4 845 182 65 27 
May oa 39 21 908 | 444 29 | 12 | 47 19 864 187 29 7 
June ; a 51 | 33 CO 923 457 | 39 22 | 51 817 176 98 16 
July st ine 77 58 951 506 | 48 9 34 12 813 174 88 16 
August .. 38 20 } 942 512 48 13 | 48 6 804 168 58 14 
September 51 39 974 552 | 19 | —_ 57 28 799 196 65 8 
October .. wal 68 31 | 1,008 566 } 34 | 16 40 6 770 171 71 31 
November 5 ‘| 39 16 | 970 559 | 78 24 | 56 11 757 167 69 12 
TABLE IIL—UNITED KINGDOM: SHIPBUILDING AND MARINE ENGINEERING EXPORTS. 
1938. 1939. 1944. 1945. 1946. 1947. | 1948. | 1949. | 1950. 
| | | 
— | en pence SSeS ST SSE MERE WE SAREE | . aN 
| 
: Value, | ” Value, Value, : Value, . Value, Value, Value, | Value, | ’ Value, 
Tons. £1,000. | Tons. £1,000. | Tons. £1,000. | Tons. £1,000. Tons. £1,000. Tons. £1,000. Tons. £1,000. | Tons. £1,000. Tons, 1,000. 
| | | | 
NC | pa ht ae aa | - 
Ships for breaking up| 13,002 | 32 22,772 | 47 = -- a et 9,342 14 4,400 22 10,528 53 — —- | a = 
War vessels .. ..| 9,967 | 2,022 — ; ae me a a oe = ie -_ on — — -- — | — 
Steam vessels .| 184,470 | 4,063 - — — 983 | 14,552 1,165 | 33,678 | 2,565 | 108,015 | 9,668 | 212,888 | 20,384 | 124,120 | 14,120 | 124,245 | 14,179 
Motor vessels 891 1,959 - = = 33 | 553 34 | 15,518 1,349 | 94,000 8,639 | 202,987 | 17,536 | 324,697 | 26,626 | 333,094 | 26,864 
All other vessels ..| 11,574 447 - - —_ 37 581 24 | 24,673 565 | 16,470 668 | 19,951 1,203 | 18,705 1,274 8,524 730 
internal-combustion | | : | 
engines... --| 2,661 | 617 | 2,206 476 1,153 387 | 52 23 5,392 1,707 7,592 3,061 | 10,175 4,299 | 10,283 4,804 | 10,844 5,124 
Steam reciprocating | | 
_engines ; --| 1,229 151 | 561 | 73 179 a = —_ 944 260 1,453 282 1,864 438 1,932 498 | 2,219 655 
lurbine 993 234 473 | 171 115 40 — — | 1,854 837 2,435 1,390 3,377 1,610 5,267 2,575 5,164 3,095 
Total .. .-| 171,787 9,525 | — | 7,801 _ 1,542 | 15,738 1,246 | 91,401 7,297 | 234,365 | 23,730 | 461,770 | 45,523 | 485,004 | 49,897 | 480,090 | 50,687 















































dence on orders for a single type of tonnage was 
basically unhealthy. The later months of the year, 
however, brought hope of a better balance. Half 
of the orders taken during 1950 were for dry-cargo 
vessels, of which about 50 per cent. consisted of 
tramps, coasters, colliers, tugs and small craft, and 
the rest of cargo and passenger liners. Of the 
tonnage under construction, only 40 per cent. were 
dry-cargo vessels, of which only one-third were 
tramps, coasters and smaller craft. Hopes for a 
revival of orders for dry-cargo tonnage have rested 
hitherto solely on the potentially high replacement 
demand. The total fleet under the British flag, 
which consists of 19-5 million tons (of which 4-1 
million are tankers) has a very high percentage of 
old ships: 3 million tons, mainly dry-cargo, are 
over 25 years old. This last figure includes a high 
proportion of tramps and coasters. While there is 
room for disagreement about the economic life of 
‘ship, it is desirable that the replacement of these 
vessels should not be deferred unduly. 

Until the outbreak of war in Korea, there was no 
question of an actual shortage of ships; indeed, 
up to the middle of 1950, it was becoming increas- 
ingly difficult to find profitable employment for 


not very great ; a few ships were chartered for the 
transport of troops, but military requirements are 
being met largely from the United States reserve, 
from which 223 vessels were withdrawn between 
June and November. The indirect influences, how- 
ever, were of considerable consequence, for, as the 
risk of a general war became more evident, many 
Governments began to build up stocks of raw 
materials, regardless of cost, from whatever coun- 
tries they could obtain them. On top of this came 
the coal crisis in the United Kingdom, which meant 
that ships were required to bring coal from the 
United States, not only to the British Isles, but also 
to Continental countries which were dependent in 
varying degrees upon British supplies. The threat of 
famine in India, which had necessitated the importa- 
tion from America of 4 million tons of wheat, also 
made a heavy demand on shipping. 

Another important factor arose from the diffi- 
culty, inherent in a system of trade conducted on 
the basis of bulk purchase agreements, of co-ordi- 
nating purchases with an eye to the shipping 
available. In the latter months of 1950, the demands 
of the Timber Control] for softwood from the North 
American Pacific Coast, and of the Ministry of Food 


are making profits, these are required to offset 
earlier low remuneration. In any case, profits are 
not particularly high, for, partly as a result of 
devaluation, operating expenses and port charges 
have been rising almost as rapidly as freight rates. 
The hope that the rise in rates may continue doubt- 
less encouraged some owners to venture upon 
replacement orders, but they were also probably 
influenced by the conviction that the price of ships 
will continue to rise and that there was more to be 
lost than gained from further deferment. 

The demand cannot, however, be sustained at a 
high level for long if prices continue to rise, and one 
of the most serious problems confronting the ship- 
building industry is how to cut its costs. The 
prices of ships are now three times as high as before 
the war, but earnings have not increased in propor- 
tion. The Peninsular and Oriental Steam Naviga- 
tion Company decided that, since the price paid 
for the new liners Himalaya and Chusan exceeded 
the “reasonable level” on which it had been 
calculated that a return could be earned on the 
capital outlay, no orders for additional tonnage 
could be placed ; but it is interesting to find that 
they have now reversed this decision and have 








‘ramps, and many were laid up. The world fleet 


for coarse grains from the Persian Gulf, put further 


ordered two ships of the Himalaya type, as reported 
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on page 170, ante. The responsibility for high 
prices does not, of course, rest entirely or even 
mainly with the shipbuilders, and, in comparing 
post-war and pre-war prices, it must be remembered 
that ships to-day are fitted with more elaborate 
and expensive equipment. Sir Frederick Rebbeck, 
chairman of Harland and Wolff, Limited, has 
pointed out that shipbuilders are making special 
efforts to cut down costs, but that they had to be 
backed up by all the suppliers of raw materials. 
They have been taking “‘ speculative risks of no mean 
order,” he said, to try to help shipowners to make up 
their minds to build ships~about which they are 
doubtful because of the prospects. These speculative 
risks include a return to fixed-price contracting, and 
this was an important consideration in the orders 
booked in the latter months of 1950. These followed 
a period of active canvassing by shipbuilders, who 
undertook to carry out orders on a fixed-price 
basis, or, if a price variation provision was stipu- 
lated, to accept a ceiling price limitation. It is 
most regrettable that fixed-price contracting has 
had to be abandoned almost as soon as it was 
adopted. The rise in the prices of materials and 
components following the development of the war 
in Korea make it quite impractical for any builder 
to accept the risk of a fixed-price contract ; also, the 
probable difficulty of obtaining regular supplies of 
steel and components is likely to disrupt production 
schedules, and it may be difficult, therefore, to 
keep down costs and to meet delivery dates. The 
only consolation is that, since foreign yards are 
confronted by the same situation, the British com- 
petitive position will not be worsened. 

Some shipbuilders maintain that costs cannot be 
reduced because of the high level of wages. Mr. J. M. 
Ormston, general amanager and a director of 
Vickers-Armstrongs Limited, has said that the 
output per man hour has still not reached the pre- 
war standard, and that something must be done to 
ensure that increases in wages are matched by 
increased output; otherwise, he declared, the 
industry is faced with disaster. Wages in ship- 
building, however, are no higher than those ruling 
elsewhere. “‘ Go slow ”’ activities are not unknown, 
but it may be pleaded in mitigation that these are 
defensive tactics adopted in an industry where there 
has been little security of employment. 

This is particularly true of ship repairing, in 
which, with the completion of the large volume of 
re-conversion work resulting from the war, large 
numbers of men have been laid off. In November, 
1947, the tonnage undergoing repair and conversion 
in ports in the United Kingdom was 3-4 millions ; 
in November, 1949, 2-5 millions ; and in November, 
1950, 1-9 millions. The downward trend has been 
hastened by competition from foreign repair yards, 
mainly Continental, which have often been able to 
quote prices with which few British yards could 
compete. High costs in British yards, however, 
have been partly a result of the overloading of repair 
facilities, and the necessity for using inefficient 
capacity. A smaller volume of work and its concen- 
tration in the more efficient yards, which have now 
been re-equipped and re-organised at considerable 
cost and can hand!e the larger and more specialised 
tonnage afloat to-day, should mean lower costs. 

Foreign competition is also serious as far as new 
building is concerned. Table III, on page 183, taken 
from the T'rade and Navigation Accounts, shows that 
exports of ships and engines were almost the same in 
1950 as in 1949. The tonnage under construction 
for foreign owners in Britain at the end of 1950, 
shown in Table IV, taken from the Lloyd’s Register 
Returns, was 794,000 tcns, 5-7 per cent. more than 
in 1950. The British share of world building, 
however, which had been over 50 per cent. in 1948, 
fell to 42 per cent. in 1950, compared with 44 per 
cent. in 1949, and, while the tonnage under con- 
struction in the United Kingdom increased by 
50,000 tons to 2-0 million tons, the tonnage under 
construction in the world increased by 420,000 tons 
to 4-8 million tons. British builders can take what 
comfort they may from the fact that many countries 
increased their building on home account. World 
building for export actually decreased by 200,000 
tons to 1-5 million tons, so that, relatively, the 
British share of export tonnage increased. This, 
however, is small consolation, for it means that 





some countries, notably Commonwealth countries, 
which have hitherto ordered their ships abroad, are 
now ordering them at home; and that, in other 
countries—in particular, the European countries and 
Japan— increased capacity will sooner or later com- 
pete for a diminishing volume of export orders. 

The largest export market for ships continues to 
be Norway, which had 392,000 tons building in the 
United Kingdom, out of a total of 596,000 tons 
under construction abroad. The tonnage building 
in Britain for Norway was thus larger than in 
1949 by 67,000 tons, but the total building on 
Norwegian account was down by 23,000 tons. 
Norway, now the possessor of a fleet which is larger 
and more efficient than before the war, is likely to 
order fewer rather than more ships in future. The 
second largest market is Argentina, which has 
172,300 tons building in Dutch, Swedish and British 
yards. This is 76,000 tons less than in 1949, and 
the downward trend is likely to continue. The 
only other countries with more than 100,000 tons 
building abroad are France and Liberia; in both 
cases, a high proportion consists of tankers. 

All the main shipbuilding countries in the world, 
with the exception of the United States, had more 
tonnage under construction at the end of 1950 than 
at the end of 1949. The chief building country 


TABLE IV.—UNITED KINGDOM: REGISTRATION OF SHIPS UNDER CONSTRUCTION, 


have been rising, but they still compare favourably 
with those of the British yards. Italy, with 314,000 
tons under construction at the end of 1950, had 
100,000 tons more building than in 1949. The 
Italian merchant fleet is now over 2-5 million tons, 
compared with 375,000 tons in 1945 and 3-4 million 
tons in 1939. The building programme is still far 
from being completed and the yards have orders on 
hand from home owners for 200,000 tons. Italy, 
however, has also been undertaking a fair amount 
of export work, and has 53,000 tons under con- 
struction for foreign owners. Shipbuilders in Italy 
enjoy the advantage of a Government subsidy and, 
when home orders decline, may be expected to 
compete vigorously for export orders. Swedish 
yards, with 305,000 tons under construction at the 
end of 1950, have broken previous records. Con- 
siderable outlay has been incurred on modernisation 
schemes ; the yard of Lindholmens Varv A/B, at 
Gothenburg, for instance, is now capable of handling 
vessels up to 23,000 tons deadweight, compared 
with 10,000 tons previously. Swedish costs are 
low and 78 per cent. of the work on hand in the 
yards is for foreign owners. During 1950, substan- 
tial orders for tankers were received from Brazil, 
Denmark and France. 

Shipbuilding in Germany benefited greatly from 
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Tons. No. Tons. No. | Tons. 

| —— 

l 1 
British Dominions and Colonies en 39 112,479 31 96,400 21 30,559 
Argentina : i : 15 116,895 14 96,403 5 70,000 
Belgium .. 1 560 . | — 2 1,200 
Brazil 2 | 684 4 | 1,368 7 35,968 
Denmark | 11 | 44,404 5 | 24,332 2 9,623 
France... =a 4 15,480 2 | 17,300 5 40,250 
Holland .. fe 4 26,280 | 8 42,410 4 25,550 
Iceland oy 5 2.750 | 6 4,215 8 5,660 
Liberia es — 5 74,940 
Norway | 44 302,765 36 324,166 38 391,618 
Panama | 6 49,870 7 75,080 1 13,070 
Poland .. } 1 1,160 | 1 3,200 3 18,400 
Portugal .. 11 43,860 | 6 15,105 | 3 | 16,700 
Sweden .. | 7 16,965 5 | 35,750 | 3 27,400 
United States | 1 2,805 - | — } 1 13,070 
Other countries .. | 7 11,042 | 4 | 22,750 | 10 20,630 
Total for registration abroad .. ; | 158 | 747,999 129 758,479 118 794,638 
Total for registration in the United | | | Paes 

Kingdom os es “| 264 | 1,366,731 239 1,235,712 212 1,250,050 

Total under construction } 422 2,114,730 | 368 | 1,994,191 330 | 2,044,688 

| ! | 








after the United Kingdom is now France, which 
had 457,000 tons under construction. France has 
built up a merchant fleet beyond the pre-war 
tonnage and is now searching for export orders to 
find employment for a shipbuilding capacity esti- 
mated to be 250,000 tons greater than pre-war. 
At present, only five vessels, of 5,000 tons, are 
under construction for export, but a number of 
companies have formed a joint organisation to look 
for foreign orders ; already, an order for ferry-boats 
for Turkey has been obtained. 

The third largest builder is the United States, 
which had 340,000 tons under construction. One 
American company, the shipbuilding division of the 
Bethlehem Steel Company, with an output of 
250,000 tons, had the distinction of launching more 


tonnage than any other single shipyard in 1950. | 


Building activity in the United States, however, 
was at a much lower level than in 1949, which 
ended with 513,000 tons under construction ; and 
one shipyard had no orders on hand after launching 
its last ship in the middle of the year. The total 
under construction, moreover, is inflated by the 
inclusion of a 60,000-ton ‘‘super-liner,” started 
during the year by the Newport News Shipbuilding 
and Dry Dock Company. Increased demand for 
shipping has brought few orders to American ship- 
builders, though a certain amount of refitting work 
followed the outbreak of war in Korea. Subsidies 
are payable to certain American shipping companies, 
which are intended to lower the difference between 
the cost of having a ship built in the United States 


. . . . 1 
and in other countries which enjoy the advantage of | 


lower costs. These measures, however, have appa- 


rently been ineffective in attracting new orders. 

In the Netherlands, two-thirds of the 307,000 tons 
under construction are for export, and, since Dutch 
yards obtained many important export orders in 
1950, this proportion is likely to increase. 





Costs 





the removal of restrictions on shipping for export. 
At the end of 1950, only 5,000 tons out of a total 
of 198,000 tons under construction in Germany was 
for export, but one yard alone, the Deutsche Werft. 
of Hamburg, has received orders for eight ships on 
foreign account. Meanwhile, there has been no 
abatement in the flow of orders from German owners. 
The time when Japanese yards, which have an 
estimated capacity of 800,000 tons, will provide a 
serious threat to the British industry may not be 
far distant. At the end of 1950, there were 231,000 
tons under construction, 111,000 tons more than 
at the end of 1949. It is proposed to build 100 ships 
of 750,000 tons to bring the Japanese deep-sea fleet 
up to 867,000 tons. This work was to be carried 
out concurrently with export orders, but the with- 
drawal of the Government subsidy, added to the 
effect of devaluation, has raised Japanese costs 
above world levels and has caused a fall in foreign 
orders. Under the fifth shipbuilding programme, 
it was hoped to complete 279,000 tons between 
July, 1950, and March, 1951, and this was to be 
followed by a shipbuilding programme of 393,000 
|tons. Because of the decline in foreign orders, it 1s 
| improbable that these programmes will be carried 
| out. The threat of Japanese competition, however, 
is still serious ; devaluation of the yen, wage cuts 
(which might accompany a higher degree of Japanese 
| autonomy) or possibly a Government subsidy could 
/remove the disabilities affecting the shipbuilding 
| industry in Japan. 

In Britain, there were notable accomplishments 
by many companies in 1950. Harland and Wolff, 
Limited, with a total launched of 158,000 tons, were 
| the largest builders in Britain and the second largest 
in the world. Launches of 115,000 tons from the 
yards of Vickers-Armstrongs Limited included 
the bigest tanker of the year, the British Adventure 
and the biggest passenger vessel, the Oronsay, of 











ld 
ig 








PLATE VIII. ENGINEERING, Feprvary 16, 195), 








——__ 





PRESTRESSED CONCRETE ROAD AT CRAWLEY, SUSSEX. 


(For Description, see Page 185.) 




















Fia. 1. INSERTING PRESTRESSING WIRES IN PROTECTIVE SHEATHING. 
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28,500 tons. On the Clyde, the total of 447,000 tons 
launched was no higher than in 1949; the largest 
output of any individual company was 72,000 tons, 
by Lithgows, Limited; this was 11,500 tons less 
than in 1949. John Brown and Company, with the 
second largest output, also launched less tonnage in 
1950 than in 1949. Relatively more serious, how- 
ever, was the fall in output on the Forth and the Tay, 
and at Aberdeen; to the yards in these districts, 
which have benefited little from the heavy demand 
for tankers, the revival in orders for other classes of 
tonnage at the end of 1950 was particularly welcome. 

Whether or not this revival will be sustained is 
of the greatest moment to the whole shipbuilding 
industry. Even the larger companies, who have 
work on hand for two to three years, largely on 
tankers, are unlikely to feel secure until there is a 
more balanced demand for all types of tonnage. 
If costs continue upwards, shipowners at home will 
be tempted to defer the replacement of old tonnage. 
There is nothing magical about the figure of 25 years, 
which is often reckoned to be the economic life of 
a ship; some owners put it as high as 35 years, 
and extensive refits can often keep old hulls in the 
water even longer. Abroad, shipbuilding capacity 
is larger than ever, and when home orders are 
falling off in most countries there will be intense 
competition for a falling volume of export orders, 
with some of the competitors favoured by generous 
Government subsidies. These are the longer-term 
problems which confront the shipbuilding industry 
in the United Kingdom. During 1951, output may 
be expected to remain high, but will be unlikely to 
attain the 1950 level. The re-armament programme 
is bound to create shortages of steel and materials, 
which will make the efficient planning of production 
difficult at a time when mounting raw material 
prices are steadily increasing costs. 





PRESTRESSED CONCRETE ROAD 
AT CRAWLEY, SUSSEX. 


Tue photographs reproduced on Plate VIII show a 
prestressed concrete road under construction at 
Crawley, Sussex, for the Crawley (New Town) Develop- 
ment Corporation. The manifold applications of 
prestressed concrete in the structural field have over- 
shadowed its possible use in runway and road con- 
struction, a fact which has been accentuated by the 
limited amount of new road works undertaken since 
the war. Nevertheless, the use of prestressed concrete 
for roads has several advantages, provided the cost 
can be made comparable with normal road costs ; 
cracks are eliminated, the number of expansion joints 
is reduced and, as a result of these features, there are 
improvements in riding qualities and a reduction of 
maintenance costs. On the other hand, there are 
disadvantages, namely, the difficulty of reinstatement, 
which limits the probable use of prestressed concrete 
roads to non-urban areas, and the possibly complicated 
nature of the expansion joints if the bays are very long. 

The design of the road was based on discussions 
between the chief engineer of the Crawley Development 
Corporation (Mr. A. J. W. McIntosh, B.Sc., M.I.C.E., 
M.[.Mech.E.), the Pre-Stressed Concrete Company, 
Limited, 131, Victoria-streeet, London, 8.W.1, the 
Road Research Laboratory and the County Surveyor, 
West Sussex. The contractors were Messrs. Willment 
Brothers, Limited, Baltic Wharf, Waterloo Bridge, 
London, §.E.1. For the information in this article 
we are indebted to the Cement and Concrete Associa- 
tion, 52, Grosvenor-gardens, London, S.W.1. 

_ The present trend in concrete road construction is to 
limit the number of expansion joints, and there would 
be no appreciable advantage in constructing a short 
length of slab in this case. It was therefore decided 
to have a maximum length of 400 ft., in view of the 
uncertainty as to the magnitude of the frictional 
restraint of the subgrade. The amount of prestress to 
be used was the greatest problem in the design, as the 
available information on the subject was small and 
inconsistent. For reasons of economy it was desirable 
to limit the prestress to the smallest value consistent 
with the anticipated subgrade restraint. The problem 
of restraint is difficult, as little information is available, 
and it is hoped that the experiment at Crawley will 
provide useful data. It was decided that the coefficient 
of friction would probably be between 0-25 and 0-50 ; 
& figure of 0-23 had been estimated for the Orly run- 
way, and the figure of 0-50 was estimated by the Road 
Research Laboratory. The effect of this assumption 
is that, for a length of 400 ft., assuming the ends of the 
road to move relative to the centre, the subgrade 
restraint will represent a decrease in prestress of 





between 50 lb. and 100 lb. per square inch. Therefore, 
by using a prestress of 200 Ib. per square inch, there 
would be a residual prestress of at least 100 Ib. per 
square inch. Though local cracking wate take place 
owing to an externally-applied stress, the removal of 
the stress would be followed by the closing of the 
cracks. The prestress is not, of course, sufficiently 
high to prevent cracking under load and temperature 
stress, but it should be sufficient to ensure that cracking 
is only momentary. 

Prestress was induced by Freyssinet cables consisting 
of 12 high-tensile steel wires, 0-2 in. in diameter, 
grouped round a 16-s.w.g. mild-steel wire core helix. 
The cables were aligned at an angle of 3 to 1 to the edge 
of the road, in a diamond pattern at approximately 
7 ft. 6 in. centres, as shown in Fig. 1, Plate VIII. At 
each end of the 400-ft. bay the cables were curved to 
anchorages in the side haunch to avoid having anchor- 
ages in the carriageway at the ends of the slab. Fig. 3 
shows the ‘“ Ductubes”’ which, as described later, 
form curved holes in the concrete for this purpose. 
Prestressed roads previously constructed at Luzancy 
and Esbly, and runway construction at Orly, indicated 
that a depth of slab of approximately 6 in. was suffi- 
cient to withstand loads in excess of normal loading. 
In order to accommodate the cables, which are 14 in. 
in diameter and have to cross at different levels within 
the slab, it is impossible to reduce the depth of slab 
below 6 in. and yet obtain a reasonable cover over the 
cables. The depth of slab was therefore fixed at 6 in. 

To reduce construction costs, it was decided to use a 
sub-base of 4-in. clinker, instead of the 4-in. rolled lean- 
concrete sub-base used in normal reinforced-concrete 
road construction on the Crawley site. Owing to the 
high frictional resistance of such a sub-base, however, 
a thin layer of sand was spread and rolled on the 
clinker before laying waterproof paper. The sub-base 
was drained by 3-in. tile drains laid on each side of the 
carriageway and connected to gulleys. 

The cable anchorage cones were fixed in concrete 
haunches constructed independently of the main slab, 
as shown in Fig. 2, thus enabling them to be embedded 
in high-grade concrete, and facilitating the speedy 
construction of the main slab. The haunches were 
12 in. wide and 6 in. deep, running the full length of 
the road on each side of the carriageway, and were tied 
to the main slab by }-in. mild-steel bars. The con- 
crete mix was 3-9: 1 by weight, with a water : cement 
ratio of 0-40. Following the completion of the 
haunches, the 12-wire Freyssinet cables were threaded 
through sheathing which consisted of 18-ft. lengths of 
16-s.w.g. mild-steel tubing supported at approximately 
6-ft. intervals by small concrete blocks, as shown in 
Fig. 1. All joints in the sheathing were sealed by 
adhesive tape. In the case of the curved cables, the 
holes were formed by Ductubes, which were supported 
by the short length of fabric reinforcement at the ends 
of the slab, and the cables were drawn through after 
the concreting was completed. The concreting of the 
main slab, shown in Fig. 4, followed normal practice. 
A central longitudinal construction joint enabled it to 
be laid in four operations, the size of each day’s work 
being 200 ft. by 12 ft. The slabs were linked together 
across the longitudinal joint by }4-in. tie-bars, and 
across the transverse joint by a short length of fabric 
reinforcement. 

The cables were stressed, about three weeks after 
concreting the main slab, by four jacks operated in 
pairs by two pumps. The order of stressing was 
designed to stress the slab as evenly as possible through- 
out its length. Originally, it was intended to force 
the male cone home at one end of each cable by hand, 
and so use only one jack for each straight cable, but 
this method was not satisfactory and it was necessary 
to use a jack at each end ofeach cable. The elongation 
of each wire corresponded to a stress of 80 tons per 
square inch ; the minimum 0-1 per cent. proof stress of 
the wire was 82 tons per square inch. After stressing, 
the cables were injected with clean water under pressure 
and grouted up. As difficulty was experienced with 
the grout specified (equal volumes of sand, cement and 
water), neat cement grout was used. The anchorage 
cone recesses in the haunches were then concreted. 

Owing to the difficulty of calculating the actual 
expansion of the 400-ft. prestressed bay, with an 
unknown subgrade restraint, it was decided to place 
a short expansion bay 5 ft. in length ateachend. Each 
expansion bay consists of hardcore surfaced with 
tarmac, incorporating a 2-in. thickness of expansion 
jointing material. When the actual expansion has 
been measured accurately, an expansion joint will be 
made to fit. Possibly the expansion will be sufficiently 
small for a normal joint to be used. 

Fixed points have been established along the sides 
of the road for the exact measurement of the move- 
ment, and strain gauges have been embedded in the 
slab in the hope of learning something of the strains 
in the concrete. Investigations are being undertaken 
by the Road Research Laboratory. The work carried 
out has already been of great value from a practical 


point of view, and a number of constructional difficulties 
have been observed which can be avoided in the future. 
The lessons learnt from the work will not be fully 
appreciated until the measurements of movement and 
strain have taken place over the course of a year or 80, 
but it is hoped to publish the results. 





FOREST PRODUCTS RESEARCH, 


Tue work of the Forest Products Research Labora- 
tory is carried on by a number of sections, some of 
which, such as those concerned with mycology and 
entomology, are mainly of biological interest. Of 
twelve sections, at least seven can, however, be con- 
sidered to fall within the sphere of what may be called 
timber mechanics, a subject of interest in many 
branches of engineering and probably in all branches 
of building. It is unfortunate that the latest report,* 
which deals with the activities of the laboratory during 
1948, was published only at the end of 1950. The 
delay has no doubt been due to printing difficulties, 
but its result is that the report can hardly be a guide 
to the nature of present research work. 

Early in the report, some account is given of various 
colonial timbers not in commercial use which have 
been tested for strength, durability, seasoning proper- 
ties and other qualities. It is quite possible that the 
range of timbers in common use may be extended as 
species at present little known become available. 
Addition to present timber sources is probably a 
matter of the opening-up of undeveloped countries, 
and particularly the improvement of transport arrange- 
ments, rather than any lack of potential supplies. 
Some account is given of experiments on the drying of 
commercial timbers which are difficult to season in 
kilns and of experiments on the chemical seasoning of 
oak by treating it with urea. The results were not 
promising, but, on the other hand, radio-frequency 
drying gave satisfactory results. It is costly, however, 
and is likely to be confined to the treatment of bends and 
other pieces of stock of sufficient value to make speed 
of drying the overriding factor. 

Some direct structural investigations were carried 
out in collaboration with the Timber Development 
Association. The work concerned the strength of 
timber roof frames, and the conclusion reached was 
that the most economical design was the traditional 
form with the internal bracing reduced to simple strut- 
ting from partition walls. Strutting from flexural 
members such as ceiling joists, a not uncommon prac- 
tice, resulted in a reduction of stiffness of 75 per cent. 
To help to overcome the shortage of timber in rafter 
lengths, shorter lengths were connected by a rebated 
joint situated at the point of zero bending moment. 
The arrangement proved quite satisfactory. This work 
on the structural use of timber was to be continued, 
one investigation to be put in hand concerning the 
most economical use of material in suspended floors. 
A further example of work in hand is furnished by 
tests carried out on a 15-ft. span built-up purlin, 
which represented a considerable saving in timber over 
the customary solid type. 

Investigations on plywood have been facilitated by 
the completion of the plywood-making plant. An 
important aspect of this work concerns the properties 
of adhesives. As a result of exposing j-in. beech 
plywood panels to the weather in the open for two to 
three years, complete failure occurred with animal 
and casein glues and with neat and flour-extended urea 
resins. Phenolic adhesives remained serviceable after 
30 months, but showed signs of incipient deterioration. 
These very severe tests represent conditions not likely 
to be common in practice and the opinion is expressed 
that under less rigorous exposure the glues are likely 
to maintain strength and efficiency for much longer 
periods. Radio-frequency heating for the setting of 
glues is being investigated. It has been found that 
with many hardwoods the glues require a voltage 
several times as high as with spruce, causing a 
disproportionate increase in the power wasted in 
heating the wood substance. What is called mains- 
voltage heating has been developed for setting ply- 
wood glues. Laminated insulating material incor- 
porating wire elements is inserted between glued 
plywood assemblies in the press and current is passed 
through the wire elements. 

A final matter which may be mentioned is that 
after 13 years’ service, pressure-creosoted softwood 
railway sleepers were free from any decay. One group, 
however, showed mechanical “ degrade ’’ by splitting, 
which investigation showed could be greatly reduced 
by incising before treatment. The conclusion is 
reached that the usual method of creosoting as 
for Baltic redwood is not adequate for beech, which 
must be completely penetrated to obtain full protection 
against decay. 


* Report of the Forest Products Research Board with the 
Report of the Director of Forest Products Research for the 
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THE NATIONAL PACKAGING 
EXHIBITION AT OLYMPIA. 


As noted in our issue of February 2, on page 135, 
ante, the second National Packaging Exhibition was 
held at Olympia, London, from January 30 to Feb- 
ruary 9. Of the interesting machines which were 
on view, some of the many of engineering novelty are 
described in this article. 

Messrs. Industrial Products (Speco), Limited, 7, 
Boston Manor-road, Brentford, Middlesex, showed 
two new machines, the model “‘M” Hy-tra-lec auto- 
matic weighing and filling machine, and the Hy-tra-lec 
check weigher ; a model “ A ”’ Hy-tra-lec weighing and 
filling machine, for handling potato crisps, which was 
described fully on page 586 of our 168th volume (1949), 
was also on view. The model “M”’ machine, shown in 
Fig. 1, has been developed to handle larger weights, 
from 2 oz. to 1 lb., or, occasionally, 21b. The Hy-tra-lec 
element which provides the weight control is similar 
in principle to that in the original model *‘ A ” machine. 
Two floats, partly immersed in a tank of oil, are buoyed 
upwards against a stop and support the weighing 
bucket. Material is fed into the bucket until the 
buoyancy is overcome, when a switch is operated ; 
this discharges the bucket and brings a second bucket 
into position for charging. In the model ‘‘ M ” machine, 
however, four larger floats are carried in a larger 
chamber. The machine, moreover, has two weighing 
heads, which enable the speed of operation to be 
doubled. Over 18 discharges a minute are possible. 
The commodity to be weighed is fed into two hoppers, 
at the back of the machine, each of which feeds a 
horizontal vibrator which carries the sweets, etc., 
forward and drops them into a bucket. Each of the 
two buckets is supported by a yoke and by the Hy- 
tra-lec weighing element. When nearly the desired 
amount has been fed into the bucket, a set of con- 
tacts operated by the slight depression of the element 
brings into action a sliding shutter cut-off, which 
interrupts the main flow from the vibrator, but allows 
sweets to “dribble” from the vibrator one by one 
until the bucket contains the correct weight, when 
the main contacts are operated, the dribble feed is 
cut off, and the bucket is depressed a small amount 
and tips forward, discharging its contents down a 
chute. The two heads and Hy-tra-lec elements operate 
independently, but it is arranged that both buckets 
do not discharge simultaneously (except in the special 
case where a 2-lb. discharge is required). Each head 
can handle up to | lb. weight. On the machine demon- 
strated at Olympia, an automatic conveyor transports 
empty cartons under the discharge chute. 

A Hy-tra-lec check weigher was first demonstrated at 
the British Industries Fair in 1950. The model demon- 
strated at the Packaging Exhibition, illustrated in 
Fig. 2, incorporated many improvements; it utilises 
one of the standard Hy-tra-lec weighing elements, 
either the model “A”’ unit with a weight range of from 
} 0z. to 5 oz., or the model ““M”’ unit, from 4 oz. to 1 lb. 
Cartons, wrapped blocks or any rigid product are 
brought by a conveyor to the check-weighing element ; 
a transverse plunger, operated by a cam and lever 
mechanism, pushes the carton sideways off the feed 
conveyor on to the platform of the weigher. If the 
carton is the correct weight, or over, the Hy-tra-lec 
element is depressed, and energises a solenoid plunger 
which pushes the carton on to the exit conveyor. If, 
however, the carton is under weight, the Hydra-lec 
element is not depressed, and the next carton moving 
on to the platform pushes the underweight carton down 
a reject chute. If it is desired to reject over-weight 
products also, a second element is incorporated in the 
flow line; it could be arranged so that cartons above 
the minimum weight are pushed from the first weigher 
platform on to the second ; if the carton were under 
the maximum limit, it would’ be pushed by the 
following carton on to the exit conveyor, whereas if 
it were over weight a second solenoid plunger would be 
actuated to reject the carton. 

Visegrip Products, Limited, Orrell House, Orrell- 
lane, Walton, Liverpool, 9, showed the Visegrip 
drum closure, which has been in use in the United 
States for many years and is now manufactured in this 
country under licence from the Rieke Metal Products 
Corporation, Auburn, Indiana, U.S.A. The closure 
consists of a flanged ring of 10-s.w.g. steel, with a 
threaded bore in which a heavy-gauge plug is screwed. 
A synthetic-rubber gasket is fixed to the plug. The 
ring is embedded on the inside of a hole cut in the 
drum, so that when the plug is screwed home, the metal 
of the drum is clamped firmly between the flange of the 
plug and the flange of the ring; the latter cannot 
be made to rotate, whatever the torque applied in 
screwing the plug home. Additional protection may 
be provided by a sealing cap of light-gauge material. 

Messrs. Strachan and Henshaw, Limited, Whitehall, 
Bristol, 5, showed two new machines, the Whitehall 
stocking packer and the Pillowpac confectionery 
packer. The latter machine, which is illustrated in 
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Fig. 3, opposite, is designed to work in conjunction with 
an automatic weighing head. Depending upon the rate 
at which the weighing machine operates, some 25 to 
30 bags a minute can be filled, using a twin weigher. 
The machine is operated by a 3-h.p. three-phase 
alternating-current motor, through a friction clutch, 
which drives the camshaft operating the mechanical 
linkages, and a Northey suction pump. The pump 
provides suction for certain of the operations and 
operates the pneumatic valves which control some of 
the motions. In addition, depending on the free-flowing 





properties of the product being packaged, a fractional 
horse-power motor may be fitted for driving a mechan- 
ism which propels the weighed charge into the bag. 
Several hundred cellophane bags are stored in a maga- 
zine on the right-hand side of the machine. The top 
bag is withdrawn by two suction fingers, one of which 
turns back the corner and the other finger enters and 
retains the bag ; a suction box, carried on a sliding bar, 
then swings across and grips the flat face of the bag, and 
withdraws it to the loading station. Two suction jaws 
then close on the bag, and suction is applied to open 
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** PrrtowPac ” CONFECTIONERY PACKER; 
STRACHAN AND HENsHAwW, LIMITED. 


Fig. 3. 


it; the suction box releases its hold and advances to 
pick up the next bag. The loading spout is then 
lowered into the open bag, and two pneumatically- 
operated wire fingers enter the bag to hold it. An 
automatic switch releases the weighed charge into the 
bag, and the loading spout is withdrawn, the bag 
still being retained by the wire fingers, which then 
apply tension to close the top of the bag and carry the 
closed bag across between open heat-sealing jaws, to 
the lower side of which are attached two spring- 
loaded grippers, which close on the bag, allowing the 
wire fingers to withdraw. After the bag has been 
sealed, the jaws are released and the bag is discharged 
down a delivery chute. 

Messrs. Alite Machines, Limited, Pixmore-avenue, 
Letchworth, Hertfordshire, showed their prototype 
automatic machine for inserting flanged rubber stoppers 
into small bottles, from 4 in. to 3 in. diameter, con- 
taining pharmaceutical products, at a rate of 80 to 
100 per minute. It is believed that this machine, 
which is illustrated in Fig. 4, is the first of its kind 
either in this country or the United States. Every part 
of the machine which comes into contact with the rubber 
plugs can be quickly dismantled for sterilisation. The 
mechanism is mounted on a cylindrical pillar, so 
that it can be adjusted for height to suit varying 
bottle sizes; it is driven through a belt drive by a 
\-h.p. motor, mounted at the back of the machine. 
The stoppers are fed at intervals into an inclined 
cylindrical hopper at the top of the machine, pivoted 
on a horizontal shaft so that the inclination can be 
varied to suit the characteristics of the stoppers in use. 
Within the casing is a rotating disc driven through a 
five-speed variable gear, which allows the speed most 
Suitable for the particular stoppers being handled to 
be selected. Above the feeding point, a series of fixed 
gates restricts the flow of stoppers which are agitated 
and carried round by the rotating disc, past a guide ; 
the st /ppers tend to stabilise in a flange-down position, 
but any which take their place in the stream in a 
flange-up attitude are rejected by a “ comb-off ” guide 
Which leads them back to the “ reservoir ” of stoppers. 

tom the outlet, the stoppers are ducted on to the 
top rim of a vertical wheel, running on a horizontal 

t, in a close-fitting housing. The stoppers are 
held in contact with the periphery by an endless steel 
running over guide pulleys. At the bottom, 
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they are discharged along a passage to the “ applica- 
tors,” the foremost stopper being propelled into the 
applicator jaws by a crank, those following being 
restrained by a detent. The flange of the stopper is 
held in a slot in the jaws, which are lightly spring- 
loaded. Meanwhile, a bottle has been brought into 
position under the applicator jaws by a star-wheel, 
which withdraws it from a conveyor belt passing in 
front of the machine. The stopper is inserted in the 
mouth of the bottle by a downward twisting movement 
which ensures that it goes in smoothly. The jaws are 
then opened by the pressure of the bottle mouth, and an 
inner pressure plate moves down and presses the flange 
of the rubber cap home. The bottle is then carried on 
by the star-wheel to the exit side of the conveyor belt. 

Medway Paper Sacks, Limited, Larkfield, near 
Maidstone, Kent, demonstrated their latest ‘‘ Sac- 
Sealer,” a high-speed sack-closing machine, in conjunc- 
tion with an automatic filling spout. A photograph of 
the machines is reproduced in Fig. 8, on page 192. This 
installation, in conjunction with automatic pre- 
weighing, enables up to 1,000 multi-wall paper sacks 
to be filled and sealed in an hour. The Sac-Sealer 
machines are built up from standard units, which 
can be variously combined together to produce a 
wide range of models. The basic component is an 
adjustable telescopic column carrying a bracket on 
which is supported the sewing head, driven by a 4-h.p. 
Fankuld motor. In the model on view in the exhibition, 
the pillar component was used in conjunction with a 
slat-roller chain conveyor. Other models may operate 
in conjunction with existing conveyor arrangements, 
or for small outputs may be combined with a bogie 
component in which the sack is placed upon a bogie 
running on rails with a slight down gradient to assist 
the passage of the sack through the serving head. 
In the machine illustrated, which is equipped with 
Mark 8 automatic control, a crépe-paper sealing strip 
is fed across the top of the sack, folded automatically 
and sewn. Starting and stopping the sewing head and 
cutting the cotton and the crépe are controlled by the 
passage of the sack top through the sewing head ; 
the leading edge of the sack depresses successively two 
spring-loaded levers which operate microswitches, the 
first of which starts the motor, through a contactor ; 
depression of the second lever operates the switch 
controlling the knife cutting the leading edge of the 
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crépe-paper strip; as the sack passes out and the 
second lever is released, the knife is again operated to 
cut the trailing edge of the sealing strip, and the motor 
is switched off. 

Other new machines of interest included an automatic 
tin-taping machine, on view on the stand of Messrs. 
Gordon and Gotch, Limited, 75-79, Farringdon-street, 
London, E.C.4, and constructed by Messrs. Strachan 
and Henshaw, Limited. The machine applies self- 
sealing tape and opening tabs to the lids of tins or other 
rigid containers of various sizes and shapes. Messrs. 
Forsters Machine Company, Limited, 17, Yeading-lane, 
Hayes, Middlesex, showed a packet-wrapping machine 
for rectangular parcels of a wide range of dimensions. 
Messrs, Jagenberg Agencies, Limited, Blackfriars 
House, New Bridge-street, London, E.C.4, demonstrated 
some new German packaging and labelling machines, 
of which the “ Favorit,” a high-speed flat-bag filling 
and sealing machine, aroused considerable interest. 
Two machines of American design, built under licence 
in this country, were shown by the Soag Machinery 
Company, Juxon-street, London, §8.E.11, one for 
wrapping and sealing cartons automatically in trans- 
parent film, waxed paper or metal foil, and the other 
for manufacturing Polythene bags. They also showed 
a new British machine for manufacturing two-piece 
paper cups. 

The Bulkbin Company, Cainscross, Stroud, Glouces- 
tershire, showed for the first time a new continuous 
discharger for powdered materials in bulk-storage bins, 
which reduces the possibility of “‘avalanching.” It 
is constructed mainly of mild-steel sheet; the bin 
compartments, of standard sizes, are provided with a 
removable sloping floor, in which there are transverse 
openings through which the material is discharged. 
Two continuous chain drives comprise the discharging 
mechanism; the driving gear is housed in a casing 
at the end of the bin compartment, and may be 
driven by a belt drive from main shafting or from 
a built-in motor. At the other end of the bin com- 
partment is a casing containing the chain sprockets. 
The driving gear and sprockets, being outside the bin, 
are therefore readily accessible for servicing. The 
chains are driven down over the floor of the bin, 
through the driving gear and back through the bin 
below the floor and over the sprockets. Steel cross- 
bars are pivoted at each end to the inner links of the 
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two chains; the driving gear is so arranged that the 
chains are driven alternately, at a low speed, one 
moving forward while the other is stationery, so that 
the cross-bars move across the bottom of the bin in a 
series of staggered steps, cutting through the material 
with a ‘ cheese-cutting ” action and taking with them 
a section of the material, which falls through the slots 
in the bin floor as it passes over them. The material, 
no longer under pressure, falls on to the cross-bars 
carried by the chains below the floor and is conveyed 
by them to the discharge spout. By this means, it is 
claimed, an even discharge is effected with a very low 
power consumption. 

The Goodyear Tyre and Rubber Company (G.B.), 
Limited, Bushbury, Wolverhampton, showed the 
‘“*Snug-Wrap”’ machine, for wrapping articles of 
irregular shape and diverse sizes in a heat-sealed air- 
and moisture-proof Pliofilm packing. A photograph 
of the Snug-Wrap machine, which is marketed by 
Messrs. Charles E. Douglas and Company, Limited, 
76-86, Strand, London, W.C.2, is reproduced in Fig. 7, 
page 192. Two Pliofilm sheets are fed from reels at 
the top and near the bottom of the machine, each sheet 
passing over electrically-heated rollers, and thence 
between two large deformable rollers of foamed latex. 
The articles to be wrapped are fed between the two 
Pliofilm sheets as they pass between the rollers, which 
cushion the plastio film firmly round the article and 
force out all air from the enclosure. The machine is 
driven through chains, sprockets, and spur gearing by 
a }-h.p. geared motor, providing a rate of flow of 
20 ft. of film a minute. 

As briefly recorded on page 135, ante, a self-supporting 
steel-drum factory consisting of a number of motor 
lorries and trailers which, when grouped together, 
form a complete production unit for use under condi- 
tions where mobility is imperative, was on view in 
the Empire Hall. The exhibit was shown by Metal 
Containers Limited, Seymour House, 17, Waterloo- 
place, Pall Mall, London, 8.W.1, one of the Van Leer 
Group of Companies. The mobile factory was built 
partly in this country and partly in Holland and the 
United States, and assembled in Amsterdam by the Van 
Leer Group. It consists of 30 vehicles, which include 
a 200-kVA Diesel-engine driven generator plant, a 
specially-constructed tank car for carrying supplies of 
fuel oil and water, vehicles for transporting steel and 
other materials, trailers on which machine tools and 
other equipment are mounted, and office, living, 
sleeping, kitchen and restaurant vehicles. The trailers 
are coupled together, as shown in Figs. 5 and 6, on 
page 192, to form a hollow reactangle, open at one end. 
Jacks are fitted under the floors of the trailers, as 
shown in Fig. 6, and the space between the trailers is 
floored over. Steps are then fitted at the open end 
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of the rectangle and the whole is roofed over with 
tarpaulin sheeting as is seen in Fig. 5. The floor, 
steps, and roof fittings are stowed in or under the 
trailers, and, on arrival at the site, are speedily 
placed in position. 

At a demonstration held at Olympia soon after its 
arrival, the mobile factory was producing 10-gallon 
22-s.w.g. sheet-steel drums for containing lubricating 
oil, at a rate of 1,000 drums per 8-hour shift. The 
raw material employed consisted of lengths of bright- 
steel sheet, rolled in the continuous strip mill of John 
Summers and Sons, Limited. The production line of 
the mobile factory is 110 ft. in length, and the first 
machine tool in the line is a guillotine shearing machine 
for cutting the sheets forming the drum bodies rect- 
angular. This is seen on the left in Fig. 6. Adjoining 
the guillotine is a grinding machine, which is used for 
cleaning the edges of the sheets forming the side 
seams of the drum bodies, prior to welding. After the 
cleaning operation the sheets are rolled into cylindrical 
form in a rolling machine. The side seams of the drum 
bodies are electrically spot welded and are subsequently 
welded throughout their length in a 100-kVA resistance 
welding machine. The cylinders then pass through a 
succession of operations, namely, a bead expanding 
machine, in which the rolling hoops are pressed out, 
a machine for forming the flanges of both ends of the 
drums, a machine for producing the reinforcing corru- 
gations in the drum bodies, and a double seaming 
machine, in which the upper and lower circular cover 
discs of the drums are fitted on to the bodies. 

The completed drums are then tested by means of 
compressed air at a pressure of 7 lb. per square inch, 
soapy water being applied to the seams to ascertain 
whether they are leak-proof. A leak, of course, would 
be immediately revealed by bubbles. After wiping, 
the drums are through a paint-spraying booth. 
The rapid drying of the paint is effected by putting 
them through an electric infra-red radiant-heating oven. 
It is claimed that the mobile factory can be in produc- 
tion in less than 30 minutes after the arrival of the 
vehicles. As already noted, the factory is for use 
where mobility is imperative, and, in amplification, it 
may be added that it is designed for circumstances 
in which either speed of initial output is a leading 
consideration or large quantities of drums are required 
in a location that May vary within a few hours or days. 





“‘ BRITISH ELECTRICITY AUTHORITY’S NEW PLANT, 
1950’: ERRATUM.—We are informed by Messrs. 
International Combustion, Limited, 19, Woburn-place, 
London, W.C.1, that the capacity of the boiler at the 
Portobello generating station is 540,000 lb. per hour, 
not 450,000 Ib. per hour as stated on page 96, ante. 
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THE 60-ft. survey vessel Ain-Al-Bahr, recently com- 
pleted by Messrs. Grimston Astor, Limited, Bideford, 
North Devon, for the Pakistan Government, is of more 
than usual interest as, apart from the use of aluminium 
alloys in the construction of the hull, decks, super- 
structure, etc., the hull itself is formed so that the skin 
is stressed by double curvature, the usual frames and 
the majority of the stringers being dispensed with. 
This form of construction gives an exceptionally light 
hull without sacrificing strength. The builders claim 
that the saving in weight over a hull constructed in the 
traditional manner is about 60 per cent. 

A photograph of the Ain-Al-Bahr on trial is repro- 
duced in Fig. 1, herewith. She has been designed for 
surveying river estuaries in East Pakistan, and the 
essential characteristics are, therefore, a shallow 
draught, habitability and endurance. The first of 
these requirements is well catered for, the maximum 
draught being only 2 ft. 9 in. measured over the pro- 
peller and skegs; the overall length of the vessel is 
60 ft. and the beam 14 ft. 6 in. Sufficient fuel is 
carried to give an endurance of 1,500 miles and enough 
food and water to last a crew of 15 for three weeks. 
Three officers sleep in a large cabin forward, and beyond 
this cabin, in the forepeak, is a toilet compartment with 
a chain locker above. The saloon is situated aft of 
the cabin on a raised deck. It measures approxi- 
mately 15 ft. long by 11 ft. wide, has ample head room 
and, when the launch is in service, will be furnished 
with the usual chairs, tables, etc. The steering and 
control position is at the forward end of the saloon 
on the port side, the controls consisting of the usual 
hand throttles and reversing levers. 

The engine room is situated immediately aft of the 
saloon and extends the full width of the hull. At each 
side of the engine room two flats are arranged at saloon- 
deck level and are equipped as galleys, the port galley 
serving the crew and the starboard galley the officers. 
The crew’s quarters are situated in a large cockpit 
which occupies the major portion of the after end of 
the vessel. A permanent awning covers the cockpit 
and canvas screens are provided so that it can be 
covered in when the occasion arises. Fuel is carried in 
deep tanks below the deck of the saloon, and water in 
three athwartship tanks in the after peak, the crew’ 
quarters and the forward part of the engine room, 
respectively. 4 

The launch is propelled by twin screws, each — 
by a Perkins P6M six-cylinder 65-h.p. marine Diese 
engine. Corrosion-resistant light-alloy propellers of the 


three-bladed type are used, the diameter being 16 in. 
and the pitch 11 in. They are fitted to 1} in. stainless- 
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steel shafts and both turn in an anti-clockwise direc- 
tion when viewed from astern. The propellers rotate 
at engine speed, but a gearbox, manufactured by the 
Self-changing Gear Company, is incorporated in each 
shaft drive to give astern movements. The cylinder 
jackets, cylinder heads and exhaust manifolds are 
cooled by fresh water, circulating within an enclosed 
system which includes a bilge-keel heat exchanger, the 
exhaust gases being further cooled by water injection. 
Both engines are fitted with electric starting motors, 
the batteries for which are charged by engine-driven 
generators. In addition, a Stuart Turner Diesel 
generator is installed in the port side of the engine 
room against the forward bulkhead. This engine can 
also drive a bilge pump. 

The use of aluminium alloy for the hull is, of course, 
not new, as such alloys were used in lifeboats as far 
back as 1934 and, from 1945 onwards, have been used 
extensively in the construction of small boats. The 
methods adopted in the construction of the Ain-Al- 
Bahr are, however, unique in that frames, in the 
accepted sense of the word, are not used to any appve- 
ciable extent and the stringers are reduced considerably 
in number. The system has been developed by the 
builders and is known as ‘‘ Two-Way Tension.” It 
entails the prefabrication of the shell of the boat 
in a flat, unstressed condition, the Shape of the flat 
surface representing the developed form of the complete 
hull. The gunwales, stringers, engine bearers, bilge 
keels, etc., are riveted to the cladding while it is 
still in the flat condition, and the hull form is obtained 
by flexing the pre-fabricated flat skin upwards about 
the centre line so that it encompasses the transom, 
the flexing being continued until the two parts forming 
the stem are joined. The framework previously secured 
to the flat sheet is arranged so that, during the flexing, 
or moulding, process, it controls the skin and ensures 
that it automatically assumes the designed form. The 
sheet, which, in its flat form, was flexible, then forms a 
tensioned shell or stressed “ envelope,” which can be 
strengthened by the insertion of athwartship frames 
and bulkheads to withstand wringing strains. 

On the Ain-Al-Bahr, four main bulkheads are fitted 
to the hull and a subsidiary bulkhead in the forepeak. 
The main bulkheads are disposed at the forward and 
‘iter ends of the officers’ cabin and at the forward and 
after ends of the engine room. Some of the main 
bulkheads can be seen in Fig. 2, on this page, which 
mows the vessel under construction. Owing to the 
act that the shell plating is stressed, exceptionally light 
Scantlings can be employed. The gunwales, for 
‘xampic, are made from 3} in. by 2 in. channel sections 
i in. thick and the stringers, or “ inwales ” as they are 
ro by the builders, from 2} in. T-sections, also # in. 
hoon ge of the stringers can be seen in Fig. 3, 
shell het which shows the bulkhead and part of the 
r. plating at the forward end of the officer’s cabin. 

Sections are also used for the keel and bilge keels, 





those for the keel being 3} in. by 3} in. by 4 in. thick, 
the bilge keels having the same overall dimensions but 
being % in. thick. The joints for the keels are made 
with 3 in. by 14 in. angles, for the stringers with 2 in. 
by 1 in. angles, and for the gunwales with 1} in. by 1 in. 
angles, the thickness in each case being ~ in. All 
the extrusions mentioned are made from corrosion- 
resistant light alloy to specification A.W.5. The shell 
plating consists of 10-gauge and 12-gauge corrosion- 
resistant light alloy to the same specification, and the 
foredeck plating is made from } in. thick light-alloy 
chequer plate to specification A.W.10. These materials 
were supplied by the British Aluminium Company, 
who also co-operated with the builders over cer- 
tain technical aspects, including calculations. The 
launch has been built to Ministry of Transport require- 
ments and has passed the strength tests for the highest 
class of lifeboat; these include suspension of the 
vessel from the ends with a 20 per cent. overload placed 
amidships. 

In view of the fact that the hull is not built from 
shaped plates fitted to frames, but has a skin stressed 
by double curvature to what may be termed a “ spring- 
like” tension, there is a considerable reduction in 
weight. The displacement of the Ain-Al-Bahr, for 
example, is only 11 tons, a creditable achievement with 
a beam of over 14 ft. and a length of 60 ft., and one 
that’ compares very favourably with a sister vessel 
being built from teak which, according to reports, will 
have a displacement of from 70 to 75 tons. Further- 
more, the teak launch will have a draught of 4 ft. 6 in. 
against the Ain-Al-Bahr’s 2 ft. 9 in., and will require 
260 h.p. to give a speed of 12 knots, whereas the Ain-Al- 
Bahr requires less than 130 h.p. to attain this speed. 
The shallower draught of the aluminium vessel will 
prove invaluable in river-survey work, while the reduc- 
tion in engine power gives commensurate reduction in 
fuel stowage, with consequent increase in the space 
available for the crew and for stowage of stores. The 
choice of aluminium for the duty envisaged is particu- 
larly advantageous, as it will be free from attack by 
the teredo worm and entirely resistant to corrosion. 
In these circumstances, a higher first cost would have 
been permissible so as to obtain the benefits of an 
aluminium boat, but one of the advantages of the 
constructional methods used is that the first cost is 
actually considerably less than that of a similar wooden 
or steel vessel. Fabrication of the parts requires no 
expensive presses or machine tools and, in most cases, 
only standard hand tools are required. Furthermore, 
the parts can be easily handled and a number of boats 
built on this system can be exported in the “ flat ” state 
in a single packing case and erected on arrival. 

As already indicated, the Ain-Al-Bahr was designed 
for a speed of 12 knots. During preliminary trials 
carried out over the measured half mile in Bideford 
harbour, this was comfortably exceeded, a speed in 
excess of 13 knots being recorded. This was obtained 
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with a moderate swell running and in somewhat 
choppy water, and with more than double the normal 
complement on board. On completion of her speed 
trials, the vessel went over the harbour bar, where 
moderately strong seas were encountered. It was 
noticed that the vessel lifted well to the waves, and 
that there was a notable freedom from slamming. One 
of the outstanding features of the vessel is the quick 
response to the helm, it being possible to carry out quick 
turns at full speed. Another good point is the ease with 
which she can be brought to rest; during the speed 
trials, for example, a stop from full speed ahead was 
accomplished in under seven seconds, a remarkable 
performance undoubtedly owed to the vessel’s inherent 
lightness. The engines were, of course, put into 
reverse when the stop was made, but no use was made 
of the throttles and the engines were not accelerated 
to full speed astern. 

The Ain-Al-Bahr is by no means the first boat to be 
constructed on the lines described in the foregoing, as 
the builders have produced many 26-ft. launches em- 
ploying similar structural features. She is, however, 
the first 60-ft. launch to be built on this system and. 
in view of her undoubted success, there would appear 
to be no reason why larger boats, of the order of 120 ft., 
should not be built. 





‘* CONQUEST OF THE DESERT” EXHIBITION AT JERU- 
SALEM, 1952.—An international exhibition and fair is to 
be held in the Jerusalem Convention Centre in 1952, and, 
concurrently, there will be a symposium of scientific 
papers on the general theme of “‘ The Conquest of the 
Desert,” at which questions of water supply, soil con- 
servation, afforestation, transport, agricultural produc- 
tion, ete., will be discussed. The exhibition will be in 
two sections, one illustrating the activities of various 
Governments and the other containing commercial ex- 
hibits. Particulars may be obtained from the organising 
secretary, Miss Margaret Cowan, 7, Cork-street, London, 
Wa 


LECTURES ON ULTRASONICS.—A special course of four 
lectures on “ Ultrasonics ” will be given by Mr. L. I. 
Farren, M.B.E., Wh.Sch., M.I.E.E., A.C.G.1., tn the 
Electrical Engineering Department of the Polytechnic, 
307-311, Regent-street, London, W.1, at 6.30 p.m., on 
Fridays, commencing on March 2. No lecture will be 
delivered on March 23. The first lecture will deal with 
fundamentals and will relate to the nature of ultrasonic 
waves; transmission in gases, liquids and solids; the pro- 
duction of narrow beams and other matters. The second 
lecture will cover the generation of ultrasonic waves 
and the third the reception of ultrasonic waves. The 
final lecture will deal with applications of ultrasonics. 
The lectures will last for about 14 hours and will be 
followed by a discussion. The fee for the course is 10s. 
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NOTES FROM THE 


INDUSTRIAL CENTRES. 
SCOTLAND. 

ScorTisH CoaL Exports.—Coal shipments from the 
River Clyde have declined to less than one-tenth the 
tonnage dispatched 35 years ago, according to a state- 
ment submitted to a meeting of the Clyde Navigation 
Trust on February 6. In 1915 cargo and bunker coal 
shipped amounted to 4,131,648 tons. For the year 
ended June, 1950, the quantity had dropped to 407,229 
tons. Of the latter figure, 189,718 tons consisted of 
cargo coal, which compared with 2,771,241 tons in 1915. 
Meanwhile there have been regular arrivals of American 
coal at the Clyde. Last week 13,700 tons were discharged 
and delivered to West of Scotland power stations, and 
by the end of this week a further 9,000 tons is due 
in addition to 9,000 tons of screened coal, half for the 
railways and half for the domestic market. 





TRAINING RECRUITS FOR THE COLLIERIES.—The first of 
the three-months training courses at the National Coal 
Board’s residential school for young entrants to mining, 
at Dungavel House, near Strathaven, has just begun with 
64 boys. Ultimately, 200 will be accommodated. The 
project is so far purely experimental, and further develop- 
ments will depend on its success. 

FINNART OW Port.—The 24,000-ton Norwegian 
tanker Tank Empress, bringing 22,000 tons of crude oil 
from the Persian Gulf, moored at the newly constructed 
jetty at Finnart, Loch Long, on February 5. She is 
the first ship to use the new Scottish oil port, and her 
cargo is the first consignment to pass through Scottish 
Oils’ pipeline from Finnart to the new refinery at 
Grangemouth. aan 

ELECTRIC POWER LINES IN INVERNESS-SHIRE.—The 
Rt. Hon. Hector McNeil, M.P., Secretary of State for 
Scotland, has confirmed a scheme prepared by the 
North of Scotland Hydro-electric Board for the erection 
of overhead transmission lines in Inverness-shire, from 
the Fasnakyle transformer station to a new transforming 
station to be erected near Fort Augustus. The scheme, 
which is estimated to cost 374,000/., will extend the 
North of Scotland grid system and will be connected 
eventually to the generating stations of the Garry and 
Moriston projects. A White Paper on the scheme is 
available from H.M. Stationery Office at the price of 1d. 

BRAEHEAD POWER STATION.—Additional generating 
capacity installed in Scotland by the British Electricity 
Authority at the end of 1951 should total 220,000 kW, of 
whicb 100,000 kW will be contributed by the Braehead 
power station, nearing completion on the Clyde, near 
Yoker. The station should come into operation in May. 
It will have an initial output of 60,000 kW, which will be 
increased to 100,000 kW in the autumn. Ultimately, 
this figure will be doubled, representing about one-sixth 
of the total Scottish demand. The cost of the Braehead 
station will be about 501. per kW of the ultimate output. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


STEEL Stocks INOCREASING.—At the Cargo Fleet 
Ironworks, Middlesbrough, stocks of steel are increasing 
rapidly because there are not sufficient wagons to move 
them. One reason given is that steel producers load 
seven days a week, but many works receiving the out- 
puts are on a five-day week. This creates a bottle-neck 
at the receiving end and delays the return of wagons to 
the steelworks. 

BLAST-FURNACE AT WEST HARTLEPOOL.—A new 
blast-furnace has been blown in at the West Hartlepool 
Works of the South Durham Steel and Iron Co., Ltd. 
The new furnace has a hearth diameter of 16 ft., and it is 
expected that the erection of a battery of modern coke- 
ovens will be put in hand shortly to supply coke for the 
new furnace. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


ACOUMULATION OF EXPORT Goops.—The strike of 
dockers is causing great inconvenience at Sheffield, 
where goods for export are piling up in works where 
there is little room for them. Some manufacturers 
have stated that, unless the dispute is settled soon, 
it will be necessary to concentrate on products for the 
home market. As an emergency measure, some export 
goods have been dispatched to London, in the hope that 
facilities at the London docks might be better than at 
Liverpool. 





THE STEEL SHORTAGE.—<Another rolling mill has had 
to be put on short time at Rotherham because there is 





insufficient steel available. Temporarily, the main 
rolling mill of the Tinsley Rolling Mill Co., Sheffield, 
has been put on the less lucrative job of cogging for 
other departments of the company’s works, instead of 
producing steel for motor-car axles, 


THE MIDLANDS. 


THE LATE SIR FRANCIS JOSEPH, Br.—Sir Francis 
L’Estrange Joseph, Bt., who died on February 8, at 
Alsager, Cheshire, was born in Liverpool on July 31, 
1870, and left school at 12 to become a railway messenger. 
Subsequently he became in turn a commercial traveller, 
printer, advertising agent, stockbroker and colliery 
proprietor. He was for many years chairman and 
managing director of Settle, Speakman & Co., Ltd., and 
of other colliery companies, and a director of the London 
Midland and Scottish Railway Co., the Birmingham Small 
Arms Co., Ltd., Rio Tinto, Ltd., and other companies. 
A staff captain at the War Office in 1916-17, he became 
assistant secretary, Ministry of National Service, from 
1917 to 1918, and Deputy Director General, National 
Labour Supply in 1918. He served as President of the 
Federation of British Industries in 1935 and 1936, and 
was elected President of the Institute of Industrial 
Administration in January, 1944. Sir Francis, who was 
a member of the Institution of Mining Engineers, received 
the C.B.E. in 1918, was knighted in 1922, made a K.B.E. 
in 1935, and created a baronet in 1942. 





OVERCOMING POWER CuTs.—The chainmaking firm 
of Edge & Sons, Ltd., Shifnal, Shropshire, finding that 
most of the power cuts affecting their output occurred 
on Tuesdays, have come to an arrangement with the 
Midlands Electricity Board to overcome the dislocation 
caused. The welding shops now are closed completely 
on each Tuesday, and extra time is worked during the 
rest of the week to make up for the lost day. In return, 
the Midlands Electricity Board have given an under- 
taking to cut the power as little as possible on days other 
than Tuesdays. So far, the arrangement has worked well. 





125TH ANNIVERSARY.—Cannon Iron Foundries, Ltd., 
Deepfields, near Bilston, recently celebrated the 125th 
anniversary of their foundation. Started by Edward 
Sheldon in 1826, the firm began by making domestic 
ironmongery. They were pioneers in the production of 
cast-iron porcelain-enamelled hollow-ware. They made 
cannon balls during the Crimean War, but, apparently, 
never guns, though the cannon device has been used 
as a trade mark for many years. The name of Cannon 
Iron Foundries was adopted in 1900. At the present 
time, they manufacture domestic and other gas appli- 
ances, and also cast-iron porcelain-enamelled jacketed 
pans and chemical plant. 

SMOKELESS FUELS AND APPLIANCES.—An exhibit has 
been organised by the Solid Smokeless Fuels Federation 
at the Midlands Building Exhibition, to be held in Bir- 
mingham from February 14 to 24, to show how heating 
requirements in smokeless zones can be met, and to 
demonstrate modern appliances for heating, cooking and 
hot-water supply, using solid smokeless fuels. These 
fuels will be displayed on the stand in the various grades 
and sizes best suited for the different appliances. 





LIMESTONE QUARRYING AT CHAPEL-EN-LE-FRITH, 
DERBYSHIRE.— Permission to work limestone and other 
minerals at Tunstead Quarry, Chapel-en-le-Frith, Derby- 
shire, has been granted by the Minister of Local Govern- 
ment and Planning to Imperial Chemical Industries, 
Ltd. Conditions imposed are that there shall be an effec- 
tive belt of trees to screen the workings and that satis- 
factory arrangements be made for the siting and treat- 
ment of the overburden tip. It is stated that Tunstead 
Quarry is the largest and one of the most important 
limestone quarries in Great Britain. It is well situated 
to supply the demands of the adjacent industrial areas 
and is the nearest adequate source of supply of limestone 
to the alkali section of the chemical industry in mid- 
Cheshire. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


IRON AND STEEL TRAVELLING EXHIBITION.—The 
British Iron and Steel Federation are staging a series of 
educational exhibitions in steelmaking areas. The 
exhibitions are intended mainly for young people, and 
school children in each area are being invited to attend. 
Various aids to training, including pamphlets, charts, 
films and other material have been specially prepared 
for the exhibitions and persons interested in education 
and training will be able there to meet men in the 
industry and discuss common problems. The first 
exhibition will open at the Patti Pavilion, Swansea, on 
February 14, and continue until February 20, after which 
visits will be made to Warrington, Sheffield, Bilston, 
Glasgow, Darlington, Barrow and Scunthorpe, terminat- 
ing at Cardiff from July 4 to 10. 





MANUFACTURE OF BRICKS IN WALES.—The production 
of bricks in Wales reached its record peak of 25,500,000 
during the month of November, 1950. In December, 
the holiday stoppage and bad weather reduced the 
output to 20,661,000, but the total production for the 
year 1950 was 12-3 per cent. higher than that attained 
in the year 1949. ests 

ACTIVITIES AT WEISH PorRTS.—The South Wales 
Ports of Cardiff, Swansea, Newport, Barry, Port Talbot. 
Penarth and Briton Ferry, in the first four weeks from 
January 1 to January 28 this year, handled 1,346,910 
tons of traffic, against 1,426,956 tons in the corresponding 
period of 1950. Swansea accounted for nearly half of 
the month’s total trade, as a result of greatly increased 
oil business. Swansea’s share of the trade was 625,227 
tons, which included 404,941 tons of oil. The motorship 
General San Martin loaded a cargo of 17,000 tons 
(4,533,600 gallons) of oil at Swansea Docks for the 
Argentine, on her maiden voyage. This is believed to be 
the largest single shipment of oil ever made from the port 
of Swansea. Seats 

EFFECT OF ZINC SHORTAGE.—The reduction in supplies 
of zinc may force the Neath Steel Sheet and Galvanising 
Co., Ltd., to revert to the war-time measure of painting 
their steel sheets instead of galvanising them. The 
present production of galvanised sheets at the works is 
440 tons a week. pee. 

CLOSING OF LLANELLY NORTH DocK.—Llanelly North 
Dock has been closed for lack of trade. The local 
Harbour Trust have been forced to this decision by the 
exhaustion of their financial resources. For some years 
the dock has been working at a loss. 





THE WATER SUPPLY OF PLYMOUTH.—<An inquiry was 
held by the Ministry of Health at Plymouth, on Feb- 
ruary 6, into the Plymouth Corporation’s application for 
an Order, under the Water Acts, 1945 and 1948, to 
authorise the construction of a dam across the River 
Tavy, near Lopwell, Tavistock, and an intake in the river. 
The application was opposed by the Devon County Coun- 
cil, the Tavistock Rural Council, and the Cornwall Rivers 
Board ; but the deputy Town Clerk of Plymouth (Mr. 
Ernest Vosper) quoted figures of the calculated future 
consumption, supplied by the city water engineer (Mr. 
N. G. Elliott), showing that Plymouth’s consumption of 
water—already a million gallons a day more than the 
Burrator reservoir could yield reliably—would, in ten 
years’ time, exceed the present reliable yield by 3,800,000 
gallons a day. The Corporation’s scheme, to cost 
523,0001, would allow an abstraction from the Tavy 
of not more than 6,500,000 gallons a day. The con- 
struction of an additional dam and a new storage reservoir 
on Dartmoor had been considered, but this scheme was 
discarded because of its cost. The inquiry was closed, 
and it was stated that the Minister’s decision would be 
announced in due course. 


THE EASTERN Gas GRID.—Some 80 per cent. of the 
total quantity of gas sold in Wales is accounted for in the 
industrial areas where demands have been abnormal. 
Progress has been made with the 131. millions scheme for 
the Eastern Gas Grid, which will eventually serve 24 
undertakings, and will also supply large quantities of 
gas that will become available from the new coke ovens 
which the National Coal Board are erecting at Nantgarw 
and Cwm, and also large carbonising units at gas- 
works. It is expected that the Nantgarw coke ovens 
will come into operation in the autumn of this year. 
Further progress is also reported with the gas grid from 
Port Talbot, at present designed to serve 12 undertakings 
and to take coke-oven gas from the Steel Company of 
Wales, and gas to be manufactured at Port Talbot and 
other gasworks. Major extensions have been authorised 
at Port Talbot and work is in progress on the site. 
Negotiations are proceeding between the Wales Gas 
Board and National Oil Refineries, Ltd., for the utilisa- 
tion of refinery gas from Llandarey. The new gasworks 
at Wrexham are planned to be in operation in 1952. 
These new works will serve nine undertakings initially 
and it is probable that, at a later date, bulk supplies 
will be made available to a further five. 





THE INVENTOR OF THE STEAM WHISTLE.—At & meeting 
of the Newcomen Society, held in the Iron and Steel 
Institute, London, S.W.1, on February 14, Mr. Charles E- 
Lee delivered a paper on Adrian Stephens (1795-1876) 
and his right to be regarded as the inventor of the steam 
whistle. Mr. Lee considered that the claim made on 
behalf of Adrian Stephens was justified, though there 
were many inconsistencies in the various accounts of 
how the invention—made at the Plymouth Ironworks, 
Pentrebach—actually originated. Stephens was buried 
at Cefn Coed cemetery on December 30, 1876. A 
proposal is under discussion to restore the inventor £ 
tombstone, which is now almost illegible, and not entirely 
accurate. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








RoyaL Society oF ARTS.—Monday, February 19, 
6 p.m., John Adam-street, W.0.2. Cantor Lecture III. 
“‘ Training for the Professions,’’ by Sir Harold Howitt. 


LIVERPOOL ENGINEERING SocrIETy.—Monday, Feb- 
ruary 19, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. Joint Meeting with the INSTITUTION -oF 
ELECTRICAL -ENGINEERS (Mersey and North Wales 
Centre). “‘ Installations in Large Chemical Factories,” 
by Mr. D. B. Hogg. 


INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section: Monday, February 19, 7 p.m., Neville 
Hall, Neweastle-upon-Tyne. ‘ Application of Tungsten 
Carbide,” by Mr. H. Eckersley. Manchester Section: 
Monday, February 19, 7.15 p.m., College of Technology, 
Manchester. ‘‘ Mechanical Handling, with Reference to 
the Textile Industry,” by Mr. F. T. Dean. Coventry 
Section: Tuesday, February 20, 7.15 p.m., Geisha Café, 
Hertford-street, Coventry. ‘‘ Measurement of Pro- 
ductivity,” by Mr. W. C. Puckey. Birmingham Section : 
Wednesday, February 21, 7 p.m., James Watt Memorial 
institute, Birmingham. Discussion on “‘ Steel Company 
of Wales: Developments at Port Talbot.”” Edinburgh 
Section: Wednesday, February 21, 7.30 p.m., North 
British Station Hotel, Edinburgh. ‘‘ The Legal Side of 
Industry,” by Mr. H. Harman. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.— Mid- 
lands Centre: Monday, February 19, 7.30 p.m., Crown 
Inn, Broad-street, Birmingham. ‘ Brakes and Clutches.” 
by Mr. I. M. Waller. North-Eastern Centre: Tuesday, 
February 20, 7 p.m., Dunelm Hotel, Old Elvet, Durham. 
* Fuel-Injection Equipment,” by Mr. C. L. Edwards. 


INSTITUTION OF CIVIL ENGINEERS.—Works Engi- 
neering Division: Tuesday, February 20, 5.30 p.m., 
Great George-street, S.W.1. Discussion on “ Pile Driving 
in Difficult Conditions,” opened by Mr. S. Packshaw. 
Midlands Association : Wednesday, February 21, 7 p.m., 
Loughborough College, Loughbcrough. ** Second 
Thoughts on Design of Coleshill Sewage Purification 
Works,”’ by Mr. M. R. Vincent Daviss. 


INSTITUTE OF FUEL.—Tuesday, February 20, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. ‘‘ Developments in the Firing of 
Shell Boilers by Means of Chain-Grate Stokers,”’ by Mr. 
C.H.G. Hayward. North-Western Section : Wednesday, 
February 21, 2 p.m., Engineers’ Club, Manchester. 
“Town Gas Serves Trafford Park,” by Mr. N. H. Green- 
way. Yorkshire Section: Wednesday, February 21, 
6.30 p.m., The University, Leeds. “ Britain’s Fuel 
Policy,” by Sir Claude Gibb. Kast Midland Section : 
Wednesday, February 21, 7.15 p.m., Electricity Show- 
rooms, Derby. ‘‘ Recovery of Ethylene and Propylene 
from Oil Gases,” by Dr. M. Ruhemann. 


INSTITUTE OF PHyYsIcs.—Electronics Group : Tuesday, 
February 20, 5.30 p.m., 47, Belgrave-square, S.W.1. 
Discussion on “‘ Electronics and the M.K.S. System of 
Units,” opened by Mr. G. F. Nicholson. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScOTLAND.—Tuesday, February 20, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘* The Construction of a Modern 
Oil Refinery,”” by Mr. W. Y. Robb. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS, 
—Tuesday, February 20, 6.30 p.m., 2, Savoy-hill, W.C.2. 
“ Accidents and the Supervising Electrical Engineer’s 
Responsibility,” by Mr. E. Midgley. 


INCORPORATED PLANT ENGINEERS.—Glasgow Branch : 
Tuesday, February 20, 7 p.m., 351, Sauchiehall-street, 
Glasgow. “‘ Choice and Installation of Temperature- 
Measuring Instruments,”’ by Mr. A. Stewart. Western 
Branch: Wednesday, February 21, 7.15 p.m., Grand 
Hotel, Bristol. ‘‘ Electrical Distribution,” by Mr. R. H. 
Cobbold. South Yorkshire Branch: Thursday, Feb- 
Tuary 22,°7.30 p.m., Grand Hotel, Sheffield. Discussion 
on “ Industrial Ventilation.” 


INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Tuesday, February 20, 7 p.m., Winter 
Gardens, Malvern. “ Electrical Methods of Measuring 
Mechanical Quantities,” by Mr. F. J. Woodcock. London 
Students’ Section: Tuesday, February 20, 7 p.m., Vic- 
toria-embankment, W.C.2. ‘“ Parallel Conductors,” by 
Mr. E. J. Holmes. Supply Section: Wednesday, Feb- 
suary 21, 5.30 p.m., Victoria-embankment, W.C.2. 
‘Transient Theory of Synchronous Generators Connected 
to Power Systems,” by Mr. B. Adkins. North Midland 
Centre : Wednesday, February 21, 7.30 p.m., Offices of 
Yorkshire Electricity Board, Ferensway, Hull. “ The 
Phase /Neutral System of Supply for Rural High-Voltage 
Distribution,” by Mr. G. T. Garwood and Mr. G. J. 
Websdale. Southern Centre: Friday, February 23, 
6.30 p.m., Technical College, Weymouth. “ Magnetic 
Amplifiers,” by Mr. A. G. Milnes. 





IRON AND STEEL INSTITUTE.—Tuesday, February 20, 
8.30 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. Fifth Hatfield Memorial Lecture on 
“Turbine Problems in the Development of the Whittle 
Engine,” by Air Commodore Sir Frank Whittle, F.R,S. 
(Not at the Caxton Hall or at the Royal Empire Society, 
as previously announced.) Wednesday and Thursday, 
February 21 and 22, at 10 a.m. and 2.30 p.m., Institution 
of Civil Engineers, Great George-street, S.W.1. Sym- 
posium on “ High-Temperature Steels and Alloys for 
Gas Turbines.” For programme, see our issue of 
September 15, 1950, page 221. 


ROYAL UNITED SERVICE INSTITUTION.—Wednesday, 
February 21, 3 p.m., Whitehall, S.W.1. ‘‘ Development 
of Propulsive Machinery for Surface and Submarine 
Warships,” by Captain (E) C. P. Gallimore. 


ROYAL METEOROLOGICAL SOCIETY.—Wednesday, Feb- 
ruary 21, 5 p.m., 49, Cromwell-road, South Kensington, 
S.W.7. Discussion on ‘‘ Recent Work on the Strato- 
sphere,” opened by Professor G. M. B. Dobson. 


INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, February 21, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
** Modernisation of a Large Motive Power Depot, Pol- 
madie, Scottish Region,’ by Mr. R. F. Harvey. 


RoyYAL MICROSCOPICAL SOCIETY.—Wednesday, Feb- 
ruary 21, 5.30 p.m., Tavistock House South, Tavistock- 
square, W.C.1. ‘“‘ Littoral Diatoms, with Reference to 
Fouling,”’ by Mr. N. Ingram Hendey. 


BRITISH INSTITUTON OF RADIO ENGINEERS.—London 
Section: Wednesday, February 21, 6.30 p.m., School 
of Hygiene and Tropical Medicine, Keppel-street, 
W.C.1. “ Electronics and Air Transport,” by Mr. C. H. 
Jackson. 


INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
and Western Branches: Wednesday, February 21, 
7.30 p.m., Guildhall, Salisbury. ‘‘ Provision of Tech- 
nological Courses at Universities, Technical Colleges, 
and National Colleges,” by Dr. D. S. Anderson. London 
Graduates’ Section: Thursday, February 22, 6.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. Joint Meeting 
with INSTITUTION OF CIVIL ENGINEERS (London Associa- 
tion of Students) and INSTITUTION OF ELECTRICAL ENGI- 
NEERS (Londcn Students’ Section). ‘ Electrical Equip- 
ment on an Aeroplane,”’ by Mr. P. B. Free; and “ Air- 
craft and Engine Maintenance,”’ by Mr. I. A. B. Gaunt. 
North-Western Branch: Thursday, February 22, 6.45 
p.m., College of Technology, Manchester. Thomas 
Hawksley Lecture by Sir Harry R. Ricardo, F.R.S. 
Institution (Applied Mechanics Group): Friday, Feb- 
ruary 23, 5.30 p.m., Storey’s-gate, 8S.W.1. ‘‘ Size Effect 
in Fatigue of Plain and Notched Steel Specimens Loaded 
Under Reversed Direct Stress,” by Mr. C. E. Phillips 
and Dr. R. B. Heywood; and “ Fatigue Tests on 
Aluminium Alloy and Mild-Steel Sheet, with and without 
Drilled Holes,” by Mr. C. E. Phillips and Mr. A. J. 
Fenner. AUTOMOBILE DIVISION. Stottish Centre : Mon- 
day, February 19, 7.30 p.m., 39, Elmbank-crescent, Glas- 
gow. Annual Meeting. ‘ The Lightweight ’Bus Body,” 
by Group-Captain A. McIntyre. North-Eastern Centre : 
Wednesday, February 21, 7.30 p.m., The University, 
Leeds. Annual Meeting. ‘‘ Use of Wire-Resistance 
Strain-Gauges in Automobile Engineering,” by Dr. J. R. 
Bristow, Mr. P. Metcalf and Mr. C. H. G. Mills. 


ROYAL Socierty.—Thursday, February 22, 4.30 p.m., 
Burlington House, Piccadilly, W.1. ‘“‘ Reactions that 
Lead to ‘Knock’ in the Spark-Ignition Engine,” by 
Mr. D. Downs, Mr. A. D. Walsh and Mr. R. W. Wheeler. 


Roya. INSTITUTION.—Thursday, February 22, 5.15 
p.m., 21, Albemarle-street, W.1. Lecture I. ‘“ Metal 
Physics,” by Sir Lawrence Bragg, F.R.S. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
February 22, 6 p.m., 11, Upper Belgrave-street, 8.W.1. 
* Building on Fill, with Reference to the Settlement 
of a Large Factory,” by Dr. G. G. Meyerhof. Midland 
Counties Branch: Friday, February 23, 6 p.m., James 
Watt Memorial Institute, Birmingham. ‘“* Distribution 
Methods of Structural Analysis,’’ by Mr. A. J. Francis. 


ROYAL AERONAUTICAL SOCIETY.—Friday, February 23, 
6 p.m., Institution of Civil Engineers, Great George-street, 
S.W.1. Louis Bleriot Lecture: ‘‘ Power versus Weight 
in Aviation,’’ by Mr. Maurice Roy. 


NorTH East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, February 23, 6.15 p.m., Neville 
Hall, *Newecastle-upon-Tyne. ‘‘ Vibration Tests on the 
S.S. ‘Clan Alpine’ and the S.S. ‘ Ocean Vulcan,’” by 
Mr. A. J. Johnson. 


JUNIOR INSTITUTION OF ENGINEERS.—Friday, Feb- 
ruary 23, 6.30 p.m., 39, Victoria-street, S.W.1. “ Sun- 
dials,” by Mr. L. H. A. Carr. Sheffield Section: Friday, 
February 23, 7.30 p.m., Grand Hotel, Sheffield. ‘‘ Cen- 
tralised Lubrication Systems,” by Mr. S. J. Norton. 





PERSONAL. 


Mr. E. W. SENIOR, chairman of George Senior and 
Sons, Ltd., Sheffield, a former Master Cutler of Hallam- 
shire, and commercial] director of the British Iron and 
Steel Federation since 1948, has been appointed chairman 
of a new steel. productivity team, set up by the Minister 
of Supply with the responsibility of seeing that, as far as 
practicable, the iron and steel requirements of the arms 
programme are met. 

Mr. D. N. WALKER, O.B.E., M.I.Mech.E., A.F.R.Ae.S8., 
has been appointed chief mechanical engineer in the 
London headquarters of the National Coal Board, 
Hobart House, Grosvenor-place, S.W.1. 

Mr. AMBROSE FIRTH, chairman of the Brightside 
Foundry and Engineering Co., Ltd., Sheffield, has been 
elected President of the Sheffield and District Engmeering 
Trades Employers’ Association, in succession to Sm JOHN 
GREEN, who relinquished the position on appointment as 
deputy chairman of the Iron and Steel Corporation of 
Great Britain. 

On account of continued illness, MR. E. W. TIPPLE is 
retiring from the position of chief of design to Alfred 
Herbert Ltd., Coventry, after many years of service. 
His assistant, Mr. H. F. KniGut, who has been with the 
firm for 33 years, has been appointed to the position. 

COLONEL HEcTOR SLEEMAN, M.I.Mech.E., M.I.E.E., 
has been made manager of the Townsville Regional Elec- 
tricity Board, Queensland, Australia. 

Mr. E. A. W. Hornetr, F.C.A., has been appointed 
secretary of the British Internal Combustion Engine 
Manufacturers’ Association, 6, Grafton-street, London, 
W.1, in succession to Mr. P. C. Saltmarsh, A.C.A., who 
has resigned to take up an appointment in an engineering 
firm. , 

PROFESSOR R. PEERS, O.B.E., M.C., J.P., has been 
appointed chairman of the Transport Users Consultative 
Committee for the East Midland Area. 

Mr, J. W. TALLENTIRE, B.Sc. (Belfast), M.I.Mech.E., 
A.M.I.C.E., has been appointed chief engineer of the 
Cameroons Development Corporation, Nigeria, West 
Africa. 

Mr. F. W. BANYARD, B.Sc, (Eng.), (Lond.), 
A.M.I.Mech.E., has been appointed senior assistant in 
mechanical engineering at the School of Technology, 
Ipswich. 

COMPRESSED AIR EQUIPMENT LTD., 328, Dupont- 
street, Toronto, have been appointed distributors, in 
Canada, for the industrial and marine engines of LEYLAND 
Motors Lrp., Leyland, Lancashire. Their territory 
comprises, Ontario, east of longitude 85 deg. W., and 
North-Western Quebec. 

THE IRON AND STEEL CORPORATION OF GREAT 
BRITAIN have been in occupation of their new offices, at 
1, Chester-street, London, 8.W.1, since February 12. 
(Telephone : SLOane 0818.) Mr. RALPH Cox, assistant 
secretary to the Corporation, is in charge of the informa- 
tion division of the Corporation. 

BrITIsH INSULATED CALLENDER’S CABLES, LTD, 
announce that the telephone number of their Norwich 
branch has been changed to Norwich 21526. 





LAUNCHES AND TRIAL TRIPS. 


S.8. “ BRIMSDOWN.”—Single-screw collier built by the 
Burntisland Shipbuilding Co., Ltd., Burntisland, Fife, 
for the British Electricity Authority,. London, W.1. 
(Managers: Stephenson Clarke, Ltd., London, E.C.3.) 
Main dimensions: 257 ft. between perpendiculars by 
39 ft, 6 in. by 18 ft. 6 in.; deadweight capacity, 2,680 
tons on a draught of 17 ft. 1 in. Triple-expansion 
direct-acting steam engine of reheat design, developing 
800 ih.p. at 78 r.p.m., and one ocoal-burning multi- 
tubular boiler, constructed by the North Eastern Marine 
Engineering Co. (1938), Ltd.; Sunderland. Speed, 
10 knots. Launch, February 6. 

M.S. “‘ DERRYMORE.”—Single-screw cargo vessel, built 
by the Burntisland Shipbuilding Co., Ltd., Burntisland, 
Fife, for MoCowen and Gross, Ltd., London, E.C.3. 
Sixth vessel built for these owners. Main dimensions : 
435 ft. by 60 ft. by 39 ft. to shelter deck ; deadweight 
capacity, 10,600 tons on a draught of 26 ft. 6in. Haw- 
thorn-Doxford four-cylinder opposed-piston Diesel 
engine -of 4,400 b.h.p., at 112 r.p.m., constructed by 
R. and W. Hawthorn, Leslie & Co., Ltd. Speed, 13% 
knots. Launch, February 7. 

M.S. “ ORKDAL.”—Single-screw oil tanker, built and 
engined by Harland and Wolff, Ltd., Belfast, for Moltzau 
and Christensen, Oslo, Norway. Main dimensions: 
487 ft. 6 in. overall by 59 ft. by 34 ft. 10 in.; deadweight 
capacity, 12,000 tons on a draught of 27 ft. 6 in.; gross 
tonnage, 8,200. Harland-B. and W. six-cylinder single- 
acting four-stroke Diesel engine developing about 
3,200 b.h.p. at 115 r.p.m. Speed, about 114 knots. 
Launch, February 8. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and 4@ll 
places abroad, with the exception 


of Canada 410 0 


4 5 0 


_ As from April 1, 1951, the subscription rates, 

including postage, will be increased to £5 10s. 

in the United Kingdom and all places overseas, 

except Canada; and the rate for Canada to £5 5s. 

— of a single copy will be 2s., plus 
e. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
gs of “Appointments Open,” ‘“ Situations 
Wrrted,” “Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under ‘“‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standi 
advertisements for display announcements = 
Teceived at least, 10 days previous to the date of pub- 

ion, otherwise it may be impossible to submit 
Proofs for approval. 


The Proprietors will not hold themselves responsible 
advertisers’ blocks left in their possession for more 
in two years. 
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NATIONALISED STEEL. 


‘* DEPEND upon it, Sir,”’ said Dr. Johnson, ‘‘ when 
a man knows he is to be hanged in a fortnight, it 
concentrates his mind wonderfully.” Somewhat 
similar must have been the effect of the approaching 
vesting date on the minds of all those who have 
striven so manfully to raise the British iron and 
steel industry from its between-wars depression, 
through its war-time problems of urgent expansion 
under firing-line conditions, to the magnificent 
national asset that it has now become. Few of 
them could have entertained much hope of a last- 
minute reversal of the Government’s declared 
policy—the eager grab that was so amply explained 
by the title of the Socialist doctrinaires’ book, Steel 
is Power, and so completely unjustified by any 
argument which that book contained ; but none of 
them—and we have talked with many, and listened 
to more, on this subject—could make more than an 
intelligent guess at what the future might have in 
store. It was made clear, not so long ago, that the 
pattern of nationalisation as applied to the steel 
industry would differ somewhat from that of the 
other nationalised industries; at least, that was 
the declared intention, though no details were given, 
or have been yet. We hope that the declaration 
will be confirmed by the course of events, and 
favourably ; though we do not see, as yet, how the 
familiar multiplication of officials and “ paper 
work ” is to be avoided. Avoided it must be, how- 
ever, if the same deadening effect is not to be 
produced as now afflicts every one of the other 
nationalised industries. If Mr. Stephen Hardie and 
the other members of the Iron and Steel Corpora- 
tion can achieve the aim of concentrating the 
industry into a single organisation without adversely 
affecting its vitality, or damaging its goodwill in 
overseas markets, they will indeed deserve well of 
their country. They will also go down in history 


as men who accomplished something that had never 
been done before. How they are to accomplish 
it, handicapped as they are at the outset by their 
unfamiliarity with the technical intricacies of this 
most complex of industries, remains to be seen. 
The Corporation have stated that they “ especially 
wish the individual character and enterprise of the 
companies to be maintained and developed”; and 
that, while they “‘ will wish to approve the selection 
of directors and special senior executives,” individual 
operating responsibility will remain with the 
managements. 

As so far constituted, the Iron and Steel Cor- 
poration consists of Mr. Stephen J. L. Hardie, 
D.S8.0., LL.D. (chairman); Sir John Green (deputy 
chairman); three full-time members, namely, Sir 
Vaughan Berry, General Sir James Steele, G.C.B., 
LL.D., and Mr. W. H. Stokes, C.B.E.; one part- 
time member, Mr. J. W. Garton; and a temporary 
part-time member, Mr. A. R. McBain, C.B., O.B.E. 
Mr. Hardie is probably best known as chairman of 
the British Oxygen Company, but has had many 
other associations with commerce and with Govern- 
mental committees. His career shows that he has 
the type of mind that is needed to grasp the essen- 
tials of broad issues, and the readiness of his replies 
to the many questions put to him at a Press con- 
ference which immediately preceded the vesting 
date suggests that he is not likely to be nonplussed 
by unexpected difficulties. 

The deputy chairman, Sir John Green, is the 
only member of the Corporation as yet appointed, 
who has first-hand experience of steel production ; 
he was a director of Thos. Firth and John Brown, 
Limited, and of several of their associated companies. 
For six years, he was President of the Sheffield and 
District Engineering Trades Employers’ Association, 
and for 16 years of the Sheffield Lighter Trades 
Employers’ Association. We understand, however, 
that his speciality has been industrial relations, and 
it is not in that direction that the critics of steel 
nationalisation have been most doubtful of the 
outcome. Sir Vaughan Berry’s career has been 
mainly concerned with finance and administration ; 
General Steele was Adjutant-General to the Forces 
from 1947 to September, 1950—another post re- 
quiring the ability to grasp complicated affairs, to 
see them in a true perspective, and to delegate 
responsibility wisely; and Mr. W. H. Stokes, an 
official of the Amalgamated Engineering Union, 
chairman of the Midland Regional Board for 
Industry, and, in other directions, a conferencier of 
experience. Mr. John Garton, an accountant, was 
the chairman and financial controller of Brown 
Bayley’s Steel Works, Limited, and managing 
director of the Hoffmann Manufacturing Company ; 
and Mr. McBain was Under-Secretary (Munitions 
Supplies), Ministry of Supply, until 1948, when he 
was appointed a part-time member of the Southern 
Gas Board. 

The above gentlemen were appointed by the 
Minister of Supply on October 2, 1950. The Minister 
has power, under the Act, to appoint four additional 
members to the Corporation, and, it is understood, 
hopes to obtain them from within the industry. It 
is probable that he will succeed, for the main concern 
of those who have built up that industry, if their 
public (and private) utterances have any weight at 
all, is to see that nationalisation—which has never 
yet proved more efficient than private enterprise 
as a policy for the production of steel—shall not 
do irreparable damage to this vital national asset. 
This statement may seem, at first sight, to be at 
variance with the refusal of the British Iron and 
Steel Federation to collaborate with the Corporation 
in finding four practical steelmakers to fill the 
vacant places before February 15; but their 
reluctance to collaborate appears reasonable enough 
in the light of the circumstances ruling at the end 
of last year, when the request was made. It was 
then still in the Minister’s power to arrange for a 
further postponement of the vesting date, and, if 
he had done so, the political background might 
have become totally different. No one will envy 
the Corporation their task; but the Act is on the 
Statute Book, the Corporation now holds all the 
shares in some 80 steel companies and more than 
100 subsidiaries—and Britain’s prosperity still 





depends as much as ever on coal and steel. 
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SOME ASPECTS OF 
STANDARDISATION. 


THE report* of the Committee which was 
appointed by the President of the Board of Trade 
in June, 1949, ‘‘to consider the organisation and 
constitution of the British Standards Institution . .. 
in the light of the increasing importance of standardi- 
sation ” has been published by the Stationery Office 
this week. The conclusion reached, after the 
examination of much evidence, is that the body is 
“in general well adapted for carrying out its 
present work and the increased work which may be 
expected to fall upon it.” It is therefore recorn- 
mended that the Institution should remain under 
the control of its own council and that more money 
should be provided to enable it to perform extended 
duties. We are informed that the Institution has 
expressed general acceptance of these recom- 
mendations ; and that the Government is consider- 
ing the action they will take on the points which 
affectthem. It can be seldom that a court of inquiry 
of this kind has found it necessary to make so few 
criticisms ; and the note, almost of admiration, 
which sounds throughout the pages of the report is 
equally unusual. We should be the last to hold that 
this was unjustified. We are very well aware 
of the excellent work the Institution has done ; and 
it is fitting that it should be put on official record. 

Those who study the report in detail, and we hope 
they will be many, will find much to interest them 
and much to controvert the suggestion that the 
British are lacking in the capacity for organisation. 
Engineers, in particular, will be given the oppor- 
tunity to recall with satisfaction that the Institution 
has developed from the Engineering Standards 
Committee, a body which was appointed by the 
Institution of Civil Engineers in 1901 to consider the 
standardisation of steel sections. Progress for a 
time was slow and, in fact, it was not until 1919 that 
the number of specifications published reached a 
hundred. In the following years, however, the 
Association’s activities were extended from engi- 
neering to other industries, and in July, 1939, there 
were 800 current British Standards and the Institu- 
tion, as it had then become, was organised into four 
Divisional Councils, 20 Industry Committees and 
over 900 Technical Committees and sub-committees. 
At the present time, there are some 2,000 Technical 
Committees, the principal function of which is to 
draw up the specifications by which the Institution 
is so well known. 

The various ramifications of this organisation are 
discussed at some length in the report, but the 
important point which emerges is that the demand 
for a new specification comes from industry and 
is not initiated by the Institution. This demand 
is then considered by the appropriate Industry 
Standards Committee and, if approved, a Technical 
Committee is appointed to deal with it. This 
Committee prepare a draft of the specification, 
which is circulated to a wide list of organisations 
at home and overseas for comment. The draft is 
revised in the light of these comments and, after due 
examination by higher authority, the specification is 
published. 

The bulk of the evidence taken by the Committee 
testified to the soundness of this procedure ; and 
most of the criticisms were directed less to a change 
of principle than to an increase in efficiency. Never- 
theless, some comment was made; in particular 
that the representation of user interests was 
inadequate. The Committee, however, is of the 
opinion that the interests of users are not being 
neglected, although they make the interesting 
suggestions that their claims to representation 
should be more closely considered ; that large users 
of domestic goods, such as hotels, railways and 
domestic science colleges, should be asked to make 
nominations ; and that the assistance of various 
women’s organisations should be enlisted. Retail 
distributors, too, represent an important source of 
information ; and the contribution that could be 
made by operatives actually carrying out installation 
work should not be forgotten. It must be borne in 





* Report of the Committee on the Organisation and 
Constitution of the British Standards Institution. Lon- 
don: H.M. Stationery Office. [Price 1s. net.] 





mind, however, that the technical knowledge 
essential to draft a specification resides primarily 
with the manufacturers, who may therefore be more 
capable of suggesting the best way of fulfilling the 
user’s needs than the user himself. In this connec- 
tion it is rightly pointed out that the preparation 
of a specification is not merely a matter of choosing 
between two alternatives and that where technical 
questions are concerned it is quite possible for 
greater wisdom to reside with the minority. Never- 
theless, when the specification deals with consumer 
goods (and there may therefore be several different 
interests which cannot easily be co-ordinated), it is 
recommended that those interests should be in the 
majority to avoid any semblance of a combination 
of producers. These are all questions which are 
well worth pondering and doubtless note will be 
taken of them. Some useful suggestions are made 
about how the time taken in the preparation of 
specifications might be reduced. At present, such 
preparation takes about three years, a period which, 
in company with many of the witnesses, we regard 
as being too long. We hope, therefore, that some 
way will be found for speeding up the work, as early 
publication offers many advantages. 

The difficult question of finance receives due 
consideration and it is recommended that, as hereto- 
fore, the income of the Institution should be drawn 
in about equal proportions from the members, the 
sales of publications and the Government. If the 
work of the Institution is to be carried out on the 
more extensive scale which is desirable, this will 
mean that industry and commerce must be prepared 
to provide an annual revenue of 125,000/. to 135,0001. 
by the end of the next five years. Although this 
is virtually double the present contribution from 
that source, we feel that a close study of the report 
should have the effect of leading to a more generous 
use of the cheque book. This expansion of revenue 
might also be assisted by more publicity, a subject 
upon which the Committee make some useful com- 
ments. It is hardly necessary to add that, assured 
as we are of the utility of the Institution’s work, 
we should welcome this development. 

Standardisation, however, is not only a question 
of how a specification-preparing institution should 
be efficiently organised. The very word itself has 
come to have a wider significance than that. So 
much so that we are reminded of Humpty Dumpty’s 
historic remark ‘“‘ When I use a word it means what 
I choose it to mean—neither more nor less.”’ The 
trouble is, of course, that though Humpty Dumpty 
and his followers may be aware of the sense of the 
word when they use it (even when the meaning is 
arbitrarily changed from time to time), the rest 
of us are not so fortunate; and the result is 
that misunderstanding and confusion more or less 
serious arise. In fact, as Mr. J. T. Moore pointed 
out in a paper on “ Standardisation and Simplifi- 
cation in the Electrical Industry,’ which was read 
before the Institution of Electrical Engineers on 
Thursday, February 1, it is a word “‘ often grossly 
misapplied and as a subject much abused or extolled 
to excess.” He therefore dealt with it under two 
of the headings proposed by the Lemon Committee : 
standardisation, which is the process of organising 
agreement on the performance, quality, composition, 
dimensions or methods of manufacture or testing a 
particular product ; and simplification, which is the 
process of reducing the number of types of products 
within a given range. 

He began by postulating that the scope of stan- 
dardisation is very wide, extending as it does from 
the raw material through the processes of manufac- 
ture and assembly to the user; and also, what is 
particularly important, back from the user to the 
manufacturer. In the modern factory, too, its 
adoption is essential if an output capable of meeting 
the majority of users’ needs is to be obtained as 
cheaply as possible, both in money and man-hours. 
It follows as a corollary that its employment neces- 
sitates the establishment of a special department 
within the works, a point which was dealt with 
more fully by Mr. P. J. Daglish in a paper on 
““An Organisation for Internal Standardisation,” 
read on the same evening as Mr. Moore’s. Indeed, 
bearing in mind the large number of British stan- 
dards which may influence the production of a 
particular piece of engineering apparatus, it is 





essential that some section or individual should 
keep continuously in the closest touch with the 
designers, the purchase of raw and finished material, 
the processes of manufacture, the testing of equip- 
ment and, last, but not least, the requirements of 
the user. 


In addition to the organisational side of the pro- 


blem, the designer, as Mr. Moore rightly points out, 
must so arrange his basic designs that they can be 
widely used for as many different purposes as 
possible. Such an arrangement allows the maximum 
number of standard parts to be incorporated in the 
majority of designs and thus makes for that simpli- 
fication which, as has already been pointed out, is 
one of the facets of standardisation. The employ- 
ment of process specifications to ensure that the 
same methods are used throughout the shops, with 
a consequent saving in the time spent on planning 
and instruction, provides yet another means of 
simplification, which will be reflected in the balance 
sheet. Economy in time, too, can be effected by 
purchasing materials according to simple standard 
methods. Finally, the joint acceptance of standards 
by both manufacturer and user, a type of co-opera- 
tion which we are glad to say is on the increase, 
leads to simplification in the production of articles 
for which there is a wide demand and results in 
variations in design being reduced to a minimum. 

The relationship between the manufacturer and 
the user has, however, other facets which must be 
considered among the problems of standardisation. 
It involves, in particular, steering a course between 
a policy which implies that standardisation is a cure 
for all ills, and that which sees in it only the road to 
stagnation. That such a course can be steered is 
shown by the fact that in the electrical industry it 
has been possible to bring about a reduction in the 
variety of the ratings, types and designs of a number 
of different kinds of equipment and at the same 
time to avoid the risks which would have arisen 
from the too rigid application of dimensional stan- 
dards. It is, of course, true that such dimensional 
standards can often be adopted with advantage. 
Even so, it is often better to defer this step until 
both manufacturers and users have agreed that 
further development is likely to be small. The 
electrical industry has therefore been wise to prefer 
standards of merit and performance, as these, while 
curbing individual idiosyncrasies, at least allow 
considerable freedom in design. 

Those who may fear that all this sounds rather 
like ‘‘ planning,” another word which has recently 
acquired a sinister connotation, are invited to 
relieve their qualms by a study of Mr. Daglish’s 
paper, mention of which has been made above. In 
this he deals in detail with the organisation of a 
standards engineering department in a manufac- 
turing concern, considers the number and character 
of the staff which should be employed in such a 
department and defines the relationship which 
should exist between it and other departments In 
the same undertaking. He also indicates how the 
standards themselves should be prepared and main- 
tained. It needs only a cursory examination of 
Mr. Daglish’s arguments to realise that the staff 
of this department must possess technical know- 
ledge, persistence, tact, enthusiasm and a thick 
skin, which would qualify them among other things 
for the role of ‘Admirable Crichton or as a candidate 
for the hero of one of Kipling’s better-known poems. 
Recruits, in fact, will not be easy to find and when 
found may not stay the course. Moreover, those 
who do, unless they possess the virtue of being 
able to view their work objectively, may fail to 
resist the temptation of considering that standardi- 
sation is all that matters and forget that the primary 
duty of a manufacturer is to produce and sell. ; 

Mr. Daglish’s concluding appeal for a closer 
degree of co-operation between manufacturers 
the preparation and implementation of standards 
and in the interchange of information on manufac- 
turing problems, assumes a greater importance — 
perhaps he realises in the light of the organisat aaa 
problems of the British Standards Institution w> i. 
we have discussed above. The underlying princlp 
of standardisation, in whatever form it may 
considered is to increase efficiency ; and this a 
only be effected by the solution of problems whic 
are not lacking in either variety or difficulty. 
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NOTES. 


THE Price oF “ ENGINEERING.” 


THE rise in the cost of living is a matter of 
common experience, and one which affects not only 
the domestic budget of the individual. Every 
business and, indeed, every activity, whether com- 
mercial or otherwise, suffers similarly from this 
upward trend in costs, or downward trend in the 
purchasing power of money, however it may be 
regarded ; and the effect is cumulative. For a 
long time past, it has caused concern to those who 
direct the affairs of ENGINEERING, who have sought 
by every means possible to avoid any increase in 
the price of this journal to the reader; but, in the 
past twelve months, costs have risen at a rate, and 
to an extent, which makes some increase no longer 
avoidable. To mention only one item: the cost of 
the paper on which ENGINEERING is printed has 
risen nearly 60 per cent. since October, so that the 
amount of paper in a single copy now costs approxi- 
mately a shilling before a line is printed on it—or, 
indeed, written. Other costs have increased in 
much the same proportion. Very reluctantly, 
therefore, we are taking the step of raising the price 
per copy from the present 1s. 6d. to 2s., as from 
April 1, 1951, and the annual subscription rate, 
including postage, from 41. 10s. Od. to 51. 10s. Od. 
(Canada, 5/. 5s. Od.). As, even so, the price will 
have been no more than doubled over a period of 
nearly 30 years, we trust that our readers will 
appreciate both the efforts we have made to post- 
pone this disagreeable necessity and our regret that 
it must now be faced. 


Tue INsTITUTION OF MECHANICAL ENGINEERS. 

Two Hydraulics Group papers on flow in pipes 
were presented at a meeting of the Institution of 
Mechanical Engineers on Friday, February 9. Mr. 
T. E. Beacham, B.Sc. (Eng.), chairman of the 
Group, was in the chair. In a paper entitled ‘‘ New 
Formule for Water Flow in Pipes,” Dr. J. S. Blair 
put forward four formule of the exponential type, 
the outcome of an extensive investigation of water- 
flow formule and test data on water mains and 
experimental test pipes. They were for, respec- 
tively, smooth non-ferrous pipes; bare steel, 
wrought-iron, asbestos-cement, or bitumen-lined 
pipes; bitumen-coated steel pipes or concrete 
pipes; and galvanised, cast-iron, or coated cast- 
iron pipes; and were applicable to pipes in new 
condition. They covered all classes and sizes of 
pipes and a wide range of velocities. An approxi- 
mate estimate of the conditions arising when fluids 
other than water were used could be obtained by 
plotting the formule on a Reynolds number dia- 
gram, and taking the value of a friction factor at 
the appropriate Reynolds number, but this was 
not recommended since the formule had not been 
compared with practical test results for fluids 
other than water. The formule would give the 
discharge to within + 10 per cent., which was 
generally adequate, and was better, over the whole 
range of pipe surfaces, sizes and fluid velocities, 
than had previously been possible with any other 
formule. The second paper, on “ Friction Losses 
in Turbulent Pipe Flow,” was by Mr. L. E. Prosser, 
B.Sc. (Eng.), Mr. R. C. Worster, B.Sc. (Eng.) and 
Mr. S. T. Bonnington, B.Sc. The authors reviewed 
developments in the theory of turbulent flow in 
smooth and rough pipes to establish a rational basis 
for the commonly accepted logarithmic laws for 
pipe friction. The Prandtl smooth-pipe law was 
found to agree with measured results up to Rey- 
nolds numbers of at least 3 x 10% With rough 
pipe walls and sufficiently high Reynolds numbers, 
viscosity ceased to have any direct effect, and the 
friction coefficient depended on wall roughness 
and pipe size only. Most practical cases of water 
flow lay between these two extremes of completely 
smooth and fully rough conditions, where the friction 
coeficient varied with both Reynolds number and 
roughness. Exponential flow formula of the 
Manning type could be arranged in a more rational 
form, relating the friction coefficient to Reynolds 
number and relative roughness for a given class of 
Pipe carrying a fluid of given viscosity. A study 


generally operated in the transition zone led to the 
derivation of an exponential formula which agreed 
with the data and was similar to Dr. Blair’s corre- 
sponding formula. The relative merits of these 
exponential formule and of the Colebrook-White 
transition function, were discussed and it was con- 
cluded that, for most practical cases, the simple 
formule were no less reliable. In the ensuing dis- 
cussion the principal criticisms were that Dr. Blair’s 
formule did not allow for the effects of roughness, 
waviness or deposits, and that they were only applic- 
able to water. Professor C. M. White contended that 
the formule were 111 years old ; they had been put 
forward by St. Venant, and in 1878 Reynolds had 
tried the same system without success. A table of 
Chezy coefficients which had been produced some 
years ago provided the best solution. Mr. G. A. 
Wauchope, on the other hand, adduced good reasons 
for adopting Dr. Blair’s formule. Other speakers 
referred to research being conducted at the Military 
College of Science on the measurement of surface 
finish of a pipe and the subsequent determination of 
resistance loss, 


THE ELECTRICAL RESEARCH ASSOCIATION. 


The annual general meeting and luncheon of the 
British Electrical and Allied Research Association 
were held at the Connaught Rooms, Great Queen- 
street, London, W.C.2, on Friday, February 9, the 
chair being taken by Sir John Hacking in the 
absence of the President (Lord Citrine), who is 
returning from India. In proposing the toast of 
“The Association,” the President of the Institution 
of Electrical Engineers (Sir Archibald Gill) said he 
was impressed by the quality, quantity and range of 
the work that had been carried out during the last 
30 years, not only in the Association’s own labora- 
tories, but under their supervision elsewhere. The 
value of this work was to be recognised by the large 
sum for future development which would be placed 
at their disposal in future, provided the sums from 
other sources were augmented. He felt sure that this 
challenge would be accepted. In reply, the chair- 
man emphasised that the future of the country 
would depend on the amount of our exports. To 
maintain this amount, however, it would be essential 
to withstand fierce competition and, with a limited 
labour force, this meant that research would be 
necessary to ensure the quality of our products. 
Co-operative research should be encouraged and, 
since research flowed from research, the existence 
of manufacturing research departments did not 
preclude the need for a central organisation. In 
fact, such an organisation, if properly conducted, 
would be of great propaganda value to the export 
trade. The Electrical Research Association had 
reached a milestone and there was now an urgent 
need for the extension of its facilities. Plans had 
now been prepared for the construction of essential 
buildings at Leatherhead at a cost of 400,000/., which 
was less than the more ambitious project originally 
conceived. Towards this amount the Department 
of Scientific and Industrial Research would probably 
contribute something, and a sum could be taken from 
reserves. There would, however, remain a large 
amount which could only be obtained by grants 
from members. Consideration of the action to be 
taken in this matter was urgent. It must also be 
pointed out that while the Government revenue 
grant had been increased by 40 per cent., an addition 
of 70 per cent. was required from industry. 


Monp NIcKet FELLOWSGIPS. 


Applications for the award of five Mond Nickel 
Fellowships, for the year 1951, are now being 
invited by the committee administering the scheme. 
The main object of the Fellowship is to enable 
selected applicants of British nationality, and 
educated to university degree or equivalent stan- 
dard, to obtain additional training and wider 
experience in industrial establishments at home 
or abroad. Thus, should the holders of Fellowships 
be subsequently employed in executive or adminis- 
trative positions in the British metallurgical indus- 
tries, they will be better qualified to appreciate 
the technological significance of research and to 
apply its results. Another object of the Fellowship 
scheme is to provide training facilities whereby 
persons qualified in sciences other than metallurgy 





of test data on wrought-iron and steel pipes which 


may be attracted into the metallurgical field ang 


help to alleviate the shortage of qualified metal- 
lurgists available to industry. There are no age 
limits, though awards will seldom be made to 
persons Over 35 years of age. The Fellowships will 
each have an average value of 7501., and will cover 
one full working year. They will normally take the 
form of travelling Fellowships, but awards for 
training at universities may be made in special 
circumstances. Applicants will be required to state 
the programme of training in respect of which they 
are applying for an award, as well as particulars of 
their education, qualifications and previous career. 
Further particulars and a form of application can 
be obtained from the secretary, Mond Nickel 
Fellowships Committee, 4, Grosvenor-gardens, Lon- 
don, S.W.1. Completed application forms must 
reach the secretary of the Committee not later than 
June 1, 1951. 


Tae NationaL INsTITUTE OF OCEANOGRAPHY. 


The first Annual Report of the National Institute of 
Oceanography, covering the period 1949-50, has just 
been published (Cambridge University Press, price 
5s. net). The Institute was founded on April 1, 
1949, as the result of the suggestion made in 1944 
by Vice-Admiral Sir John Edgell, K.B.E., F.R.S., 
then Hydrographer to the Navy, that this country, 
in its contribution to research in oceanography, had 
fallen seriously behind other countries, including 
many which had no traditions of interest in the 
oceans of the world and their navigation compared 
to our own. This suggestion was considered in 
conjunction with the question, raised by the Colonial 
Office, of the future of the ‘“‘ Discovery Investi- 
gations,” which had been carried on before the war on 
behalf of the Government of the Falkland Islands 
Dependencies, and the outcome was the Nationalh 
Institute. The draft of the Royal Charter incor- 
porating a National Oceanographic Council received 
Treasury approval in February, 1950, and was sub- 
mitted to the Lord President of the Council by the 
First Lord of the Admiralty in March, 1950. The 
Institute’s administrative offices are at Queen 
Anne’s Mansions, London, 8.W.1, and the Director 
is Dr. G. E. R. Deacon, F.R.S. The section of the 
report headed “‘ Physical Work” records progress 
in research on waves, swells, seiches, the relation 
between sea waves and microseisms, the exchange 
of energy between the sea and atmosphere, electrical 
and magnetic effects in the sea, and new apparatus. 
The latter include a number of current meters which 
have been designed to obtain a continuous record 
under special conditions. Several instruments have 
been made to record variations in pressure on the 
sea bottom, which have some application as tide 
and wave recorders. In one of them, the changes 
in pressure are communicated from a limp rubber 
air-container on the sea bed through a canvas- 
reinforced hose-pipe to a recording pressure gauge 
on shore. With a slow filter included in the system, 
the instrument can be used to measure tides in the 
presence of waves, and by backing off one unit 
which measures both waves and tides by a second 
which measures tides only, a reliable record can be 
obtained of the wave pressures. The equipment is 
portable and readily set up, and has been lent to 
the Admiralty, Government departments, civil 
engineers and the French Antarctic Expedition. 
Two self-contained tide and wave recorders have 
also been constructed. Because the future work of 
the Institute on the horizontal and vertical mixing 
and transfer of energy in the sea will require frequent 
and closely spaced observations, a contract for the 
development of bathythermographs and sea samplers 
has been placed with Messrs. 8. G. Brown, Limited, 
Watford. 


EMPLOYMENT OF Ex-REGULAR SERVICEMEN. 


The Advisory Council set up by the Government 
last year “to advise the Minister of Labour and 
the Minister of Defence jointly on the best means 
of securing a relationship between Service and 
civilian life which will provide, for men and women, 
the opportunity of a continuous career through 
the Services and industry” have presented to the 
Ministers the first report on their work and on the 
ground still to be covered. The report is to be 
published in the Ministry of Labour Gazette. Ex- 
regulars with technical qualifications applicable to 
civilian employment generally have little difficulty 
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in finding jobs at the present time. The Ministry 
of Labour proposed that employers should allocate 
a definite percentage of male engagements to 
ex-regulars so as to provide an, assurance for the 
future that such men would secure a fair share of 
employment when discharged. The Council ap- 
proved this scheme in principle, on the understand- 
ing that it would be voluntary and flexible in appli- 
cation and worked out separately in each field of 
employment. Another proposal was that a pro- 
portion of regular service should count towards 
seniority when discharges were necessary and, 
where appropriate, towards establishment. The 
Council recognised that this was a difficult question, 
varying in importance between different industries 
and services, and agreed that, where it seemed 
appropriate in particular industries, proposals on 
these lines should be brought forward by the 
Minister of Labour for negotiation with both sides. 
The Council recommend that a determined effort 
should be made to change the climate of opinion 
in industry and commerce on the employment of 
officers, both with regard to their capacity and to 
the national duty resting on individual employers 
to play their part. Negotiations with employers 
and trade unions on the recognition of 254 Service 
trades have resulted in 202 being recognised as 
giving a degree of skill which warrants acceptance 
as fully skilled workmen in industry and as quali- 
fying for membership of the appropriate trade 
union, and 52 as warranting recognition for 
semi-skilled work. The Services are doing all in 
their power to encourage regulars to improve their 
qualifications during their service, and the Ministry 
of Labour offer training courses in a wide variety 
of occupations, as well as a scheme of business 
training for men who wish to enter industry or 
commerce in junior executive positions. Details 
are given in the report of approaches that have 
been made to industry, Government departments, 
local and other authorities, etc. 





OBITUARY. 
MR, OSWALD WANS. 


In last week’s issue, we reported briefly the death 
on February 2, of Mr. Oswald Wans, formerly chief 
engineer and technical director of Messrs. Ruston 
and Hornsby, Limited, Lincoln; and we then 
expressed the intention to put on record some of 
the main details of his exceptional career as a 
designer of oil engines. Mr. Wans was, in fact, one 
of the few remaining engineers whose experience 
covered practically the whole field of development 
of the industrial oil engine, towards the evolution 
of which he had made many notable contributions, 

He was born on November 17, 1879, and received 
his early education at Banff Academy. Subse- 
quently, he attended Dulwich College for five years, 
leaving in 1897 to start his apprenticeship with 
Bryan Donkin and Company. He spent three years 
with them before going into the drawing office of 
the Sturtevant Engineering Company, where he 
remained for a year. His next post was with the 
Simms Manufacturimg Company, of Kilburn, whom 
he left, two years later, to go to India as a draughts- 
man with Burms and Company, Howrah, Calcutta. 
Eventually he became chief assistant in their mech- 
anical engineering department, being employed 
mainly on the design and erection of steam engines, 
hydraulic presses, and other jute-milling plant. 
He returned to London at the end of 1905 and, soon 
afterwards, was engaged as leading draughtsman 
in the oil-engine department of J. I. Thornycroft and 
Company, where he was concerned, principally with 
experimental work on oil engines for industrial 
purposes and for the propulsion of submarines. 

Mr. Wans remained with Thornycroft and 
Company until the end of 1909, leaving to become 
head of the oil-engine department of Ruston, 
Proctor and Company, at Lincoln. Almost at once 
he concentrated on the development of cold-starting 
engines with airless injection—in direct descent 
from the design covered by the original Akroyd 
Stuart patents—and the adoption of higher com- 
pressien ; it may be noted that the term “ cold- 
starting’ was coined by him to emphasise this 


notable characteristic of the type that he evolved. 
A keen advocate of systematic research, he estab- 
lished a permanent experimental department at 
Lincoln so long ago as 1912. There he carried out 
exhaustive tests with an engine of 9} in. bore and 
16 in. stroke, using a compression pressure of about 
420 lb. per square inch and designed to permit of 
either side or end injection of the fuel. The power 
developed was 25 h.p., and the fuel consumption 
was 0-48 lb. per brake horse-power per hour. 

The innovations in oil-engine design for which 
Mr. Wans was responsible were numerous, and 
many of them have become standard practice. 
In 1918, he developed a duplex oil pump and an 
atomiser for dealing with tar oils. In the following 
year he brought out his first vertical oil engine, a 
unit of 400 brake horse-power, running at 250 r.p.m., 
which led to considerable developments in electric 
power generation; it was in 1922 that he first 
installed (at Maidenhead) a vertical high-compres- 
sion airless-injection engine for this purpose. His 
next advance was the production of vertical oil 
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engines for the propulsion of fishing craft, in which 
they were adopted extensively ; and he had visions 
of their use, in multiple installations, in vessels of 
larger size, though he did not succeed in reaching 
his goal of 9,000 brake horse-power through a 
single propeller shaft. He did, however, fit four 
250-h.p. engines, running at 300 r.p.m., in the motor- 
ship Dunster Grange in 1926. In the following year, 
he turned his attention to pressure charging, the 
first Ruston engine of this type being set to work 
in 1928 in his firm’s works power station. Chain 
drive for camshafts, and oil-operated reverse gear, 
were also introduced by him at about this time. 
Some three or four years later, he pioneered in a 
new field, developing oil-engined locomotives for 
shunting and for mine haulage—now an important 
branch of the activities of Messrs. Ruston and 
Hornsby (as the company had by then become). 
Finally, he caused a gas-turbine research unit to be 
set up at Lincoln, and was closely engaged on the 
study of this new prime mover, especially in its 
industrial aspects, down to his retirement at the end 
of September, 1949. 

Mr. Wans was a member of the Institution of 
Mechanical Engineers, which he had joined as a 
graduate in 1898; of the Institution of Civil 
Engineers, of which he became an associate-member 
in 1907 and a member in 1924 ; and of the Institute 
of Marine Engineers, to which he was elected in 
1926. He was also a member of the Diesel Engine 
Users Association, and a past President of the 
Lincoln Engineering Society. His first executive 
appointment in the firm of Ruston and Hornsby 





was that of technical manager, in 1918, from which 





he was promoted to be chief engineer in 1930 and 
technical director in 1937. He was the author of 
a number of important papers, read before the Insti- 
tution of Mechanical Engineers, the Diesel Engine 
Users’ Association, and other technical societies : 
and, in 1931, he delivered the third Akroyd Stuart 
Lecture at Nottingham University, on ‘The 
Development of Heavy O'l Engines.” His keen 
interest in research was maintained to the end of his 
life, and probably his last office, before his retire- 
ment, was that of chairman of the British Internal 
Combustion Engine Research Association, which he 
held for its first three years, from 1945 to 1948. 





MR. W. J. TENNANT. 


Ir is with particular regret that we record the 
death, on February 8, after a long and trying illness, 
of Mr. W. J. Tennant, a past President and honorary 
member of the Chartered Institute of Patent Agents 
and for many years head of the firm of Boult, 
Wade and Tennant, of Hatton-garden, London. 
He was 85 years of age and had retired from practice 
before the recent war; but, though extreme 
infirmity had made his retirement more complete 
than most, it is safe to say that few men, in like 
circumstances, have been held in more constant 
remembrance by a wider circle of friends. 

William John Tennant was the son of a railway 
civil engineer and was “ a Londoner of the London- 
ers,” having been born on Tower Hill, in a house 
more than two centuries old, the site of which is now 
covered by the building of the Port of London 
Authority. He received his general education at 
the Whitworth School, Derby, and at Kirkdale 
School, Leytonstone ; but he was early introduced 
to the practice of engineering, being no more than 
14 years of age when he entered the drawing office 
of Stanley, Hall and Company, consulting civil 
engineers, in Queen Victoria-street, London. He 
remained with them only a short time before 
sampling a different employment, that of a clerk 
in a City office; but he returned to engineering 
consultative work four years later, in 1883, as 
draughtsman with J. Henry Johnson and Company, 
of Lincoln’s Inn Fields, with whom he spent eight 
years. In 1891, however, he came into closer con- 
tact than previously with patent work, when he 
was engaged as assistant engineer by Haseltine, 
Lake and Company; an appointment which led, 
in 1894, to that of chief of the technical staff of 
Boult and Wade, the firm of which he eventually 
became the senior partner. His technical training 
had been received at Birkbeck College and at 
Finsbury Technical College, where he was a student 
under Professors John Perry and Silvanus Thomp- 
son, and from which he secured the First Medal 
in Mechanical Engineering, with honours, of the 
City and Guilds Institute. For four years, from 
1890 to 1893, he was a lecturer in steam and applied 
mechanics at the London and South Western Rail- 
way Institute at Nine Elms, but he gave up this 
spare-time occupation to concentrate on the study 
of patent agency, passing the final qualifying 
examination of the Chartered Institute in 1896. 

Of Mr. Tennant’s place in his profession, his rise 
to the presidency of the Chartered Institute of 
Patent Agents, which he held from 1917 to 1919, 
is evidence enough ; what was still more remarkable 
in him, however, was the breadth of his interests 
and the respect which was accorded to him in so 
many other directions. He was a member of the 
Institution of Mechanical Engineers, to which he 
had belonged for more than 50 years; @ member, 
and eventually a vice-president, of the Institution 
of Automobile Engineers, of which he would have 
become President had his health permitted ; 
and a member for 65 years of the Junior Insti- 
tution of Engineers, of which he was President 
in its jubilee year, 1934. He was also, for ae 
years, on the Board of Managers of the Roya 
Institution, and the Council of the London Society ; 
a member, and past President, of the Newcomen 
Society, and a member of the Society for Naut ical 
Research; and a past chairman of the Finsbury 
Technical College Old Students’ Association. ~ 
merly a keen yachtsman, he was @ member P 
long standing in the Royal Corinthian Yacht Club. 
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For a number of years, however, he had been cut 
off from these varied activities. A head injury 
received in a motor-car accident shortly before the 
war apparently affected his sight, which became 
increasingly feeble until, eventually, he was totally 
blind; and it may be that the total loss of his 
perscnal possessions, in one of the air raids on 
Lendon, contributed to undermine his general 
health, It was after this misfortune that he left 
London permanently, to reside in Amersham, where 
he died, as stated above, on February 8. 





PROFESSOR T. TURNER. 


METALLURGISTs in al] parts of the world will learn 
with regret of the death of Professor Thomas Turner, 
which occurred on January 31, at his home in 
Leatherhead, Surrey. Professor Turner, who was 
in his 90th year, was Professor Emeritus in the 
Faculty of Metallurgy at the University of Birming- 
ham. He was the son of Henry Turner, of Lady- 
wood, Birmingham, and was born in 1861. After 
receiving his education at Edgbaston, he entered 
the Royal School of Mines, London, in 1878, and 
five years later obtained the Associateship of the 
Schoo] (A.R.S.M.) in metallurgy and gained the 
De la Beche Medal, awarded to the year’s best 
student in mining subjects. In 1883, Turner was 
appointed demonstrator in chemistry at the Mason 
College, Birmingham, and, in 1887, lecturer in 
metallurgy in the College. In 1894, he relinquished 
this position to go to Stafford to take up the post 
of director of technical instruction to the Stafford- 
shire County Council. Eight years later he obtained 
the degree of M.Sc. (B’ham) and returned to the 
university on appcintment to the newly-created 
chair of metallurgy, where he remained until his 
retirement, under the age limit, in 1926. For some 
years after this, Professor Turner was consulting 
metallurgist to Fry’s Metal Foundries, Limited, 
and other firms, and continued to take a lively 
interest in metallurgical and scientific matters until 
quite recently. 

Professor Turner’s early work on the influence of 
silicon on the constitution and properties of cast 
iron, published as long ago as 1885-86. is well 
known, and this and his subsequent work on the 
influence of sulphur and other elements on foundry 
iron did much to establish methods of scientific 
contro] in the founding of iron, which have gradu- 
ally been adopted in all parts of the world. His 
other researches dealt with, among other subjects, 
the volume changes occurring in metals during 
their solidification, the measurement of the hardness 
of metals, the study of the formation and varieties 
of graphite in cast iron, observations on the 
nature and properties of gold. silver and other 
transparent metallic films, and the investigation 
of the microstructure of castings, and of the influ- 
ence of the rate of cooling and casting temperatures 
on the properties of cast metals. He was the 
author of over 100 scientific papers and also wrote 
several books, including Metallurgy of Iron, Lectures 
on Iron Founding and Practical Metallurgy, several 
editions of which have been published. Professor 
Turner was a member of many scientific institutions, 
in several of which he rose to high office. Thus, he 
Was a past-president of the Staffordshire Iron and 
Steel Institute and of the Birmingham Metallurgical 
Society. He joined the Iron and Stee] Institute in 
1887, was awarded the Bessemer Gold Medal in 
1925 and was appointed an honorary vice-president 
in 1931. He was an original member of the Insti- 
tute of Metals, served as honorary treasurer from 
1909 to 1914, was President during the years 1924 
to 1926, and was later elected a Fellow of the Insti- 
tute. He served for a number of years on the 
Councils of the British Cast-Iron and British Non 
Ferrous Metals Research Associations and was 
awarded the E. J. Fox Gold Medal of the Institute 
of British Foundrymen in 1937. He was also a 
Seaman Gold Medallist of the American Foundry- 
men’s Association. Professor Turner was made a 
Fellow of the Royal Institute of Chemistry in 1886 
and was for many years a member of the Institution 
of Mining and Metallurgy and a Fellow of the 
Chemical Society. In 1939, he was elected a 
Fellow of Imperial College. 





LETTER TO THE EDITOR. 


THE GERRITSEN 
INFINITELY-VARIABLE GEAR. 


To THe Eprror or ENGINEERING. 


Str,—Regarding the article on the Gerritsen gear, 
in your issue of December 22, 1950, page 530, I 
should like to put forward a much simplified solution 
for speed-ratio calculations applicable to the type of 
gear in question. The author of the article went to 
great lengths in explaining the theoretical considera- 
tions involved in finding the respective speed 
ratios for this gear, and I wonder whether he is 
aware of the following very simple graphical 
construction. 

As an example, the arrangement in Fig. 1 is 
being considered. Cones A and B are fixed, D is 
the driver, and C is the driven cone. The instan- 
taneous axis of rotation of the ball is ab, the axis 
of rotation of the cones is ox, and the axes intersect 
in o. Lines joining the points of contact c and d 
with o represent the respective pitch lines of cones 
Cand D. A diagram giving the angular velocities 
in magnitude and direction can now be drawn, as 
in Fig. 2. 

Assume the input speed to be given as ng. Draw 
vector OD = nz in magnitude and direction. A 
line through O, parallel to bao, will give the direction 
of the vector representing the angular speed of the 
ball about its instantaneous axis of rotation ab. 
Through D, and parallel to the pitch line od, 
draw a line giving the magnitude of vector OB. 
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Similarly, a line through B parallel to the pitch 
line oc will give the vector OC. Provided that there 
is no slip between the ball and cones, the vectors 
OB=n,, OC =n, and OD =ngq, respectively, will give 
the actual angular speeds of the ball and the cones ; 
they may be scaled directly from the diagram. 
Should cones A and B also be subjected to rotation, 
the corresponding speed is simply added as a vector 
in the diagram ; e.g., let the angular speed of cones 
A and B be nq = AO, then the new speed ratio will 


CA The advantage of the above diagram 


be? o—. 

nad DA 
lies in its simple construction, clearness and versa- 
tility ; it can be easily adjusted for a different set of 
conditions. 

The principal idea of the Gerritsen gear in obtain- 
ing infinitely-variable speeds is, no doubt, ingenious, 
but one point needs elucidation: How do the 
makers select a certain speed ratio, the self-governing 
mechanism or trial and error adjustment not being 
employed ? It appears that, due to unavoidable 
slip of the balls, which run on two circular paths 
with two different diameters, the ratio of input to 
output speed cannot be readily determined. 

Yours faithfully, 
W. H. Many, 
129, Fellows-road, B.Sc. (Eng.). 
London, N.W.3. 
February 10, 1951. 


[We are obliged to our correspondent for his simplified 
expression for the gear ratio. A word of explanation 
on its derivation seem: desirable, however. It may be 
obtained immediately from the results given in our 
article by projecting the relevant cross-ratio on to any 
line parallel to the axis of rotation of the cones, the 
centre of projection being the intersection of the axis 
of rotation of the cones and the instantaneous axis of 
total spin of the ball. Such a projection leaves the 
value of the cross-ratio unaltered, but reduces it to a 
simple ratio, since two of the terms become infinite 
and their quotient becomes unity. The result may, of 
course, be obtained in other ways and without appeal 
to the theory of cross-ratios. We understood that the 
Gerritsen gear is free from slip.—Eb., E.] 








THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 


(Continued from page 137.) 


Question VI, discussed at the 15th Session 
of the International Railway Congress Association, 
was worded thus: ‘“‘Comparative study of the 
different types of transmission between motors and 
axles of electric locomotives, electric motor coaches 
and Diesel-electric rail-cars ; effect on the track of 
the types of bogies and systems of motor suspen- 
sions.” As with other questions, there were 
three main reports, based on the replies to a ques- 
tionnaire sent to a large number of railways. The 
report from Mr. W. S. Graff-Baker, chief mechanical 
engineer (railways) to the London Transport 
Executive, related to the British Railways (Southern, 
London Midland and Eastern Regions), the Vic- 
torian Government Railways and the Pennsylvania 
Railroad, as well as London Transport. The 
report from Mr. M. J. Tapia, chief electric-traction 
engineer to the Spanish Railways, covered Italian, 
Portuguese, and Spanish railways, and that from 
Mr. C. Hoffet, section chief in the traction and 
workshops division of the Swiss Federal Railways, 
related to railways of Switzerland, the Netherlands, 
Norway, France and Colonies, Denmark, Belgium, 
Austria and Germany. We deal first with Mr. 
Graff-Baker’s report. 


TRANSMISSION AND SUSPENSION. 


Most of the information in this report is tabulated, 
but a general summary is given in an introductory 
statement. Axle-hung motors, Mr. Graff-Baker 
notes, are universally used for multiple-unit electric 
motor cars, and with one exception they have a 
non-resilient gear-and-pinion drive (the exception 
is the Pennsylvania Railroad, which uses a resilient 
gear-and-pinion drive, the resilience being provided 
by springs). There is no likelihood of a departure 
from this type of drive in the immediate future, 
owing to its simplicity, low capital cost and satis- 
factory riding properties. Bogies have swing 
bolsters restrained by links inclined at an angle of 
lin 6 to 1 in 8; otherwise there are no devices to 
improve or stabilise the riding of the bogie. For 
multiple-unit Diesel-electric motor cars and for 
Diesel-electric rail-cars, only axle-hung motors with 
a non-resilient gear-and-pinion drive are used ; 
the bogies have swing bolsters restrained by links 
inclined at an angle of 1 in 8, and no other stabilising 
device is used. In general, there is little informa- 
tion regarding the effect on the track of the types of 
bogies and systems of motor suspension in use, 
Tests have been carried out on the Southern Region 
to measure the dynamic loads at rail joints and on the 
Pennsylvania Railroad to measure the lateral 
forces on the rail, but the results were of limited 
value. London Transport have found that, by 
fitting one traction motor only in each bogie and so 
reducing the masses which cause lateral forces, the 
riding has been improved. In addition, the wear 
on the track, the severity of which is well-known 
for electric stock with two motors per bogie, is 
considerably reduced. 

The following are some points of interest selected 
from the tabular information. The Southern 
Region state that, with electric locomotives and 
multiple-unit electric motor cars, track wear is 
greater than with steam stock, due to an increase 
in the intensity of traffic and to a higher load- 
diameter ratio with motored wheels. The Penn- 
sylvania Railroad, on the other hand, consider 
that, with these types of rolling stock and with 
Diesel-electric locomotives, multiple-unit Diesel- 
electric motor cars, Diesel-electric rail-cars and 
Diesel-electric shunters, track maintenance is 
reduced, as compared with steam locomotives, due 
to an absence of dynamic augment and less wheel 
slip. From 1933 to 1938 the railroad conducted two 
series of track tests with electric locomotives having 
motors with flexible drives, to determine the action 
which damaged the track by excessive lateral blows. 
In one series, locomotives were run over a 440-ft. 
length of track laid on steel sleepers, but with the 
rails supported laterally through hard steel balls 
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bearing against soft steel “‘ impression ”’ plates, the 
sizes of the impressions giving a measure of the 
lateral forces. In the other series of tests, the 
lateral force between the frames and wheels was 
measured by resistance strain gauges. The results 
of these tests were useful in determining the most 
suitable suspension arrangements for locomotives 
of various classes. 

In order to compare the maximum dynamic loads 
applied to rails by multiple-unit motor bogie 
wheels and main-line steam-locomotive wheels at 
similar speeds, the Southern Region (British Rail- 
ways) analysed the results of tests carried out at 
Byfleet by the Building Research Station in 1948 
for the purpose of recording under traffic the 
bending stresses in the head and foot at various parts 
of a rail, and the web stresses at joints. Electrical 
resistance strain gauges were fixed to the rails at 
17 positions. Taking the respective wheel dia- 
meters into account and assuming new tyres in all 
cases, the ratio of maximum contact pressure for 
the electric and steam rolling stock was found 
to lie between 1-203: 1 and 0-756: 1, the average 
being 1-099 : 1, i.e., the maximum contact pressures 
applied by the motor bogie wheels were on the 
average 10 per cent. higher than those applied by 
the locomotive wheels. The method of calculating 
the contact pressures is given. In the case of steam 
locomotives, the maximum contact pressure in 
tons per square inch, assuming a rail head with a 
radius of 9 in. aad unworn tyres, ranges from 64:4 
for the bogies of a Merchant Navy 4-6-2 locomotive 
to 80-2 for the third wheels of a Merchant Navy 
tender; the pressure of the driving wheels of this 
type of locomotive is 71-6 tons per square inch. 

On the question of future trends in the form of 
drive between traction motors and axles of electric 
and Diesel-electric locomotives, etc., various views 
were expressed. The Southern Region consider 
that a flexible drive is desirable for speeds over 
“© 121 km. an hour ” (presumably 75 miles an hour) ; 
and the Pennsylvania Railroad, the Victorian 
Government Railways and the London Midland 
Region favour the use of axle-hung motors, owing 
to ease of maintenance, etc. On the question of 
the form of teeth for gears, most railways express 
a preference for spur teeth, because of simplicity 
and the absence of side thrust, but London Trans- 
port favour helical gears as they run more 
quietly. 

A drawing of an interesting bonded-rubber suspen- 
sion was submitted by London Transport. A 
transverse bolster, pivoted at its centre to the car 
underframe, is mounted on the bogie frame at each 
end through the medium of a pair of rubber-bonded 
units. Each unit has three cylindrical slabs of 
rubber, interleaved with metal plates. In side eleva- 
tion, each pair is arranged in the form of an inverted 
V, with the bolster resting on the apex, and the 
lower ends resting on pads in the bogie frame. The 
pairs of units are also splayed outwards slightly to 
give lateral stability, and the car underframe bears 
on a roller at each end of the bolster. 

For avoiding wheel spin on multiple-unit electric 
motor cars, London Transport use an accelerating 
relay which is set so that spin cannot occur with the 
minimum adhesive weight. A reduced tractive 
effort is available for greasy rail conditions, and the 
centre pins of bogies are offset to give a greater 
adhesive weight on motored axles. The Pennsyl- 
vania Railroad employ a relay, actuated by the 
difference in speeds of the motors, to operate a 
warning lamp and buzzer. In the design of welded 
bogies for multiple-unit electric motor cars, London 
Transport have experinced difficulties due to 
fractures, and to overcome them they have adopted 
stress-relieving and have avoided carrying welds 
up to a stressed edge. In future designs, the bogie 
will consist of welded side frames with fabricated 
cross-members riveted to them, and each welded 
assembly will be stress-relieved. This arrangement 
permits of easy replacement of a whole member 
should fractures develop owing to faulty material. 

In a second, concluding, section of his report, 
Mr. Graff-Baker presented information supplied by 
the London Midland and Eastern Regions of British 
Railways, the Great Indian Peninsular Railway, 
the South African Railways, and the New Zealand 
Government Railways. Some points of interest are 





given below. The South African Railways aban- 
doned flexible gears incorporating helical springs 
for electric locomotives owing to spring breakages 
and lubrication difficulties. They consider, however, 
that some form of resilient drive, probably of the 
rubber-bushed type, is essential for electric and 
Diesel-electric locomotives and for multiple-unit 
electric motor cars. The New Zealand Railways 
state that future designs of electric locomotives will 
probably not embody frame-mounted motors be- 
cause of the excessive length of the rigid wheelbase 
which offsets the advantage of a lower unsprung 
weight. The London Midland Region state that 
the riding of their Diesel-electric locomotives is con- 
sidered good by the chief mechanical engineer’s 
department and that no complaint has been received 
from the permanent-way department. 

Answering a question on the effect of electric 
motor vehicles on the maintenance of the track, 
the South African Railways state that these vehicles 
generally have the reputation of hunting more at 
high speeds than steam locomotives. Hunting on 
straight track of the new Class 3E electric loco- 
motives, they report, has been severe enough to 
kink the track and produce noticeable side wear on 
the rails at intervals of approximately 50 ft. to 60 ft. 
Serious corrugation on sharp curves of the Natal 
main line is in part attributable to electric loco- 
motives. It is thought that the practice of running 
the locomotives regeneratively on steep grades 
leads to excessive side forces on the rail heads, the 
results being that relative sideways deflections 
between sleepers and over sleepers are accentuated 
and wheel slip is induced. It is considered probable, 
however, that corrugation would occur under heavy 
traffic even in the absence of electric locomotives, 
and similar, though less intense, corrugation is, in 
fact, occurring on steam-operated lines, particularly 
on check-railed curves. 

There has been a noticeable tendency (the S.A.R. 
report continues) for the articulated-bogie type of 
electric locomotive, such as Classes 1E, 2E and 3E, 
to be very severe On curves. The trouble was so 
acute when the Class 1E locomotives were intro- 
duced in 1926 that epidemic failures of 80-lb. rails 
occurred. The failures were traced to the severe 
lateral forces exerted by the wheels on the sides of 
the rail heads, and they took the form of longi- 
tudinal web-flange junction cracks over sleepers on 
the high and low leg rails. Alterations were made 
to a number of units to increase the play in the 
articulated joint, but although the track benefited 
through reduced side forces, tyre wear increased 
sharply by about 40 per cent. Finally, the trouble 
had to be overcome by replacing all 80-Ib. rails on 
sharp curves by 85-lb. or heavier sections. The 
track is now laid completely with 96-lb. rails. The 
same tendency has been noted with the Class 3 
locomotives recently imported. Excessive tyre 
wear is already occurring and wear of turn-outs is 
being investigated owing to suspected tightness of 
the vehicles in curves. The forces between the rail 
and the wheels of Class 1E locomotives were mea- 
sured in 1926 by a device which recorded the lateral 
rail-head movement in relation to the base of the 
rail on curved track. Deflections were about 40 per 
cent. greater for electric locomotives than for steam 
locomotives. A similar test conducted recently 
with the new Class 3E locomotives while hunting 
on straight track revealed a maximum flange pres- 
sure of about 16 tons at 60 miles an hour, and it 
seems ‘probable that a single bogie was exerting 
a side force of about 40 tons. 


(To be continued.) 





BABCOCK AND WILCOX OF AFRICA (PTY.), LIMITED.— 
On February 2, Mr. C. K. F. Hague, deputy chairman 
and managing director of Babcock and Wilcox, Limited, 
laid the foundation stone of a new factory, to cost 
500,0001., which is being built for Babcock and Wilcox 
of Africa (Pty.), Limited, on a site of 46 acres at Duncan- 
ville, Vereeniging, about 35 miles from Johannesburg. 
The ceremony was attended by about 150 guests, includ- 
ing Mr. A. M. Jacobs, chairman of the Union of South 
Africa Electricity Supply Commission. The new factory 
is expected to come into production early in 1952 for 
the manufacture and assembly of Babcock steam-raising 
plant. 





MOTOR VEHICLES FOR THE 
MIDDLE EAST. 


AN interesting range of motor vehicles has just. been 
completed by Transport Equipment (Thornycroft), 
Limited, Smith-square, London, S.W.1, for Messrs. 
George Wimpey and Company, Limited, for use in the 
Middle East in connection with the Iraq Petroleum 
Company’s pipe-laying programme. In all, twelve 
vehicles have been supplied comprising six 30-seat 
contractor’s "buses, five 2,000-gallon petrol and oil 
road tankers and a heavy breakdown vehicle. 

The ’buses will be used for conveying Messrs. Wim- 
pey’s staff and workpeople from their domestic quarters 
to various building sites. The basis of each vehicle 
is a Thornycroft Trident normal-control left-hand 
drive export chassis, having a wheelbase of 13 ft. 6 in. 
and fitted with the maker’s type CR6 six-cylinder 
78-h.p. Diesel engine. Each chassis is fitted with a 
Park Royal front-entrance type metal body in which 
the panels are riveted to steel uprights. All the seats 
face forwards and, in view of the hot climate in which 
these vehicles will operate, special provision has been 
made to ensure efficient ventilation. All the windows, 
for example, are of the half-drop type and six extractor- 
type ventilators have been built into the roof. A large 
emergency door is incorporated in the rear body panel 
and provision has been made for the stowage of luggage, 
ete., under the rear seat. These vehicles will be oper- 
ated on a variety of roads which will include rough 
desert tracks. Each has been equipped, therefore, 
with a spring-type drawbar at the rear and towing 
loops at the front, so that they can be pulled out of 
soft sand, etc., and, if necessary, help each other in 
an emergency. The buses are not intended for publie 
service duties and, contrary to usual practice, the 
chassis frames are level ; this gives a higher floor than 
normal but has the advantage of providing the high 
ground clearance necessary for operation over desert 
surfaces. 

The tankers, one of which is illustrated in Fig. 1, 
opposite, are based on the Thornycroft Trusty six- 
wheel chassis, having a mean wheelbase of 16 ft. 6 in. 
The Trusty chassis is fitted with the maker’s NR 6/MV 
six-cylinder oil engine, having a bore and stroke of 
4} in. and 6 in., respectively, and developing 100 h.p. 
at 1,750 r.p.m. The drive from the engine is trans- 
mitted through a single-plate dry clutch to a five-speed 
gearbox and then by open propeller shafts to worm and 
worm-wheel final drives incorporated in each axle. 
A notable feature of the transmission is the provision 
of a third differential to ensure equal distribution of 
the driving torque. Each chassis is fitted with a 
Neville all-metal cab adequately ventilated to ensure 
comfortable driving conditions during hot weather. 
The 2,000-gallon elliptical petrol and oil tanks are of 
all-welded construction and are divided into three 
compartments of approximately equal capacity. 
They were manufactured by the Steel Barrel Company, 
Limited, Uxbridge, and have been fabricated from 
12-gauge mild-steel plates with flanged and dished ends 
and dividing bulkheads. Each compartment has 4 
manhole with internal filling and dipping pipes im 
accordance with petroleum regulations and the usual 
vacuum and pressure relief valves are provided. 
Access to the manholes is gained by a ladder and 
walkway in the normal manner. 

The leading end of the tank is carried forward to 
form a housing for the pump compartment; this 
contains three 2} in. outlets coupled to a Kitson 
pump which is driven by a duplex chain from the 
vehicle power take-off. The pump output is 3,500 
gallons an hour at 350 r.p.m., and each of the outlets 
is coupled to a Brodie-Kent air eliminator and flow 
meter, one of which is calibrated for petrol and the 
other two for oil. A 2} in. outside suction is also 
provided so that, if required, the pumping unit can 
be used to fill the tanks. Doors are fitted at each 
side of the compartment and these are arranged 
to hinge upwards so that, when raised, they provide 
some protection from the sun during pumping opera- 
tions. The various hose connections and the meters 
can be seen in Fig. 2, which shows the pump compart- 
ment with one of the side covers raised. These boxes 
are fitted to each side of the tank and the rear of the 
vehicle is arranged for carrying an extra spare wheel 
and tyre. . , 

The breakdown vehicle is illustrated in Fig. 3; 
like the oil tankers, it is based on the Thornycroft 
Trusty six-wheel chassis but is provided with a larger 
radiator than standard and a six-bladed fan to permit 
operation in high ambient temperatures. A Neville 
all-metal cab is fitted. This is of the completely- 
enclosed type with insulated roof and has a reat view 
window to facilitate operation of the recover equipment. 
Behind the cab is fitted a short all-steel body with 
fixed sides built by Messrs. M. 0. Harper, Limited, 
Guildford ; this accommodates the breakdown equip- 
ment, tools and spare-wheel carrier. It has 4 stee 
floor made from plates 4 in. thick, and this is fitted 
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VEHICLES FOR THE MIDDLE EAST. 


TRANSPORT EQUIPMENT (THORNYCROFT), LIMITED, LONDON. 








Fic. 1. 2,000-GatLon Perrot anp Or Tank Lorry. 














Fic. 2. Pump CoMparRTMENT OF 2,000-GALLON TANKER. 

















Fic. 3. Heavy BREAKDOWN VEHICLE. 


with three rings at each side to act as anchorages 
when using snatch blocks. The equipment includes 
& Harvey-Frost manually-operated 5-ton salvage 
crane and a Darlington winch, the latter being driven 
from the vehicle gearbox through a power take-off. 
It is provided with 250 ft. of } in. diameter steel rope 
which is led through fairleads to the rear of the vehicle. 

ler-brake gear, drawbars and rear towing hooks 
are fitted and telescopic jacks are installed at the rear 
of the vehicle chassis and the base of the crane structure 
© prevent tilting when lifting heavy loads. 





THE PRODUCTION OF MOTOR-CONTROL GEAR AND AIR- 
BREAK SwItcHes.—The report of the productivity team 
on the motor-control gear and small air-break switch 
industries, which visited the United States in 1950 
under the auspices of the Anglo-American Council on 
Productivity, will be discussed during an open meeting 
at the Connaught Rooms, Great Queen-street, London, 
W.C.2, on Tuesday, February 27, at 2.30 p.m. Further 
information and the team’s report (price 2s.) can be 
obtained from the British Electrical and Allied Manu- 
facturers Association, 36, Kingsway, London, W.O.2. 
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THE SCHOOL OF GAS TURBINE 
TECHNOLOGY. 


Ir is probably true to say that in no branch of 
mechanical engineering has such spectacular progress 
been made within so short a time as in the field of gas 
turbine development. In little more than a decade, 
in Britain at least, the gas turbine ceased to be a 
subject of little more than academic interest and 
attained its practical realisation as a source of power 
of first importance ; and engineers generally were quick 
to recognise in the novel form of prime mover a versa- 
tility and adaptability which placed it ahead of any 
of its competitors. It is probably true, also, that, 
but for the war, the progress of the gas turbine would 
have been far less spectacular, for, although successful 
experiments were taking place before the war, in the 
development of gas turbines for industrial purposes, 
it was the paramount need for a compact, light and 
powerful engine, capable of propelling aircraft at high 
speeds, that provided the stimulus and the official 
backing needed to bring Sir Frank Whittle’s celebrated 
invention, within a few years, to an advanced state of 
perfection. 

The solution of the technical problems, however, 
brought new difficulties. Once the jet engines and air- 
craft began to flow from the assembly lines and out over- 
seas, the need arose for a vast body of technologists and 
technicians capable of giving instruction and exercising 
supervision in the operation of jet-propelled aircraft 
in all parts of the Empire. In 1944, therefore, the 
School of Gas Turbine Technology was founded at 
Lutterworth, Leicestershire, where so much of the 
early experimental work on the turbo-jet engine had 
been done, to instruct Dominions’ Air Force personnel 
in the application of the gas turbine to aircraft propul- 
sion. The potentialities of the gas turbine in other 
fields, such as those of industry, power generation, 
and land and marine propulsion, were, indeed, recog- 
nised, but its application to such uses was either ruled 
out entirely, or severely restricted by the state of emer- 
gency prevailing at the time. 

After 1945, however, interest in the use of the gas 
turbine for peaceful purposes grew, and the enthusiasm 
aroused by its spectacular development in the aircraft 
field found new outlets. No other prime mover seemed 
likely to be so readily adaptable to a wide range of 
fuels and operating conditions and to offer such 
economies in initial costs of installation. The growing 
interest in gas turbines was reflected in an increasing 
demand for technological information concerning them, 
so that, from 1945 onwards, the scope of the curriculum 
at the School of Gas Turbine Technology was gradually 
widened. In 1948, the organisation and running of 
the school were taken over by the firm of Power 
Jets (Research and Development) Limited, a nationally- 
owned company founded with the primary object of 
owning and managing those patents relating to gas 
turbines which’emanate from publicly-financed research 
and development. About 400 inventions and 2,500 
patents and patent applications in some 15 countries 
are held by the company, and it is obvious that these 
represent the outcome of a vast amount of British 
research in the fieldfof gas turbine design and that 
their possession"places this country in a unique position. 
In order that the knowledge and experience embodied 
in these patents and inventions shall be as widely 
known and used as possible, for only in this way can 
the company hope to secure a reasonable return for 
the intellectual and financial investment made, they 
act in the further capacity of technical consultants 
and maintain the School of Gas Turbine Technology 
for instructional purposes. 

The steady growth in the demand for its services 
necessitated the removal of the School to larger pre- 
mises. It is now established at Farnborough, Hamp- 
shire, in the spacious old manor house known as Farn- 
borough Park, in close proximity to the Royal Aircraft 
Establishment and to the branch of the National Gas 
Turbine Establishment located at Pyestock. Instruc- 
tion at Farnborough Park began in October, 1950. The 
courses provided are all of short duration but are corres- 
pondingly intensive. Accordingly, in the interests of 
efficiency, full residential facilities are provided for the 
students, although residence is not compulsory. The 
courses are of four main types. For British and 
Commonwealth students only, there is a three weeks’ 
post-graduate course on industrial gas turbines and 
a two weeks’ post-graduate course on gas turbines 
for aircraft propulsion. These courses are attended 
mainly by members of the design and development 
staffs of firms manufacturing gas turbines, components 
or equipment, by university lecturers or Government 
technicians. Students who are interested mainly in 
the less theoretical aspects of the subject may attend 
a part of these courses lasting one week. For students 
from abroad who are not British subjects, there is‘an 
international course of post-graduate standard which 
lasts three weeks and aims to cover the whole field of 
application of gas turbines in both industry and aero- 
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nautics. Finally, there is a practical course lasting 
two weeks for aeronautical ground staff, which includes 
lectures on the construction of aero gas turbines as well 
as practical work in connection with the stripping, 
assembly and installation of the engines in a Gloster 
Meteor aircraft. 

The school has a Principal and a permanent staff 
of five lecturers. In addition, students attending the 
post-graduate courses are addressed by a number of 
visiting lecturers, who are specialists drawn from 
industry, Government departments and_establish- 
ments, and research associations. The syllabus for 
the three weeks’ course arranged for British students 
on industrial gas turbines covers a wide variety of 
subjects. During the first week, lectures are con- 
cerned, in the main, with thermodynamic fundamentals 
and their application in the basic theory and design 
of gas turbines and axial and centrifugal compressors. 
Attention is also given, however, to the design of 
combustion chambers, to metallurgical problems, to 
manufacturing processes and to some of the factors 
which limit design. Part of a morning is spent 
examining various sectioned aircraft jet engines and 
propeller-turbine engines which are housed on the 
school premises. 

During the second week, the students are introduced 
to heat transfer theory and its application in the design 
of heat exchangers, both tubular and regenerative. 
The earlier lectures on turbine and compressor design 
are extended to include the stressing of blades, discs 
and impellers, the selection of the type of plant best 
suited to a specific purpose and the estimation of the 
performance of a gas turbine installation under full 
and partial loads. The lectures on more specialised 
subjects include an account of the process known as 
precision casting (which is illustrated by the aid of a 
film), blade, disc and impeller vibrations, and their 
avoidance, and the control and governing of gas 
turbines. During the final week of the course, the 
emphasis in the lectures is mainly on fuel systems and 
fuels, including both solid and liquid fuels, and on the 
use of gas turbines for transport by road, rail and sea. 
Some attention is also given to the economics of gas 
turbine installations. The whole of one morning is 
spent visiting the branch of the National Gas Turbine 
Establishment located at Pyestock and most of one 
other day is occupied by a visit to an engine testing 
installation at Acton, London, which is used by the 
school, and where the students conduct a part-load 
test on a Napier Naiad engine. On the following 
day, the results of this test are analysed and the 
performance figures calculated. 

The course for students of aero engines contains, in 
addition to lectures on the theory, design and con- 
struction of such engines, specialist lectures on per- 
formance, fuels, and the inspection and maintenance 
of turbo-jet engines. These students also carry out 
a test of a Rolls-Royce Derwent engine. Mention has 
been made already of various sectioned engines housed 
at the school for demonstration purposes. These 
include the Whittle W.27, Rolls-Royce Derwent, 
de Havilland Goblin, and Metropolitan-Vickers Beryl 
jet engines, and the Rolls-Royce Trent and Bristol 
Theseus propeller-turbine engines. 

The success of an organisation such as the School of 
Gas Turbine Technology depends not only on the 
quality of its staff, but on the establishment and main- 
tenance of friendly relations between staff and pupils, 
and among the students themselves. The permanent 
teaching staff at Farnborough Place are all experts in 
the gas turbine field, some of them having been asso- 
ciated with the development of the gas turbine since 
the days of Sir Frank Whittle’s early experiments. 
They speak, therefore, with the knowledge gained from 
personal experience of research and development in 
the gas turbine field. The lectures have obviously 
been planned with care and attention to details, and 
an added degree of thoroughness is given to them by 
the issue of typewritten hand-outs containing the chief 
facts to be remembered. Relations between staff and 
students, both in and out of the classroom, are excel- 
lent. Questions are welcomed at all times and certain 
class periods are reservid for discussion. Much informal 
discussion also takes place between staff and students 
and among the students themselves during breaks and 
in the evenings. A library of technical books is at 
the disposal of students. 

Much of the credit for the success of the school goes 
to the Principal, Mr. D. L. Brown, A.M.I.C.E., 
M.I.Mech.E. The courses are normally attended by 
from 15 to 20 students. In addition to the regular 
courses, special courses can be arranged to suit 
particular requirements. The fees for all courses 
are 15 guineas per week plus 70s. per week for 
board and lodging. 

Further particulars regarding the school may be 
obtained on application to the Principal, School of Gas 
Turbine Technology, Farnborough Place, Farnborough, 
Hampshire. 





LABOUR NOTES. 


Co-PARTNERSHIP schemes in the gas industry will 
come to an end on March 31, but a statement issued 
by the Gas Council on Monday last announced that 
arrangements had been made with the unions concerned 
whereby the co-partners would become entitled to 
certain concessions. According to this agreement, 
all persons in the industry having the right, on March 31, 
to receive co-partnership bonuses will receive annual 
payments, equivalent to the amount of the last bonus 
paid to them, for as long as they continue in the 
service of their respective gas area boards. It is stated, 
however, that these payments will not be made for a 
longer period than 15 years. A number of other 
matters relating to co-partnership schemes, such as 
questions of safety, welfare, and health, will be dealt 
with in future by the consultative machinery which has 
been set up in the industry since its nationalisation. 
The Gas Act, 1948, and the Gas (Pension Rights) 
Regulation Act, 1950, both contain clauses protecting 
the superannuation rights of co-partners. 





Prior to the vesting of the industry in the State in 
1949, profit-sharing and co-partnership schemes were 
established in connection with 58 gas companies, 
most of which operated in the South of England, and 
it is estimated that between 50 and 60 thousand 
employees shared in the benefits attaching to the 
schemes. The bonuses which these workpeople 
received depended in a large measure upon the econo- 
mical working of their companies and on the amount 
of net profit made. They varied also in proportion 
to the salaries and wages of the recipients. All such 
schemes have been in abeyance since vesting date 
and it is understood that accumulated funds available 
for distribution now total over three-and-a-half million 
pounds. 





A “‘ go-slow ”? movement was started among railway- 
men employed at the Bricklayer’s Arms goods 
depot of the Southern Region, British Railways, at 
Old Kent-road, London, on Monday last. Some 1,300 
employees at the depot placed a ban on the operation 
of piecework and overtime as a protest against an 
order of the management that four elected members 
of the local trade-union department:l committee 
should take their turn on the depot’s duty rota. The 
committee is responsible for placing the men’s sugges- 
tions and complaints before the management at the 
depot, and for looking after their interests generally. 
Membership of the committee had been considered 
hitherto as whole-time work, but instructions were 
given last week-end that the trade-union duties of the 
committee’s members were to be regarded, in future, 
as part-time work only. Following discussions between 
union officials and the management, normal working 
was resumed as from Wednesday morning. It was 
agreed that the four committee members should be 
placed on the duty rota. 





A second unofficial strike at the Festival of Britain 
sites in London commenced on February 7; when some 
200 electricians employed on the South Bank ceased 
work as a protest at the course of the negotiations in 
connection with their claims for the payment of 2d. an 
hour exhibition money. They were joined on the 
same day by about 60 electricians engaged on work for 
the Festival at the Battersea Park site. In accordance 
with powers conferred by the Conciliation Act, 1896, 
the Minister of Labour, Mr. Aneurin Bevan, appointed 
a committee, on February 9, to investigate the causes 
and circumstances of the dispute. The committe 
comprised Mr. C. J. Geddes and Mr. A. H. Mathias, 
with Lord Terrington as chairman. Mr. Geddes is the 
general secretary of the Union of Post Office Workers, 
Mr. Mathias is the chairman of the Retail Distributive 
Trades Conference, and Lord Terrington is the chair- 
man of the National Arbitration Tribunal. 





The committee commenced its inquiries immedi- 
ately and, in its report issued on Monday last, recom- 
mended that the 320 electricians engaged on the South 
Bank site, and the 60 electricians on the Battersea 
Park site, should receive the extra 2d. an hour exhibi- 
tion money, for which they asked, as from January 26, 
the day on which the first strike commenced. The 
great majority of the 380 men involved were on strike 
when the committee’s decisions were made known to 
them at a mass meeting on Monday night, and they 
agreed that work should be resumed on the following 
morning, February 13. The committee also recom- 
mended that the electricians employed on the London 
County Council’s concert hall on the South Bank 
should receive the increase, although these men had 
not joined in the demand. 





In its report, the committee stated that, in its 
opinion, the time factor in the work on the Festiva] 
sites was so important that it gave “‘ an exceptional 
quality” to the electricians’ work, “which differ. 
entiated it from the ordinary run of electrical work.” 
They deemed it reasonable, the report continued, to 
describe the work as analogous to the exhibition work 
executed at Olympia, Earl’s Court, and the White 
City, for which, by an agreement between the National 
Federated Electrical Association and the Electrical 
Trades’ Union, an extra 2d. an hour was paid. The 
report, which was submitted to Mr. Bevan last Satur- 
day afternoon, referred to the men’s unofficial strike 
action as being, in the committee’s opinion, “ most 
unfortunate.” 





The bans on piecework in the engineering industry 
were considered by the executive committee of the 
Confederation of Shipbuilding and Engineering Unions 
at a meeting, held in private, at York, on February 8. 
In a statement issued subsequently, Mr. Gavin Martin, 
the Confederation’s general secretary, declared that 
the committee had expressed its hope that the bans 
on piecework and overtime in the industry would be 
discontinued. It was felt, he added, that the terms of 
the agreement arranged between the Confederation and 
the Engineering and Allied Employers’ National 
Federation in London on February 5 should be 
implemented. 





It was decided at the meeting of the two organisa- 
tions on February 5 that the bans on piecework and 
overtime which were in force: in many engineering 
establishments, particularly in the Midlands and 
north-west areas, should be withdrawn and normal 
working resumed. Such action, it was felt, would 
enable claims regarding low rates of payment for 
piecework to be discussed with the managements of 
the works concerned. There was general agreement 
between the parties at the meeting that questions of 
rates and times for piecework had always been matters 
that required to be settled separately at each establish- 
ment by direct negotiation between the management 
and the local union officials. It was affirmed that the 
November wage agreement for the engineering industry 
had not altered the necessity for such individual con- 
sultation, but did allow reference to district, and, if 
necessary, national negotiating bodies in cases where 
agreement could not he affected locally. 





Recommendations that railway employees should 
receive some increases in their pay are contained in the 
report of the court of inquiry set up by the Minister of 
Labour to investigate the railway-wage dispute. The 
amounts, which the court suggests, would average 
about 5 per cent. for the majority of railway grades 
and are, in the main, the sums offered by the Railway 
Executive in November last and rejected by the three 
principal railway unions, owing to the conditions 
which were attached to the offer. The Executive 
proposed the granting of increases, ranging from an 
average of 1s. 6d. a week for the lowest grades, to one 
of 7s. a week for the highest grades. In some cases, 
however, owing to the consolidation of a number of 
grades, the increase offered by the Executive amounted 
to 9s. 6d. a week. The court suggests somewhat 
higher increases than these for certain special categories. 
Senior engine drivers and motormen, for example, the 
court considers, should receive increases of 10s. 6d. a 
week instead of the 7s. proposed by the Executive, 
and senior signalmen advances of 9s. 6d. a week instead 
of 7s. It is suggested that the increases for the highest- 
ranking salaried staffs should range from 30I. to 351. 
@ year, instead of the Executive’s proposal of 25/. a 
year. 





The court recommends that the payment of these 
increases should be dated back to January | last 
and should be subject to the acceptance by the three 
unions of the changes in working conditions put forward 
by the Executive, with a view to securing increa 
efficiency and a more economical use of railway man- 

wer. Some 465,000 railwaymen out of a total 
lines force of nearly 615,000 would benefit from these 
increases, which are estimated to cost between six and 
a half and seven million pounds a year. As losses 
amounting to more than 50 million pounds have been 
incurred by the railways during the last three years, 
some advances in railway fares and freight charges 
seem to be inevitable, as a result of these sugges 
increases. The court’s report states that the increases 
in wages and salaries now recommended represent‘ the 
maximum amount which it is within the capacity of 
British Railways to pay without imposing intolerable 
financial burdens upon them.” It may be mentioned 
that a separate wage claim is pending in respect of the 
150,000 railway shopmen. The report was published 
by H.M. Stationery Office on Tuesday last (Cmd. 8154, 
price ls. 9d. net). 
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TESTING 
Fig. 5. 


“TURBINIA” 1897 
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THE TESTING OF MOTIVE POWER 
MACHINERY .* 
By T. W. F. Brown, D.Sc. 
(Continued from page 138.) 

Ix 1876, Osborne Reynolds had used a centrifugal 
pump as a brake by measuring the reaction torque on 
the freely-mounted casing. In 1877, William Froude 
greatly improved the arrangement by introducing the 
modern form of hydraulic brake. The Froude hydraulic 
brake of 1877, absorbing 2,000 h.p. at 90 r.p.m., is shown 
in Figs. 4.and 5, herewith. In Froude’s original hydrau- 
lic brake of 1858, the torque could be reduced in the 
ratio 14:1 by closing in shutters to envelop the 
impeller. The hydraulic brake was designed to be 
fitted to the propeller shaft of ships in dry dock, and 
the brake load, amounting to 1-74 tons, was measured 
and recorded in a small hut, bracketed out from the 
dock wall. Reynolds later improved this hydraulic 
brake by introducing passages connecting the centres 
of the vortices formed between the impeller and casing 
to atmosphere in order to eliminate cavitation. This 
brake was designed for use on the propeller shaft in 
ships, with the propeller replaced by the blade. 

When driving dynamos or alternators, very accurate 
measurement of power could be carried out, such tests 
being normally referred to the electrical output. 
Accurate wattmeters were available and the calibration 
. electrical instruments had reached high accuracy. 

here the power had to be referred to the engine, 
excluding electrical and mechanical losses in the elec. 





* James Watt Anniversary Lecture, delivered to the 


Greenock Philosophical 
Abri Phical Society on January 19, 1951. 
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trical generator, the stator of the generators was 
pivoted. The principle was first employed by the 
Rev. F. J. Smith in 1881. As built, these electrical 
dynamometers were larger than hydraulic brakes, but 
were stable and easily regulated. 

In 1887, the Institution of Mechanical Engineers 
set up a Marine Engine Trials Committee, who drew up 
a standard method for conducting marine engine trials. 
In 1888, they carried out trials in the Meteor. In 1890, 
trials were reported on three further ships, the Fusi 
Yama, Colchester and Tartar. The discussion on 
these reports was extremely stimulating to boiler 
and machinery contractors. Reports followed on the 
machinery of the Iona in 1891, and the Ville de Douvres 
in 1892, and a summary by Mr. (later Professor Sir 
Thomas) Hudson Beare appeared in 1894. These 
reports showed the necessity for carrying out trials 
under controlled conditions, which were difficult to 
ensure with accuracy at sea, as power necessarily 
varies with wind and weather. Considerations of this 
kind led to the construction of a large quadruple- 
expansion steam engine, designed especially for experi- 
mental work at the Durham College of Science. The 
arrangements were described by Professor R. L. 
Weighton* and are worthy of note as they probably 
represent the best practice in the shore testing of 
machinery at thetime. They are also the first extensive 
tests designed to improve marine machinery. The boiler 
pressure was 210 lb. per square inch, revolutions 140 per 
minute, vacuum 24 in. The cylinder diameters could 
be changed by inserting liners, and the engine could 
be worked with single expansion, compound, triple 
or quadruple expansion. In one arrangement, the 











* Trans. N.E. Coast Inst., 1896. 
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cylinder diameters were 7 in., 10} in., 154 in. and 23 in. 
the stroke being 18 in. 

The brake horse-power was measured by a Froude 
hydraulic dynamometer, and the torque by weights and 
a spring balance. An autographic record was taken 
of the extension of the spring balance during the trials, 
enabling the average load to be accurately determined. 
The total condensate was measured in two volumetric 
tanks with ‘“‘ accurately graduated ” floats. The main 
circulating-water flow was determined in a weir with 
a graduated float to show the head over the orifice. 
All drains were led to steam traps, with receivers and 
calibrated gauge glasses. Glass thermometers and 
Bourdon gauges were used to measure temperatures 
and pressures, and the indicated horse-power was 
measured from cards taken on a Richards indicator. 

A very important series of sea trials was carried out 
by the Admiralty Boiler Committee on H.M. ships 
Hyacinth and Minerva, and the liner Saxonia, and 
reported in 1902. Volumetric tanks were specially 
installed to measure the main-engine condensate, with 
separate tanks to measure the auxiliary condensate and 
the jacket water from the cylinders. All tanks were 
calibrated and fitted with water gauges. The engine 
powers were indicated. The fuel was coal, which was 
brought from bunkers on to the stokehold floors in 
“* skids,” each skid being weighed on a spring balance. 
The stokehold floors were swept clean at the commence- 
ment and conclusion of each trial. Samples of coal 
were taken, and the calorific value and ultimate analysis 
determined. High temperatures were measured by 
platinum resistance thermometers made by the Cam- 
bridge Scientific Instrument Company specially for 
these trials. The ship’s gauges measured pressures, 
but the note is made that thermometers were regarded 
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TABLE III._TURBO-ALTERNATORS FOR CENTRAL POWER STATIONS. 







































































Cargo Ship. 


- “*Fusi Yama,”’ 
Cargo Coaster. 


Cruiser. 


cntsial giesahais ; 
Year of test 1900. 1913. | 1923. | 1930. | 1944. 1948. 
Unit... ~ as Elberfeld. Chicago. Chicago. Dunston “ B.”’ Willesden No. 1. Essex No. 1. 
Nominal rating, kW 1,000. 25,000. 50,000. 50,000. 32,000. 100,000. 
Description of Unit Two-Cylinder Two-Cylinder Three-Cylinder Two-Cylinder Three-Cylinder Two-Cylinder 
Tandem Compound ; | Tandem Compound ; Cross Compound Tandem Compound | Tandem Compound ; | Tandem Compound ; 
Single Single with Reheat ; with Reheat ; Single Double 
| Exhaust. Exhaust. Double Exhaust. Single Exhaust. | Exhaust. Exhaust. 
| 
iiiecetadiidiata —— se oe , 
Authority , | C. A. Parsons. C. A. Parsons. | C. A. Parsons, | C. A. Parsons. | Clinch.* Renton and Neal.t+ 
Nominal Stop-valve pressure, Ib. per sq. in. gauge 130 200 550 600 1,300 1,250 
steam Temperature, deg. F. a oe “g 480 588 750 (reheat to 700) 800 (reheat to 800) 950 1,000 
conditions | Vacuum, in. Mercury 28-4 29-0 29-25 29-0 28-7 At economic 28-5 
Feed temperature, deg. F. .. - _ _ 315 340 340 rating —_ 
Speed, r.p.m. do cixs 1,500 750 {FP ee toe 1,500 3,000 3,600 
Net output, kW rae : 99. 20,000 eee 40,000 25,600 93,000 
Economic | Steam rate, lb. per kW-hr. .. cm 20-15 10-42 a : 8-29 7-9 
rating <4 Heat rate, B.Th.U. per kW-hr. a 24,300 13,255 _ 9,349 9,287 8,500 
Thermal efficiency (ex boiler), per cent. 14-0 25-7 — 36-5 36°7 40-1 
Thermal efficiency (inc. boiler), per cent. .. — _ — — — 33-8 
( Net output, kW .. ee ‘ 1,250 — 50,000 50,000 31,978 117,000 
Maximum Steam rate, lb. per kW-hr. ea “ie 8-22 — 8-19 7-92 8-46 8-3 
continuous 4 Heat rate, B.Th.U. per kW-hr. .. me 22,000 — 10,038 9,630 9,471 8,650 
rating Thermal efficiency (ex. boiler), per cent. 5-5 — 34-0 35-4 36-0 9+ 
Thermal efficiency (inc. boiler), per cent. _- —- _— _ ones —_ 
* Clinch, Proc. I. Mech. E., vol. 161, page 129 (1949). ¢Renton and Neal, Trans A.S.M.E., vol. 72, page 285 (1950). 
TABLE IV.—MARINE STEAM RECIPROCATING ENGINES. 
Year of Test 1874. 1889. 1899. 1930. 1947. 
Ship ** Tona,”’ “* Argonaut,”’ ** Corrales,”’ “* Sussex Trader,” 


Cargo Ship. Cargo Ship. 





Type of Engine 


Compound, Triple-Expansion. 


Triple-Expansion. 


Triple-Expansion 
with Poppet Valves 
and Reheater. 


Triple-Expansion. 





Diameter of Cylinder and Stroke, in. . . 


-35 and 50-30 by 


21-88, 34-02 and 56-95 
33. by 39. 








34, 55} and 64 by 48 


27}, 464 and 78 by 23, 38 and 65 by 45. 
54, 
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Author, 1931. North Eastern Marine 
































Authority 5 Kennedy, 1890. | Kennedy, 1891. Durston, 1899. 
Eng’g Co., 1947. 
_— — , _— 
Indicated horse-power 371°3 645-4 19,025 3,579 2,126 
Revolutions per minute : 55-6 61-1 123-6 79-6 83-7 
Mean piston speed, ft. per min. .. ae 306 398 989 715 628 
Pressure at boiler, lb. persq. in. gauge .. 56-8 165-0 291-0 _ | ee inlet 
> ; . 2 .P. inle 
Superheat, deg. F. .. sii - Saturated Saturated Saturated 38 = . ay inlet 
Vacuum (Barometer = 30 in.), in. Mercury 25-3 28-6 ' pe 25-5 25-7 
M.E.P. referred, lb. persq.in.  .. A 2% 19-9 21-1 = 34-5 33-7 
Steam rate (main engines only) {in — LEP be. 21-2 13-35 12-8 4 s 
Fuel rate, Ib. perLH.P-hr, oo... 2-66 1:46 1-64 1-37 0-766 
; (propulsion only) 
Gross calorific value of fuel, B.Th.U. perlb.  .. 12,760 14,830 say 14,000 3,8 18,727 
Overall indicated thermal efficiency, per cent. .. 7°5 10°8 1i-1 13-4 si 
as being more reliable to measure pressures than TABLE V.—-LAND RECIPROOATING STEAM ENGINES. 
pressure gauges. A Carpenter calorimeter measured | — ——— poe ae ee neti Saas j 
the dryness of the steam from the boilers, and flue-gas| YearofTest .. ©... | 1902, 1909. 1921, | 1931. 


analyses were carried out. For their time, these were 
the most exhaustive trials carried out at sea. 

The trials carried out by Parsons, both for turbo- 
generator machinery and in the Turbinia, are now 
classic. For the Turbinia trials, he developed a “ spring 
torsional by seta which he used when investi- 





Type of Engine 


Power Station. 


Triple-Expansion 














Triple-Expansion 
High-Speed Forced- 
Lubrication Engine. 


| | 

| Compound Mill | Triple-Expansion 
Engine with | Corliss Pumping 

Drop Valves. Engine. 














| 
cet 
| Engine for 
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Diameter of Cylinders, and Stroke, in. 





17-5, 28-5 and 48 


| 
i Nl 
26-65 and 45-3 by | 20, 36 and 53 by | — 














gating the loss in propeller efficiency caused by cavita- by 36. 47-24, 48 
tion, in 1894-96. The independent tests carried out} oe : es = 
in the Turbinia by Sir Alfred Ewing are given in full in ce ols oe we ee! Hathorn 4 
an appendix to Sir Charles Parsons’ paper, “The | Authority ve | Woodhouse.° | Longridge. | Davey & Co.t nasan 
Steam Turbine and Its Application to the Propulsion | ———— en SS 
of Vessels,” in 1903.* An extract is given below. Indicated horse-power .. 9... 2s. | 1,036 1,234 267 a 
Full speed trials were made on April 10, the boat | Revolutions per minute .. er a sal 101-2 100°5 | 25-7 200 

having then been in the water for fully a fortnight Pressure at stop-valve, Ib. persq. in. gauge ..| 193 146-5 161-5 ny 
‘Tne teaeeel th ‘le. j ... | Superheat, deg. F. oe tie s Saturated | 171 | 34 i A 

wo successive runs on the measured mile, in opposite | Vacuum, in. Mercury. 26-0 27-0 26-0 
directions, in smooth water, and at the slack of the | Steam rate, lb. per I.H.P.-hr. 10-35 10°75 | Ss — 














tide, gave the following data :— oe Se Se ae eee eee Eee : 
Time on the mile... . 1094 secs. 110 secs. Bs Woodhouse, Prog. I. Mech.E., 1902, page 453. + The Engineer, vol. CKXXI, page 589 (1921). } Hendry, Trans.N.E.C. Inst., 
Corresponding speed in knots 32-79 32-73 . ’ 
Mean speed in knots... 32-76 “During the trials at 9-39 knots, an approximate, measuring the work done bythe steam, corresponding 
Revolutions per minute of determination was made of the consumption of coal.| to the indicated work in a reciprocating engine. Is 
high-pressure and _ inter- The fires were brought to the same state at the end| was not practicable in the Turbinia to apply dynamo- 
mediate shafts oo) 2,230 as at the beginning as nearly as could be judged, and| meters to the turbine shafts, and in estimating the 
Revolutions per minute of the weight of coal (Nixon’s Navigation) burnt during} power, recourse must be had to the results of resistance 
low-pressure shaft oa 2,000 2 hours 29 minutes was found to be 648 lb. Natural| experiments on the model. Propulsive horse-power 
Steam pressure in boiler, by draught was used, the stokehold hatches being open,| was calculated by the formula— 
gauge wi cas .-» 210 Ib. per sq. in. and the fire doors closed. The full area of each grate RV 
Steam pressure on admission was in action. With so large a grate, it is difficult 550 


to high-pressure turbine ... 
Greatest pressure in stoke- 
hold by water gauge 


157 Ib. per sq. in. 


7t in. 








* Trans. I.N.A., vol. 45, page 284 (1903). 


to avoid considerable error in estimating the state of 
the fire, and much reliance cannot be placed on this 
figure. It corresponds to a consumption of 28 Ib. of 
coal per nautical mile steamed. 

‘“‘In a steam turbine there is no way of directly 





when V is the speed in feet per second, and R is = 
resistance as deduced from experiments on the model. 4 

The results are shown graphically in Fig. 6 - 
Fig. 7, on page 201. Fig. 6 gives, in relation to the 
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propulsive h.p., the total feed per hour, and the feed 

r propulsive horse-power per hour. Fig. 7 gives the 
tb. of feed water per propulsive horse-power per hour 
in relation to the speed. 

Many Admiralty trials were carried out at the close 
of the Nineteenth Century and largely reported in the 
Transactions of the Institution of Naval Architects. 
In the trials of the cruiser, H.M.S. Argonaut, in 1899, 
the readings taken were similar to, but not so exhaus- 
tive as, those taken by the Admiralty Boiler Trials 
Committee, already referred to. Special determina- 
tions of consumptions of auxiliaries were made, how- 
ever, giving a specific consumption of 3-57 Ib. per 
hour for auxiliaries referred to the main engine 
ih.p. = 22 per cent. of the consumption of the main 
engine only at 3,600 ib.p. When the main engines 
developed 13,500 ib.p., the corresponding specific 
auxiliary consumption was 1-59 Ib., or 10 per cent. of 
the main-engine consumption. This was an important 
investigation on auxiliary consumption at low power 
in naval machinery. 

A report was made to the Steam Engine Research 
Committee of the Institution of Mechanical Engineers 
in 1905. The experiments measured cylinder condensa- 
tion and slide-valve leakage in a small single-cylinder 
engine. The instrumentation was similar to that 
already described in other trials, and it is interesting 
to note that the problems of cylinder condensation 
and “ missing quantity,” investigated by Watt on his 
engines, were still not solved. 

In the period between 1900 and 1950, gigantic strides 
have been made. Turbo alternators have increased 
one hundred-fold in the capacity of single units, and 
small power units have largely disappeared in factories 
in Britain, being replaced by multiple electric-motor 
drives. Motive-power machinery on land is now used 
only in small isolated factories or as stand-by sets in 
case of failure of electricity supply, or where exhaust 
steam is required for heating or process work. The 
changes have been summarised in Table III, on page 

For marine propulsion, a much greater variety of 
motive-power machinery is in use than ever before. 
For small ships or cargo ships requiring powers under 
4,000 h.p., the reciprocating steam engine is still 
largely used, as it is cheap and reliable. Steam tur- 
bines have been used in conjunction with reciprocating 
engines, as in the Bauer-Wach, Gotaverken and other 
systems, to enable the exhaust steam from the low- 
pressure cylinder to be expanded farther than can be 
done in low-pressure cylinders of reasonable *dimen- 
sions. The latest type of steam reciprocating engine 
without a low-pressure turbine is the North Eastern 
Marine engine. In this engine, steam at about 
700 deg. F. is used to heat the exhaust from the inter- 
mediate-pressure cylinder before entering the high- 
pressure cylinder at 560 deg. F. By this means, the 
steam is still slightly superheated at the low-pressure 
cylinder exhaust, and cylinder condensation is obviated. 
This is a good solution to the old problem of cylinder 
jacketing and the question of the “ missing quantity.” 
Some typical test results of marine steam reciprocating 
engines are given in Table IV, including the North- 
Eastern Marine re-heat engine. Table V, on page 202, 
gives some results for land reciprocating steam engines. 


(Z'o be continued.) 





LAND FOR TESTING FIGHTING VEHICLES.—The Govern- 
ment hive decided that they must authorise for a period 
of five years the use of land at Chobham for the Fighting 
Vehicles Design and Proving Establishment of the 
Ministry of Supply, including the provision of hard 
Tunning tracks. The intention is to transfer the estab- 
lishment to another part of the country at the end of that 

e. 





_ ARMSTRONG SIDDELEY AIRCRAFT ENGINES FOR THE 
UNITED StaTEs.—The Hawker Siddeley Group have 
announced that a long-term agreement was signed on 
January 25 between the Curtiss-Wright Corporation. 
Wood-Ridge, New Jersey, U.S.A., and Armstrong Siddeley 
Motors, Limited, Coventry, under which Curtiss-Wright 
will manufacture in America thé Armstrong Siddeley 
Sapphire jet engine, and the Python, Mamba and Double 
Mamba propeller turbines. 





RADIO-TELEPHONE COMMUNICATION IN ICELAND.— 
A very high frequency link, providing eight telephone 
channels, is to be installed by Marconi’s Wireless Tele- 
staph Company, Limited, Chelmsford, between Reykjavik, 
the capital of Iceland, and the lonely Westmann Islands, a 
distance of about 47 miles. The eight channels will be 
obtained by means of frequency division and the equip- 
ment will be designed to provide a service under all 

matic conditions. Yagi aerials, fitted with de-icing 
oo will be used and will be designed to withstand gales 

30 m.p.h. The new link will replace an experimental 
— Which has been in successful operation for some 





ELECTRICAL METEOROLOGICAL 
INSTRUMENTS. 
(Concluded from page 147.) 


WE conclude below our account of the proceedings 
at the Conference on Electrical Meteorological Instru- 
ments which was held at the Institution of Electrical 
Engineers on Tuesday, January 30. 


Tue MEasvREMENT OF UpPER WIND Anp Arr Data. 
A paper on “The Radar-Sonde System for the 
Measurement of Upper Wind and Air Data,” by 
Messrs. F. E. Jones, J. E. N. Hooper, and N. L. 
Alder, described a radar-sonde system which had been 
designed to measure the mean wind velocity at different 
heights. It could also be used to measure the pressure, 
temperature and humidity of the atmosphere through 
which the sonde ascended. Pulses of two micro- 
seconds duration were transmitted from a 70-kW 
(peak) ground transmitter with a wavelength of 
about 2 m. and a repetition rate of 400 pulses per 
second through a vertically-polarised directional aerial 
with a gain of about eight. These pulses were received 
in the balloon-borne receiver and were fed to a modu- 
lator, which drove an oscillator operating on a wave- 
length of about 10-7 cm. to give pulses of about 
1 microsecond duration. These pulses were then re- 
transmitted. 

The pulses were received at the ground station by 
an automatic following aerial, so that by measuring the 
transit time of the pulse to and from the sonde, the 
slant range of the latter could be determined. From 
this, and from the values of the azimuth and elevation 
of the automatic following aerial, the — of the 
sonde in space could be computed. The wind speed 
and direction could then be computed automatically and 
continuously from the rate of change of these para- 
meters. Telemetering of the data registered by the 
meteorological elements was effected by causing the 
sonde to transmit twin pulses each time it was “ inter- 
rogated”’ from the ground station, the separation 
between the two pulses being a function of the meteoro- 
logical parameter connected in the circuit. A slow- 
speed switch was arranged to connect each element in 
turn, so that a complete cycle was sampled each 
15 seconds of flight. Ifthe balloon ascended at 1,000 ft. 
per minute, this corresponded to 250 ft. intervals. A 
fourth element, the function of which was to monitor 
the voltage applied to the airborne telemetering cir- 
cuits, was included in the cycle. The maximum slant 
range of the system was about 100 miles, and thus the 
height at which soundings and wind measurements 
could be made was at present limited by the height at 
which the balloon carrying the instruments burst. 


Frost-Pornt HyGRoMETER. 


A paper on “‘ An Automatic Frost-Point Hygrometer 
for Measurements in the Upper Air ’’ was then presented 
by Messrs. A. W. Brewer and R. H. Dobson. The 
essential feature of this instrument, it was pointed out, 
was a small thimble which was cooled continuously 
by liquid air from a Dewar flask. Without heating, 
this thimble would cool to about —100 deg. C., but 
by passing a suitable current through a heating coil, 
which was wound on its side, the temperature could 
be controlled at any value between —100 deg. C. 
and room temperature, or a little higher. The thimble 
surface, which was highly polished, was ventilated 
by the air under test and was illuminated by a lamp. 
When a dew or hoar-frost deposit formed, light was 
scattered from the surface of the thimble on to a photo- 
cell. A second photo-cell received light directly from 
the lamp and the outputs of the two were combined 
differentially to compensate for variations in lamp 
brightness and cell sensitivity. This differential output 
was fed to an amplifier which controlled the current 
through the heating coil. The circuit was arranged so 
that if the deposit were large the thimble was heated 
and the deposit increased. If, on the other hand, the 
deposit were small, it was increased by allowing the 
thimble to cool. A constant deposit was thus main- 
tained which soon settled down to the frost point or 
else hunted about it. The temperature was measured 
by a thermocouple. 


METEOROLOGICAL INSTRUMENTS IN BUILDING 
RESEARCH. 


In a final paper on “‘ Some Meteorological Instru- 
ments Used in Building Research,” Messrs. A. W. 
Pratt, B. G. Collins, R. E. Lacy and E. W. Spink 
described instruments for determining the variations 
in wind speed near buildings, for recording wind direc- 
tion, for determining heat transfer and for integrating 
temperature records. The first of these incorporated a 
standard cup-type anemometer, which made a contact 
20 times per mile of wind run. This contact was used 
to control a 50-volt supply, which operated a Post 
Office meter so that the wind run was integrated over 
a period. In order to avoid taking hourly meter 
readings, a8 was necessary to obtain values for the 


mean hourly wind speed, the making contact of the 
anemometer was used to close a relay. This relay 
operated a uniselector the output from which energised 
the operating coil of a second uniselector, so that the 
latter stepped round with the increasing wind count. 
This second uniselector could therefore be used to 
transmit voltage increments from a bank of grid-bias 
batteries to a recording milliammeter. The mean 
hourly wind speed could then be read off on the chart 
at any convenient time. 

The directional wind recorder consisted essentially 
of a contacting cup anemometer ; an eight-way switch, 
driven by a wind vane; and a set of electromagnetic 
counters. The fixed contacts of the eight-way switch 
were uniformly spaced round a circle to correspond 
with the cardinal points of the compass ; and the rotat- 
ing wiper was connected mechanically or electrically to 
the wind vane. The switch was connected in series 
with the contacts of the anemometer, so that the 
signals produced were distributed to the appropriate 
meters according to the direction of the wind. An 
additional meter was used to record the total number 
of impulses produced by the anemometer contacts, 
thus giving the total run of wind irrespective of direc- 
tion. On the more recent instruments, interlocking 
relays were fitted so that only one meter could operate 
at a time, even though the wiper was touching two 
contacts. 

The equivalent air-temperature recorder, which 
measured the equivalent temperatures to which walls 
of various orientations were exposed, consisted of five 
sheets of compressed graphite, 3 in. square and 5 in. 
thick, each of which was cemented in the centre of a 
yr-in. polyvinyl-chloride sheet. A square hole was cut 
in this sheet behind each receiver to reduce its thermal 
capacity and aluminium foil was cemented to its inside 
to reduce the heat flow through the surfaces. Four 
of the sheets were placed vertically to face north, 
east, south and west, while the fifth faced upwards. 
The box thus formed was packed with glass silk and 
was mounted on a teak base set on a tripod. The 
temperature of each graphite surface was measured by 
@ copper-constantan thermo-junction cemented into 
& groove machined in the back of the sheet. The cold 
junctions were mounted in a ventilated screen under 
the apparatus, so that the difference between the 
equivalent and true air temperatures was obtained and 
recorded continuously. 

The temperature integrating recorder was developed 
to enable a 0 to 120 deg. F. 12-point self-balancing 
recorder to deal with four groups of twelve points and 
to sum the readings for each point over any desired 
interval of time. In the particular application for 
which the instrument was designed, 100 readings 
equally spaced over a week were summed for each of 
44 temperature points and the means were obtained 
directly by shifting the decimal point two places. The 
resistance-thermometer circuits were connected with 
the multiplier unit in groups of eleven and the groups 
were switched in turn on to the twelve input circuits 
of the recorder. The temperatures of each thermo- 
meter in a group was recorded in turn, the groups 
being identified on the chart by using a fixed resistance 
as a marker on the first point of each group. While 
the recorder was printing the temperature of any 
thermometer, a uniselector hunted for a contact 
corresponding to that temperature in degrees and 
marked it. It then stepped on until it again reached 
its normal position. The number of these steps, which 
represented the temperature in degrees, were marked 
on an electromagnetic meter corresponding to that 
temperature point. There was a meter corresponding 
to each temperature point. A timing circuit was 
incorporated so that the temperature was fed to the 
meter at selected intervals and at the end of the 
period to be studied the temperatures added to each 
meter reading were read and divided by the number of 
individual readings. 





FILMS ON THE PRODUCTION OF STEEL.—A 16-mm. 
sound film in colour, dealing with the manufacture of 
high-grade steels and produced for Messrs. Thos. Firth 
and John Brown, Limited, by the Brown-Firth Research 
Laboratories, Sheffield, was shown in London recently. 
The process of making alloy steels in the electrio-arc 
furnace is illustrated, emphasis being laid on the constant 
care, works checks and laboratory control exercised at 
every stage of manufacture. The film, which is entitled 
** Sound Steel,” also deals with the production of solid 
and hollow forgings made from open-hearth acid-steel 
ingots of up to 200 tons in weight under a 6,000-ton 
hydraulic press. Copies of the film are available on loan, 
free of charge, to technical associations and other respon- 
sible bodies, on application to Thos. Firth and John 
Brown, Limited, Atlas Works, Sheffield. Another sound 
film, entitled ‘‘ Rivers of Steel,” and of the humorous 
animated cartoon type, was also shown. This film is 
the property of the British Iron and Steel Federation, 





Steel House, Tothill-street, London, 8.W.1. 
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CAMBERWELL DEPOT FOR 
LONDON TRANSPORT VEHICLES, 


Earty in 1949, London Transport engineers evolved 
a new layout for future "bus garages, the object of the 
design being to group together as many of the major 
facilities as possible and to provide an improved form 
of inspection pit. It was considered that the existing 
layouts could be improved and that the inspection 
pits, which were then constructed with a communi- 
cating trench at one end, were unsatisfactory, as 
movement of the mechanics was restricted and the 
pits did not permit easy access to the underside of 
the vehicles. A new type of pit, therefore, was de- 
signed and during extensions to London Transport’s 
St. Albans premises, the opportunity was taken to 
construct two such pits to ascertain their usefulness. 
Subsequently, they proved to be entirely satisfactory 
and when it became necessary to provide improved 
maintenance and overhauling facilities at the Camber- 
well garage, it was decided to incorporate six pits of 
the new design as well as the other improvements. 

The new maintenance buildings are at the south end 
of the Camberwell site and occupy an area damaged 
extensively during the war. The building is a steel- 
framed structure with lattice girders spanning 90 ft. 
and supported on stanchions set at 15-ft. centres, the 
girders being designed to give the maximum height of 
vertical glazing at each end, thereby ensuring ample 
natural lighting. This form of roof construction can 
be seen in Fig. 1, on this page, which shows the end of 
the building occupied by the inspection, or docking, 
pits. Provision of the side glazing obviates the need 
for sloping roof lights and the roof is, therefore, com- 
pletely covered with reinforced asbestos decking, which 
is insulated on the underside with a layer of fibre board. 
To obtain adequate natural ventilation in summer, the 
vertical glazing is designed so that it can be opened 
throughout the entire length of the building. 

The ancillary buildings are constructed from steel 
roof beams supported on stanchions and external brick 
walls 13} in. thick. The roofs consist of hollow pre- 
cast concrete slabs and the stores block, which is 
to the rear of the main building, has a headroom of 
14 ft. to permit the installation of an overhead runway 
between the access road, the stores and the central 
working area. The boiler house for the heating system 
is arranged below the north end of the front block and 
has brick retaining walls, the fuel being fed through a 
grille in the floor of the fuel store into a reinforced- 
concrete hopper, from which it is supplied to the 
boilers. 

Twelve pits have been provided in the maintenance 
area and these are divided into two groups of six, one 
group being used for heavier work and the other 
for intermediate work. The former are of the new 
pattern, but the latter are of the normal type with end 
communication, as these were thought to be satis- 
factory in view of the short periods the vehicles will 
spend over them. Although of the conventional type, 
several improvements have been incorporated, among 
which may be mentioned the provision of fluorescent 
lighting and individual heating. As will be seen from 
Fig. 2, the two groups of pits are arranged at opposite 
ends of the building, the intermediate pits being in the 
foreground. The new-pattern pits are a distinct im- 
provement on the conventional type, the outstanding 
feature being the provision of a central communicating 
trench ; this can be seen in Fig. 1, which is a view of the 
major docking area. The general design of the new- 
pattern pits, however, was dealt with in an article pub- 
lished in ENGINEERING, vol. 168, page 642 (1949), in 
connection with the St. Albans installation, so it will 
suffice to give brief details here. 

They have been designed to suit all types of public- 
service vehicles operated by London Transport and 
in view of the central communicating trench are 
particularly suitable for dealing with those fitted with 
underfloor engines. The central trench is, of course, 
bridged, but the bridge pieces are constructed from 
an aluminium alloy and designed so that they can be 
folded to the sides of the pit once the vehicle is in 
position and do not, therefore, impair accessibility. 
The walls of the pits .nd the communicating trench 
are faced with oil-resisting white tiles and fluorescent- 
lighting tubes are let into the top surrounds. Heating 
and service lines, such as those for compressed air, are | 
built into the pits to avoid the use of trailing cables and 
pipes, and a notable feature is the provision made for | 
dealing with waste oil. This is drained into funnels 
which are connected to pipes built into the walls of the 
pits to convey the oil to the bulk-storage area. Each 
of the two end pits is provided with four hydraulically- 
operated jacks, which, when not in use, sink flush with 
the shop floor but can be operated so that any one, or 
all four, wheels of a vehicle over the pit can be lifted. 

In front of the main docking pits there is a small 
machine shop which is equipped with the usual range 
of machine tools, such as drilling machines, lathes, etc. 
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Fie. 1. Martyn Docxtne Pits with CENTRAL COMMUNICATION. 
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Fia. 2. GerneRAL VIEW oF MaIn SHop. 

















Fig. 3. Forwarp Enp oF Marn Pits anp MACHINE SHOP. 


Fig. 3, on this page, and it will be noted that the| which is located on the other side of the ag AN 
natural lighting is exceptionally good. The stores | provided with direct access to the front serv r Aan 
building is arranged along the side of the docking area| The Camberwell depot 1s the first of severa sonant® 
and is accessible from both groups of pits. It is served| units being built to provide adequate main “| (wed 
by an access road so that stores can be received or| facilities for the additional vehicles to hdl 4 South 
dispatched without entry having to be made into the | service in order to improve the “bus services of ©" 


A photograph of the machine shop is reproduced in| main building. For the same reason, the tyre store, London. 
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NOTES ON NEW BOOKS. 


The Mining Laws of Canada. 

By ARTHUR Buisson. Fourth edition. The Mines 

Branch, Department of Mines and Technical Surveys, 

Ottawa, Canada. [Price 50 cents.] 
In Canada, the Dominion lands which come under 
Federai Acts and Regulations controlling mineral 
resources are those comprising the Northwest Terri- 
tories and the Yukon, all the Indian reserves, and the 
National Parks. Legal title to all Crown lands within 
the provinces rests with the respective provincial 
Governments, which also have administrative control 
of the natural resources. While any title issued for 
Dominion lands reserves the minerals for the Crown, 
there is a great variety of rights in the provinces, 
ranging from Newfoundland, where all minerals are 
the property of the Crown, to Ontario, where the 
minerals belong to the surface owner. Separate publi- 
cations dealing with the mining laws of the Dominion 
of Canada and the provinces of British Columbia and 
Ontario are available from the Imperial Mineral 
Resources Bureau in London, but this new edition of 
the Canadian publication is a general digest which 
serves as a guide to the principles underlying the 
administration of the laws governing the mining 
industry in all the different parts of Canada. The 
report gives a concise synopsis of the mining laws at 
present in force, a summary of special Acts relating to 
prospecting, mining and mining taxation, details of 
royalties and bounties, a schedule of fees payable. and 
the names of the chief mining representatives of 
Dominion lands, Indian reserves, and each of the nine 
provinces. 





Report on the Structural Use of Aluminium Alloys in 

Buildings. 

The Institution of Structural Engineers, 11, Upper 

Belgrave-street, London, S.W.1. [Price 3s. 6d.] 
THE properties of structural steel are consistent and 
are sufficiently well understood by structural designers. 
In contrast, such properties of aluminium alloys as 
strength, ductility and resistance to corrosion vary 
within wide limits. Information to guide the designer 
in the choice and treatment of the most suitable alloy 
for particular purposes, even when available, has been 
scattered hitherto in various publications. The 
booklet under review collates, in convenient form, for 
20 of the better-known commercial alloys, the informa- 
tion that the engineer should have at hand in order 
to select that which is most suitable for his purpose. It 
describes how to design, to make the best use of the 
characteristics of the alloy he has chosen; how to 
protect the metal under various degrees of exposure ; 
and how to specify, to ensure that the material supplied 
will, in fact, possess the properties that have been 
assumed. The report is divided into five sections: 
a short general section, including definitions ; a section 
on materials, including a comparative table of the 
properties of the alloys considered; a section on 
design data, working stresses and formule ; a section on 
erection and fabrication, connections and tolerances ; 
and a section on the protection of the alloys against 
corrosion and other hazards associated with various 
conditions of exposure. The report is concise, well 
arranged and authoritative, and is a worthy addition 
to those already issued by the Institution for the 
guidance of structural engineers. 





Atomic Energy for the Layman. 
By Sm ARTHUR L. DIrxon, C.B., C.B.E., Chantry 
Publications, Limited, 63, Neal-street, London, W.C.2. 
[Price 8s. 6d. net.] 
As this book is intended for laymen, and as, with 
respect to nuclear physics, this includes a very large 
proportion of the general public, it should have a wide 
appeal. Throughout, the requirements of the Police, 
Fire and Civil Defence services are kept in mind, the 
author being well fitted to meet them as he was formerly 
Principal Assistant Under Secretary of State for the 
Fire Service Department of the Home Office. Intro- 
ductory chapters explain in simple language the terms 
used in the discussion of atomic energy and the struc- 
ture of matter, after which radioactivity and the 
artificial transmutation of the elements are dealt with 
in a similar manner. Apparatus for detecting and 
accelerating atomic particles, including the Cycloton 
and its many variations, are briefly explained, after 
Which short chapters are devoted to the subjects of 
atomic fission, plutonium and the other trans-uranic 
elements. Public interest in nuclear physics centres 
tgely round the atomic bomb, and several chapters 
are therefore devoted to early research, the chain 
Teaction, the construction and operation of atomic 
piles, and the effects of the explosions of these fearsome 
weapons. Peace-time applications of atomic energy 
for power supply and for the production of radioactive 
isotopes are also considered, and the book concludes 
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with a chapter on civil defence and the problem of 
controlling the means of producing atomic weapons 
and the use of them in war. In a final sentence, the 
author makes a statement the consideration of which 
is of the utmost importance to the whole human race : 
“‘A crucial issue of these present days,” he says, “ is 
how mankind will answer, and answer soon, the 
challenging situation that he has created for himself 
in the discovery and use of atomic energy.” The book 
contains numerous illustrations and is written in a style 
which should interest, as well as instruct, the type of 
readers for whom it is intended. 





ARTICULATED-HEAD DRILLING 
AND TAPPING MACHINE. 


‘THE accompanying illustration shows the Pacera 
articulated-head machine which has been designed for 
drilling small holes in heavy work which is too large 
to be accommodated in a normal drilling machine. 
Developed by Messrs. W. J. Meddings Limited, Kingsley 
Works, Ipswich-road, Slough, Buckinghamshire, it was 
exhibited for the first time at the Engineering Industries 
Association Exhibition, held in London on October 17 
and 18, 1950. 

The head, which can be locked in any position, is 
supported in a ball-thrust bearing on an arm, also 
carried on a ball-thrust bearing, which can be rotated 
about the supporting pillar so that the drill point may 
be set easily over any point on the work-table, which 
is also arranged to rotate about a ball-thrust bearing. 

















Tecalemit lubrication is applied to all the bearings. 
The supporting column is of solid steel, 44 in. in dia- 
meter, with ground surface. Two types of head are 
available, an eight-speed head with a range from 
80 to 1,500 r.p.m., and a ten-speed head with a range 
from 80 to 4,000 r.p.m. Both heads are fitted with a 
totally-enclosed oil-immersed gearbox, with a high- 
speed and low-speed setting, and four- or five-step cone 
pulleys. 

The drilling capacity is ? in. The spindle has a 
5-in. travel and is bored with a No. 2 Morse taper to take 
taper-shank drills, tapping attachments or a chuck. 
The machine has a throat depth of 24 in. The work- 
table, which is 24 in. square, can be adjusted for height 
by a rack and pinion. It is supported by a telescopic 
jack which provides adequate rigidity for heavy work, 
but it can be swung clear of the supporting pillar 
so that work can be carried on the base, if necessary. 
Both the work-table and the base are one-piece ribbed 
castings with ground surfaces. 





ELEcTRICITY SUPPLY IN SCOTLAND.—The North of 
Scotland Hydro-Electric Board are now supplying elec- 
tricity in the Sleat peninsula of Skye as far south as 
Ostaig. For this purpose, a new line has been erected 
from Isleoronsay to Ostaig, serving Knock, Taengue, 
Saasaig, Ferindonald and Kilmore en route. 





THE CROMPTONIAN ASSOCIATION.—Mr. H. H. Spencer, 
M.1.E.E., honorary secretary of the Cromptonian Asso- 
ciation, informs us that the annual dinner of the Asso- 
ciation will be held on June 1 at the Trocadero restaurant, 
Piccadilly Circus, London, W.1. Details will be sent to 
members in due course. Mr. Spencer wishes to hear from 
any Old Cromptonians who are not members of the 
Association, and particularly from those overseas, who 
are asked to write to him at Crompton House, Aldwych, 





London, W.C.2. 
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BRITISH STAND. 
SPECIFICATIONS. 


TE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Welded Boiler and Superheater Tubes.—A new speci- 
fication, B.S. No. 1678, covers cold-drawn electrically- 
welded mild-steel boiler and superheater tubes for 
design steam temperatures not exceeding 850 deg. F. 
(454 deg. C.). The specification provides for tubes 
manufactured from mild-steel strip by resistance weld- 
ing. It is stipulated that the strip be either hot or 
cold rolled and made from steel containing a maxi- 
mum of 0-15 per cent. carbon and produced by the 
open-hearth or the electric processes. Tensile-strength 
limits of from 20 tons to 28 tons per square inch are 
specified, with elongations varying according to the 
thickness of the tubes and the form of the test pieces. 
Flattening and expanding tests are also specified, 
together with permissible variations in thickness and 
diameter. [Price 2s., postage included. ] 


Pneumatic Tools and Accessories.—A revision of 
B.S. No. 673, which covers pneumatic tools and acces- 
sories, has now been published. It deals with the 
dimensions of shanks for use with several types of 
pneumatic tools, which are given with illustrations. 
These are rock drills, chipping and caulking hammers, 
stone tools, picks, demolition picks and spades, con- 
crete breakers, and riveting hammers. In many 
instances it has only been found necessary to confirm 
dimensions of shanks which have long been used in 
the industry and adopted by many makers. This 
standardisation, therefore, does not seriously affect 
existing pneumatic tools. For rivet snaps, the dimen- 
sions for the section, cupping or face, and the overall 
length are given in addition to the shank dimensions. 
Details of the Parker-taper shank and parallel-shank 
types of rivet snap for use in the aircraft industry are 
also furnished. The specification includes a compre- 
hensive series of definitions relating to rock drills, 
pneumatic hand tools, attachments for pneumatic 
hand tools and other pneumatic appliances. [Price 
3s., postage included.] 


Durability of Buildings.—The Council for Codes of 
Practice for Buildings, Construction and Engineering 
Services, working under the egis of the Ministry of 
Works, have now issued, in final form, Chapter IX, 
on ‘“‘ Durability,” of CP3, the British Standard Code 
of Practice of the functional requirements of buildings. 
The chapter contains 35 pages and is issued as a separate 
pamphlet. It includes brief notes on the designed life, 
satisfactory life, and maintenance requirements of 
buildings or parts of buildings. Six appendices are 
included and, in these, the causes of deterioration in 
buildings and installations are analysed, and appro- 
priate protective and preservative treatments recom- 
mended. Information is given on the susceptibility of 
building materials, including metals, timber, cement 
products, bricks and paints, to deterioration. Other 
matters dealt with are the effect of design on the 
durability of materials, the classification of water 
supplies in relation to their effects on metals, the 
approximate rates of corrosion of steel and of zinc 
coatings on steel, atmospheric and climatic action on 
materials, and recommended protective measures for 
metals. [Price 4s., postage included.] 


Pressboard for Electrical Purposes.—A revision of 
specification B.S. No. 231, covering pressboard for 
electrical purposes, but excluding “ built-up” press- 
board, has recently been published. The new issue is 
mainly a reprint of the 1936 edition but the opportunity 
has been taken to include tests for ageing in oil and 
resistance to compression and deformation. Three 
types and ranges of thickness of pressboard are specified, 
and type IV, which was included in the original edition 
of the specification, has now been omitted since it is 
no longer available on account of manufacturing diffi- 
culties. Amendments have been made to the defini- 
tions contained in the specification and the revision, 
generally, is based on information supplied by the 
British Electrical and Allied Industries Research 
Association. [Price 3s., postage included.] 





LOAD-SHEDDING AND THE OPERATION OF ELECTRIC 
Lirts.—The British Electrical and Allied Manufac- 
turers’ Association have asked us to draw attention to a 
warning circulated by the Council of the National 
Association of Lift Makers, pointing out to owners of 
electric lifts that ‘‘ the only way of preventing damage to 
lift equipment during periods of reduced voltage is to 
disconnect the lift from the electricity supply by opening 
the main switch or circuit-breaker.” It is added that 
“the lift should not be reconnected until the supply 
voltage rises above the statutory minimum.” 
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PLANNING THE SOUTH-WESTERN 
DISTRIBUTION AREA 
OF THE BRITISH ELECIRICITY 
AUTHORITY.* 


By G. O. McLean. 


THe subdivision of Great Britain into fourteen areas 
for electricity supply administration has provided an 
opportunity for planning their distribution systems 
on a scale impossible previously, except by some of the 
large power company groups. Distribution p'anning 
involves a survey of the area to be supplied ; and this 
survey must cover the past, present and future up 
to two decades (the useful life of the equipment), or 
at least three five-year periods. The principal variables 
in the problem are: the number of consumers and the 
demand each makes on the service (magnitude, inci- 
dence and duration of load); where the demands are 
created, which also involves the amount of concentra- 
tion of individual demands ; and lastly, the sources of 
energy supply and the distances those sources are 
from the points of aemand. 

To ascertain the trend of the Area Board’s load 
existing statistics for the 15 years preceding vesting 
date were used. It is not, however, sufficient merely 
to plot aggregate loads and to extrapolate them into 
the future. The South Western Area Board therefore 
sub-divided this aggregate load into five main parts : 
domestic, commercial, farming, industrial and public 
lighting ; and in the case of the first of these, based 
their estimate on the t.end of population. This was 
converted into a figure for the number of private 
families and the percentage of these which would be 
connected each year was estimated. As most of the 
new buildings will be within measurable distance of 
existing mains and all will demand a supply of elec- 
tricity, a saturation of 97 per cent. was postulated for 
1965. The final stage in converting population trend to 
load trend was to decide upon a maximum demand per 
consumer (to determine a size of standard service), a 
local “ after-diversity ’ demand (to determine the 
sizes of the distribution transformers and distributors), 





* Paper, entitled ‘‘The Planning of an Electricity 
Board’s Distribution System,” read before the Supply 
Section of the Institution of Electrical Engineers on 
Wednesday, January 24,1951. Abridged. 
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and the area after diversity demand (to determine the 
loads on the primary network). 

A recent survey has indicated that a local after-diver- 
sity maximum demand of 2 kW per domestic consumer 


is possible. It was assumed that a curve of units sold 
would show a slow growth initially, followed by a more 
rapid growth until saturation factors exceeding 75 per 
cent. were reached. By using all these aids to fore- 
casting some guidance to future possibilities can be 
obtained, and it was found that if all the assumptions 
made became actualities, the total demand in the area 
in 1965 would be 923 MW, or two and a half times the 
present week-day demand. This would equal 1-38 kW 
per domestic consumer. 

Each of the other groups of consumers can be dealt 
with in a similar way using existing sources of informa- 
tion. For instance, the horse-power per worker in the 
various industries in an area can be compared with 
similar figures in other countries and an estimate 
made of the possible growth of power per worker. 
The suitability of the area for other industries must 
also be considered. As, however, industrial power 
development in this country is affected by many 
factors, the estimated figures must be treated with 
reserve and revised annually. It is not sufficient to 
know the magnitude of the loads; their location 
within fairly close limits must also be determined. 
In the South Western Area, an Ordnance map with 
10-kW squares, such as is shown in Fig. 1, is used for 
this purpose, the thickness of the border being varied 
according to the magnitude of the anticipated load. 
The Central Authority have adopted the method of 
placing a dot representing each 10-MW of load in 
each 10-km. square. These maps can be overlaid 
with a transparency on which the existing extra high- 
voltage system of the Area Board can be delineated 
and the deficiencies of the transforming plant and 
primary transmission lines indicated. 

The first step in planning in the South Western Area 
was to ascertain the sites of future generating stations 
and to decide whether the existing supply points were 
suitably located at load centres. The location of 
future supply points and the loads to be distributed 
from them were then settled, it having been decided 
that a 30 MVA, 132/33-kV transformer was suitable at 
all supply points except Bristol. The next step was to 
select the voltage for the primary network. A consider- 
able amount of 33-kV equipment, as well as 400 miles of 
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overhead lines, was already in existence and since, with 
the exception of Bristol, the amount of power to be 
distributed did not exceed 40 MW, the problem resolved 
itself into one of transmitting only 10 MW, as the total 
load could be distributed in at least four directions. 
Furthermore, the distance between secondary feeding 
points could be limited to 30 or 40 miles; and it was 
clear that by using 0-15 sq. in. copper-equivalent lines 
as standard 200 megawatt-miles were possible with a 
10 per cent. voltage drop at 0-92 power factor on a 
ye circuit. It was therefore decided to adopt 
33 kV as the standard primary network voltage. The 
number and size of the primary lines needed up to 
1965 was then determined, as shown in Fig. 2, opposite, 
and it was found that the construction of 420 route 
miles of 33-kV overhead line and of 48 switching 
stations, with a transformer capacity of 700 MVA, 
would be nece It was recommended that the 
construction should embody steel towers, suspension 
insulators and copper or copper-cadmium conductors, 


TABLE I.—Loads Anticipated at Grid Supply Points in 








1955. 
sation 
Supply Point. Maximum 
— Demand, MW. 
Bristol (Portishead and Feeder-road) .. oa 145 
Bristol (Muller-road) re ae se a 95 
Bath a “ ae ea a ie 29 
Churchill .. ve we ian - a 40 
Bridgwater . . a oat a ae oe 22 
Taunton Main 5 wa i a: ou 27 
East Yelland - wn ea ae a 16 
Exeter ‘ate a se “< ate Re 31 
ae tae! - “7 sh ae ig 5 
Newton Abbott .. a i <a ae 45 
Plymouth .. ‘6 a os ia a 68 
Canworthy .. oe os on oe a 15 
Fraddon.. tia - ss ie oa 31 
Hayle =i be a éé en - 45 
nia 
614 








and that, except at Bristol, 500 MVA switches, of 
which 192 would be required, should be standard. 
The loads anticipated at the various grid supply points 
in 1955 are given in Table I. 

Prior to 1948, the individual undertakings in the area 
each had its own system of feeders which were operated 
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at different voltages and phase relationships. As these 
systems had been used to supply half a million existing 
consumers, it was essential to continue to employ them 
to their full capacity. The advantages of being able to 
connect sections of a system are obvious, and standardi- 
sation of phase relationships is therefore essential. 
Consideration of the phase problems in the area led the 
author to the conclusion that the simplest and most 
economic solution would be to leave any large system 
(covering, say, 1,000 square miles and involving 
approximately 1,000 route miles of extra high-voltage 
cable), such as Cornwall, with its present phase relation- 
ship unchanged, though this was not in accordance 
with the national standard, provided the system could 
be run independently of its neighbours. On the other 
hand, it was decided to recommend that any small 
sections of the system, such as North Somerset, which 
is shown in Fig. 3, as being non-standard and out of 
phase at 33 kV and 11 kV, should be converted to stan- 

phase relationship as early as possible. Fig. 3 also 
thows the amount of plant at each voltage in use, the 
Wansformer sizes being indicated in megavolt-amperes. 

majority of the distribution plant and mains were 
operating at 11 kV, so this was selected as the standard 


secondary vol It was economically unsound and 
almost impossible to scrap all the 6-6-kV mains and 
plant. The sub-areas were, however, advised not to 
extend these systems, and were encouraged to plan 
change-over schemes when obsolescence or load 
developments made them economic. 

Standardisation with a view to simplification of 
design and reduction of manufacturing costs has been 
proceeding steadily from the earliest days of the British 
Electricity Authority; and many of the panels and 
committees set up by Area Boards have published 
their findings. That there was tremendous scope for 
this is shown by the fact that in the South-Western 
Area alone there were 36 sizes and types of high-voltage 
cable and 197 sizes and types of distribution trans- 
formers. Without waiting for a national decision, it 
was therefore decided to standardise cable sizes as 
shown in Table II, and transformer sizes as shown in 
Tables III and IV. The area of copper conductors for 
overhead lines were also standardised at 0-05, 0-1, 
0-15 and 0-28q.in. A colour cod : for mains maps was 
devised so that 66-kV lines are shown in brown, 33-kV 
lines in green, 22-kV lines in yellow, 11-kV lines in red, 
and 6-6-kV or 6-kV lines in blue. 





Besides the standardisation of sizes, there is usually 
ample scope for economies in standardisation of design, 
particularly as this affects the amount of capital locked 
up in spare It was therefore decided to confine 
future 11-kV construction to two types (one in line 
with B.S. 1320). It was, however, also arranged for 
one sub-area to make extensive trials with earthed 
unbonded construction.* Owing to the rural nature 
of the area and the sparseness of the population, it 
was vital that the capital costs of construction should 
be a minimum. Outdoor substations were therefore 
used wherever possible and distribution transformers 
up to 50 kVA were mounted on single poles, only those 
above 100 kVA capacity being installed on the ground. 
Switchgear was reduced to a minimum and, where 
possible, was of the plain isolator or switch-fuse type. 
In urban areas brick substation buildings are preferable 
to steel kiosks, owing to price and amenity, although 
trials have been made with pre-cast concrete of the 
Cornwall unit type. An attempt is being made to 
obtain the approval of the Arts Council to the design 
of three types of substation, so that licensing authorities 
may raise little objection to accepting one of them. 
Underground cables are used in ail urban areas, and 
would be employed in many beautiful villages and 
hamlets but for economic prohibition. Wherever 
possible, transformers are placed outside the sub- 
station building and conservators are a standard 
fitting. 


TABLE II.—Cables Suitable for 11 kV with EKarthed 
Neutral. 





Three-core. Single-core. 





Sq. in. 
0-06 
0-1 
0-2 
0-3 
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TABLE III.—Pole-Mounting Transformers. 








Single phase .| Ratio 11,000/250 voit 15 kVA 
11,000/500/250 volt ||] 25kWA 
11/000/500/250 volt |:| 50 kVA 

Three-phase 11,000/433/250 volt 50 kVA 
11/000/433/250 volt 100 kVA 





TABLE IV.—Ouldoor Ground-Mounting Transformers. 











Single-phase .| Ratio 11,000/500/250 volt ..| 25 kVA 

Three-phase 11,000/433/250 volt ..| 50 kVA F 
11,000/433/250 volt ..| 100 kVA 
11,000/433/250 volt ..| 250 kVA 
11,000/433/250 volt ..| 500 kVA 

Indoor type 11,000/433/250 volt ..| 250 kVA 
11,000/433/250 volt ..| 500 kVA 
11,000/433/250 volt ..| 750 kVA 











The voltage for supplies to domestic consumers 
having been standardised by the Electricity Commis- 
sioners in 1946, it was only necessary for the Area 
Boards to arrange a change-over programme. It is 
hoped to achieve the change by raising the tap changers 
in two steps, with a suitable interval between them, 
and adjusting the tapping of the new distribution 
transformers, which are now feeding into 240-volt 
networks. Other important problems concern the 
rationalisation of sizes of distributors and service lines 
and constructional details, such as underground versus 
overhead construction, types of pillars and discon- 
necting boxes, and rationalisation of types and sizes of 
switches and fuse gear at distribution stations and on 
consumers’ premises. The essentials for a sound distri- 
bution system are that the plant should be simple, 
have a high load factor, and be able to serve its full 
turn of life. The losses should be low and voltage 
regulation close, and there should be no scrapping of 
useful plant merely for the sake of standardisation. 
To meet the first requirement, the rupturing capacity 
of 11-kV switchgear should be 250 MVA. Trans- 
formers of 50 kVA and 100 kVA capacity for rural 
areas and of 250 kVA and 500 kVA for densely loaded 
urban areas are suitable standards. As the load is 
increasing at the rate of 10 per cent. per annum, 
transformers rated at 25 to 30 per cent. above the 
immediately anticipated load are being allowed for in 
the plans, and space is being allocated for another 
transformer of the same size and connected to the 
same high-voltage switch when the load rises to 10 per 
cent. above the rating of the control unit. 

The low-voltage section of the supply system costs 
more than the other sections individually and may be 
as high as 50/. per domestic consumer, which at the 
present stage of domestic development is equivalent to 
about 100/. per kilowatt of maximum demand. Since 
the average return of the domestic consumer is seldom 
in excess of 8/. to 101. per annum, every possible means 








* See ENGINEERING, vol. 168, page 604 (1949). 
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of reducing capital expenditure must be considered. 
Overhead-line connections for the services are cheaper 
than the joints in underground distributors, especially 
where a group of premises can be fed from wiring run 
under eaves. Similar practice for underground cables, 
that is multiple services from one joint, has been tried 
on housing estates and has resulted in a saving of 
40 per cent. in service costs. Further substantial 
saving is possible on new housing estates by laying 
the distributor cable close to the houses instead of 
under the footpath. This means deeper excavation 
so as to keep the distributor out of reach of gardening 
tools, but the saving on lengths of cable may average 
40 ft. per house, which, over a housing estate of 1,000 
houses, amounts to as much as 74 miles. 

The need for sectioning low-voltage networks and 
for feeding sections by two or more routes has long been 
recognised, but whether solid links or fuses and pillars 
or pavement boxes should be employed are still matters 
of controversy. Fuses have their uses on many occa- 
sions, but in general links are preferable. Pillars 
provide the means of sectioning with easy access, but 
suitable sites are not always available in urban areas. 
Moreover, cables have to be diverted from their runs, 
whereas boxes can be placed in the run and are lower 
in first cost. Experience has shown that boxes do not 
cause any serious difficulties even in bad weather. 
Area Boards should confine themselves to supplying a 
simple moulded case to house the termination of the 
service cable and a high rupturing capacity fuse and 
neutral link. 





CONTRACTS. 


WILLIAM HAMILTON & Co., LTD., Port Glasgow, have 
received orders for two ships, one a motor tanker of 
16,500 tons deadweight, for Johan Gerrard, Kristiansand, 
Norway, and the other, a cargo vessel of about 9,000 
tons gross for Thos, and Jno. Brocklebank, Ltd., Liver- 
pool. The latter ship will be engined by DAvID Rowan & 
Co., LTD., Glasgow. 

Liruaows, LTp., Port Glasgow, have obtained an 
order to construct a motor tanker of 16,500 tons dead- 
weight for Wilh. Wilhelmsen, of Oslo, Norway, the 
propelling machinery being provided by JOHN G. 
Kincaip & Co., LTp., Greenock. 

HALL, RuSsSELL & Co., LTp., Aberdeen, are to construct 
@ cargo motorship, for the carriage of coal and grain, for 
Mitchell & Rae, Ltd., Newburgh. The vessel is to be 
120 ft. in length, 24 ft. in moulded breadth, and 9 ft. 6 in. 
in moulded depth. She will be generally similar to the 
Auchmacoy, completed in 1939 for the same owners. 


WHATLINGS LTD., 10, Woodside-crescent, Glasgow, 
C.3, have obtained a contract for the laying of five miles 
of 36-in. water main from the Mugdock reservoir outlet, 
Milngavie, to Knightswood, and certain other special 
works for the Corporation of Glasgow. The contract is 
valued at 119,4601., and is part of the work entailed in 
laying a new west main, at a total estimated cost of 
860,0001., to serve areas on both sides of the River Clyde. 

THE ATLAS DIESEL Co., LTD., Beresford-avenue, 
Wembley, Middlesex, have received an order from the 
State Electricity Commission of Victoria, Australia, 
for the supply of 18 of their two-stage stationary recipro- 
cating air compressors, type AR-3, each of 562 cub. ft. per 
minute capacity at 120 lb. per square inch pressure, for 
use on the Kiewa hydro-electric construction scheme. 
The compressors are being built at the Atlas Diesel Works, 
Stockholm, Sweden, and are being supplied complete 
with 125-h.p., 1,450 r.p.m., squirrel-cage induction 
motors, manufactured by the BRUSH ELECTRICAL 
ENGINEERING Co., LTp., together with starting equip- 
ment supplied by KAYSER, ELLISON & Co., LTD. 

THE CALEDON SHIPBUILDING AND ENGINEERING Co., 
LTp., Dundee, have received a further order from 
Watts, Watts & Co., Ltd., London, for a motorship 
similar to the vessel ordered last October. Propelling 
machinery of the Doxford type will be supplied by 
ALEXANDER STEPHEN AND Sons, LTD., Linthouse, 
Glasgow. 

MARCONI’S WIRELESS TELEGRAPH Co., LTD., Chelms- 
ford, Essex, are to supply seven low-power transmitters 
to the British Broadcas:;ing Corporation. They are 2kW 
medium-wave transmitters, type TBM 631, and are 
specially suitable for broadcasting stations catering for a 
relatively small area, where long range is not of prime 
importance. 

JoHN Brown & Co., LTD., Clydebank, have received 
an order to build a cargo liner of 10,750 tons deadweight 
for the Peninsular and Oriental Steam Navigation Co. 
A sister ship of the Singapore, now fitting out at Clyde- 
bank, the vessel will be equipped with geared turbines of 
13,000 h.p., to give a service speed of 18 knots. The 
Singapore is 525 ft. long, 70 ft. broad, and has a gross 
tonnage of 9,000. She has 96,000 cub. ft. of refrigerated 
space and is fitted with special tanks for the carriage 
of latex and seed oils. There is accommodation for 12 


passengers. 
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TRADE PUBLICATIONS. 


Industrial Safety Spectacles.—Many types of industria} 
Safety spectacles and goggles are described and illus- 
trated in a brochure issued by the Hadley Co., Ltd., 
Portsmouth-road, Surbiton, Surrey. 


Electric Safety Lamp for Mines.—Particulars of an 
electric safety lamp approved by the Minister of Fuel 
and Power for use in gassy coal mines are contained 
in a leaflet received from Nife Batteries, Redditch, 
Worcestershire. 


Corrosion Inhibitors.—Waters’ Commercial Products, 
Chemical Division, Niagara Works, Stroud, Gloucester- 
shire, have sent us a booklet containing particulars of 
their Nakcro water-soluble rust preventatives, corrosion 
inhibitors and other products. 


Office Recbrds.—Two leaflets, one dealing with ap- 
plications of the Kardex system of maintaining and 
controlling stock, production and sales records and of 
effecting personnel management, and the other explain- 
ing a vertically visible system of filing for ledger entries, 
have been sent to us by Remington Rand Ltd., Com- 
monwealth House, 1-19, New Oxford-street, London. 
W.C.1. 


Steel Pallets.—Fisher & Ludlow, Ltd., Materials 
Handling Division, Bordesley Works, Birmingham, 12) 
have sent us a copy of a publication in which the manu- 
facture of their Flowstack steel pallets is described and 
illustrated. These pallets consist of cage-like containers, 
for coils of wire and other products, and are capable of 
being stacked one on top of another and transported by 
fork truck. 


Blast Furnaces.—Photographs of blast furnaces built 
by the firm during the two decades 1930 to 1950 are 
reproduced in a brochure published by Ashmore, Benson, 
Pease & Co., Ltd., Stockton-on-Tees. Brief particulars 
of the furnaces which are situated at Dagenham, 
Pretoria, Cardiff, Glasgow, Consett, Newcastle (Natal), 
Margam and Normanby Park, and in North Lincolnshire, 
Turkey and Rhodesia, are included. 


Cold Pressure Welding.—A second, revised, edition of 
their brochure on cold pressure welding, first issued in 
1948, has now been published by the General Electric 
Co., Ltd., Magnet House, Kingsway, London, W.C.2. 
All the basic facts concerning the process, which is applied 
mainly to aluminium and copper, are given in the 
brochure, in addition to a statement of its limitations 
and an estimate of its uses in industry. Numerous 
interesting photographs are reproduced. 

Twist Drills.—A well-written and illustrated “ Twist 
Drills Instruction Book” has been published by Firth 
Brown Tools, Ltd., Carlisle-street, Sheffield. It deals 
very fully with twist drills and combined drills and coun- 
tersinks to British Standard Specification No. 328 : 1950. 
Among the subjects treated are nomenclature and 
definitions, point grinding, causes and remedies of drill 
failures, deep-hole drilling, speeds and feeds, cutting 
lubricants, and dimensions of Morse taper shanks and 
sockets. 

Tests for Aluminium.—The Northern Aluminium Co., 
Ltd., Banbury, Oxfordshire, have issued a revised and 
enlarged edition of their booklet on mechanical testing. 
It describes in simple terms the usual methods of testing 
aluminium and its alloys and the equipment employed. 
After dealing with tensile, hardness, cupping, impact, 
fatigue and other tests, several pages are devoted to an 
interesting discussion on the relation between the 
mechanical properties and the working characteristics 
of aluminium and aluminium alloys. 

Conveyor Belting and Heat-Insulation Materials.—Two 
publications have reached us from George MacLellan 
& Co., Ltd., Glasgow Rubber and Asbestos Works, 
Maryhill, Glasgow, N.W. One contains technical infor- 
mation concerning the firm’s “Compass” cotton and 
rubber conveyor belting and “ Tuffite ” friction-surface 
rubber and canvas transmission belting, and the other 
deals with heat-insulation materials, including asbestos 
mattresses, millboard, cloths, webbing tape, rope lagging 
and non-conducting composition. 

Molybdenum Steels.—A 70-page brochure on molyb- 
denum and other alloy steels, entitled ‘“‘ Three Keys to 
Satisfaction,” which are good design, good steel and good 
treatment, has been sent to us by the Climax Molyb- 
denum Co. of Europe, Ltd., 99, Pinstone-street, Sheffield, 
1. It contains much information set out in an attrac- 
tive manner and concentrates attention on those factors 
to which proper consideration must be given if optimum 
results are to be realised. The brochure was originally 
intended by the parent company, the Climax Molyb- 
denum Co., of New York, for distribution in the United 
States only and, in consequence, the technical references 
and specifications are principally American. As it has 
now been decided to make the publication available in 
this country, three lists of British Standard En alloy 
steels for hardening and tempering, for case-carburising 
and for nitriding, have been inserted for the benefit of 
British users. 
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GAS-TURBINE ALTERNATOR 
PROPULSIVE MACHINERY 
FOR TANKER ‘ AURIS.’’ 


TuE rapid development of the gas-turbine engine 
for aircraft propulsion during the war years stimu- 
lated interest in the possibilities of this prime mover 
for other uses, including marine propulsion. The 
first requirement of any power unit, if it is to be 
suitable for such a purpose, is reliability, and, if it is 
to be used in an ocean-going merchant ship, it 
must have a reasonably long working life, say, 
150.000 hours in service. Furthermore, if it is to 
compete with other forms of propulsion already in 
the field, it must have a reasonably good overall 





Fie. 1. 


efficiency and a reasonable first cost, or show some 
compensating advantage not possessed by other 
types of engine. The requirements of long life and 
reliability in a gas turbine at present preclude 
operation under conditions involving high maximum 
temperatures and stresses, and the requirements of 
high efficiency make it imperative that a heat- 
exchanger should be incorporated in the working 
cycle. Furthermore, flexibility in operation requires 
that the compressor turbine and power turbine 
should be independently mounted. A gas-turbine 
installation suitable for the propulsion of ocean-going 
ships must, therefore, be considerably larger than, 
Say, an aircraft gas-turbine engine of comparable 
power. Fortunately, the bulk of the installation is 
hot such a primary consideration on a ship, although 
1tis probable that the dimensions of a marine gas- 
turbine unit will have to be no greater than those 
of the best marine steam-turbine practice if such 
installations are ultimately to prove acceptable 
for ship propulsion. Other requirements which 
have to be met on any ship are ease and speed of 
mancuvre. In the installation to be described, 
however, such considerations have been secondary. 





The Diesel-electric ship Auris, in which the new 


gas-turbine alternator unit will shortly be installed, 
is an oil tanker of 12,290 tons deadweight, which was 
built for the Anglo-Saxon Petroleum Company, 
Limited, by Messrs. Hawthorn, Leslie and Company, 
Limited, at Hebburn-on-Tyne, and completed in 
1948. Forthe past three years she has been engaged 
in general trading. From the first, she was designed 
as an experimental ship. Her existing propulsive 
machinery consists of four Diesel engines driving 
16-pole alternators which are maintained in synchro- 
nism and supply current to a single main motor 
driving the propeller. The speed of each engine 
at fullload is 375 r.p.m., but varies with the propeller 
speed. The existing propulsive machinery was in 
itself novel, but it was always the intention of 
Mr. John Lamb, manager of the Marine Experi- 





mental and Development Department of the Petrol- 
eum Company, that one of the Diesel-electric units 
should be replaced by a gas-turbine-driven alternator 
and, accordingly, sufficient engine-room space was 
provided for this purpose. The nature of the space 
allocated, however, had a decisive influence on the 
general arrangement of the gas-turbine installation. 
It also restricted the design and, consequently, the 
heat recovery of the heat exchanger. 

The British Thomson-Houston Company, Limited, 
Rugby, who have done such pioneering work in the 
field of gas-turbine development, began work on the 
project in 1945. The complete installation, 
assembled for test at the company’s work in Rugby, 
is illustrated in Fig. 1, on this page, and Fig. 2. on 
page 210, and the general arrangement of the com- 
ponent parts is shown diagrammatically in Fig. 3, on 
the same page. In the diagram, the arrangement is 
approximately that of the actual construction. The 
cycle is of the opentype. Atmospheric air is inhaled 
through the duct @ and enters the compressor 6: 
after compression the air passes through the delivery 
pipe c which terminates in a conical diffuser d, 
connected to the upper drum ¢ of the heat exchanger, 
which is shown diagrammatically in cross-section in 





Fig. 5. The air then divides into two streams and 
passes down through the tubes f of the heat exchan- 
ger to the two air-outlet drums g at the base, in which 
are incorporated the combustion chambers h. The 
hot products of combustion then pass through short 
pipes j to the high-pressure turbine k, which drives 
the compressor, and thence to the low-pressure 
turbine 1 which drives the alternator m. After 
leaving the low-pressure turbine, the gases are 
returned to the heat-exchanger and pass upwards, 
outside the tubes, flowing, for the most part, 
directly contrary to the compressed air inside the 
tubes. The gases are discharged subsequently to 
the atmosphere. 

The compressor and high-pressure turbine are 
illustrated in Fig. 6, on page 224, and the high- 
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1,200-S.H.P. Martne Gas-TURBINE ALTERNATOR SET ON TEST AT THE MAKERS’ WORKS. 


pressure turbine rotor is shown in Fig. 8, on the same 
page. Owing to the comparatively small mass flow 
of air (less than 30 Ib. per second), interstage cooling 
during compression was deemed impracticable, and 
a single axial-flow compressor having 24 stages was 
therefore installed. A pass-out valve is fitted 
at the exit from the eighth stage and this may be 
opened during starting of the set should the com- 
pressor show any tendency to surge. In fact, no 
such tendency has been observed during the tests. 
The inlet casing of the compressor is cast-iron 
and the cylinder and rotor drum hre of low-carbon 
stainless steel. The compressor stator blades are 
precision-cast, but all other blading in the installa- 
tion was milled out and finished from the solid 
material. 

The high-pressure turbine has seven stages. 
The casing and shaft-ends are of Staybrite FCB 
steel, as are the rotor discs of the last three stages ; 
those of the first four are Rex 326F steel and the 
blading is Rex 337A steel. The high-pressure 
turbine and the compressor, together with the 
50-h.p. starting motor for the set, are carried on a 
fabricated steel frame which is bolted to the main 
base so that the high-pressure turbine is situated 
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above the low-pressure turbine, and the compressor 
above the alternator. The low-pressure turbine, 
which is illustrated in Fig. 4, opposite, has six 
stages and is mounted, together with the alternator, 
in the main base. The latter also contains the alter- 
nator air cooler and a tank for lubricating oil, and 
serves as a base for certain auxiliaries. The whole 
of the low-pressure turbine may be short-circuited 
by a by-pass valve marked n in Fig. 3, which, 
when opened, allows the gases issuing from the high- 
pressure turbine to pass directly to the heat- 
exchanger and thence to the atmosphere. This 
valve has two functions. In the first place, it acts 
as a safety valve, being opened automatically by 
compressed air bled from the compressor should 
over-speeding occur on either the high- or low- 
pressure turbine shafts. The fuel supply is cut-off 
automatically at the same time. Over-speeding of 
the alternator shaft in the event of sudden failure 
of the electrical load is therefore avoided. Were 
the by-pass valve not fitted, dangerous over- 
speeding might occur, even though the fuel were 
completely cut off, owing to the inertia and internal 
energy of the air in the system. The by-pass 
valve fulfils a second function as an accessory 
in starting. When the valve is kept open during 
the starting period, the pressure behind the high- 
pressure turbine is reduced. In consequence, the 
high-pressure turbine assists in starting the com- 
pressor, and the power and time required for 
running up to speed are reduced. 

Mention has already been made of the internal 
arrangement of the heat-exchanger. It is shown 
diagrammatically in Fig. 5, opposite. The tubes 
are approximately 22 ft. long and have an outside 
diameter of 14, in. and a wall thickness of 0-08 in. 
The unit is mounted on the exhaust of the low- 
pressure turbine and is supported from the main base 
on four columns. Large doors are provided on all 
four sides of the heat-exchanger so that the tubes 
are readily accessible for cleaning, and the ex- 
changer may also be jacked up and a section with- 
drawn on rails at the base. The flow area for the ex- 
haust gases amounts to about 70 per cent. of the total 
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inside cross-section of the heat-exchanger casing. 

The heat-exchanger and the two combustion 
chambers form one unit. The combustion chambers 
and burners, which are illustrated in Fig. 7, on page 
224, were designed by the British Thomson-Houston 
Company and the Shell Petroleum Company 
working in collaboration. The inner parts of the 
combustion chambers are manufactured from 
Immaculate 5 steel, the mixing chambers are Stay- 
brite FDP steel and parts not exposed to high 
temperatures are in mild steel. The primary zone 
of each combustion chamber is refractory lined. 
The main fuel atomisers are of the spilling type. 
In addition, each chamber is fitted with a starting 
burner which burns gas oil and is electrically 
ignited, and the starting burners, in turn, ignite 
the main burners. The flame in each combustion 
chamber may be viewed through a window. In 
front of each of these a photo-electric cell, one of 
which is visible in Fig. 7, is fitted. Should the 
flame blow out, this cell immediately operates to 
cut off the fuel supply. No such failure, however, 
has occurred during the testing of the equipment. 
The hand-controlled fuel valves and the temperature 
gauge board are also visible in Fig. 7. The engine- 
man controls the flame sizes independently, adjust- 
ing the valves till the temperatures at corresponding 
points in the two combustion chambers are equal. 
No difficulty has been experienced in balancing the 
flows through the combustion chambers. In the 
event of a burner failing it may be removed and 


replaced without shutting down the set completely. 
Spare burners will be carried at sea, but there has 
been no occasion to make replacements during the 
trials of the installation. 

In starting up the set, the valve which by-passes 
the low-pressure turbine is first opened and the 
high-pressure turbine and compressor are run up 
to 1,200 r.p.m. by means of the starting motor p, 
shown in Fig. 3. The fuel supply to the main 
burners is then turned on and the burners ignited, 
after which the high-pressure turbine gradually 
accelerates the shaft. The characteristic of the 
starting motor is such that its torque falls to zero 
when the speed of the shaft is approximately 
1,800 r.p.m., and when this stage is reached the 
starting motor is automatically disconnected. 
During starting, the peak temperature reached in 
the high-pressure turbine inlet is between 480 deg. C. 
and 540 deg. C. As the set accelerates to its idling 
speed, this temperature gradually falls to a value 
between 330 deg. C. and 400 deg. C., depending on 
the ambient conditions and the speed of the low- 
pressure turbine. Under idling conditions, the 
speed of the high-pressure turbine shaft is approx!- 
mately 3,000 r.p.m., or about half the full-speed 
value. 

The design was based on the following assump- 
tions :— 





Ambient air temperature 20 deg. C. ia 
Ambient air pressure 14-70 Ib. per sq. 2. 
absolute. 
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Fia. 4. Low-Pressure TURBINE WITH Tor HALF oF CasING REMOVED. 


4-2:1 
627 deg. C. normal 
649 deg. C. maxi- 


Pressure ratio of compressor . 
Turbine inlet temperature 


” ” ” 


mum 
Net turbine output a e+» 1,200 b.h.p. 
Output at alternator terminals 860 kW 
Fuel consumption at design 0-70 lb. per b.h.p. 
point per hr. 
Overall thermal efficiency 20 per cent. 


10,000 C.H.U. per lb. 
50 to 55 per cent. 


Net calorific value of fuel 
Heat-exchanger thermal ratio... 
Compressor and H.P. turbine 


speed ... nae a .. 5,750 r.p.m. 
L.P. turbine and alternator 
speed coe eee . 3,000 r.p.m. 


The testing of the set began on June 26, 1950. 
Between then and December 22, 1950, the set ran 
for a total of 124 hours with gas oil as fuel. During 
this time various adjustments were made and 
preliminary performance figures were obtained. 
A high-pitched noise which was troublesome during 
the early tests was found to originate in the com- 
pressor, and was reduced to an acceptable level by 
fitting a silencer in the air intake. Performance 
and endurance tests were conducted between Janu- 
ary 1 and February 9, 1951, during which period 
the set ran for a total of 528 hours, 193 hours on 
gas-oil and 335 hours on a heavy oil having a 
viscosity of 1,500 seconds at 100 deg. F. on the 
Redwood 1 scale. The tests with gas-oil as fuel 
included one continuous run of 100 hours’ duration. 
When the fuel was changed to heavy oil, it was 
found necessary to undertake a number of short 
Tuns, totalling 65 hours in all, before satisfactory 
combustion was obtained. Finally, the set ran 


for 270 hours continuously, mainly under full load. 
When heavy oil is used, it is necessary to preheat 
the fuel to a temperature between 105 deg. C. and 
120 deg. C. 

The results of two tests are given in the following 
table. The run under maximum load was under- 
taken to test the alternator, and the period of 
running was insufficient for the attainment of 
steady conditions in the heat-exchanger. Since 
it is difficult to measure the temperature at the 
high-pressure turbine inlet accurately, the value 
obtained has been supplemented in the table by a 
value calculated from the temperature at the inlet 
to the low-pressure turbine. The latter tempera- 
ture can be recorded reliably. The values obtained 
for the overall thermal efficiency apply to the whole 
set, including the alternator, the efficiency of which 
is 95 per cent. The results have been worked out 
on the assumption of a net calorific value of 
10,170 C.H.U. per pound for the gas-oil and 9,800 
C.H.U. per pound for the heavy oil. 

The fuel consumption under no load is approxi- 
mately 100 Ib. per bour when the low-pressure 
turbine is idling at 1,500 r.p.m., and 200 lb. per 
hour when it runs at 3,000 r.p.m. Although the 
temperature at the inlet to the high-pressure 
turbine under full load is approximately 50 deg. C. 
below the design figure, the fuel consumption is 
approximately 10 per cent. less than expected. 
No modifications have been made to the compressor 
or to either of the turbines, which remain as 
originally designed. The tests have shown, however, 
that neither the compressor nor the high-pressure 





turbine is running at its best condition. In spite 
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of this, and the fact that the inlet temperature of 
the high-pressure turbine is less than the permissible 
maximum for the set, and the thermal ratio of the 
heat-exchanger is only 50 to 52 per cent., the overall 
thermal efficiency is higher than was expected. 

















Test Conditions Gas-Oil. Heavy Oil. 
Test Conditions. | Full Load. | Max. Load. 
Compressor— 
Inlet : deg. C. me ce 6 4 
Ib. per sq. in. abs. ; 14-13 14-17 
Outlet: deg.C. .. oa ia 160 167 
Ib. per sq. in. abs. +e 56-17 60-03 
Combustion chamber— 
Inlet : deg. C. - “ a 252 260 
Ib. per sq. in. abs. 5 55-61 59-41 
H.P. turbine— 
Inlet : deg. C. measured .. .-| 658°5 585 
» calculated .. ois 556 589 
Ib. per sq. in, abs. o 54-10 57-83 
L.P. turbine— 
Inlet : deg. C. as oe bi 412 438 
Ib. per sq. in. abs. - 22-58 23-50 
Isentropic efficiency (per cent.) — 
Compressor. . o” es 87-0 86-3 
H.P. turbine ee oe oe 85-2 84-3 
L.P. turbine ee -_ oe 88-4 89-5 
Heat exchanger— 
Gas inlet: deg. C. +s - 344 361 
Gas outlet: deg. C. a on 250 258 
Pressure drop: Ib. persq.in. .. 0-21 0-26 
Shaft speeds (r.p.m.)— 

H.P. turbine sa = .-| 5,850 6,000 
L.P. turbine 2,800 2,940 
Compression ratio .. ee oa 3-98 4-24 
Air mass flow : Ib. per sec. al 27-6 28-8 

Fuel consumption: Ib. perhour .. 773 925 
Output at alternator terminals— 

(Corrected kW) .. Sa ca 875 1,022 
Fuel rate: lb. perkWh .... - 0-884 0-905 
Overall thermal efficiency (per cent.) 21+1 21-4 





It must be emphasised that the gas-turbine 
alternator set described above, and shortly to be 
installed in the M.S. Auris, is purely experimental. 
The tanker has, at present, a service speed of 
12 knots. Running on three of her four Diesel 
sets only, she can maintain approximately 10 knots 
and has ample power for manceuvring. The gas 
turbine will be used, for the present, only on the 
high seas; there should, nevertheless, be ample 
scope for testing the installation under a variety of 
conditions. It is estimated, for instance, that the 
gas-turbine unit alone could propel the ship at 
approximately 9 knots. If the sea-trials are satis- 
factory, the information obtained will be used as a 
basis for the design of a larger and more economical 
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set. In conclusion, it deserves to be mentioned that 
the gas-turbine installation on the Auris will be the 
first, designed specifically for marine propulsion, to 
put to sea; for although a motor gunboat of the 
Royal Navy was fitted with an aircraft jet engine, 
which was modified by the addition of a power 
turbine, and underwent a series of demonstration 
trials in the Solent in 1947, being thus the first 
gas-turbine propelled naval craft to go to sea, the 
engine had not been designed originally for the 
purpose to which it was put, its fuel consumption 
was high, it burned a light distillate fuel, and its 
life was limited to a few hundred hours, 





EFFECT OF INTERNAL 
STRESSES ON THE 
BEHAVIOUR OF MEMBERS 
IN THE PLASTIC RANGE. 
By Proressor J. F. Baker, 0.B.E. and 
Dr. M. R. Horne, A.M.I.C.E. 

THE results of recent investigations into the 
plastic behaviour of structures have been summarised 
in a paper* to the Institution of Civil Engineers, 


which was commented upon in a leading article in 
ENGINEERING on January 14, 1949, on page 38. 
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In that paper, and in other papers describing the 
simple plastic theory, it is assumed that the members 
are free from initial internal stresses, and it is 
pertinent to ask whether residual stresses due to 
welding may not invalidate the application of the 
same theory to built-up structural members. 

The presence of residual stresses must, in the 
elastic range, have a pronounced influence on the 
stress distributions in a member. In fact, as long 
as the yield stress is not exceeded, the true stress 
distribution is obtained simply by adding to the 
residual stresses the stress distribution due to the 
load. When the attainment of yield stress is 
adopted as a criterion of the limit of safety, the 
presence of residual] stresses may lead, therefore, to 
a considerable. decrease in the allowable carrying 
capacity of a member. Since no method of calcu- 
lating residual stresses is available, the only means 
of allowing for them is to adopt a lower working 
stress than would otherwise be permissible, and 
doubts regarding residual] stresses are partly respon- 
sible for the use of such lower working stresses in the 
past. 

However, when designing by means of the plastic 
theory, it is only necessary to consider the effect of 
these residual stresses on ultimate carrying capacity. 
Purely local stress concentrations can have little, if 
any, effect, since failure does not occur until a 
condition of complete plasticity is attained. Residual 
stresses form a self-equilibrating system, and so, 
if they increase the total stress and hasten yield 
in some parts of the member, they must equally 
decrease the total stress and delay yield in other 
parts, and the ultimate resistance of the member 
should be unchanged. Moreover, preliminary yield- 

*“A Review of Recent Investigations into the 
Behaviour of Steel Frames in the Plastic Range,” by 
Professor J. F. Baker. Jl. Inst.C.EZ., vol 31, page 188 





ing in certain small areas of the member cannot 
have any appreciable effect on deflections. 

There may be some doubt, however, as to the 
influence of the more extensive residual stresses 
which may occur in certain members, such as a 
column of rectangular cross-section fabricated from 
four steel plates welded together along their edges, 
or an I-beam with welds between the flanges and the 
web. In the former, the corners would probably 
be subjected to tensile residual stresses and the 
main part of the four plates to compressive residual 
stresses. In the I-beam, there may similarly be 
extensive compressive stresses throughout most of 
the web. Thus, questions which arise are: when 
residual compressive stresses occur in thin sections 
within the member, will buckling take place at a 
load appreciably lower than the collapse load calcu- 
lated by the simple plastic theory ?; and, in the 
absence of buckling, will there still be any decrease 
in ultimate carrying capacity, or increase in 
deflection ? 

The danger of buckling has, of course, to be 
considered in designing either by the elastic or the 
plastic theory, irrespective of whether or not residual] 
stresses are present. If local instability of the web 
or flanges can occur in a member without residual 
stresses, it is possible for this type of failure to result 
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at a lower applied load when residual stresses exist. 
However, if a beam with no residual stress can be 
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The stress distributions occurring in the beam up to 
the stage of complete collapse are described. The 
work forms part of a general investigation into 
the behaviour of rigid-frame structures being 
carried out, with the support of the British Welding 
Research Association and the Department of Scienti- 
fic and Industrial Research, at the Engineering 
Laboratory, Cambridge University. 

Consider the beam shown in Fig. 1 (a). Let the 
area of each flange be equal to the area of the web 
and let the web be initially stressed to a uniform 
compressive stress equal to 0-600 times the yield 
value. The conditions of internal equilibrium then 
require that the flanges both have a tensile stress 
0-300 times the yield stress. Thus the stress distri- 
bution will be that shown in Fig. 1 (a). Ifa bending 
moment is applied and gradually increased, the 
section will remain elastic until the moment reaches 
a value 0-373 times the full plastic moment of a 
similar section free from residual stress. At this 
stage, yield stress is reached in compression at 
one edge of the web. If the beam is subjected 
to a sagging bending moment, this occurs at the 
top of the web, and the stress distribution shown in 
Fig. 1 (6) is obtained. It is assumed throughout 
this article that the thickness of the flanges is 
negligible compared with the depth of the section, 
and that the stress distribution in the flanges is 
uniform. 
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taken without internal instability to the full plastic 
moment (yield stress then being reached throughout 
the cross-section), the presence of residual stresses 
cannot increase the danger of internal instability 
unless the straining action is so great as to introduce 


(a) ‘e) 


strain-hardening. Hence, residual stresses can 
only affect ultimate carrying capacity if (1) internal 
instability can occur in a similar member free from 
residual stress; (2) thin sections in compression 
are taken into the strain-hardening range as a result 
of residual stresses before the full plastic condition 
is reached ; or (3) there is a decrease in carrying 
capacity, apart from the effect of instability. 

The problem of internal instability in the plastic 
range has still to be investigated, but, in the members 
so far tested, it does not appear to have any critical 
effect. Therefore, as long as attention is restricted 
to members in which local buckling cannot occur 
in the elastic range, the only factors which need be 
considered are (2) and (3). The present note con- 
tains a theoretical investigation of the effect of resi- 
dual stresses on one of the sections mentioned above 
—a built-up I-section. The stress distributions 
which arise as the bending moment applied to the 
member is increased are described, and it is shown 
that, long before the strain-hardening stage is 
reached, the influence of residual stresses is com- 
pletely eradicated. The moment of resistance, 
when the section is fully plastic, is thus quite 
unaffected by any self-equilibrating system of initial 
internal stresses—a conclusion which is fully to 
be expected if the problem is regarded from the 
point of view of strain energy. It may be safely 
assumed that similar results would be obtained for 
any other type of section. 

To illustrate the effect of residual stresses on the 
behaviour in bending of a beam, it is proposed to 
consider the case of a built-up I-beam to which is 
applied a continuously increasing bending moment. 











Further increase of bending moment creates a 
compressive plastic zone at the top of the web (Fig. 
1 (c)), the rest of the section remaining elastic until 
yield occurs in the lower flange in tension, when the 
bending moment is 0-652 times the full plastic 
moment (Fig. 1 (d)). As the bending moment is 
further increased, the extent of the compressive 
plastic zone in the web remains practically constant 
(see Fig. 1 (e)), and when the bending moment is 
0-852 times the full plastic moment, yield stress is 
reached at the bottom of the web in tension (Fig. 
1 (f)). A tensile plastic zone then develops as the 
moment is increased (see Fig. 1 (g)), until, when the 
bending moment is 0-982 times the full plastic 
moment, the top flange yields in compression 
(Fig. 1 (h)). At this latter stage, the stress distri- 
bution becomes symmetrical about the geometric 
centre line, and, for higher bending moments up 
to the stage of complete plasticity (Fig. 1 (i)), the 
stress distribution is exactly the same as for a beam 
without any initia] internal stress. 

The relationship between moment of resistance 
and curvature for an I-beam of the same proportions 
as that just described, but having varying degrees 
of initial internal stress, is shown in Fig. 2, opposite. 
The curvature is plotted horizontally in terms of the 
curvature of an I-beam free from initial stress, sub- 
jected to a pure bending moment just sufficient 
to produce yield in the extreme fibres. The bending 
moment is plotted vertically as a proportion of the 
full plastic moment. The various stages corres pond- 
ing to the attainment of yield stress in tension and 
compression in the web and flanges are indicated 
according to the key given in the figure. 

It will be seen that, for any given bending moment, 
the curvature of an initially stressed beam is always 
greater than that for an initially stress-free beam 
once the yield stress has been exceeded, and until 
yield occurs in the compression flange ; and that 
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(107.8) Curvature of Normal Section 
this effect is more pronounced, the greater the 
initial stresses. However, whatever the degree of 
initial stress, the relationship between bending 
moment and curvature is the same as for an initially 
stress-free beam, once yield has occurred in the 
compression flange. The curvature at which the 
compression flange yields is greatest when the web 
is pre-stressed to the yield value, and is then 2-5 
times the curvature of an initially stress-free section 
at yield. Hence the presence of initial internal 
stress has no effect on the beam when the full 
plastic moment is approached. Since strain- 
hardening does not occur in mild steel until the 
strain has reached a value approximately eight times 
the strain at yield, the effect of residual stresses is 
eradicated long before the bending action has become 
great enough to produce strain-hardening. 

The manner in which the mean compressive 
stress in the web gradually decreases with increased 
curvature is shown in Fig. 3, herewith. This mean 
stress begins to decrease as soon as yield occurs 
in the most highly stressed fibres of the web, and 
finally becomes zero when yield occurs in the 
compression flange. 

Direct reference has been made above only to the 

case in which the ratio of total flange area to web 
area is 2-0. For all cases in which this ratio is 
greater than unity, the same qualitative results 
are obtained, but, when the total flange area is less 
than the web area, the initia] internal stress in the 
flanges must be greater than that in the web. 
Under these latter conditions, yield stress is first 
reached in tension in the lower flange, and yield 
stress in compression occurs in the web at a later 
stage. Thereafter, however, the stages are exactly 
similar to those cases for which the total flange 
area is greater than the web area. 
_ It has been shown that, as long as conditions of 
instability do not arise, the existence of residual 
stresses due to welding in an I-beam has no effect 
on the value of the full plastic moment. However, 
the residual stresses do lower the bending moment 
at which the relationship between moment of resist- 
ance and curvature becomes non-linear. At any 
given value of the applied moment, the curvature is 
then greater in the case of a beam with initial internal 
stress than in an initially stress-free beam ; but, as 
the bending moment is increased the residual 
stresses disappear until, at a certain stage (well be- 
fore the strain-hardenin g stage), the beam behaves as 
if no residual stresses had originally been present. 

The results which have been obtained for an 
I-beam with the assumed condition of initial internal 
Stress must apply qualitatively to a beam of any 
St geen, however the initial stresses are distri- 
— It can, therefore, be stated quite confidently 

at, as long as conditions of instability do not 
a residual welding stresses have no effect upon 
= values of the full plastic moment, and, therefore, 

the ultimate carrying capacity of the beam. 
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From the point of view of production and sales, 
1950 was not a good year for the aircraft industry, 
though it was rather better than had been expected. 
The Government’s decision in September, 1949, to 
reduce capital investment forced the Ministry of 
Supply and the Airline Corporations to cut down 
expenditure on new aircraft. Civil and military 
orders to aircraft manufacturers were reduced and 
some firms had laid off employees before the end 
of 1949. They found it difficult to increase exports, 
for many countries which formerly had purchased 
fighters (which constitute the bulk of British 
exports of aircraft) had been granted licences to 
manufacture these locally, The output of aircraft 
fell, therefore, though not, perhaps, by as much 
as had been feared. Employment fell from 150,000 
in June, 1949, to 147,000 in June, 1950. Published 
figures of deliveries, as shown in Table I, herewith, 


TABLE I.—United Kingdom: Deliveries of Aircraft.* 
(Monthly Averages or Calendar Months.) 











y . Index of Airframe 

Hamber. Structure Weight.t 
For For 

Total. Export. Total Export. 

1947 .. on - 62 oe 115 

1948 .. +s oF 37 26 75 50 
1949 .. os ‘a 38 35 85 75 
1949—October sa 30 30 60 60 
November .. 22 22 70 70 
December .. 32 32 80 380 
1950—January “a 33 30 50 50 
February... 50 44 130 90 
March oe 67 63 125 100 
April = 54 51 100 65 
May .. on 43 42 70 55 
June .. a 48 48 60 60 
July .. a 41 41 85 85 
August pid 29 27 40 30 
September .. 20 19 35 20 
October oe 38 34 75 30 

















* The figures exclude aircraft of military type except those 
produced for export. 

+ The monthly average of deliveries (for home and export 
combined) in 1946 is taken as 100; this applies both to the index 
of total deliveries and to the index of export deliveries. 


taken from the Monthly Digest of Statistics, do not 
include the production of aircraft for the Royal Air 
Force and Royal Navy, though they do include 
military aircraft for export. The number of aircraft 
delivered from January to October, 1950, was 423 ; 
26 more than in the corresponding period of 1949. 
Table I shows that the index of airframe structure 
weight (proportionate to the total weight of airframe 
structures of aircraft delivered), based on 1946 =100, 
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stood at only 77 in 1950, compared with 88 in 1949. 
Exports of aircraft and parts, at 34-3/. millions, 
showed little change as compared with 1949. 

Re-armament has completely changed the outlook 
for the industry. In 1950, manufacturers found it 
difficult to keep together production teams and 
design staff; in 1951, their problem is to secure a 
large and immediate increase in output, and they 
need large numbers of skilled technicians, who 
cannot be quickly assembled. They are now 
beginning to restore the sub-contracting organisa- 
tion which enabled the industry to produce vast 
numbers of aircraft during the recent war. Service 
orders are for only a limited range of aircraft, 
mainly the Gloster Meteor, the de Havilland 
Vampire and Venom fighters, and the English 
Electric Company’s Canberra bomber, but it is 
likely that other types will soon go into production. 
The construction of military aircraft is to be 
entrusted to many companies other than the 
proprietary firms, and the ensuing prosperity is 
likely, therefore, to be fairly widely spread. 

So far as the British aircraft industry has been 
concerned, the market for civil aircraft has been 
hitherto of only minor importance compared with 
that for military types. Proposed expenditure on 
aircraft by the nationalised airlines over the next 
three years is only about 5-5. millions per annum 
and exports are small, though a few British types, 
notably the de Havilland Dove, sell well abroad. 
Air and Naval Air Estimates for expenditure on 
aircraft, on the other hand, amounted to 621. millions 
for the year ended March 31, 1950, and will probably 
approach 1001. millions for the current financial 
year. Expenditure over the next few years will be 
even higher. Firm orders have been placed or 
authorised to the value of 2501. millions to cover 
deliveries during the next two years, and to tool up 
and plan production for the third year’s programme. 
When exports of military craft and components are 
considered, the production of civil craft probably 
accounts for under 3 per cent. of the total output in 
the industry. It does not follow, however, that the 
civil side of the industry is unimportant ; it would 
be of the greatest consequence if re-armament plans 
caused any curtailment of the production or 
development of civil aircraft. 

At present, the market for airliners is dominated 
by United States manufacturers, who, by agreement 
during the war, met the Allies’ requirements of 
freight machines and heavy bombers, the production 
of which was discontinued in Britain. The result 
was that, after the war, the United States could 
offer to the world airlines civil aircraft which were 
ahead of anything available in Britain. Fortunately 
for Britain, until recently the Americans continued 
to concentrate on piston-engined types, while 
British manufacturers put their trust in the jet 
engine. The British venture was a heavy gamble 
and much of the risk was borne by the manufac- 
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turers, albeit with encouragement and some financial 
support from the Government. Its successful out- 
come in the Comet, for which the de Havilland 
Company met the full cost of developing the air- 
frame, the Vickers Viscount, the Bristol 170, and 
the Armstrong Whitworth Apollo has given British 
manufacturers a clear lead over their American 
rivals. British makers should, therefore, be able to 
capture the market for civil aircraft when the new 
jet types are in full production in 1952 or 1953. 

At present, there are about 3,700 air liners, 
of which 600 are four-engined, operating on the 
world air routes. Since air liners still using piston 
engines would find it difficult to compete with those 
which had adopted jet propulsion, replacement on a 
large scale would be necessary. If the larger craft 
were replaced by Comets at a cost of, say, 450,0001. 
each, and the smaller by Viscounts, costing some 
170,0001. each, the total outlay would be 800l. 
millions. A large part of the potential market is 
in the United States, where, after years of frustrating 
negotiations, the British Certificate of Airworthiness 
has been accepted as valid and a major obstacle 
to the use of British aircraft in that country removed. 
The British air lines, which have expended large 
sums on American Boeing Stratocruisers and Cana- 
dian Argonauts, have no more on order and will buy 
only British types in future. While market poten- 
tialities are large, sales in 1951 will be small. The 
first Comet intended for service has already under- 
gone its first tests and it is expected that this, 
together with a few more, will be delivered to the 
British Overseas Airways Corporation before the 
end of the year. There are, however, only 14 
Comets on order for the Corporation, and the 
only firm export order has come from Canadian 
Pacific Airlines, for two more. The chairman of 
Quantas Empire Airways, the Australian air line, 
has announced, however, that his company hoped 
to order the Comet for operation on a route to South 
Africa via the Cocos Islands. Many more orders 
may be expected to flow in as the Comet proves 
itself in operational service, but it will be some 
time before it shows a profit for de Havillands, who 
estimate they must sell 100 machines to recoup 
development expenditure and cover costs. 

The failure of British European Airways to place 
firm orders for Viscounts delayed their production 
forsome time. In August, 1949, Vickers-Armstrongs 
Limited were assured that an order for 40 would be 
forthcoming, but the order which has finally materia- 
lised, after a year of negotiation, is for 28 only. 
Tooling-up has had to be delayed and the aircraft, 
which could have been in service next year, will 
not be ready until 1953. 

The success of the Comet has meant the death 
of another gamble in aviation. The British Over- 
seas Airways Corporation have long maintained 
that the Brabazon could be run economically only 
with a special subsidy, so that there was little 
surprise when it was announced that there would 
be no orders for service machines. Costly as the 
venture was, it was doubtless justified, for the 
prototype will provide much valuable information 
about the operation of very large aircraft ; at one 
time, indeed, it seemed that these might be the 
machines of the future for long-distance flying. 
Recent developments in the technique of refuelling 
in flight suggest that long routes can be operated 
more economically by much smaller but speedier 
aircraft with relatively greater payloads. In 
August, it was announced that the de Havilland 
Company were to undertake trials with Flight 
Refuelling, Limited, to explore the possibilities of 
refuelling the Comet in flight. If this can be done, 
Comets could work the Atlantic route if refvelled by 
tankers based on Shannon and Gander airports. 

The other experiment (also costly) in very large 
aircraft, the Saunders Roe “‘ Princess ”’ flying boats, 
may prove somewhat more successful, for flying 
boats have obvious advantages on ocean routes. 
The B.0.A.C. is to take delivery of three, a commit- 
ment inherited from British South American Air- 
ways, but may find it difficult to make use of them. 
The present policy is to close flying-boat bases, 
which are proving too expensive to maintain, since 
only a few British aircraft use them. 

When so large a market for civilian aircraft is 
within the reach of the British aircraft industry, 





it would be most disappointing if shortage of man- 
power and materials meant the transfer of resources 
from civilian to military aircraft. It would be even 
worse if present expediency brought a decision to 
concentrate British production on fighters and light 
bombers, and to leave the production of all large 
military aircraft to the United States. In the 
interest of efficient war production, it may be desir- 
able that some arrangement should be made about 
which types of aircraft should be produced in the 
two countries. It is also true that Britain has 
nothing to gain by producing giant craft of the 
Brabazon and B.36 types, but it is imperative that 
production and development of the fast medium 
passenger and freight types shall continue. 

No United States aircraft manufacturer has at 
present a single jet (or turbo-jet) transport machine 
past the drawing-board stage, and, even if a start 
could now be made on building one, it could not be 





in regular service before 1954. The Boeing Airplane 


exports of jet engines to the United States are out 
of the question, for the United States Government, 
for strategic reasons, would never tolerate complete 
dependence on British-made engines. 

The programme for military production in the 
United Kingdom is at present concentrated 
largely on three fighters, the Gloster Meteor, the 
de Havilland Vampire, and the de Havilland Venom, 
and on one bomber, the English Electric Canberra, 
Several other aircraft are on order, but are required 
in much smaller quantities. They include the 
Vickers Supermarine Attacker, the Hawker Sea 
Hawk, and anti-submarine aircraft built by Westland 
Aircraft, Limited, Blackburn and General Aircraft, 
Limited, and Fairey Aviation, Limited. This distri- 
bution of orders immediately raised difficult prob- 
lems in the aircraft industry. 

Even before the outbreak of war in Korea, Gloster 
Aircraft, Limited, were working to capacity on 
orders for the Royal Air Force and for export, 


TABLE II.—UNITED KINGDOM: EXPORTS OF AIRCRAFT AND PARTS. 























Number. Value (£1,000.) 
manne ; — 

1948. 1949. 1950. 1948. 1949. 1950. 

Complete aircraft oe ee 1,123 1,248 852 14,313 19,947 14,079 
Engines for aircraft ae te 1,363 1,674 1,708 3,238 4,977 §,245 
Rubber tyres xe ; 16,448 18,874 20,778 183 239 298 
Other — — oo 8,270 9,055 14,654 
Total .. i a — — | 26,004 34,218 34,276 





TABLE III.—United Kingdom: Production of Motor 
Cycles and Pedal Cycles. (Monthly Averages or Calendar 
Months.) 





Motor Cycles. Pedal Cycles. 











ee For Total For 
Total. Export. | Value.* Total. Export. 

Thousands. £1,000. Thousands. 

1935 5-39 1-50t —- 166 31 

1947 9-32 5-17 832 208 123 

1948 -| 10-92 6-49 1,020 245 156 

1949 12-75 7:40 1,150 293 191 


1949—October ..| 11-55 
November | 12-61 
December | 13-75 


-07 1,178 300 177 
“04 1,240 326 188 
-O7t | 1,079 292 160 


7 
7 
8 
1950—January ..| 13-81 7-22 | 1,240] 285 173 
February | 13-57 7-78 | 1,241] 27 166 
March — ..| 18-03t | 8-52t | 1,660] 312 190 


April ..| 18-84 7:80 1,351 235 135 
May .-| 16-18 7-76 1,573 284 169 
June .-| 17-24f 7°73$ | 1,615 283 171 
July ..| 14-85 60-02 | 1,819 288 178 
August ..} 11-19 4-69 955 248 154 


September | 11-44¢ | 5-48t¢ | 1,473] 313 | 201 


October ..| 13-66 6-34 1,579 331 211 
November | 13-35 5-41 
December | 14-11¢ | 7-66 




















* Value figures relate to deliveries, and include parts and 
accessories. ¢ Numberexported. { Five-week periods. 
Company is the only one which has announced 
development of a pure jet transport ; in the middle of 
1950 they had a model of a 560-m.p.h. 60-passenger 
aircraft ready for wind-tunnel tests. Other com- 
panies have plans for fitting existing types of aircraft 
with turbo-propellers. As far as the engines them- 
selves are concerned, some United States manufac- 
turers have been forced to adopt British types. 
Pratt and Whitney, Incorporated, have had a 
licensing agreement with Rolls-Royce, Limited, for 
some time and, in October, 1950, it was announced 
that a contract had been negotiated between 
Armstrong Siddeley Motors, Limited, and the 
American Curtiss Wright Aircraft Corporation ; this 
provides for an interchange of information between 
the two companies and the building under licence 
by the American company of the present range of 
the Armstrong Siddeley aircraft engines. Curtiss 
Wright are to give up the construction of airframes 
and will now concentrate on engine production. 
Like most other American companies, they have 
hitherto done very little work on gas-turbine engines. 
Licensing arrangements of this kind may appear at 
first sight short-sighted, but are probably for the 
best. They bring in large royalties to the companies 


but they could call on other members of the Hawker 
Siddeley group to help with sub-contracting. The 
de Havilland Aircraft Company had fairly ample 
floor space, though there was a shortage of skilled 
personnel at their new Chester factory, where the 
Vampire is in production. Engine-building capa- 
city, however, was fairly fully occupied. Moreover, 
Rolls-Royce, Limited, who supplied the engines for 
the Meteor and the Canberra, were already working 
at high pressure, but there was much unused 
capacity in the aircraft industry, and some com- 
panies were keeping going only on development 
projects. Four-engined bombers have long been 
at the development stage, but production orders are 
apparently not in sight, and the established manu- 
facturers of heavy bombers consequently have 
capacity to spare. Since the only answer to uneven 
employment of manufacturing resources was to 
spread orders over the whole industry, the Ministry 
of Supply arranged for Handley-Page, Limited, 
Short Brothers, Limited, and A. V. Roe, Limited, 
to undertake production of the Canberra bomber, 
though the aircraft was designed and developed by 
the English Electric Company, who will still continue 
to manufacture it. 

Production of the Gloster Meteor is to be under- 
taken by several companies within the Hawker 
Siddeley Group, and the Bristol Aeroplane Company 
are to build the de Havilland Venom. Rolls-Royce 
Limited, at present employ about 4,300 persons 
at their Hillington factory, but are to double this 
number. The Avon engine, the power unit for the 
twin-engined Canberra bomber, is to be produced 
by the Bristol Aeroplane Company, D. Napier and 
Sons, Limited, and A. W. Hawksley, Limited, as 
well as by Rolls-Royce, Limited, at Derby, and 
Hillington, The spread of orders for relatively few 
types of aircraft over a large number of companies 
threatens difficulties, which will doubtless arise 
over the setting up of new production lines and are 
likely to be aggravated by shortages of staff, raw 
materials, equipment and machine tools. Serious 
delays may well result. ; 

Demands upon aircraft building capacity in the 
United Kingdom have been greatly reduced by " 
system of granting licences for the manufacture 0 
British fighters and their engines abroad. T = 
latest country to undertake the production © 
British aircraft under licence is Italy, which is » 
manufacture the de Havilland Venom. The engines 
are to be built by the Fiat and Alfa Romeo yer 
panies, and the airframes by the Macchi an 
Ambrosini companies. The first Gloster ger 
fighter built in the Benelux countries under —s ; 
licence has already flown. France has lately 
obtained a licence to manufacture Rolls-Royce Tay 
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turbo-jet engines for installation in de Havilland 
Vampires and the French-designed Ouragan. The 
granting of licences to these countries is amply 
justified on the ground that tne large Western 
Defence requirements must be met quickly. There 
are also sound strategic reasons for the dispersal of 
aircraft building capacity. The Hawker Siddeley 
Group established A. V. Roe, Canada, Limited, as 
long ago as 1945. This company, which makes 
engines as well as airframes, does not use any of 
the British company’s designs, and imports only a 
few specialised components. It is well ahead of 
United States competitors in the development of jet 
aircraft, having produced a medium-range airliner 
comparable in performance to the Comet, and the 
only long-range jet fighter in the world, the CF100. 
De Havilland also have a Canadian subsidiary 
whose Chipmunk trainer is being ordered by the 
Royal Air Force as well as the Canadian Air Force. 

There are three aircraft-producing establishments 





world re-armament and despite the increase in 
production under licence abroad, British exports 
of aircraft should be higher in 1951. 


IX.—Tue Cyortz anp Moror-Cyctze Inpustry. 


In the cycle industry, 1950 was a rather less 
successful year than 1949. From January to 
November, 1950, only 2-85 million bicycles were 
produced (see Table III, opposite, taken from 
the Monthly Digest of Statistics), compared with 
2-90 millions in the corresponding period of 1949. 
This was entirely due to a fall in exports ; produc- 
tion for export fell by nearly 200,000, to 1-7 millions, 
while production for the home market increased by 
145,000, to 1-1 millions. The production of motor 
cycles for export also declined, but, since this was 
more than offset by production for the home 
market, the total output in 1950 increased by 
18,000, to 171,300 machines. The fall in the 
output of pedal cycles must be kept strictly in 


TABLE IV.—UNITED KINGDOM: EXPORTS OF PEDAL CYCLES AND MOTOR CYCLES. 









































| Number. | Value, £1,000. 
| 1948. | 1949. 1950. | 1948. | 1949. | 1950. 
ewan FS 
, | | | 
Completed pedal cycles— | | | 
British West Africa .. “al 127,201 196,582 201,949 | 987 1,499 1,598 
Union of South Africa a 167,366 124,515 34,866 | 1,029 | 794 193 
Southern Rhodesia 42,343 74,424 52,695 | "279 487 353 
British East Africa 43,855 | 63,242 89,794 | $32 491 | 710 
India = a * 207,332 | 356,351 126/215 1,368 2,274 =| 771 
Pakistan - a : | 94,777 110,352 217,236 637 718 1,412 
Malaya .| 193,029 | 230,253 237,880 1,509 1,746 1,764 
Ceylon .. é 23,052 36,354 24,679 | 160s 260 17 
Hong Kong... 29,674 | 79,617 31,176 199 546 217 
New Zealand .. ie ‘ 27,130 | 30,274 38,458 184 207. | 264 
Canada. . 7 - a 19,673 | 27,370 31,125 131 169 205 
British West Indies . . N 18,871 | 22,060 24,695 140 166 188 
Other British countries 73,832 70,308 82,448 497 479 568 
Irish Republic a | 110,933 121,901 129,413 756 | 800 849 
Switzerland 2 7,919 6,232 16,164 76 | 58 158 
Turkey 14,673 8,338 5830 104 59 13 
Indonesia om BS al 74,357 128,859 12,702 478 878 79 
Belgian Congo ae oun 20,664 | 29,356 49,053 151 216 589 
Egypt .. ; es : ‘| 26,186 | 26,370 23,048 179 17 149 
iran. a iz a 28,206 35,802 61,685 227 284 502 
Thailand “e a: & 8,652 23,934 25,338 70 187 197 
United States eae + 15,492 | 14,438 61,417 112 108 | 495 
Mexico We = a 33,411 | 31,929 79,248 231 | 220 571 
Venezuela... as coal 39,183 | 37,906 46,056 297 270 323 
Brazil .. fe Bs ate 62,000 | 158,602 174,583 432 1,068 1,240 
Argentina =... 104,842 41,169 445 815 | 334 
Other foreign countries 189,255 | 129,894 205,666 1,381 | 955 1,510 
Total .. ..  ..| 1,803,908 | 2,210,432 2,109,864 12,761 | 15,445 | 15,100 
Complete — ae with en- | i ful oo 
gines not exceeding 100 c.c. .. 10,084 | 8,542 5,588 361 307 220 
Other .. oa = i. 65,191 56,566 68,371 6,003 5,403 6,760 
a. «. «& 75,275 | 65,108 73,959 6,364 : 6710 6,980 
Parts and accessories of bicycles _- po aa ins 4,146 | 4,767 5,604 . 8 
Parts and accessories of motor | } 
cycles .. cs a ae — ~< — 1,007 | 1,134 1,609 
frand Total... -_ | - — | 24278 | 27,056 =| = 29,293 











in Australia, One is a subsidiary of de Havillands ; 
the second, the Commonwealth Aircraft Corpora- 
tion, in which Rolls-Royce, Limited, have a minority 
interest, and the third is a Government undertaking 
controlled by the Division of Aircraft Production. 
One of the latest British fighters, thought to be 
the fastest in the world, the Hawker P1081, is to 
be built by the Commonwealth Aircraft Corporation 
under licence, as well as Rolls-Royce Avon engines 
for Canberra jet bombers, which will be built by 
the Government undertaking. Further dispersion 
of aircraft building capacity throughout the 
Commonwealth cannot be secured quickly and may 
not be altogether desirable. Besides causing a 
drain on the supply of skilled technicians and 
designers, it necessarily involves considerable delay 
in getting a new type of aircraft into production. 
Neither the Hawker P1081 nor the Canberra can 
be in full production in less than a year. This delay 
gives rise to the difficulty that all but the most 
up-to-date aircraft will be outmoded soon after going 
mto production and, since the more advanced 
types require constant modification, it may be 
inadvisable to undertake production where distance 
retards consultation with the parent company. 

So far, licensing has only slightly affected exports 
of aircraft. As will be seen from Table II, opposite, 
taken from the Trade and Navigation Accounts, 
exports of complete aircraft were considerably 
lower in 1950 than in 1949; this, however, was 
offset by increased exports of engines and aircraft, 
the total of 34/. millions being exactly the same as 





in 1949. As a result of the increased demands of 


perspective, for 1949 was a record year, in which 
production was nearly double the pre-war figure. 
Moreover, pre-war exports were only about 20 per 
cent. of the total output ; in 1950, when they reached a 
value of 151. millions, they accounted for 61 per cent. 
Heavy dependence upon exports puts the industry 
at the mercy of circumstances. Sales of pedal cycles 
were lower in 1950 because India, the largest 
market, faced with the need for heavy grain impor- 
tations to relieve famine, cut the import quota of 
bicycles. Table IV, herewith, from the Trade and 
Navigation Accounts, shows that exports to India in 
1950, at 126,000, were 224,000 less than in 1949. 
Unsettled conditions reduced exports to Indonesia 
from 129,000 in 1949 to 13,000 in 1950. Since, 
together, these markets took 330,000 fewer bicycles 
in 1950 than in 1949, it was no mean achievement 
to export 2-1 million bicycles, only 100,000 fewer 
than in 1949. Exports to the United States and to 
Canada also increased, partly as a result of devalua- 
tion, but also, it is reported, because of the attention 
paid to the special requirements of the markets. 
The disappointing results in some of the largest 
markets forced pedal-cycle manufacturers to increase 
their sales effort in a large number of small markets. 
The results were most satisfactory, for exports to 
these countries, too small to be separately designated 
in the Trade Accounts, increased by 175,800, to 
205,700. It is not, however, as easy a task as might 
appear to switch cycles intended for one market to 
another, as the vagaries of currency difficulties and 
import restrictions dictate. Many countries are 
highly individual in their tastes in pedal cycles. 


‘|up cycle factories there. 





In India, for instance, where there is a danger of 
long and flowing robes sweeping the ground and 
becoming entangled in the wheels, cycles with 
large frames are required. In North America, on 
the other hand, machines with smaller frames, 
double top tubes, and oversize tyres are popular. 
In the United States, bicycles are used mainly by 
children, so that the market is for highly coloured 
machines with eye-catching accessories. The tradi- 
tional good quality of British cycles is not generally 
required ; the demand is for a low-priced machine, 
designed to last about three years. Quality, how- 
ever, is of great importance in India and South-east 
Asia, the largest but poorest markets, where the high 
quality of the British cycle is the best protection ° 
against Japanese competition. 

It was announced in July that Japan was to offer, 
at an f.0.b. price of 18 dols., a bicycle modelled 
after the highest quality British standards. An 
earlier attempt to increase export sales by offering 
cycles of low quality at a price of 14 dols. was 
largely unsuccessful. An official of the Japanese 
Ministry of Trade is reported as having said, “‘ No 
matter how low Japanese prices have been cut, no 
Indian will buy a Japanese model if he can buy a 
British one. We must live down this unfortunate 
reputation for inferior production.”” The manufac- 
turers of the new Japanese pedal cycle claim that 
it is at least equal to the best British export model. 
They hope to be able to reduce the price, but say 
that they have been taught by bitter experience not 
to lower standards, As far as the Indian market is 
concerned, the prospects do not look very bright 
for either Japanese or British exports. It would be 
optimistic to expect the Indian Government to ease 
import restrictions, for, even if the foreign balance 
improved, they are still committed to giving maxi- 
mum protection to the bicycle manufacturing 
industry in India. The two established companies, 
Hind Cycles, Limited, and the Hindustan Bicycle 
and Industrial Manufacturing Corporation, can 
already meet a large proportion of the total demand. 
By the end of 1949, they had capacity for the 
production of 250,000 bicycles, and further exten- 
sions were planned. Moreover, the trend of events 
has convinced two British companies that the only 


| effective approach to the Indian market is to set 


Raleigh Industries, 
Limited, have established a subsidiary in Calcutta, 
and Tube Investments, Limited, are associating 


| with the Madras company of Murugappa and Sons, 


Limited, to make Hercules and Phillips bicycles. 
Initially, most components will have to be imported. 
India is not the only country in which British 


| manufacturers have found it expedient to set up 


factories. The Coventry Eagle Cycle Company 
announced in April that the assembly of bicycles in 
New Zealand, from components imported from 
their British factories, is to be at the rate of 500 a 
month, rising to 1,000 a month in a year’s time. 
Raleigh Industries, Limited, have also announced 
that a start has been made on a cycle factory at 
Vereeniging, in South Africa, which is expected to 
be in production in the course of this year. Raleigh 
Industries, however, have considerable faith in a 
continuing high level of British exports, for they 
announced in August that work has been begun on 
an extension to their factory, to cost 11. million, 
which will enable them to achieve an output, in three 
years’ time, of a million bicycles a year. 

Exports of motor cycles, which were 74,000 in 
1950, were 9,000 higher than in 1949. The principal 
market continues to be Australia, which accounted 
for 30 per cent. of the total exports, but the markets 
which were responsible for the increase in total 
exports were the United States, now the second 
largest market, and the numerous small countries 
not separately distinguished in the Trade and 
Navigation Accounts. Makers of both motor and 
pedal cycles, like all others in the engineering 
industry, are likely to be harassed by shortages of 
materials and the demands of rearmament. Since 
so many countries Overseas are faced with heavy 
defence programmes, import restrictions are more 
likely to be tightened than relaxed, and motor cycles 
and cycles are in that class of British exports most 
likely to suffer. Makers of pedal-cycles, moreover, 
have to face all the hazards of political and economic 
disturbance of their main markets in South-east Asia. 






































ae ENGINEERING. ___ Fes. 23, 1951. _ 
ACCURATE MEASUREMENT OF FREQUENCY. 
, charging --- = —- 
ae to we fe? A 
_ Ls | ao t Tea : 
J 0-03 — c ac a es ¥ ‘ Gp Cita 
—_~ ack eens % 
/ DS. 
/ ——> Time Wee 
(178. a.) Ls ao is a a ee 

















APPARATUS FOR ACCURATE 
MEASUREMENT OF 
FREQUENCY. 


By W. S. Woop, B.Sc., A.M.I.E.E. 


THE apparatus described below was devised for 
the measurement of frequencies in the region of 
50 cycles per second, where ordinary methods, 
using a frequency meter or a machine-driven 
tachometer, are not sufficiently accurate. A 
common method is to compare the frequency to be 
measured against that of a tuning fork by means 
of a stroboscope, but this is not very suitable for the 
“measurement of the frequency of a machine since a 
constant voltage is needed for the synchronous motor 
driving the stroboscopic disc, although frequency 
measurements may have to be made at widely 
different voltages. The method described replaces 
the gas-discharge lamp and synchronous motor by 
a cathode-ray oscillograph. Fig. 1 illustrates the 
circuit employed. A direct-current supply of 
constant voltage V charges a condenser C through 
a high resistance R, and discharges through a much 
lower resistance R,, the discharge circuit’ being 
completed by the tuning-fork contacts. Thus the 
frequency of discharging, and hence of charging, is 
determined by the tuning fork. This results in a 
voltage of saw-tooth waveform and fork frequency 
being available across the condenser. This is 
illustrated in Fig. 2. 

By applying this voltage to the X-plates of a 
cathode-ray oscillograph a time-base of standard 
fork frequency is obtained. This time-base will 
not be quite linear due to the curvature of the 
charging curve, but can be kept reasonably so by a 
suitable choice of charging-circuit time constant. 
With a large time constant, i.e., a large value for 
the product C R,, a small part of the charging 
curve is used and there is thus little change of 
gradient, but this may also cause a small voltage 
amplitude. A suitable choice of time constant was 
found to be such that C R, was approximately equal 
to the time for one complete vibration of the fork, 

ie., CR, = (0-03 x 10-*) x (800 x 108) 

= 0-024 second, 
& sy Second. 

The voltage the frequency of which is to be 
measured can now be applied to the Y-plates, and, 
if it has exactly the same frequency as the fork, a 
single stationary wave will appear on the screen. 
If the frequencies are slightly different the trace will 
move across the screen at a speed depending on the 
difference of frequency, which can easily be counted 
provided the difference is not too great. The 
frequency can now be obtained either (a) by adding 
to or subtracting from the fork frequency, the 
frequency with which the trace traverses the screen ; 
or (b) by adjusting the fork frequency until the trace 
is perfectly stationary and then reading the fork 
frequency. The latter method requires a variable- 
frequency fork, the fork used in the present case 
being a Tinsley tuning fork, variable between 
49 and 51 cycles per second, the scale being marked 
off at 0-05 cycle intervals. 

To make the apparatus convenient and portable, 
all components other than the fork and its driving 
battery were assembled in a cabinet of dimensions 
12} in. x 11} in. x 10 in, illustrated in Fig. 3. 
A mains-driven fork could be included in the 
cabinet, if desired, in place of the battery type used 
in this instance. All direct-current supplies were 
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provided by rectifiers from a 50-cycle mains supply 
of 200 to 250 volts. The controls provided are 
few and simple, comprising focus and _ brilliance 
controls, X and Y shifts, and a Y-voltage attenuator 
suitable for a voltage range of 10 to 500 volts. Only 
two pairs of terminals are needed : one pair to the 
voltage being tested and the other pair to the 
tuning fork. 

The main advantage of the apparatus is the 
accuracy with which frequency measurements can 
be made, this being determined by the accuracy 
of the tuning fork. Non-linearity of the time-base 
is not important as its only effect is to cause distor- 
tion of the trace, i.e., a compression of the trace 
towards one side of the screen as shown in Fig. 4. 
This distortion is unavoidable with the simple time- 
base circuit used, but has been kept as small as 
possible. The limited range of the fork used in 
this instance makes the apparatus suitable only for a 
frequency range of about 48 to 52 cycles per second. 
It will also be suitable for frequency ranges which 
are multiples of this, in which case two or more 
complete cycles will appear on the screen. If it is 
to be used with forks of other frequency ranges, a 
selector switch may have to be provided to adjust 
the time constant of the charging circuit. 

It was found that once the fork had been adjusted 
to give a stationary trace, a variation of fork 
frequency of + 0-025 cycle per second was suffi- 
cient to set the trace obviously in motion. This 
gives a possible sensitivity of + 0-05 per cent. in 
the frequency measurement, but the overall accuracy 
in the present case was + 0-1 per cent., as deter- 
mined by the calibration data for the tuning fork. 
The latter had a frequency variation of the order of 
0-01 per cent. per deg. C. change in temperature, 
and correction for this is thus unnecessary under 





normal conditions. 


THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 


(Continued from page 198.) 


IN last week’s issue of ENGINEERING We gave some 
of the main features of Mr. W. S. Grafi-Baker’s 
report on Question VI, which dealt with the different 
types of transmission between the motors and axles 
of electric locomotives, electric motor coaches and 
Diesel-electric rail-cars, and with the effect on the 
track of the bogies and motor suspensions of these 
vehicles. The reports of Mr. M. J. Tapia and Mr. C. 
Hoffet are similarly covered in this article. 

Summarising the growth of electric traction in 
Italy, Mr. Tapia notes that, at first, an alternating- 
current system at 3,600 volts was used, but in 1927 
a change was made to direct current at 3,000 volts. 
The Italian Railways now have 2,600 miles of direct- 
current electrified lines and 983 miles of alternating- 
current line, with 906 locomotives to work on the 
former and 386 on the latter. There are also 212 
direct-current rail motor coaches in service and 62 
under construction. On direct-current vehicles the 
drive is transmitted through nose-suspended motors 
or motors with spring drive. With nose-suspended 
motors the pinion and the rim of the gearwheel are 
made of nickel-chromium steel; the rim is in two 
parts, bolted to the gearwheel centre, which is a 
steel casting secured to the hub of one of the driving 
wheels. Thus, the drive is transmitted directly 
to one wheel and through the axle to, the other. 
The motor is suspended in the usual way by white- 
metal-lined bronze bearings on the axle and by two 
coil springs and a cross-stay. 

Spring drives used on the Italian Railways are of 
three types: the Bianchi system ; the Negri system 
with plate springs; and the Negri system with 
coil springs. There is also a new system, used for 
rail motor coaches, in which the motor is suspended 
by a vertical rod in line with the centre of gravity 
of the motor. Maintenance of the drive of electric 
locomotives includes a running-department inspec- 
tion and minor repairs every 10 to 15 days; an 
annual inspection; intermediate repairs every 
175,000 to 200,000 km. (109,000 to 125,000 miles) ; 
and a general overhaul every 350,000 to 400,000 km. 
(218,000 to 249,000 miles). With the Bianchi and 
Negri spring drives there are some breakages of the 
spring plates, and there is appreciable wear of 
the rubbing faces owing to the difficulty of ensuring 
adequate lubrication. In general, the gear teeth 
do not break in nose-suspended or fully-suspended 
motors. The Negri drive with coil springs was 
abandoned in 1945 owing to the heavy cost of 
repairs. The permanent-way department prefer 
completely-suspended motors, as the load on track 
and bridges is lessened. ; ; 

On the Spanish National Railways, Mr. Tapia 
reports, most of the lines run through broken 
country withsteep gradients. The electrified system 
was started in 1911 with three-phase current at 
6,000 volts, but in 1924 a short line was opened 
with direct current at 3,000 volts and, later, direct 
current at 1,500 volts was adopted. The railways 
have 110 electric locomotives, and 92 electric motor 
coaches. Most of the locomotives and all the m« seed 
coaches are fitted with nose-suspended motors. 
The Brown-Boveri Buchli type of spring drive 1s 
used on certain 3,240-h.p. and 4,200-h.p. !oc0- 
motives (one-hour rating), and the Winterthur 
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spring drive is used on some 3,770-h.p. locomotives. 
The inspection and repair routine is as follows: 
bearing inspection every 15 days ; general inspection 
every 50,000 km. (31,000 miles) ; light repairs every 
100,000 km. (62,000 miles); and general repairs 
every 500,000 km. (310,000 miles). 

From the point of view of the locomotive running 
department, nose-suspended motors give good 
service, the cost of repairs is low and gear failures 
are infrequent. On the other hand, more cases of 
defective insulation have occurred with nose- 
suspended motors than with fully-suspended motors 
—a fact which has led to a consideration of the 
harmful effect on armatures of vibration due to 
nose suspension and the use of rigid pinions and 
gearwheels. Failures of the elastic pinion of the 
Buchli system have caused serious damage; in 
1949, 5 per cent. of the pinions on the locomotives 
fractured after running 400,000 km. (250,000 miles) 
after they were put into service. These failures 
appear to be due to the fact that the pinions lose 
their elastic properties through defective lubrication, 
or because the springs do not function correctly. 
Steps are being taken to eliminate this source of 
trouble. 

Mr. Tapia’s conclusions are as follows: the 
speed of vehicles with nose-suspended motors 
should not exceed 100 km (62 miles) an hour; 
the unsprung weight should be reduced as much 
as possible, and very flexible supports for the 
pose of the motor, with resilient gears, should be 
used. Fully-suspended motors should be used on 
locomotives running at more than 100 km. an hour. 
In view-of the satisfactory results which have been 
obtained from two- and three-axle bogies, in which 
the whole weight is available for adhesion, it is 
considered that guiding trucks and bogies should be 
eliminated. For high-speed and high-power C,-C, 
locomotives, the following features are recom- 
mended: a central position for the bogie pivot ; 
drawgear and buffing gear on the body of the loco- 
motive ; a simple flexible attachment of the body 
to the bogies ; the axleboxes to be connected to the 
bogie frames by articulated links with Silentbloc 
bushes; and the use of welded bogies with box- 
section side frames. 

Mr. C. Hoffet’s report was based on experience 
gained in Switzerland, the Netherlands, Norway, 
France and Colonies, Denmark, Belgium, Austria 
and Germany. He states that observations made 
of the riding of vehicles are subjective ; in effect, 
reports—especially from locomotive crews—are not 
reliable guides to the quality of design. Recording 
apparatus must be used to determine the move- 
ments of all relevant components, and the analysis 
of such movements calls for a considerable staff. As 
only the larger railways can undertake this type of 
work, and to avoid the duplication, of effort, it is 
recommended that there should be co-ordination 
of the investigations on a number of railways. Such 
co-operative work was started in 1939, but it should 
be taken up again. Up to the present, it has not 
been possible to forecast with any accuracy the 
running qualities of a vehicle while it is under 
construction. 

The total number of vehicles considered in Mr. 
Hoffet’s report is 1,477, of which 875 were placed in 
service before 1940, and 516 since 1946. The total 
number of driving axles in these vehicles is 6,476. 
In general, the vehicles are thoroughly overhauled 
after 200,000 to 400,000 km. (124,000 to 248,000 
miles). Diesel engines often require an inspection 
every 60,000 km. (38,000 miles), when worn parts 
are replaced. Inside axleboxes, as compared with 
outside axleboxes, have certain advantages: the 
fatigue of the axles is less, and the vehicle enters 
curves more smoothly. Nevertheless, most rail- 
ways prefer outside axleboxes because the construc- 
tion is simpler, inspection and maintenance are 
easicr, and wider motors can be used. The diameter 
of th driving wheels of electric locomotives is now 
usually about 1,250 mm. (4 ft. 1% in.), even for 
high speeds. There is a tendency to reduce the 
diameter, probably because the weight is thereby 
reduced and because it is felt that large guiding 
Wheels will not follow curves so well. The height 
of the centre of gravity of electric vehicles—unlike 
steam locomotives—has been reduced ; one railway, 
from 1930 to 1945, effected a reduction from 1,650 


mm. (5 ft. 5in.) above rail to 1,050 mm. (3 ft. 4} in.). 

Incidental advantages, noted by several railways 
in changing over from steam to electric or Diesel- 
electric traction, include the cleanliness of the 
ballast, a lower fatigue of the track, and reduced 
track corrosion in tunnels. On the other hand, 
they have experienced increased corrugation of the 
rails and a greater tendency to chamfering of the 
rails on curves; the latter difficulty has been 
tackled by lubricating the rails or tyres. 

The four main types of transmission are nose 
suspension with rigid gears, nose suspension with 
flexible gears, fixed motor with flexible transmission, 
and a fixed motor with coupling rods. Current 
practice is to use nose suspension with rigid gears 
up to 300 h.p. ; nose suspension with resilient gears 
up to 750 h.p.; fixed motors with flexible trans- 
mission up to 1,400 h.p. ; and rod drives for shunting 
locomotives. Power, not speed, is evidently the 
main determining factor, as between nose suspension 
and flexible arrangements, since nose suspension is 
used in vehicles which run at speeds almost as high 
as those with flexible-gear transmissions. If, how- 
ever, the diameter of the driving wheels is more 
than 1,500 mm. (4 ft. 114 in.), a fixed motor is 
required. 

Nose suspension with rigid gears is the simplest 
arrangement and the lowest in first cost ; moreover, 
it allows space for the motor over almost the full 
width between the wheels. The large unsuspended 
mass, however, exerts undesirable forces on the 
track, comparable to the hammer-blow of the steam 
locomotive. The railways reporting on this subject 
have not found track maintenance to be any heavier 
with this type of transmission, but they have noted 
that shocks arising from the track frequently 
damage the motor. Some railways have fitted 
rubber springs in place of normal steel springs in 
the suspension; so far there has been insufficient 
experience of the value of this change, but it appears 
that, owing to hardening of the rubber, the springs 
have to be replaced frequently. 

To overcome some of these difficulties, and to 
reduce maintenance costs, flexible gears have been 
applied to many nose-suspended motors, As a 
result, the fractures of gearwheel teeth have been 
eliminated. Though the fixed motor with flexible 
transmission entails the highest first cost of any of 
the four methods, its advantages have led several 
railways to adopt it in place of nose-suspended 
motors with rigid gears or flexible gears. In parti- 
cular, maintenance costs are low. Transmission by 
coupling rods permits the use of fewer traction 
motors than driving axles (and therefore reduces the 
cost) and lessens the risk of slipping. Maintenance 
costs, however, are high, and this has resulted in 
the abandonment of this system. 

It is clear, Mr. Hoffet reports, that modifications 
to transmission arrangements are dictated by the 
need to reduce maintenance costs. Among the 
parts which have not always been sufficiently robust, 
or resistant to wear, are transmission springs, rubber 
buffers and spring-bearing plates. Transmission 
springs are often subjected to combined stresses, 
which are difficult to assess at the design stage, and 
once a locomotive has been built it is not usually 
possible to strengthen the springs. Lubrication, 
which is specially important, has been satisfactorily 
arranged in some recent designs, but some gear- 
cases are not leak-proof and demand frequent 
replacement of lost oil. One railway is attempting 
to pressurise gearcases so as to exclude dust. In 
general, modern high-speed locomotives have 100 
per cent. adhesion and fixed motors or, in some cases, 
nose-suspended motors with flexible gears. 

Dealing with driving bogies, Mr. Hoffet classifies 
the arrangements for mounting the body on the 
bogie as follows: through a swing bolster with 
springs ; directly through a pivot and side bearings 
(without a swing bolster); and by mounting the 
adjacent ends of two bodies on one bogie, with either 
one pivot, common to both bodies, or with a pivot 
to each. Practically all express coaches and motor 
coaches are fitted with swing bolsters. Dampers 
are not usually fitted, but are sometimes used in 
conjunction with helical suspension springs. Since 
the bogies of locomotives are generally closely spaced, 
they can be linked by drawgear, with buffers ; one 





of the bogie pivots is then allowed some longitudinal 
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play to facilitate running on curves. A conjugate: 
action of a pair of bogies when negotiating curves is 
sometimes obtained by a transverse coupling 
between two yokes, one attached to each bogie 
frame. Such an arrangement reduves very consider- 
ably the wear of leading-wheel tyres.* 

After the adoption of electric trvction in several 
countries, an increase was noted in the wear of rails 
and tyres. The increase was due, in part, to the 
absence of a grease-laden vapour from locomotives, 
to the increase in speeds and axle loads, and to the 
use of electric vehicles with a bogie wheelbase 
shorter than the total wheelbase of steam loco- 
motives. The wear of rails and tyres is reduced 
by means of lubricators and by increasing the 
wheelbase of bogies. 

Several railways have undertaken tests to measure: 
the stresses in tracks due to the passage of trains. 
The results of such tests have not always been con- 
clusive, however, and it has been necessary to rely 
on theoretical calculations, Mr. Hoffet mentions 
particularly some tests carried out in Switzerland. 
The recording equipment consisted of an Amsler 
apparatus for determining relative movements, 
a three-dimensional seismograph, and “ vibro- 
graph” apparatus. With the Amsler apparatus it is 
possible to record the relative movements at eight 
points on a vehicle simultaneously ; for example, 
the centre-line of the coach in relation to the track ; 
the play in suspension springs and equalisers ; the 
movement of axleboxes, centring devices, etc. The 
seismograph is used to record vibration in, say, the 
driver’s cab. It is advisable to supplement the 
recordings with careful observations by intelligent 
and experienced observers whose notes enable the 
results to be assessed for the whole distance of the 
test. The play between the wheel and the rail has 
been observed by means of a mirror. As a result of 
tests of this kind, it has been possible, with two 
types of B,-By locomotives, to raise the running 
speed from 90 km (56 miles) an hour to 110 km. 
(68 miles) an hour, and to determine more suitable 
dimensions for suspension and draw-gear compo- 
nents. Trials during recent years have confirmed 
the results of observations made in 1930, namely 
(to quote Mr. Hoffet’s report) ‘‘ that the movements 
of vehicles are caused by the track.” Furthermore, 
“repeated trials under the same conditions give 
results which are identical in the smallest details. 
The method of testing in which a vehicle is run con- 
stantly and systematically over a short stretch of 
selected track at various speeds and in various 
conditions is the best ; it permits an assessment of 
the consequences of modifications to the vehicle.” 

It has not been possible to measure accurately the 
vertical and horizontal forces exerted by the wheel 
on the rail. At present, the values are deduced 
from measurements taken at spaced points (along the 
rail presumably). Some devices used in suspensions 
have been developed from the results obtained with 
scale models. In order to design satisfactory 
suspension and transmission systems, it is general 
practice to incorporate supplementary devices 
such as springs, equalisers, links, dampers, etc., 
which, however, increase costs. It must not be 
forgotten, too, that each new complication raises 
the risk of unexpected results; in particular, the 
occurrence of resonance between various parts. 

In a discussion on Question VI, held in Rome on 
October 2, 1950, Mr. R. Levi pointed out that the 
main complaint against nose-suspended motors was 
not the lateral forces on the track but rather the 
high-frequency vertical forces which could cause 
high rates of rail breakages, Mr. de Souza reported 
that, in India, the undulating wear of rails, caused 
by motor coaches on strong and well-maintained 
track, had been completely eliminated, after 
extended trials, by reducing to a minimum all play 
on the bogie bolsters and axleboxes, The summary 
of Question VI, as adopted by the delegates after 
discussion, was as follows. 

“The construction of railway rolling stock in 
general, and of motor vehicles in particular, is 
limited by: the loading gauge; the permissible 
axle load; the materials available; the cost of 








* Tests with models of a bogie-control device of this 
nature, and a description of the device, developed by 
the Swiss Locomotive and Machine Works, were given in 
ENGINEERING, vol. 164, page 249 (1947). 
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construction ; the cost of maintenance, inspection 
and repair; the maximum speed ; and the tractive 
effort. There are a number of different trans- 
mission systems which can be used for all speeds up 
to about 150 km. per hour and for horse-powers up 
to 1,500 per motored axle. 

“* Nose suspension inevitably causes vertical and 
lateral shocks to the track by reason of the unsprung 
weight of the motor. The progressive wear on rail 
and flange only aggravates the trouble. It is desir- 
able to undertake trials for measuring the efforts 
exerted on the track by different systems of suspen- 
sion of the motors. The choice between the different 
systems of transmissions will be dictated by local 
conditions. If the track is sufficiently robust and 
well maintained, nose suspension may be used 
without great disadvantage ; if the track is weaker, 
it is desirable to use one of the systems employing 
resilient transmission and frame-mounted motors, if 
possible. 

“In order to avoid severe shocks to the track due 
to higher speeds, there is a tendency to use on electric 
locomotives devices allowing transverse movement 
either between the body and the bogie, similar to 
those already used on other types of stock, or even 
between the axle and the bogie. On locomotives, 
connecting devices between bogies are tending to 
become general in certain countries in order to 
reduce side wear on the track and flange wear. 
especially on curves, and to reduce hunting on 
straight track. The operating conditions with 
steam and electric traction differ too much from one 
another to permit a reasonable comparison of track 
maintenance costs to be made.” 

(To be continued.) 








Non-FERROUS METAL SORAP PRICE ORDER.—AN 
Order entitled the Non-Ferrous Metals Prices Order 
(S.I. 1951, No. 155) has been issued by the Ministry of 
Supply. The object of this is to fix the maximum prices 
of non-ferrous metal scrap. It is obtainable, price 4d., 
from H.M. Stationery Office. 





INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—The 1951 summer meeting of the Institution of 
Heating and Ventilating Zngineers will be held in Buxton, 
Derbyshire, from Saturday, June 16, until Tuesday, 
June 19, with headquarters at the Palace Hotel. The 
4usiness meeting will be opened in the afternoon of 
June 16, when the Mayor of Buxton will welcome the 
visitors, after which Mrs. P. G. Allen will speak on “‘ Social 
Aspects of Heating and Ventilation.” Various social 
engagements are being arranged for Sunday, June 17, 
and Monday morning, June 18. In the afternoon of 
June 18, works will be visited and a civic reception held 
in the evening. On the morning of Tuesday, June 19, 
there will be a general business meeting and an address 
by Professor H. Wright Baker, followed by the presenta- 
tion of a paper on “‘ The Heat Treatment of Welds in 
Pipe Lines,”” by Mr. A. H. Goodger. The meeting will 
terminate that evening with the Institution’s official 
banquet. 








WELDING Gun. 


THE NELSON SYSTEM OF 
STUD WELDING. 


A DEMONSTRATION of the application of Nelson stud 
welding to engineering construction was given last 
week by Messrs. Crompton Parkinson, Limited, 
Crompton House, Aldwych, London, W.C.2, on the 
premises of Messrs. Holland & Hannen and Cubitts, 
Limited, 258, Gray’s Inn-road, London, W.C.1, to 
illustrate the adaptability of this system to various 
classes of work. 

In principle, the method employed is to strike an 
arc between the foot of the stud and the base metal 
to which it is to be attached. The temperature of the 
foot is thus raised to melting point and a molten pool 
is also formed on the base metal. The arc is then 
extinguished and the hot stud is forced into the molten 
pool to form the weld. The welding gun, illustrated in 
Fig. 1, contains a solenoid which is moulded solidly into 
a Bakelite body and when energised with direct-current 
at from 60 to 90 volts acts on a sliding plunger to which 
a chuck is fixed. To make a weld, the operator inserts 
a stud into a clutch of appropriate size and slips a 
ceramic ferrule, which is retained by steel fingers, over 
the end. The stud is then located on the base metal 
and pressed down against a spring in the gun to ensure 
good contact. A small current is passed through a 
resistance, which is shunted across the main contactor 
to burn off any scale or dust, thus ensuring that the 
are will strike when the stud is lifted from the plate. 
The fact that the contact is good enough for this 
purpose is indicated by a neon lamp on the pistol grip 
of the gun. After the gun has been placed in position 
the operator presses a button which closes the main 
contactor and fully energises the solenoid. The stud 
is then lifted so that the arc is struck, and a relay in a 
separate timer opens the main contactor automatically 
at the end of a pre-determined interval. 

The use of the ceramic ferrule mentioned above 
ensures that atmospheric impurities are excluded from 
the weld. The ferrule also contains the gas generated 
during welding and expels it through vents so that 
dust and scale are removed from the molten metal. 
When the welding conditions are correct, the ferrule 
locates the molten metal round the stud, so that 
it appears as an almost symmetrical fillet. This fillet 
adds to the mechanical strength of the weld, but it 
can be removed if necessary, without any serious effect. 
In the case of the larger studs, it is necessary to employ 
a fluxing powder which de-oxidises the weld. This 
flux is inserted through a hole in the end of the stud 
and is sealed off by a cap so that it does not deteriorate 
during storage. With the gun, a semi-skilled operator 
is capable of welding from 150 to 300 4-in. to }-in. 
studs per hour; and an important feature is that all 
drilling and tapping are eliminated. 

Direct-current for carrying out the welds is obtained 
at from 60 to 90 volts from a normal welding generator, 
a battery or a rectifier unit which has recently been 
developed by Messrs. Crompton Parkinson. This 
unit, which is made in two sizes with current outputs 
of 200 amperes and 1,250 amperes, respectively, com- 
prises a three-phase low-impedance transformer which 
is connected to a full-wave selenium rectifier. The 
output is controlled by a three-phase resistance in 
series with the transformer primary. Overwinding is 
prevented by a clutch, and the adjustment is secured 








Fic. 2. Timer AND WELDING GENERATOR. 


from interference by a locking clamp. The regulator 
gives five current settings for different sizes of studs 
and cable lengths, the necessary adjustment being 
made by a single handwheel and indicated on a 14-in. 
scale. The open-circuit voltage is 95 volts and is 
constant irrespective of the length of cable between 
the rectifier and the gun or the setting of the controller. 
The recovery of this open-circuit voltage immediately 
after welding is more rapid than with a motor-generator, 
since the time constant of the rectifier is shorter. The 
direct-current voltage characteristics also give a more 
stable arc. The power consumption gvhen not welding 
is only 4 kVA and 1-5 kVA for the two sizes of unit, 
and the power factor is about 0-9 at all loads. Any 
number of units can be paralleled without giving rise 
to balancing difficulties, and on load each unit shares 
the load in proportion to its setting. 

We understand that welded studs are now being 
extensively used in building construction to supersede 
the conventional methods of securing side walling, 
roofing, pipes, cables and sound and heat insulation. 
Special studs are also available for fixing corrugated 
roofing and for securing wooden flooring and asbestos- 
cement board to steel sheet. Studs are further being 
used in shipbuilding to fix wood decking to the under- 
lying steel plate as illustrated in Fig. 2, which also shows 
the welding generator and the timing unit mentioned 
above. In this case the deck plating is painted with 
red lead or other rust-resistant material, and a section 
of from three to six planks is fitted, laid and wedged 
into place. Holes are then drilled through the planking 
and counter-bored to the required depth. The plate 
is subsequently cleaned of all paint, rust and zinc 
by inserting a flat-faced drill or double-fluted end 
mill in the hole and, after the holes have been blown 
clean with an air hose, the stud is welded to the plate 
in the way described above. Finally, the stud is 
secured with a special nut and washer, and the hole is 
filled with a wooden plug. 








PRODUCTION AND USES OF ZIRCONIUM.—The produc- 
tion of zirconium metal on a commercial scale has 
recently been initiated by Murex Ltd., Rainham, Essex. 
Sheets down to 0-005 in. in thickness, from 6 to 7 in. in 
width and from 2 to 3 ft. in length, are now being made 
and it is expected that sheets up to 15 in. in width will be 
available in the course of the next few months. Rods 
down to 2 mm. in diameter can be supplied, and drawn 
zirconium wire may also be available shortly. Zirconium 
has excellent resistance to corrosion and is recommended 
for use in chemical plant. It is employed in surgery and 
also for grid emission inhibitors. 





INCORPORATED PLANT ENGINEERS.—The inaugural 
meeting of the recently-formed Edinburgh branch of the 
Incorporated Plant Engineers will be held at the Royal 
Hotel, Princes-street, Edinburgh, on Wednesday, 
March 7, commencing at 7 p.m. Mr. William Renton, 
48, Broomhall-avenue, Edinburgh, 12, will act 45 
honorary secretary for the new branch. The Council of 
the institution have decided to open a branch at South- 
ampton at an early date and persons interested in the 
matter are invited to communicate with the go' ral 
secretary of the institution, 48, Drury-lane, So!‘hull, 
Birmingham. 
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BRITISH AND AMERICAN 
IRON-FOUNDRY PRACTICE, 


A CONFERENCE devoted to the discussion of the 
technical aspects of productivity in iron foundries, 
arising from the report of the Grey Ironfounding 
Productivity Team which visited the United States 
in the spring of 1950, was held under the auspices of 
the British Cast Iron Research Association, at Ashorne 
Hill, near Leamington Spa, on October 12 and 13, 1950. 

After a welcome to the delegates by the President 
of the Association, Mr. P. H. Wilson, O.B.E., Mr. 8. H. 
Russell, of S. Russell and Sons, Limited, Leicester, 
leader of the Grey Ironfounding Productivity Team, 
gave a talk on ‘* General Aspects of the United States 
from the Productivity Point of View.” He stated 
that the first team to visit the United States had been 
composed of steel founders, who had set a very high 
standard indeed, and since then 32 teams had been, or 
were on their way, to the United States from Great 
Britain. A productivity team consisted of about 15 
members, giving equal representation of management 
(including foremen), technicians and workshop em- 
ployees. His team had been able to visit only 24 foun- 
dries of the 2,500 in the United States, but these 24 had 
been very thoroughly studied. Outstanding in all the 
reports on productivity in the United States, so far 
published, was that production was definitely higher 
there than in this country. The main reason for that 
was that the people of the United States were definitely 
production-minded. The workmen, trade-union officials 
and the management all believed that they would not 
prosper individually unless production increased, and 
they also believed that their country could not flourish 
unless there was maximum productivity. The team 
had been anxious to investigate whether the fear of 
unemployment helped to promote high productivity. 
Tkere were, he believed, some 3 million unemployed 
in the country at the time of the team’s visit and several 
of the foundries inspected were working only four days 
a week, but members of the team could not find any 
evidence that a man was working really hard on account 
of the fear of unemployment. Moreover, they had not 
been able to find that income tax had any effect on 
productivity. United States employees did pay a 
reasonably heavy income tax; it was, in fact, higher 
than the team had imagined, but the rate of the tax was 
on the same scale throughout a foundry employee’s 
earnings. 

Sanp PRacTICcE. 

The remainder of the conference was devoted to 
technical matters. A certain degree of overlapping 
occurred in the remarks of the speakers on the various 
subjects dealt with, but the reiteration of certain facts 
serves to underline the differences between British and 
American practice, noted by members of the team. 
Mr. W. B. Parkes, of the British Cast Iron Research 
Association, dealt with the subject of ‘‘ General Sand 
Practice, Green and Dry Sand Moulds and Core Sands.” 
He stated that American sand suppliers were much 
more willing, than were those of this country, to treat 
materials at the pit so as to give the foundryman just 
what he desired. One silica-sand quarry, for example, 
washed the sand, dried it, graded it into five different 
grades and offered to supply any combination desired 
from those grades. Most of the sand was delivered in 
50-ton wagons. As far as green-sand moulding was 
concerned, the one notable difference compared with 
practice in this country was the very extensive use of 
wood-flour in the United States. Very finely-ground 
hardwood flour was almost invariably used in facing 
sand and this had rather surprised the visiting team. 
There was very little complete drying of moulds; in 
most cases, moulds for castings weighing up to several 
tons were only skin dried, and, in the smaller foundries, 
this was almost invariably accomplished by means of a 
tray of charcoal. The sand for skin-dried moulds 
invariably contained pitch and almost always 3 per 
cent. of this constituent. The point which had impressed 
the team most of all was the careful sand control 
carried out. This, of course, was made easier by the 
control exercised by the suppliers, but, with two 
exceptions, every foundry visited had sand-testing 
apparatus and made use of: it. As far as the team had 
been able to find out, there were no regulations what- 
¢ver, in the United States, concerning parting powder, 
and that most frequently employed was waterproof 
silica flour. 

Mr. H. B. Farmer, of Rice and Company (Northamp- 
ton) Limited, who dealt with “‘ Handling and Storage 
of Sand,” stated that during the winter severe and 
continuous frosts were experienced in the northern 
and central States, so that sufficient storage capacity 
must be provided to ensure continuity of supplies. The 
more modern types of building had facilities for the 
unloading and storage of raw materials and, of special 
interest, was the use made of concrete silos, fed by 
elevators, for the storage of dry silica sand. Those 

ries which had been erected in the last few years 

Voured the use of basement storage, situated under a 
tail track, the bunkers being fed from drop-bottom 


ENGINEERING. 








219 








cars. Either the sand was mixed in the basement 
and the resultant mixture elevated to the foundry 
floor, or the raw sand was elevated to mixers at the 
foundry-floor level. 

Mr. M. Martin, of Markham and Company, Limited, 
Chesterfield, spoke on ‘‘ Sand Mixing and Distribu- 
tion.” He said that half the foundries visited pre- 
pared moulding and core sands in modern sand mills 
and moved it in conveyors, the construction of which 
depended upon the type and layout of the buildings. 
There were fully-mechanised sand systems where the 
sand was automatically returned from the knock-out 
station to storage hoppers above the sand mills. After 
reconditioning the sand was conveyed to overhead 
hoppers above the moulding machines. In foundries 
in which the heavier class of work was being produced, 
the transportation of sand was usually by overhead 
crane with grab or bucket, or by skip and power- 
operated lift trucks. Jacking trucks were very popular 
for carrying sand skips, while other methods used for 
distributing core sand included mono-rail cab-control 
cranes, lifting drop-bottom bins, and overhead cranes. 
Whatever equipment was used for mixing and con- 
veying sand, its capacity always seemed to be in excess 
of that required. In some of the larger foundries a 
sand mixer was held in reserve and used when the 
necessity arose. 


METALLURGICAL ASPECTS. 


The subject of ‘General Metallurgical Aspects ” 
was dealt with by Dr. H. T. Angus, of the British 
Cast Iron Research Association. He stated that all 
the American foundries were very much “ user- 
conscious.” They knew that their castings had to be 
machined and used subsequent to production. The 
result of this consciousness of the requirements of the 
user was that the foundry did not consider it at all 
advantageous to produce an iron of a grade higher 
than that called for in an order, because a higher grade, 
almost invariably, reacted unfavourably on machin- 
ability. There was one main difference between the 
raw materials available to the American foundries 
and those available in this country, and this lay in the 
phosphorus content. In this country the principal 
foundry pig iron was a No. 3 grade, which contained 
anything from 1 to 1-5 per cent. of phosphorus. The 
American maximum was about 0-6 per cent., and this 
was utilised only for the lightest grade of castings, 
such as stoveplate work. They had frequently been 
told in the United States that it was quite impossible 
to produce sound hydraulic castings having a content 
of 0-2 per cent. of phosphorus. When, however, he 
had replied that he had seen a 1,000-h.p. steam-engine 
casting made in | per cent. phosphorus iron, without a 
single flaw in it, the statement had been found difficult 
to believe. Prior to their visit, the team were under 
the impression that a very large amount of high-duty 
alloyed iron was made in the United States. This, 
they found, was not correct. The bulk of the castings 
in the United States were produced from irons having a 
tensile strength ranging from 13 tons to 15 tons per 
square inch, because they were readily machinable, 
and a very small production was made from irons 
having a tensile strength above 18 tons per square 
inch. Generally speaking, the outlook of the American 
designer and foundryman was to use the softest grade 
of iron that would accomplish the task asked of it. 

Another point to which importance was attached 
was that the castings should be dimensionally accurate 
and that they should be sound. Unless they were 
absolutely sound they were liable to be rejected, even 
if the unsoundness did not affect the casting itself. 
A typical metal used for making castings for tractors 
had the following cupola percentage composition : 
total carbon, 3-2 to 3-45; silicon, 1-8 to 2-2; man- 
ganese, 0-75 to 1-0; sulphur, less than 0-12, and 
phosphorus, 0-12 to 0-14. The minimum tensile 
strength required on a 1-2-in. bar was about 13-4 
tons per square inch. To sum up, the most significant 
feature of American metallurgical practice was that, 
by the use of low phosphorus, they obtained machin- 
ability, and the machinability was further helped by the 
fact that this low phosphorus enabled them to use 
higher carbons and higher silicons without getting 
a structure of open grain. 


MELTING PRACTICE. 

Two subjects were discussed under the head of 
‘** Melting Practice,” the first being entitled ‘* The 
Stockyard,” the speaker on which was Mr. G. W. 
Nicholls, of Modern Foundries Limited, Halifax. He 
said that in the United States, as in some foundries 
in this country, great attention was paid to the method 
of conveying materials from road vehicles or railway 
wagons to the stockyard. It was realised that the 
handling of raw materials brought into the foundry 
yard was one production cost which added nothing 
to the value of the finished casting, and any saving 
which could be effected in that phase of foundry 
operation meant cheaper products from the foundry. 
Substantial savings in man-hours could be made 





through the use of mechanical equipment in unloading, 








re-handling and storing pig iron, scrap, coke, sand, 
limestone and other foundry materials. One feature 
which was conspicuous in many foundries in the 
United States was the very small number of operators 
in the stockyard, on the cupolas and on the unloading 
of trucks. 

The second subject discussed under the head of 
“Melting Practice” related to ‘“ Equipment and 
Operations ” and was dealt with by Mr. N. Charlton, 
of Messrs. C. A. Parsons and Company, Limited, 
Newcastle-upon-Tyne. He stated that, generally, it 
could be said that the average amount of metal melted 
per day per foundry was higher in the United States 
than in Great Britain, and, probably for that reason, 
American foundrymen had given considerably more 
attention to the question of mechanical handling and 
mechanical charging of materials into the furnaces. 
In most cases the system used was some form of 
drop-bottom skip. The general practice was to install 
cupolas of a diameter larger than that actually required 
and to line them so as to give the required melting 
capacity. Should the amount of metal required for 
the foundry increase, it was simple to open out the 
lining diameter and thus increase the melting rate. 
Molten metal, when once tapped from the cupolas, was 
handled and distributed very quickly and efficiently 
by the provision of good crane facilities and the use of 
transfer trucks. 


TRAINING AND EpUCcATION. 


Dr. H. T. Angus, of the British Cast Iron Research 
Association, spoke on the subject of “ Training and 
Education ” from the point of view of “ Training for 
Management; the Training of Apprentices; the 
United States Educational System; and Technical 
Associations.” He said that it was the opinion of the 
team that the main difference between America and 
British foundries lay in the attitude to work rather 
than in the equipment which the American foundries 
had or the technical knowledge which they . 
There was less resistance on the part of industry to 
take in well-trained persons. In England, a man who 
underwent an expensive fundamental training at a 
university before entering industry was a little remote 
from practical affairs on coming into a works, and it 
took him some time to re-adjust himself. In America 
this seemed less noticeable ; industry took such persons 
and tended to put them on manual work or on to the 
foundry floor direct. There they had to prove that 
the advanced educatiom which they had received really 
did fit them for promotion. It was frequently stated 
that the American system did not train craftsmen, but 
that was not their aim. They aimed to produce persons 
who were receptive of mechanical ideas and were 
co-operative. They produced a type of man who was 
anxious to see changes made for the sake of change ; 
who liked to see things moving, and moving better 
than they had done twelve months or two years 
previously. It should be remembered, however, that 
the educational systems in different States differed 
widely. In some States the educational standards 
were bw and the teachers were paid very badly. The 
best results of English education were, undoubtedly, 
as good as, if not better than, the best results of 
American education, but we, in this country, did not 
produce enough well-trained men, and that seemed 
to be the main difference. 

Continuing the subject of “‘ Training and Manage- 
ment,” Mr. G. B. Judd, of Messrs. Mann, Judd and 
Company, London, dealt with “ Efficiency of Manage- 
ment and Interchange of Methods.” He said that the 
Carnegie Foundation had made an investigation of the 
traits of character which constituted a professional 
engineer. After making a study of 1,500 successful 
engineers, they had come to the conclusion that a 
“good engineer needed 41 per cent. character, 17 per 
cent. judgment, 14 per cent. efficiency, 14 per cent. 
understanding of human nature, and only 13 per cent. 
technical knowledge.” These figures also held for the 
foundryman. With regard to the question of efficiency 
of management, the figures spoke for themselves. 
American productivity, measured in the only way that 
it could be measured, was about twice as high as British, 
and the responsibility lay partly with management. 
The American manager had a simple creed, namely, 
that American industry was marvellous and would 
continue to expand. He believed that he would 
succeed by his own efforts, unaided by the Govern- 
ment, but helped by his men if he could capture their 
goodwill, and that his success would be measured by 
the profits which he made. It had been surprising, 
on a number of occasions, to hear of managers refusing 
a contract because it was not in their line, or because 
it was too complicated, or because they did not like 
the price or the person placing the order. Either all 
American foundries were more specialised than those 
in this country, or perhaps only the ones visited were 
more specialised. This, however, enabled them to 
“ streamline ” their foundries and to make a particular 
product in the best, quickest and cheapest manner 
possible. American founders had great faith in edu- 
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cating the’public and were willing to undertake general| That was something which we, in this country, had METRE- -6-2 3 
propaganda work. This had been very successful and| greater difficulty in doing. One of the outstanding saaeticen wan A oy pheb ney 
their status had thereby been raised. The Americans] features of American plant was the type of cranage RAILWAY NYIKA 


had a knack of pulling together when it was for the} and the amount of cranage which they used. This 
good of every one concerned, as well as of fighting| policy ensured that every man was well serviced. Mr.| Two 2-6-2 side-tank locomotives have recently been 
hard in competition among themselves. W. R. Marsland, of Newman, Hender and Company,| built by Messrs. W. G. Bagnall, Limited, Castle Engine 
They seemed to be able to obtain their raw materials| Limited, Woodchester, who also made a contribution| Works, Stafford, for the metre-gauge Tanganyika 
—at all events their pig iron, sand, and so on—in the} on the subject of plant and mechanical aids, stated| section of the East African Railways and Harbours, 
types, shapes, sizes and grades they wanted, and in| that compressed air was used to a very great extent in| to the requirements of the chief mechanical engineer 
this matter they had been successful in enforcing their| American foundries, particularly in the fettling shop.| and under the supervision of the Crown Agents for the 
will on their suppliers. Most of the persons at the head| Some of the smaller moulding machines, such as the} Colonies. They have been dismantled, packed, and 
of a foundry had started at the bottom of the ladder, | jolt squeezers, were extremely light and care was taken| shipped to Dar-es-Salaam. The tractive effort of the 
and managers in American foundries knew exactly} that the air cylinder was large enough to give sufficient | locomotives, at 85 per cent. of the 180 lb. per square 
what happend on the foundry floor, as they had| pressure for the area of the mould. Other forms of | inch boiler pressure, is 20,040 Ib., and as the adhesive 
worked there, either because they had had to start} mechanical aids seen in the United States included the} weight is 35-05 tons, the adhesion ratio is 3-56 to 1. 
from scratch or they had been put there to learn the} pneumatic rammer, pendulum conveyors and clamps of | Fig. 1, herewith, shows one of the engines; Figs. 2 


trade. The manager of an American foundry was very | various types. and 3, on Plate 1X, are a longitudinal section and a half- 
approachable and talked the same language as the} Mr. H. B. Farmer, of Rice and Company (Northamp-| sectional plan, respectively, and Figs. 4 and 5 are 
man on the shop floor, who could speak to him freely. | ton) Limited, who spoke on the subject of “‘ Trans-| half-sectional front and hind elevations. The loco- 
In the sphere of office administration, there was} portation,” referred to foundry layouts in which there} motives are generally similar to the standard shunting 
remarkably little charting and “ paper work ” generally | were fixed methods of transport from the point where | engines previously supplied to Tanganyika, but a 
in United States foundries. They used the telephone| the moulds were produced to the point where castings} number of new features have been incorporated and 
much more than was the case in this country. They| were dispatched, following the principle of reducing| certain parts are standard with those of other engines 
did not write orders or letters as much, and when a| the distance and the number of times that castings| recently built for the railway. In view of the proposed 
telephone message was sent there was no need toconfirm| were handled to a minimum. An example of the} conversion of the railway from metre gauge to 3 ft. 6 in. 
it. There were no bottlenecks, no hold-ups for lack of | method of continuous transport was furnished by| gauge, the locomotives have been designed to facilitate 
raw materials, no queuing up or searching for equip-| an overhead link conveyor, 4,530 ft. in length, running} the corresponding conversion. The wheel centres have 
ment. The main operator on a task was well serviced ;| at 18 ft. per minute, and used for the conveyance of| been made so that new tyres can be fixed in the wider 
he was brought everything he wanted and never had| castings from the shake-out station to the dispatch| gauge position by reducing the diameter of the wheel 
an excuse for stopping work. The management] department. The transport of all materials could be} centres and increasing the tyre thickness by } in. The 
arranged the work in such a manner that valuable men | divided under two heads, namely, overhead transport} present M.C.A.-type couplers will be replaced by 
and machines had no reason to cease operation. and floor transport. Overhead transport was usually| M.C.B. couplers. The brake gear has been designed 
The last subject in the section on “‘ Training and| fixed in the sense that it must follow the defined path| so that the alteration in gauge will only involve trans- 
Education” was “The Training of Foremen” and| of the mono-rail or crane gantry, but it was flexible| posing the brake hangers ; no new brake parts will be 
was by Mr. N. Charlton, of C. A. Parsons and Company, | in that any load could be carried within the capacity of | required. 
Limited, Newcastle-upon-Tyne. He stated that the} the appliance. Mobile floor transport could make use} The boiler has a Belpaire firebox and the barrel is 
team had been particularly impressed by the ability| of its extreme flexibility only if the paths and floors of | in two rings of }-in. plate, the inside diameter of the 
and energy which were displayed by American foremen.| the foundry were kept clean and tidy. The fork lift} smaller one being 4 ft. 34 in. The firebox, of the narrow 
Men promoted to this position were usually of one o. | truck appeared to be destined to replace the pallet} type, fitting between the frames, is 7 ft. long and 
three types. First, there was the unskilled man who| truck to some extent, on account of its ability to| 2 ft. 8} in. wide outside. The inner box is of copper, 
had worked his way up from the bottom to become| transport containers or racks and stack them as| } in. thick, and is held to the outer box by 1-in. copper 
foreman. In the second place there was the skilled| required. British makes of these trucks were fast| water-space stays. Direct steel stays, with four rows 
man who had served an apprenticeship as a moulder| coming into use in this country, but he was of opinion| of sling stays at the front to allow for expansion, are 
or coremaker, and he, in many instances, had had the| that the present designs were too large and did not | fitted to the roof. There are 107 small tubes, 1} in. 
advantage of a high-school education. In the third} have sufficient mancuvrability for use in most small} outside diameter and 11 s.w.g. thick, and 18 super- 
place there was the college graduate, who was probably | foundries in Great Britain. Each foundry visited | heater-flue tubes 5} in. outside diameter and 8 s.w.g. 
training for a higher executive position. In many| had its own ideas on transportation, but it was a| thick. The superheater has 18 elements, 14 in. outside 
instances the training of the foremen was given within | common feature of all efficient foundries that all the| diameter, and its header incorporates a multi-valv« 
regulator, the operating gear of which is supported 


the works and consisted of a series of lectures and dis-| materials were placed or stored in an orderly manner | 
In| for the assembly of unit loads, so that transportation of | along the outside of the boiler. The heating surfaces 


In the case of the | amount to 469 sq. ft. for the small tubes, 237 sq. ft. 
the jib could| for the flue tubes, and 100 sq. ft. for the firebox, so 











cussions on the various aspects of foremanship. 
addition, there were adequate facilities in the form of | all kinds could be swift and effective. 
foundry educationa’ foundations, which existed specific- | general-purpose truck and jib crane, 
ally for the training of men as foremen and managers. | swing through 360 deg., and pick up a load at any| that the total evaporative heating surface is 806 sq. ft. : 
There were ten of these foundations in the United! point within that circle. It could be used for a variety| the superheater surface is 181 sq. ft. The fire-grate, 
States and they organised series of summer and| of purposes and was occasionally employed with a which is of the rocking type, has an area of 12-75 sq. ft. 
part-time schools in addition to full-time courses. pusher plate when there was a great deal of sand to} The locomotives are fitted with two outside cylinders. 

| 16-in. bore and 22-in. stroke, with 8-in. piston valves 
| actuated by Walschaerts gear. Hard-grease lubrication 
| is provided for the side rods, connecting rods and 
Aids,” Mr. A. Kirkham, of Sir W. H. Bailey and Com-| CoNVENTION ON TELEVISION.—A convention on “ The} eccentric rods, and soft-grease lubrication for the 
pany, Limited, Patricroft, said that in the United! British Contribution to Television ” is being organised | remainder of the motion. A No. 7 Wakefield mech- 
States the securing of capital was much easier than| by the Radio Section of the Institution of Electrical | anical lubricator with ten feeds supplies oil from six 
it was in this country. Their banking system enabled | Engineers, and will be held at the end of April, 1952. A| feeds to the coupled-wheel axleboxes and from four 
the small foundries, and particularly the smaller| number of papers will be read and discussed, and visits| feeds to the slide-bars. A British Detroit four-feed 
jobbing foundries, to raise the necessary capital to| to appropriate organisations will be arranged. The| sight-feed lubricator delivers oil to the cylinders and 


enable them to apply some degree of mechanisation. | convention will probably last five days. steam pipe. 
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Dealing with the subject of ‘‘ Plant and Mechanical 

















951. 





ANK 
YIKA 


tly been 
e Engine 
iganyika 
larbours, 
engineer 
s for the 
ed, and 
t of the 
r square 
adhesive 
56 to 1. 
Figs. 2 
d a half- 
d 5 are 
he loco- 
shunting 

but a 
ted and 
engines 
roposed 
ft. 6 in. 
acilitate 
es have 
ie wider 
e wheel 
n. The 
ced by 
lesigned 
p trans- 
will be 


arrel is 
of the 
narrow 
ng and 
copper, 
copper 
ir rows 
on, are 
1? in. 
super- 
) B.W. 
yutside 
i-valv« 
ported 
urfaces 
sq. ft. 
OX, SO 
q. ft. ; 
-grate, 
sq. ft. 
inders. 
valves 
cation 
s and 
r the 
mech- 
m six 
| four 
r-feed 
s and 











ENGINEERING, Fesruary 23, 1951. 





2-6-2 SIDE-TANK LOCOMOTIVE FOR 
MESSRS. W. G. BAGNALL, LIMITI 
(For Description, see Page 


on 
Fig. 2. 





— 






/ 5 
FA ‘¢ 
2% — —— —+- thelial DS Neate — Uh SSSR === = 9.7 Between Tubeplates- = =t == 2 RS = 
‘x | 
| | Cylinders : — — - - — . 
i , 16'Dia.x22° | ! a====- = se , : = = = { Ti 
' Stroke : \ . ceFSesean | al a > ES Rh Bee pepe : a Spa 7 20 
















| 
| | ie NN \ on Ki \ 
| yyy {LY NS 2249" Dia. tn, vce steele: he a el 
4 — oq) ome ae TT = —_ ——— — : ne — 
L lite pc kanacenewce cas = SIRE mtmcecmnnanaanemeeds a Serres. ond 
| -2,.7%4 - ---eht------ ----- ~-- -~--------------------- === 26:6" Total Wheelbase —- os ---- ----- 


| | la a at a salar lew Se care Meera Ns ae ee ts Sk AE a EER eee a -33.7% Length of Frame----~------- 


Weight in Working Order 8-9 Tons 11°65 Tons 11-7 Tons 
Empty Weight 6°05 Tons 9°5 Tons 9°6 Tons 








Sees i 











(T etween PUB 220 gq 








PLATE IX. 








~~ | RK 2 
1 ot $ 
10 & 
el | 
| — se: § 
a +: 8 
x! " 
eg | Ee & 
= te 
— A A! > 
{ 5 9 so) 
5» 3 
> a 
) ii; 3% z 
| ' b= z 
| 1 i ? 
, & HR 
| iii PE 
. a 3 
ji i &e 
peng > ‘= e 
. # 
oe Re 
=~ ay 
\: boty 
, & | 
ity, s 
\ ; 2 & 
Wii $s 
a - ! “ws 
isa ® ¢ 
et £ 9 ew 
“A Ld at 
es * 8 
a a 
1toqpot 
oe 
tous 
4 








TANGANYIKA RAILWAY. 








-—man=-- A I eet Se een e wee eawaeces 


| 
| 
| 
1 
1 
1 
| 
| 
| 
| 
| 
i | 
toy 
tl gg 
a 
, § S & 
; b&b © 
. : 3 = om 
AQ _ 
a=) i! 
=) ; 8 
‘a 
fy ££ 
ba i | 
a a. => 
R-—> a. ; - 
—) .. 3 | wy 
. = 14 ’ 
= 7 ee he 
S m3 2 
wes ww! 3 
— aed 
O85 htt Es 
r 2 > 
i = > 
i. ' Le 
? S at 
A ae = 
—- = 8 iif 3 
—t Of tne . 2 «a B. 











FEB. 23, I95I. 


| 
| 


a eo eo oe 3 ee ey 

















































































ENGINEERING. 221 
2-6-2 TANK LOCOMOTIVE FOR TANGANYIKA. 
W. G. BAGNALL, LIMITED, STAFFORD. 
te mien witiberlaetea su 
2 ‘ 
1) f 4 7 —— = \ 
: a, CS 
Oe TT? aC O gi —— 
=. “elie mm} 
| Sek oh ~ a 
= rae \ : 
™ ee eee =) | 
' ® | ry ‘A ; 
I nih i)» | 
P. 4 in|) | 
; | rl aye | 
4 WA |; i 
; i i py | 
: RS {qi oer f i ( 7 | 
% ; : 1 i 
e | kote ait) | 
ue | 0000000 if 4 h | 
| O¢ ; | 
2000 Mf \ _ it 
| 00000 UY bhi} | 
oog : ef '\\ | i 
LJ i AW iilé | 
: ; >= : i, ||; : 
1 | ° lA iy a1 | 
1 ie age | 
a tee as BF | 
ee fe 7 a \S Poe fe ! 
\ | - - \ j 
i i is jae =| ON 
a = a oe Wat | | 
j= | } ti \ | 
1 | le----- 192% ---- Heat mos = zs _ ee th) ae = | 
Ai Coe © ee re p cele oi , os TAS i 
aaa * St | Lj tone 0 “ENGINEERING 


SR ix... 


The main frames are of steel plates, 1 in. thick, 
with pressed-steel cross-stays, and the axlebox guides 
are of cast steel, fitted with adjusting wedges. The 
axleboxes, also of cast steel, have gunmetal brasses 
lined with whitemetal. The bearing springs are 
underslung and uncompensated; those for the 
coupled wheels each have 13 plates, 44 in. wide 
and $ in. thick. The brake gear is fully compensated 
and is operated by two 21-in. vacuum cylinders sup- 
ported outside the frames behind the foot-step. The 
front truck, which is of the swing-link type, is fitted 
with Timken roller-bearing axleboxes and is allowed a 
total side play of 6 in.; the hind truck is fitted with 
Timken cannon axleboxes and has a side play of 7} in. 
_ The fittings include two No. 7 Gresham and Craven 
Injectors, a steam-operated bell, and gravity sanding 
gear. The side tanks slope down at the front to 
improve the driver's field of view, and the coal bunker 
is self-trimming. The coal and water capacities are 
3 tons and 1,500 gallons, respectively. The electric 
lighting equipment was supplied by Messrs. J. Stone 
and Company, Limited, Deptford; it includes a 500- 
watt 24-volt turbo-generator, two 14-in. diameter head- 
lights, and cab, gauge, marker and motion lights. 
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HOLME Moss TELEVISION STaTION.—The British 
Broadcasting Corporation announce that work on the 
750-ft. mast for the new television station at Holme Moss 
has been delayed by bad weather and difficulties in the 
delivery of the equipment. It is hoped, however, that 
Preliminary medium-power transmissions, which will 
not give the full coverage, will begin in July, and 
normal programmes at full power at the end of September. 





SaFETY ON ENGINEERING CONSTRUCTION WoORKE.— 
The Ministry of Labour have published a revised prelimi- 
nary draft of Regulations as to Safety, Health and 
Weltare in connection with Work of Engineering Con- 
ie (H.M. Stationery Office, price 1s. 6d. net). The 
— preliminary draft was published in 1945 for 
ron and consideration by persons affected. Organisa- 
an mainly concerned with this type of work, and any 
omen = May wish to do so, are invited to send state- 
pean An the Ministry indicating what points on the revised 
eta ®y would like to discuss with the Department, 

re the regulations are formally issued in draft. 





“ VELOTROL ’’ ELECTRIC MOTOR 
SPEED CONTROL, 


WHEN the speed of an electrically-driven machine 
must be varied over a wide range, a direct-current 
drive is essential. If alternating-current is used, 
some form of conversion equipment is necessary. This 
frequently takes the form of a rectifier, which can 
also be used to vary the voltage of the motor armature 
(for constant-torque drives) or to vary the strength of 
the shunt field (for drives requiring constant horse- 
power). In the Velotrol system, designed by the 
Hackbridge and Hewittic Electric Company, Limited, 
Hersham, Walton-on-Thames, Surrey, constant-torque 
loads, for which a speed variation of 12-5 to 1 is 
required, can be controlled by using a grid-controlled 
rectifier, by varying the input voltage to the rectifier 
transformer or by employing tapping switches on that 
transformer. The first method enables the point in 
each cycle at which the anodes become conducting to be 
delayed so that the output voltage of the rectifier is 
decreased. This delay can be effected by a double- 
wound mpm the angular setting of which deter- 
mines the point in each cycle of anode voltage at which 
the anodes conduct. The direct-current output voltage 
is then varied smoothly from the maximum to zero. 

Alternatively, where extreme sensitivity of control is 
important, an impulse generator can be employed to 
control the rectifier grids. This generator may com- 
prise either electromagnetic devices, incorporating 
peaking transformers, or thermionic units. With this 
method, a steep-fronted wave, instead of a sine wave, is 
applied to the rectifier grid through a negative bias, so 
that the instant when the anodes become conducting 
can be fixed precisely. The result is a stable output 
voltage over the whole range. The power factor of 
such a grid-controlled rectifier is high when its output 
voltage is at a maximum and decreases as the output 
voltage is reduced. On the other hand, the alternating 
input current is always proportional to the motor 
torque, so that, while the power factor decreases with 
the speed, the input power in kilovolt-amperes is never 
greater than the power at full speed for any given 
motor torque. Where heavy loads at reduced speeds 
have to be sustained for long periods, circuits can be 
used which avoid any reduction in the power factor. 





The second method of using a regulator to vary the 








contact moving-coil or induction regulator. 


starter is not required, since the output from the 
vol rectifier can be redueed to zero. By using 
either off-circuit or on-load tapping switches it is 
possible to vary the vol of the rectifier transformer 
by a pre-determined number of fixed steps. Although 
this is a simple method, the number of speeds obtainable 
depends on the number of tappings on the transformer 
and is, of course, limited. oreover, the speed of the 
motor cannot be reduced to zero, so that a starter is 
required, unless the motor is small enough to permit 
direct starting. This method can be used in combina- 
tion with grid control to give fine speed regulation 
without greatly impairing the normal high power factor. 
The s of constant horse-power loads, such as 
those of lathes and grinders, can be controlled by 
eae the current in the shunt circuit of the motor, 
while the armature voltage is maintained steady. In 
this way, a speed range of about 4 to 1 can be obtained 
with standard motors or of about 6 to 1 if specially- 
designed motors are used. The shunt field is soul 
energised by dry-plate rectifiers of the SenTerCel type, 
which are supplied with alternating current either from 
an auxiliary transformer or from a separate winding 
on the main transformer. The current from these 
rectifiers can be varied either by a rheostat, by an 
induction or sliding-contact regulator or by controlling 
the alternating current supplied to dry-plate rectifiers 
by a transductor or other static electromagnetic device. 
With any of these methods a motor starter is required. 
The two main methods of speed control can be combined 
to give a variation of a wide range, over a substantial 
portion of which a high power factor can be maintained. 
The control gear for Velotrol rectifiers is usually 
installed in a separate compartment in the rectifier 
cubicle so that both sets of equipment can be operated 
and tested asa unit. A further advantage is compact- 
ness, while the number of interconnections is reduced 
to a minimum. Hand or push-button operation can 
be arranged. In the latter case, the push buttons 
actuate a small motor which drives the control appa- 
ratus. The control station can also arranged so 
that the motor speed is varied automatically by other 





machinery or processes. 


alternating-current input voltage makes use of a sliding 
In all 
cases, a smooth variation over the whole speed range is 
obtained with a constant high power factor. A motor 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


CoaL STocks IN SCOTLAND.—Good progress has been 
made in closing the gap between this year’s coal stocks 
and the position in 1950. The total distributed to con- 
sumers on February 3 amounted to 947,551 tons, as 
against 1,021,214 tons on the corresponding date last 
year, but the deficit of 73,663 tons compared with one of 
192,204 tons three weeks earlier. The improvement arose 
from higher production at the pits, assisted by imports 
of United States coal. The latter mostly went to the 
British Electricity Authority, bringing power-station 
stocks on February 3 almost to parity with a year ago— 
177,376 tons against 179,426 tons. Gasworks actually 
had more in hand, 157,918 tons in contrast with 147,012 
tons, while industrial reserves were reasonably well 
maintained at 349,988 tons against 357,571 tons. 





ScorrisH IRON AND STEEL INDUsSTRY.—The production 
of steel ingots and castings by the Scottish steel industry 
in January was at an annual rate of 1,836,700 tons, which 
compared with 1,857,300 tons in the corresponding 
month in 1950. The performance has given particular 
satisfaction to makers in view of the increasing stringency 
of scrap. Reflecting the New-Year holiday and iron-ore 
shortage, pig-iron production dropped to an annual 
equivalent of 740,700 tons, against 827,600 tons in 
December, 1950, but was considerably above the figure of 
677,200 tons for January, 1950, when one of the three 
blast furnaces at the Clyde Iron Works, Cambuslang, was 
extinguished for relining. 





EDUCATION FOR MANAGEMENT.—Addressing members 
of the Institution of Production Engineers in Glasgow 
on February 15, Lieut.-Col. L. Urwick, O.B.E., ehair- 
man of the Committee on Education for Management, 
said that increasing interest was being taken in education 
for management in Great Britain. There were still pro- 
blems to be solved, but he was convinced that every young 
person fit to benefit by it would, within a decade, receive 
adequate theoretical instruction in the subject. He was 
less happy concerning practical training within industry, 
though there was a great deal more of this than formerly. 
Colonel Urwick appealed for greater facilities for the 
teaching of the subject at the universities. 

ELECTRIC POWER LINES IN INVERNESS-SHIRE.—The 
Secretary of State for Scotland (the Rt. Hon. Hector 
McNeil, M.P.) has confirmed a scheme prepared by the 
North of Scotland Hydro-Electric Board for the erection 
of overhead transmission lines from the transforming 
station at Fasnakyle to a new transforming station to be 
erected near Fort Augustus. The scheme, which is 
estimated to cost 374,0001., will extend the existing grid 
system in the north of Scotland and eventually will be 
connected to the generating stations of the Garry and 
Moriston projects. A White Paper on the scheme can 
be obtained from H.M. Stationery Office. [Price 1d.] 

BUSINESS EQUIPMENT EXHIBITION.—At the request 
of the Glasgow Chamber of Commerce and the Glasgow 
Engineering Centre, the Office Appliance Trades Associa- 
tion of Great Britain and Ireland are holding a four-day 
Scottish Business Equipment and Management Ex- 
hibition in Glasgow. It was opened on February 20 
by the Lord Provost, Sir Victor Warren, and is designed 
to show the latest practice in mechanical organisation in 
the office. The wide range of office equipment on view 
includes punched-card machines as used in taking the 
National Census: the electric duplicators which were 
tried out at the last assembly of the Council of Europe at 
Strasbourg ; and a dictating machine which also records 
both sides of a conversation. In his opening address, 
the Lord Provost praised the office equipment industry 
for having introduced entirely new industries to Scotland, 
which had given clean and healthy employment to a 
large number of people. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE LATE Mr. FERDINAND HUDLESTON.—The death 
is reported from Penrith, Cumberland, of Mr. Ferdinand 
Hudleston, M.I.C.E., at the age of 93. Mr. Hudleston, 
who formerly practised as a consultant in London, was 
born at Bath on November 7, 1857, educated at Repton, 
and served a pupilage for two years (1877-79) in Brassey’s 
Canada Works, Birkenhead, and for a further three 
(1879-81) under G. F. Lyster, M.I.C.E., then engineer of 
the Mersey Docks and Harbour Board. He was resident 
engineer for Sir Douglas Fox and J. H. Greathead on 
the construction of the Liverpool Overhead Railway, and, 
later, manager for the contractor, J. W. Willans, by 
whom he was afterwards employed on the Great Northern 
and City Railway, London. He was also manager for 


the cohtractors (the Electric Traction Company) for the 


Central London Railway. While in Liverpool, he was 
President of the Liverpool Engineering Society, in 1890- 
91. He relinquished practice in 1912, on succeeding to 
the family estate, Hutton John, near Penrith, where he 
died on February 15. 

TRON-ORE SHORTAGE.—Vigorous measures are in hand 
to increase the output of native ironstone and moderate 
progress has been made at the Cleveland mines, but ore 
consumers north of the Tees are chiefly dependent on 
deliveries of material from overseas sources and the 
stocks of foreign ore are at a low ebb with no immediate 
prospect of replenishment. The position occasions 
considerable anxiety. 

NORTH-EAST ENGINEERING BUREAU.—The number 
of trade inquiries received by the North-East 
Engineering Bureau, Guildhall Chambers, 13, Sand- 
hill, Newcastle-upon-Tyne, 1, during 1950 totalled 
480, representing an estimated value of 320,6001. Quota- 
tions were furnished for 364 of these inquiries and 120 
resulted in the placing of orders. These figures are 
given in the annual report of the Bureau for the year 
ending, December 31, 1950, where it is stated that the 
number of orders received, compared with the inquiries 
for which quotations have been made, is about 1 in 3. 
This represents a considerable improvement on the 
previous year. During the twelve months under review, 
members have approached the Bureau with a wide 
variety of problems relating to design, production, 
materials, costing, and other matters. Thirty-three new 
member firms were elected during 1950. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


CONFERENCE ON FUEL ECONOMY.—A special meeting 
on fuel economy has been convened by the Sheffield 
branch of the Institution of Works Managers for March 6. 
The speakers will include Mr. W. B. Wells, Director of 
the Ministry of Fuel and Power for the North-East 
Region, and Mr. S. J. Eardley, the Regional Fuel Engi- 
neer. It is emphasised that by using fuel carefully, 
industry can still do much to offset the effects of the 15 per 
cent. cut in coal supplies. Firms are being asked to pay 
particular attention to all short-term methods by which 
improvements can be achieved during the present winter. 





RISING Costs OF ELECTRICITY.—The advance in the 
price of coal by 4s. 2d. a ton is a serious matter for indus- 
trial users of current in the Sheffield and Rotherham 
area, where nearly all industrial consumers are supplied 
on tariffs which include a coal-price adjustment clause, 
under which the unit charge is reviewed monthly. The 
unit charge increases by a fixed percentage for every 
penny rise in the cost per ton of coal delivered to the 
generating stations. In electricity charges alone, indus- 
trial concerns in the area will have to pay an extra 
150,0001. a year. 

IMPROVEMENT IN STEEL SUPPLIES.—A slight improve- 
ment in supplies of steel will enable J. J. Habershon 
and Sons, Ltd., Rotherham, to resume full-time working 
at their hot-rolling mills this week. Insufficient steel 
had made it necessary to institute a four-day working 
week for about a fortnight. Apparently, however, it is 
not yet certain how long full time can be continued, 
and some Sheffield rolling mills are still having to curtail 
operations owing to lack of sufficient steel. 





HADFIELDs LIMITED.—Lord Dudley Gordon, D.S.O., 
in his chairman’s address at the 63rd annual general 
meeting of Hadfields Ltd., on February 12, drew atten- 
tion to the fact that the stockholders would receive 
3,635,7491. from the Iron and Steel Corporation for 
assets which, according to the balance sheet, had a net 
value of 6,328,8201. 

THE INGERSOLL-RAND Co., Ltp.—A contract has been 
awarded to J. Gerrard and Sons, Ltd., for a considerable 
extension to the works of the Ingersoll-Rand Company at 
Trafford Park, Manchester. The works were opened in 
1933, and extended in 1949 for the production of portable 
air compressors. The latest extension will provide for 
the large-scale production of the company’s Carset jack- 








bits for mining purposes and, eventually, of pneumatic 
tools. The new premises should be completed in July. 


THE MIDLANDS. 


PRODUCTION OF TRACTORS AT COVENTRY.—To offset 
the reduction in the output of cars, resulting from 
the shortage of sheet steel, Harry Ferguson, Ltd., of 
Coventry, hope to produce an increased number of trac- 
tors. Very little sheet steel is used in a tractor and, 
consequently, it should be possible to exceed the figure 
of 300 tractors a day which is the present production. 

NEW COLLIERY FOR THE WEST MIDLANDS.—The 
National Coal Board has authorised the sinking of a 
new colliery at Brereton, near Rugeley, Staffordshire, 


| will take about two years to complete. 





and work on the project will begin as soon as possible, 
The colliery, which is designed for an output of 1,500,000 
tons of coal a year, will be on the Cannock Chase coalfield 
in an area where the proving of reserves has been in 
progress for some time. It will use locomotive haulage 
underground, and will probably be equipped with 
Samson strippers. Seme of the collieries in the area are 
becoming worked out, and the new pit will provide an 
outlet for the labour from mines which must be closed 
down. 


CENTENARY OF FISHER AND LUDLOW, LTD.—We have 
received from Messrs. Fisher and Ludlow, Ltd., a booklet 
describing the development of the firm since, in 1849, 
the original Fisher began to make tinmen’s furniture 
*‘in a little shop up an entry at number 238 Sherlock 
Street,’”? Birmingham. The present business is consi- 
dered to have started in 1850—the year, at least, from 
which the centenary has been reckoned. The firm’s 
Albion Works covers an area of 103 acres at Castle 
Bromwich, and is devoted mainly to motor-car bodies, 
pallet containers and other mechanical-handling plant. 





POWER STATION EXTENSION AT DRAKELOW.—The 
Minister of Fuel and Power has approved the application 
of the British Electricity Authority to extend the power 
station at Drakelow, in the East Midlands Division, 
which is at present under construction, by the addition 
of two 60,000-kW turbo-alternators and two boilers, each 
to have an evaporative capacity of 515,000 Ib. per hour. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


REORGANISATION OF CWM COLLIERY.—The biggest 
plan so far approved under the National Coal Board’s 
re-organisation scheme, was announced in London on 
February 16. It concerns the Cwm Colliery, Llantwit 
Fardre, on the southern fringe of the South Wales coal- 
field, and the development work involved, which it is 
expected will be completed by 1961, will cost 4,150,000/. 
This includes expenditure on a coal-preparation plant. 
It is estimated that the output of the colliery will rise 
to 1,134,000 tons a year, an increase of 750,000 tons over 
the present level. Coal reserves in the area have been 
estimated as sufficient to last 200 years. The colliery has 
two shafts, one of which is 25 ft. in diameter and is 
believed to be the largest in the country. 

COAL PREPARATION PLANTS.—The National Coal Board 
have also approved plans for the complete renewal of 
the central coal-preparation plant at Celynen Colliery 
at Newbridge, Mon., to serve six collieries at an esti- 
mated cost of 160,0001.; an extension of the coal- 
washing plant and provision of a froth flotation plant at 
the Parc Colliery, Rhondda, at a cost of 140,000/.; anda 
new coal-preparation plant at the Deep Duffryn Colliery, 
Mountain Ash, at a cost of 125,0001. 

Port TaLBoT GaSworKs.—At a Press conference at 
Port Talbot, on February 13, Mr. Frank Edwards, 
manager of the Port Talbot undertaking of the Wales Gas 
Board, gave further details of the scheme for providing & 
central point at Port Talbot for a gas grid to supply 
the industrial and domestic needs of most of South 
Wales. The cost of the scheme is estimated at more than 
1,000,0001. The installation will be constructed on the 
site of the Aberavon gasworks, and, as part of the 
scheme, a lake of 14 acres is being filled in by the Port 
Talbot Council. About 250,000 tons of sand will be 
transported for this purpose from the Aberavon beach, 
about a mile away. In 1938, the Port Talbot gasworks 
produced 232,000,000 cub. ft. of gas. This year, produc- 
tion expanded to 853,000,000 cub. ft., and in 1953-54 it is 
estimated that it will be 3,500,000,000 cub. ft. It is to 
meet this great expansion that the Wales Gas Board 
have decided to build the new works, which it is hoped 
to bring into production by December, 1952. 





NEATH ELECTRICITY DEVELOPMENT.—AN electricity 
development scheme for Neath, announced on Febru- 
ary 15, will cost 250,0001. The project includes the 
provision of two new 30,000-volt cables from Tir John 
power station, which will provide for an anticipated 
consumption of 62,000,000 units a year. The project 
It is proposed to 
lay new cables throughout the greater part of the built-up 
areas of Neath, Briton Ferry and Skewen and to erect 
five substations. 





LLANELLY STEEL Company.—The steel output >= 
the Llanelly Steel Co. (1907), Ltd., in 1950, a 
exceeded 200,000 tons, was the highest for the pas 


25 years and represented an increase of 7 per cent. ee 
the total for 1949. The rebuilding of furnaces, sturt« 
ted last year, 


some years before the war, was comple ; 
with the result that the melting shop now has nine wi 
naces occupying the site of 12 smaller pre-war furnac a 
The bar-mill output for 1950 was more than 84,000 -_ 
an increase of 11 per cent. over 1949, and the highes 
since its conversion into a semi-continuous mill in 1928. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre : Monday, February 26, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. “Transients in Electric 
Mine Winders and Their Effects on Rope Stresses,” by 
Mr. T. H. Petch. North-Western Centre: Monday, 
February 26, 7 p.m., Engineers’ Club, Manchester. 
Sixth University Lecture: ‘“ Metallurgical Research at 
Manchester University,” by Professor F. C. Thompson. 
ts Section : Tuesday, February 27, 5.30 p.th., 
Victoria-embankment, W.C.2. Discussion on “ Elec- 
trical Measurement by Thermal Effects,” to be opened 
by Professor J. Greig, Dr. L. G. A. Sims and Dr. J. G. 
Freeman. Scottish Centre: Tuesday, February 27, 
7 p.m., 39, Elmbank-crescent, Glasgow, C.2. ‘‘ Electrical 
Methods of Measuring Mechanical Quantities,” by Mr. 
F. J. Woodcock. Southern Centre: Wednesday, Feb- 
ruary 28, 6.30 p.m., Technical College, Brighton. Report 
on “‘ Education and Training of Electrical Technicians,” 
presented by Mr. W. N. C. Clinch. Mersey and North 
Wales Centre: Wednesday, February 28, 6.45 p.m., 
Philharmonic Hall, Hope-street, Liverpool. Faraday 
Lecture on “‘ Lamps and Lighting: A Record of Indus- 
trial Research,’”” by Mr. L. J. Davies. Institution: 
Thursday, March 1, 5.30 p.m., Victoria-embankment, 
W.C.2. “ London-Birmingham Television Radio-Relay 
Link,” by Mr. R. J. Clayton and others. 


INSTITUTION OF WORKS MANAGERS.—Glasgow Branch : 
Monday, February 26, 7.15 p.m., 39, Elmbank-crescent, 
Glasgow, C.2. Open- Discussion on * Producing What 
We Can Sell and Selling What We Produce.” 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, February 26, 7.30 p.m., 
The University, Leeds. Discussion on ‘ Mechanical 
Handling.” Peterborough Branch: Thursday, March 1, 
7.30 p.m., Eastern Gas Board’s Offices, Church-street, 
Peterborough. Film on “ Discharge Lighting.” 

INSTITUTION OF CIVIL ENGINEERS.—Airport Engineer- 
ing Division: Tuesday, February 27, 5.30 p.m., Great 
George-street,S.W.1. ‘* Engineering Factors Influencing 
the Adoption of Rigid and Flexible Pavements,” by Dr. 
B. H. Knight; and “‘ Testing Runway Foundations and 
Pavements,” by Mr. J. A. Skinner. 

INSTITUTE OF REFRIGERATION.—Tuesday, February 27, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, S.W.1. “The Practice of 
Refrigerator Lubrication,’’ by Lieut.-Col. S. J. M. Auld 
and Dr. H. M. Davies. 

ROYAL AERONAUTICAL SOCIETY.—Tuesday, February 
27, 7 p.m., 4, Hamilton-place, W.1. “‘ Development in 
Aircraft Wheels, Tyres and Brakes,” by Mr. J. Wright. 
Thursday, March 1, 6 p.m., Institution of Civil Engineers, 
Great George-street, S.W.1. ‘‘ Progress Towards Elec- 
trical Serviceability,” by Mr. R. H. Woodall and Mr. 
W. A. Higgs. 

INSTITUTION OF PRODUCTION ENGINEERS.—Luton 
Section: Tuesday, February 27, 7.15 p.m., Town Hall, 
Luton. ‘Control of Quality in Large and Medium 
Quantity Production,” by Mr. J. Loxham. Birmingham 
Section: Wednesday, February 28, 7 p.m., Chamber 
of Commerce, 95, New-street, Birmingham. “ The 
Organisation of Production Administration for Higher 
Productivity,” by Mr. B. E. Stokes. Western Section: 
Wednesday, February 28, 7.30 p.m., Works of the 
Westinghouse Brake and Signal Company, Limited, 
Chippenham, Wiltshire. ‘‘ Productivity,” by Mr. E. C. 
Gordon England. London Section : Thursday, March 1, 
7 p.m., Offices of the Power-Samas Accounting Machines, 
Limited, Aurelia-road, Mitcham-road, Croydon. “A 
Broader Conception of Productivity and Its Measure- 
ment,” by Mr.. F. G. S. English. Glasgow Section: 
Thursday, March 1, 7.30 p.m., 39, Elmbank-crescent, 
Glasgow, C.2. Annual Meeting and Open-Discussion 
Evening. 

ROYAL SOCIETY oF ARTS.—Wednesday, February 28, 
2.30 p.m., John Adam-street, Adelphi, W.C.2. ‘“‘ 1851- 
a : A Century of British Engineering,” by Mr. W. T. 

ea, 

INSTITUTE OF WELDING.—Wednesday, February 28, 
6 p.m., Institution of Civil Engineers, Great George- 
Street, Westminster, S.W.1. ‘The Uses and Abuses of 
Are-Welding Electrodes,” by Mr. I. C. Fitch; and pre- 
Sentation of the Sir William J. Larke Medal for 1950 to 
Mr. Fitch. 

: ILLUMINATING ENGINEERING SocreTy.—Wednesday, 
February 28, 6 p.m., 2, Savoy-hill, W.C.2. Discussion 
on “ Assessment of Lighting : Instruments or Instinct.” 
: ROYAL STATISTICAL SocIETY.—Industrial Applications 
Section : Wednesday, February 28, 6.30 p.m., Chamber 
of Commerce, 95, New-street, Birmingham. “ Inter- 
bretation of Inter-Process Variability for Basically 
Biifcrent Products,” by Mr. V. E. Gough. Friday, 
March 2, 6 p.m., 2, Savoy-bill, W.C.2. “ Some Produc. 





Measur 





tion Problems and Planned Works Experiments,” by 
Mr. A. D. Grace. 


INSTITUTION OF MECHANICAL ENGINEERS.—F orkshire 
Branch: Wednesday, February 28, 7 p.m., The Univer- 
sity, Sheffield. ‘‘ Simplification Creates New Problems 
for Top-Management,” by Dr. H. E. Merritt. Institu- 
tion: Friday, March 2, 5.30 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. Meeting in conjunction with 
the Education Group. ‘ Training of Engineers for the 
Chemical Industry,” by Mr. W. F. Carey. AUTOMOBILE 
DIvIsIon.— North-Western Centre: Wednesday, Feb- 
ruary 28, 7 p.m., Engineers’ Club, Manchester. Annual 
Meeting and Film Evening. North-Eastern Centre : 
Thursday, March 1, 7.30 p.m., Technical College, Darling- 
ton. “Design and Development of an Agricultural 
Tractor,” by Mr. H. E. Ashfield. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—West 
Midlands Section: Wednesday, February 28, 7 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wulfruna-street, Wolverhampton. ‘‘ Power Rectifiers,” 
by Mr. J. C. Milne. Merseyside Section: Thursday, 
March 1, 7 p.m., Electricity Service Centre, Liverpool. 
** Use of Foster’s Theorem in Circuit Design,” by Dr. E. 
Williams. North-Western Section: Thursday, March 1, 
7.15 p.m., College of Technology, Manchester. ‘ A 
Survey of Television Development and Its Problems,” 
by Mr. H. J. Barton-Chapple. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham 
Branch: Wednesday, February 28, 7.15 p.m., James 
Watt Memorial Institute, Birmingham. ‘“‘ Grain Refine- 
ment and Its Effects in Cast Non-Ferrous Metals,”’ by 
Mr. A. Cibula. London Branch: Wednesday, February 
28, 7.30 p.m., Waldorf Hotel, Aldwych, W.C.2. ‘“ Valve 
Guide Castings,’’ by Mr. R. Dulche. 

INSTITUTION OF ENGINEERING INSPECTION.—West of 
Scotland Branch: Wednesday, February 28, 7.30 p.m., 
Engineering Centre, 351, Sauchiehall-street, Glasgow. 
“Time-Study Incentive Systems,’’ by Mr. J. MacGregor. 
London Centre : Thursday, March 1, 6 p.m., Royal Society 
of Arts, John Adam-street, W.C.2. ‘‘ Inspection in 
Heavy Engineering,” by Mr. M. A. Fiennes. 

RoyaL Socrery.—Thursday, March 1, 4.30 p.m., 
Burlington House, Piccadilly, W.1. ‘“‘The Work of 
the Atomic Energy Research Establishment,” by Sir 
John Cockcroft, F.R.S. 

ROYAL INSTITUTION.—Thursday, March 1, 5.15 p.m., 
21, Albemarle-street, W.1. Lecture II. ‘* Metal Phy- 
sics,’”’ by Professor Sir Lawrence Bragg, F.R.S. Friday, 
March 2, 9 p.m., “‘ The Scientific Outlook in 1851 and in 
1951,”’ by Professor Herbert Dingle. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South London Branch: Thursday, March 1, 8 p.m., 
Café Royal, North End, Croydon. “Electric Tele- 
metering,’”’ by Mr. L. James. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Western 
Counties Branch: Friday, March 2, 6.15 p.m., College of 
Technology, Bristol. ‘‘A Chapter of Engineering a 
Century Ago,” by Mr. F. W. Heathcote and Mr. A. H. 
Chilver. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, March 2, 
6.30 p.m., 39, Victoria-street, Westminster, S.W.1. 
Films on “ Foundry Practice,’ to be introduced by 
Mr. A. S. Ladley. 





CONTRACTS. 


LEYLAND Morors Ltp., Leyland, Lancashire, have 
obtained orders for 88 omnibus and motor-lorry chassis, 
in addition to a number of separate Diesel engines, some 
of which will be supplied as complete industrial and 
marine power units. The 88 vehicles comprise 80 Comet, 
Diesel omnibus chassis with 17 ft. 6 in. wheelbases ; 
three heavy-duty forward-controlled goods chassis and 
five of the new Royal Tiger underfloor-engined omnibus 
chassis with 17 ft. 6 in. wheelbases, air pressure brakes 
and power-assisted change-speed for synchromesh gear 
boxes. Finnish-built bodies will be fitted to all the 
chassis. 


THE CALEDON SHIPBUILDING & ENGINEERING CO., 
Lrp., Dundee, have received an order from Sir R. 
Ropner & Co. (Management) Ltd., Darlington, for a 
fast cargo motorship of 9,500 tons deadweight. Pro- 
pelling machinery of Doxford type will be supplied by 
ALEXANDER STEPHEN & Sons, LTp., Linthouse, Glasgow. 


C. A. Horton Ltp., Brierley Hill, Staffordshire, have 
obtained a contract from British Railways, London 
Midland Region, for the erection of a temporary foot- 
bridge in connection with the reconstruction of bridge 
No. 2 on the Stour Valley line, at Birmingham, Naviga- 
tion-street. 


G. F. Tomutnson & Sons Ltp., City-road, Derby, 
have received an order from the London Midland Region 
of British Railways for- concrete paving, foundations, 
pit supports and straining posts, in connection with a 
wagon traverser in the Toton Up Yard modernisation 
scheme. 


PERSONAL. 


Sm Henry Wson Smira, K.C.B., K.B.E., has 
joined the board of the Vacuum Oil Co., Ltd., Caxton 
House, London, 8.W.1, as one of the representatives 
of Powell Duffryn Ltd., which, in partnership with 
Socony-Vacuum Oil Co., Inc., of New York, now jointly 
own that company. 

Mr. F. A. Popr, C.I.E., M.Inst.T., who has been 
chairman of the Ulster Transport Authority since 1948, 
has accepted an invitation to become a full-time member 
of the British Transport Commission. He will take up 
his new appointment on a date to be arranged. 

Mr, R. C. S. Watrers, B.Sc., M.I.C.E., will succeed 
Mr. N. J. Pues, C.B.E., M.I.C.E., as President of the 
Institution of Water Engineers, Parliament Mansions, 
Abbey Orchard-street, London, S.W.1, at the summer 
meeting of the Institution, which is to take place at 
Keswick, Cumberland, from May 8 to 10. 

Mr. JoHN Pascor, deputy chairman and managing 
director of British Timken Ltd., Birmingham ard 
Northampton, and of Fischer Bearings Co., Ltd., Wolver- 
hampton, has been appointed chairman and managing 
director of both companies. His appointment follows 
the death of Mr. M. B. U. Dewar, the former chairman, 
on December 21, 1950. (An obituary notice on Mr. 
Dewar appeared on page 20, ante.) 

Mr. RICHARD CRAWFORD, M.I.Min.E., A.I.E.E., 
formerly Deputy Chief Electrical Inspector of Mines, 
and, after vesting date, chief electrical engineer to the 
National Coal Board, has now joined the Mine Safety 
Appliances Co., Ltd., Queenslie Industrial Estate, New 
Edinburgh-road, Glasgow, E.2, as general sales manager. 


CaPTaIN (E) ROBERT Coss, O.B.E., R.N., has been 
promoted Rear-Admiral (E) and is relieving Rear-Admiral 
(E) JaMEs BREAKS, O.B.E., on the staff of the Com- 
mander-in-Chief, Portsmouth, on Rear-Admiral Breaks’s 
retirement. 

Mr. W. LYNN NELSON, O.B.E., M.I.Mar.E., until his 
recent retirement chief marine engineer superintendent 
of the Eagle Oil and Shipping Co., Ltd., has been awarded 
the Denny Gold Medal of the Institute of Marine Engi- 
neers, for his paper, ‘‘ Factors Governing the Design of a 
Modern Tanker, with Special Reference to Machinery,”’ 
read before the Institute on March 14, 1950. 


Mr. E. H. JEFFERSON has been elected a director of 
Hawker Aircraft Ltd., a member company of the Hawker 
Siddeley Group. He has been with Hawker Aircraft 
Ltd. for 30 years and will continue to act as the firm’s 
quality controller, to which post he was appointed in 
1947. 


Mr. P. J. C. BOvILL, general manager of the Chemical 
Works of Newton Chambers & Co., Ltd., and a director 
of the local board, has been appointed chairman of the: 
Sheffield Centre of the Institute of Industrial Adminis- 
tration. 

Mr. L. ROTHERHAM, M.Sc. (Lond.), F.Inst.P., F.I.M., 
has relinquished his position in the Metallurgy Depart- 
ment, Royal Aircraft Establishment, Farnborough, 
Hampshire, and has taken up an appointment in the 
Ministry of Supply Atomic Energy (Production) Division, 
Risley, Warrington, Lancashire. 

Mr. B. H. C. WaTERS has been appointed lecturer in 
metallurgy at University College, Southampton. 

Mr. F. J. WELCH, formerly with Jack Olding & Co., 
Ltd., Hatfield, has joined the staff of the sales promotion 
department of C.A.V. Ltd., Acton, London, Ww.3. 


BROOKHIRST SWITCHGEAR LTD., Northgate Works, 
Chester, have opened a branch office at Lloyd’s Bank 
Chambers, 15, Sandhill, Quayside, Newcastle-upon- 
Tyne,1. Mr. T. G. EVANS, who has been hitherto assis- 
tant to Mr. H. H. Renfree, district manager at Leeds, 
has been appointed district manager at Newcastle and 
will be responsible for the company’s interests in North- 
umberland and Durham. 

HARTLEYS (STOKE-ON-TRENT) LTD., manufacturers of 
sewage disposal equipment, Stoke-on-Trent, have 
arranged to be represented in Scotland by Morris, 
Warden & Co., Ltd., 90, Mitchell-street, Glasgow, C.1. 





““WALES AND MONMOUTHSHIRE: AN INDUSTRIAL 
REvIEw.”—The National Industrial Development Coun- 
cil of Wales and Monmouthshire, Ltd., whose office is at 
17, Windsor-place, Cardiff, have issued, in connecticn 
with the Festival of Britain, a new edition of their 
Industrial Reviéw, which is on sale at 5s. per copy. It is 
arranged in two parts, the first revicwing past achieve - 
ments and containing particulars of industrial develop- 
ments in both North and South Wales, and Monmouth- 
shire ; and the second, of more general interest, dealirg 
with the country, its cities and towns, and its people. 
Maps are included of the whole of Wales, and of the 
respective areas covered by the North Wales and South 
Wales Electricity Boards. There is also a useful gazetteer 





of the principal towns and places of interest. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
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SUBSCRIPTIONS. 
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or three months, pro rata), payable in advance :— 
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The —" of a single copy will be 2s., plus 
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well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
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vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘Appointments Open,” “ Situations 
Wrrted,” “Tenders,” etc., is 10s. for the first four lines 
or under, and 2s, 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s, per insertion, with the exception of advertisements 
appearing under ‘“‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 
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THE NAVY ESTIMATES. 


THE statement by the Prime Minister (Mr. 
Clement Attlee) in the House of Commons on 
January 29, in which he gave particulars of the 
Government’s defence programme, did not go into 
a great deal of detail regarding the Royal Navy, 
his principal references being to questions of man- 
power; but he did state that the measures pro- 
posed, which included the recall of about 6,000 men 
from the Royal Fleet Reserve and some 600 officers 
from the Emergency List, would “enable more 
ships to be in full commission ” and “ would include 
the state of readiness of the Reserve Fleet.” This 
rather vague outline of the proposals affecting the 
Navy is considerably amplified, however, by the 
publication of the Navy Estimates for 1951-52 
and the statement* of the First Lord of the Admir- 
alty (Viscount Hall) which introduces them. These 
Estimates provide for a net expenditure for 1951-52 
of 278,500,000/., but this total does not make detailed 
provision for the further developments now envi- 
saged, so that it will be necessary to apply to Parlia- 
ment for a supplementary grant. It is now pro- 
posed to undertake a more extensive programme of 
new construction, mainly of vessels for escort and 
miresweeping duties, and of coastal craft. 

The present strength of the Fleet, it appears, is 
as follows, “excluding vessels of the Fleet Train, 
attendant ships, and numerous small craft”: one 
battleship (H.M.S. Vanguard) in commission for 
training and experimental work, and four (Anson, 
Howe, Duke of York and King George V) in reserve ; 
one fleet aircraft-carrier (Indomitable) in the active 
fleet, two (Indefatigable and Illustrious) used for 
training, etc., and three (Victorious, Implacable 





* Statement of the First Lord of the Admiralty explana- 
tory of the Navy Estimates. Cmd. 8160. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 6d. net.] 





and Formidable) in reserve ; four light fleet carriers 
(Theseus, Glory, Vengeance and Ocean) “ active,” 


g |and two (Triumph and Warrior) for training and 


experimental work ; 13 cruisers on the active list, 
two in use for training and 11 in reserve; 28 
destroyers active, 18 with special complements for 
training, etc., and 65 in reserve ; 36 active frigates, 
13 on training duties, and 113 in reserve ; 32 sub- 
marines on the active list and 24 in reserve ; and 
13 minesweepers active, three in the training fleet, 
and 47 in reserve. In addition, there are two 
monitors and three fast minelayers in reserve. 
Vessels under construction comprise two fleet 
carriers, seven light fleet carriers, three cruisers, 
eight destroyers, four frigates and 41 minesweepers. 

From the foregoing figures there are certain 
deductions to be made. The fleet carriers Illus- 
trious and the light fleet carriers Triumph and 
Ocean are “refitting” and the fleet carrier Vic- 
torious is “ modernising ’—a distinction in terms 
which presumably imports a difference, though in 
none of these cases, it may be supposed, is the vessel 
likely to be operational at short notice. The escort 
carrier Campania, too—which was not included in 
the above totals—is on loan to the Festival of 
Britain as an exhibition ship for a period of two 
years ; about half of this period has now expired, 
but it is evident that the Campania does not count 
as a warship. One light fleet carrier is to be trans- 


33 | ferred to the Royal Australian Navy and, no doubt, 


isa possible unit in the naval defence line, should an 
emergency arise ; and one destroyer, likewise not 
included in the above list, which is to be transferred 
to the Royal Pakistan Navy on March 6. 

Other factors to be taken into consideration are 
that very close liaison exists between the Royal 
Navy and the navies of Canada, Australia and New 
Zealand, and with those of India, Pakistan and 
Ceylon. During the year 1950-51, two frigates of 
the Royal New Zealand Navy exchanged stations 
with two similar vessels from the Mediterranean 
Fleet ; the Canadian aircraft carrier Magnificent, 
two Canadian destroyers, and the Australian air- 
craft carrier Sydney took part in joint anti-sub- 
marine exercises; and the Canadian ships, and 
vessels of the Indian and the Royal Pakistan 
navies, also carried out other exercises in company 
with ships of the Royal Navy. Joint exercises have 
also taken, place, though on only a small scale, by 
H.M. ships in conjunction with vessels of other 
Western, Union and North Atlantic Treaty nations. 

The amounts included in the 1951-52 Estimates 
for shipbuilding, repairs and maintenance total 
126,720,0001., comprising 75,540,000/. for dockyard 
work and 51,180,000/. for contract work. What this 
will include is summarised in the First Lord’s 
statement. Of the two fleet carriers under con- 
struction (both in private yards), H.M.S. Eagle is 
nearing completion and “is expected to join the 
Fleet shortly” ; and H.M.S. Ark Royal appears 
to be undergoing some detail modification “to 
allow even later equipment to be embodied in her 
than is fitted in the Eagle.” Work is proceeding 
on the four light fleet carriers of the Hermes class 
and on the eight destroyers of the Daring class. 
The “ modernisation ” of the carrier Victorious is 
stated to be “extensive”; the cruisers Birming- 
ham, Newcastle and Newfoundland are in dockyard 
hands for “re-equipment”; and the first two 
destroyers to be converted into anti-submarine 
frigates—the Rocket and Relentless—are nearing 
completion. Four more destroyers are in hand for 
similar conversions, and an indication is given 
that “this programme will expand progressively.” 

There will not be a great deal of work to do to 
the ships of the Reserve Fleet, as some 450 refits 
of these vessels have been carried out since the end 
of the war, as a matter of routine ; but an assurance 
is given that “energetic measures have been taken 
to ensure that the ships of the Reserve Fleet are 
at their proper notice for emergency.” If this is a 
little vague—as it certainly appears to be—the 
vagueness can perhaps be condoned, since manning 
difficulties are likely to provide a more serious 
delaying influence in a national emergency than the 
time required to make the ships ready. 

Matters on which the First Lord’s statement is 
understandably reticent, but which are of consider- 
able interest, are that a number of destroyers are 
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to be converted for anti-submarine duties to a some- 
what simpler plan than that of the Rocket type of 
conversion ; the first of these, the Tenacious, is in 
hand, and others are to follow fairly quickly. The 
anti-submarine equipment of existing destroyers and 
frigates is to be improved ; “satisfactory progress 
has been made on the development of fast sub- 
marines of a new type”; and “ work is in hand to 
improve the performance” of the submarines, in 
certain of which “a marked increase in subsequent 
speed will be obtained.” That is all the First Lord 
has to say on these subjects, but it is evident that 
the potentialities of the modern submarine are not 
being under-estimated. It may be noted, also, in 
this connection, that “a programme of fast patrol 
boats, for use either as torpedo boats or gun boats, 
is in hand,” and that a further building programme 
for this type of vessel is provided for in the Prime 
Minister’s new defence expenditure. It is a little 
difficult, however, to diagnose the Navy’s real view 
on the employment of aircraft against submarines ; 
the indications are that anti-submarine patrolling in 
the air would be carried out almost entirely by shore- 
based aircraft if another war should eventuate—as, 
in fact, was the case in the recent war. 

Several pointers to the activities of the Royal 
Naval Scientific Service are contained in the very 
guarded allusions to improved types of surface 
ships, submarines, weapons and instruments, from 
which we have quoted ; but, in his direct references 
to scientific research and development, the First 
Lord is (somewhat unexpectedly) more specific. 
The greater part of the scientific effort, he says, is 
in the direction of devising counter-measures against 
various forms of high-speed attack, either by jet 
aircraft, high-speed missiles, or by submarines of 
greater speed, submerged endurance and deep- 
diving capabilities than any previously employed. 
To meet these threats, weapons are being improved 
and new types investigated ; radar equipment is 
being devised that will give increased range and 
speed of warning; and anti-aircraft guns, using 
ammunition, fitted with proximity fuses, are being 
developed to give a better rate of fire. Attention 
is being given, also, to the improvement of 
weapons to counter underwater attack, and of 
detecting apparatus to enable them to be used 
effectively. 

The fact that a supplementary Estimate, of 
unknown magnitude, is to be submitted to Parlia- 
ment in the near future naturally imparts to the 
present Navy Estimates rather an air of unreality. 
It is of interest, nevertheless, to compare some of 
the main items for 1951-52 with the corresponding 
figures for the previous year. As the total already 
quoted (278,500,000/.) is a net figure, after allowing 
for various appropriations in aid, which amount to 
20,700,000/., the comparison must be with the net 
total for 1950-51, which was 193,000,000/. Only 
two of the 15 Votes comprising the Estimates show 
a decrease, these being for pensions, gratuities, etc., 
which are lower by 150,000/.; and ‘“ Merchant 
Shipbuilding and Repair Services,” which are 
36,0001. below the 1950-51 total of 146,000/. These 
reductions are, of course, relatively trivial. Vote 1, 
for the pay of the Royal Navy and Royal Marines, 
totalling 47,151,0001., is up by 12,386,000/.; and 
Vote 2, for victualling and clothing, has risen by 
5,467,500/. to 17,517,000. Seven other items show 
increases running into millions, these being as 
follows, in order of decreasing magnitude of the 
differences, which are given in brackets : Shipbuild- 
ing (matériel), 46,900,000/. (up by 22,345,000/.) ; 
shipbuilding (contract work), 51,180,000/. 
(19,554,500/.); naval armaments, 24,200,000/. 
(12,124,000/.); works and buildings, at home and 
abroad, 13,067,000/. (4,757,0001.); and scientific 
services, 12,231,000. (3,507,200/.). It is probable 
that the general rise in wages and commodity prices 
since the Estimates were prepared will add ma- 
terially to these figures, though the increases due 
to this cause may not be individually identifiable 
in the supplementary estimate ; and it is certain 
that an appreciable part of the difierences between 
the Estimates of 1950-51 and 1951-52 is attributable 
to the same inflationary trend, for practically the 
whole cost of building and cperating a navy (or 
anything else) is reducible ultimately to terms of 
wages, 





HUMAN FACTORS IN 
ENGINEERING DESIGN. 


* Tux title of this article is taken from that of a 
recent book,* which deals with what may be called 
the psychological aspects of engineering. The 
authors are, respectively, the Assistant Professor of 
Psychology, the Director of the Psychological 
Laboratory, and the Professor of Psychology at 
Johns Hopkins University. They state in their 
preface that their subject covers what have been 
described as biotechnology, biomechanics, human 
engineering, applied psychophysics and engineering 
psychology. The title they have chosen describes 
“the subject matter without the restrictive conno- 
tations attaching to some of the names mentioned.” 

All sciences and all trades develop special voca- 
bularies, and the difficulties which the details of 
an unfamiliar subject may frequently cause in the 
minds of inquirers arise simply from ignorance of 
the meaning of many of the terms used. The late 
Dr. W. Rosenhain, many years ago, delivered a 
lecture on, the broad subject of metallurgy to the 
Institution of Mechanical Engineers, and in the 
course of it remarked that the mystery which, to 
many engineers, appeared to complicate and obscure 
this field of study was simply due to ignorance of 
the special vocabulary. The same probably applies 
to psychology ; many engineers might well hesitate 
to attempt any clear and specific definition, of the 
term “ psychophysics.” Psychologists are not to be 
criticised for developing a special vocabulary, but 
in many cases it seems to outsiders that matters of 
common knowledge are hidden in unnecessarily 
obscure terms. Dorothy Sayers expressed the ordi- 
nary man’s reaction, perhaps somewhat unkindly, 
in Gaudy Night, when she made Lord Peter Wimsey 
say that “ the biggest crime of these blasted psycho- 
logists is to have obscured the obvious.” 

These comments on obscure terms do not apply 
to this book, which is written in straightforward 
everyday language. It deals, among other things, 
with the design of dials, the subject being con- 
sidered from the point of view that the most satis- 
factory dial will be one which is most easily read 
and, particularly, shall not be liable to be misread. 
Another matter dealt with is machine controls, and 
their layout and arrangement in such a way as 
shall be most convenient for the operator and shall 
lead to the minimum of fatigue. Neither of these 
details is likely to be overlooked by designers of 
machines or apparatus, but most of them will not 
dignify their attention to such aspects of design by 
the term “ psychology.” The consideration, directly 
in terms of human qualities with which this book is 
concerned, however, will probably be of direct 
value in introducing a new point of view, and may 
cause many to realise that they have been prac- 
tising psychology for years without knowing it, as 
Monsieur Jourdain spoke prose. 

There is no suggestion in this book that its theme 
is a novel one ; it assembles and presents a mass of 
data in relation to engineering design. When 
data on human qualifications first began to be 
collected, it is impossible to say, but their importance 
in relation to machine design was possibly first 
emphasised by Frederick W. Taylor and Frank B. 
Gilbreth in their work on time and motion study. 
An early British example of study of the relation 
between fatigue and machine design dates from the 
first World War, when Lloyd George appointed a 
Health of Munition Workers Committee, the acti- 
vities of which were followed up by the Industrial 
Fatigue Research Board, which was formed in 1918. 
In 1921, this Board became a branch of the Medical 
Research Council and in the same year the National 
Institute of Industrial Psychology was established. 
Among the duties of the Industrial Fatigue Research 
Board were investigations of methods of working 
and their fatigue-producing effects. Various reports 
were published, dealing with such matters as the 
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relation of the position of the controls on a machine 
to industrial efficiency, and to the physical and 
mental qualities of the operatives. 

Much work has been done in this field of experi- 
mental psychology since the first World War, but it is 
suggested by the authors of this book that the 
knowledge, though available, is not always applied. 
Referring to machine controls, they state that 
“controls that must be used occasionally or always 
with two hands should be placed in the bimanual 
working areas. The controls that are most fre- 
quently used and are most important should be 
placed within the normal working areas and pre- 
ferably centrally located in front of and close to the 
body. Ali this is pretty obvious ... yet there 
are very few machines which actually meet these 
standards.”” The designer of a machine which the 
authors might consider to fall short of their ideal 
might contend, and demonstrate, that the stated 
requirements were incompatible with the operations 
that the machine was designed to perform. He 
would, none the less, be likely to derive profit from 
that section of the book which deals with the 
maximum and normal working areas of an operator ; 
that is, the space covered by the movement of the 
arms. Data are given which are said to apply to 
95 per cent. of the adult population. This is but 
one item in an extensive examination of the problem 
of the co-ordination of the movements of the hands 
and feet in the performance of industrial operations, 
and of lifting and seating arrangements and other 
cognate matters. It is open to doubt whether 
investigations on a subject of this kind are correctly 
described as psychology, but that does not afiect 
their value. 

The book covers a wide field ; early sections, for 
instance, deal with the use of statistics and statis- 
tical inference, ‘‘ which enables us to make predic- 
tions about data we have not collected.” The 
subject of quality control is dealt with in a clear 
way. Possibly the chapters concerned with “see- 
ing’ and “hearing” contain matter of greater 
novelty to the average engineer. These subjects 
are, no doubt, properly described as psychological, 
but they have a direct bearing on design, in connec- 
tion with indicating instruments of all kinds, and 
with many signalling and alarm systems. Those 
concerned with the telephone apparatus in its wide 
variety of forms have paid much attention to 
questions of speech intelligibility, but in its broad 
aspects the matter is of direct interest to most shop 
executives. It is not their business to design loud 
speakers, but they are certainly concerned with the 
speech-to-noise ratio in workshops. The detailed 
discussion of the whole subject which is presented 
will be of interest to most readers of the book and 
probably of profit to many. 

The design of telephones, hearing aids and other 
acoustical devices is a matter for specialists, but 
what this book calls “visual displays” may fall 
within the ambit of any designer of machines or 
instruments. Although it may not be of much 
practical guidance in the design of scales, it is of 
interest to learn that most people have numbcr 
preferences of which they are apparently unaware. 
When interpolating between two figures on a milli- 
voltmeter scale, it was found, as a result of 1,000 
readings, that the figures 1, 3, 4, 6 and 7 were almost 
universally avoided. The figures 2 and 8 were most 
frequently favoured. Each individual was very 
consistent in his number preference over a long 
period. For accurate work, interpolation should 
clearly be avoided as far as possible, but if a scale 1s 
too crowded it may defeat its own ends. It is 
stated that the fewest errors are made when the 
smallest scale division is in the decimal system. 
Scale divisions in 4’s or 8’s are very difficult. A 
cognate subject is legibility, in which connection 
the principle is laid down that notices should _— 
printed in capitals, which most people do not like 
to read; bold-faced type should be used. Some- 
thing is said about the most legible form for numbers, 
and it is stated that white numbers on a black —_ 
ground can be recognised farther away than blac 
numbers on a white background. This remark, 


which is in accord with accepted practice in = 

design of motor-car number plates, may ¥° pe 
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NOTES. 


THE INSTITUTION OF MECHANICAL ENGINEERS. 


Ata general meeting of the Institution of Mech- 
anical Engineers on Friday, February 16, the James 
Clayton Lecture, on “The Aviation Engine,” was 
presented, and the Council nomination and retiring 
lists were read. Those retiring in accordance with 
by-law 35 are: Dr. S. F. Dorey, C.B.E., F.R.S., 
President; Sir Claude D. Gibb, C.B.E., F.R.S., 
and Mr. A. C. Hartley, C.B.E., B.Sc. (Eng.), vice- 
residents ; and the following members of Council : 
Dr. D. S. Anderson, Major-General S. W. Joslin, 
C.B.E., R.E.M.E., Dr. H. E. Merritt, M.B.E., Sir 
George H. Nelson, Dr. Denis Rebbeck, M.A., M.Sc. 
(associate member), Dr. 8S. Livingston Smith and 
Dr. W. Ker Wilson, Wh.Ex. The Council nomina- 
tions are: President, Mr. A. C. Hartley, C.B.E., 
B.Sc.(Eng.) ; vice-presidents, Sir George H. Nelson 
and Dr. 8. Livingston Smith ; ordinary members of 
Council, Sir Claude Gibb, Major-General 8. W. 
Joslin, Dr. H. E. Merritt, Dr. W. Ker Wilson, Mr. 
W. F. Cartwright, Mr. H. 8. Gibson, C.B.E., M.A., 
Sir Christopher Hinton, M.A., Air Vice-Marshal R. O. 
Jones, C.B., A.F.C., B.A., Mr. H. Sammons, Pro- 
fessor O. A. Saunders, D.Sc., M.A., Mr. E. L. Jones 
(associate member) and Dr. R. C. Plumb, B.Sc. 
(associate member). The James Clayton Lecture was 
given by Air Commodore F. R. Banks, C.B., who 
surveyed the remarkable development of the air- 
craft engine during the past two decades. Piston 
engines, which he detailed individually, had in- 
creased in power per cubic inch of piston displace- 
ment from 0-4 h.p. in 1929 to 1-34 h.p. in 1949. 
Of the several components and aspects of design, 
the improvement of which had contributed to this 
progress, the author referred particularly to fuels, 
superchargers, variable-pitch propellers, exhaust 
turbo-blowers, sparking plugs, and materials of 
construction. There were several pairs of alter- 
natives in the design of aircraft engines: the car- 
burettor or the injector (the latter was favoured in 
Germany due to a not wholly relevant design factor, 
and in this country Rolls-Royce developed a single- 
point injector) ; air or liquid cooling—liquid cooling 
was technically superior, but an engine of this type 
was more easily put out of action in war; and 
poppet valves versus sleeve valves—the latter, he 
considered, were more suitable for civil aircraft and 
long-range bombers, and the former for fighter and 
small transport aircraft. Such arguments, however, 
were now rather academic, owing to the advent of 
gas turbines. The first flight due to a jet-propulsion 
gas-turbine engine was with a German Heinkel 178 
machine in August, 1939 (the first Whittle-engine 
flight was in May, 1941), but that event had not 
the early impact on the German aviation industry 
that the British efiort had had on the industry in 
Britain. Regarding future development, the require- 
ment of reduced bulk favoured the axial compressor 
rather than the centrifugal compressor. Even during 
its relatively short existence, the gas turbine had 
shown that it required less day-to-day maintenance 
than the piston engine, thought it had not achieved 
the same operating time between overhauls. Air 
Commodore Banks concluded his lecture with a note 
on the influence of aviation engines on automobile 
engines. Though the development of a new auto- 
mobile engine did not take as long as that of an 
aviation engine, he felt that many motor-car manu- 
facturers should enlarge their engineering and design 
departments, and that designers should make 
provision for future changes, for example, in the type 
of fuel used. He did not envisage a specially bright 
future for small-power gas turbines in motor cars, 
particularly in view of the development of very high- 
compression piston engines, but, in any case, he 
hoped that any change to gas turbines would be on 
merit alone. 


THE GasIFICATION oF COAL. 


Ix a written answer to Mr. R. Robinson in the 
House of Commons on Monday, February 19, the 
Minister of Fuel and Power (Mr. P. J. Noel-Baker) 
Said that, as a result of the experiments with the 
underground gasification of coal at Newman Spinney, 
hear Chesterfield, it had been recommended that the 
work should be extended and that experiments 
should also be made in other coalfields with differing 


geological characteristics. At a Press conference 
on the same day, the Minister added that, if a small 
proportion of the coal that could not be won by 
ordinary mining methods could be subjected to 
underground gasification, it might be of immense 
help in supplying power for the generation of elec- 
tricity. Giving some details of the first trial system, 
Dr. H. Roxbee Cox, chief scientist to the Ministry, 
said that it consisted of two vertical bore holes, 
50 ft. apart, from which access was obtained to a 
third horizontal bore hole in the coal 75 ft. under- 
ground. The coal seam was ignited by Calor gas 
in July, 1950, and since then about 35 million cub. ft. 
of gas, with an average calorific value of about 
50 B.Th.U. per cubic foot had been obtained by 
pumping air down one or other of the bore holes. 
The gas produced had at first been suitable for use 
in turbines, but the calorific value had since fallen 
to below 10 B.Th.U. per cubic foot. Over 200 tons 
of coal had been gasified with a thermal yield as 
gas of over 30 per cent., the overall yield, including 
steam and sensible heat, being about 55 per cent. 
A second and larger bore hole had been prepared 
ready for gasification during the present year. 
Owing to the difficulties of horizontal drilling, a 
system had been devised whereby high-pressure air 
was pumped below the top of the coal. The over- 
lying stratum was thus raised and air allowed to 
pass between bore holes 33 ft. apart. The coal was 
then ignited at the lower end of each bore hole. 
Over 30 tons of coal had been gasified on this system, 
and it was proposed to apply it to a 200-ft. seam at 
Newman Spinney. On the same occasion, Mr. C. A. 
Masterman, director of underground gasification, 
said that one square mile of coal 3 ft. thick would 
produce enough gas to generate 25 MW for at 
least ten years, the equivalent of one million tons 
of mined coal. 


Recorp ATLANTIC CROSSING BY “ CANBERRA” 
Jet BomBER. 


The first non-stop transatlantic flight by a jet 
bomber was accomplished by a Canberra B2 tactical 
bomber on Wednesday, February 21, in the record 
time of 4 hours 40 minutes. The aircraft, manned 
by a Royal Air Force crew of three, left the R.A.F. 
station at Aldergrove, Northern Ireland, at 12.43 
p.m. and landed at Gander, Newfoundland, at 
5.23 p.m. Greenwich mean time. Though the 
flight, over a distance of 2,100 statute miles, was 
made against severe head winds, at a height of 
more than 40,000 ft., the ground speed was about 
450 miles an hour. The record has still to be con- 
firmed officially. The Canberra bomber was de- 
signed and built by the English Electric Company, 
Limited, and is fitted with two Rolls-Royce Avon 
axial-flow jet engines. The wing span is 64 ft., 
the gross wing area is 1,000 sq. ft.; the length 
of the aircraft is 65 ft. 6 in.; and its height is 
15 ft. 7 in. It was designed for bomber duties at 
altitudes in the region of 40,000 ft., and at high 
Mach numbers. 


Tue IRon anp STEEL INSTITUTE. 


The “Symposium on High-Temperature Steels 
and Alloys for Gas Turbines,” organised by the 
Council of the Iron and Steel Institute and postponed 
from the date originally proposed in the autumn of 
1950, was held in London on Wednesday and 
Thursday of this week, February 21 and 22. On 
the previous evening, Tuesday, February 20, the 
fifth Hatfield Memorial Lecture was delivered by 
Air Commodore Sir Frank Whittle, K.B.E., C.B., 
F.R.S. His subject was “Turbine Problems in the 
Development of the Whittle Engine.” At the 
outset of his lecture, Sir Frank stated that he had 
given a broad picture of the development of the 
jet-propulsion gas turbine in the first James Clayton 
Lecture, delivered before the Institution of Mechani- 
cal Engineers in October, 1945. (The lecture was 
reprintedjin ENGINEERING, vol. 161, pages 212, 237 
and 261, 1946). The lecturer added that he pro- 
posed to cover much the same ground, but, as 
indicated in his title, he would focus attention rather 
on turbine problems. He then paid tribute to the 
great. help given him in the matter of heat-resisting 
alloys by Dr. W. H. Hatfield, F.R.S., and his team, 
in the pioneer stages of the development of the jet 
engine during the years 1935 to 1941. With the 





assistance of a series of lantern slides, Sir Frank 





described the gradual evolution of the jet-propulsion 
gas turbine from the early experimental stage to 
the present highly-efficient engine. Finally, he 
exhibited a sound film, entitled “ The Wonder Jet,” 
produced by the Crown Film Unit, giving a brief 
history of the development and present applications 
of the jet-propulsion gas turbine. At the first 
session of the symposium, on the morning of Feb- 
ruary 21, Sir Andrew McCance, D.Sc., F.R.S., 
took the chair and welcomed the members and 
delegates, many of whom had travelled consider- 
able distances to be present. He then asked 
Mr. D. A. Oliver, chairman of the Symposium 
Organising Committee, to occupy the chair and con- 
duct the proceedings. Mr. Oliver stated that the 
symposium had been proposed by the Council of 
the Iron and Steel Institute some two years pre- 
viously and one object was to provide a summary of 
the work done during the last ten years. Much new 
and unpublished work, however, had been included 
in the papers of the symposium so that a complete 
picture of the British accomplishments in, the field 
of high-temperature materials for use in gas turbines 
was being presented. After an introductory 
“Survey of the Development of Creep-Resisting 
Alloys,” by Dr. N. P. Allen, which will be found on 
page 235 of the present issue, the meeting discussed 
the papers representing “ Supplier Aspects.” That 
afternoon “Special Casting Techniques” and 
* Welding and Machinability Aspects ” were dealt 
with, and, on the following day, “ Special Blade 
Materials,” ‘‘ Performance Aspects,” “ User 
Aspects,” and “‘ Research and Future Needs ” were 
discussed. 
FounprErs’ CoMPANY FELLOWSHIPS. 


The Worshipful Company of Founders, established 
in the City of London in the Fourteenth Century, 
have drawn our attention to the fact that they 
award ‘‘Founders Company Fellowships” to assist 
men, who have already completed their normal 
course of training, to obtain advanced education so 
that they may be more particularly fitted for a 
career in metal-founding. One Fellowship is 
granted in each year, to a normal value of 300I., 
and it may be renewed for a second year and, in 
special cases, for a third year. The tenure of a 
Fellowship dates from September 1, and candidates 
should not be less than 21 years of age at that date 
in the year of application. Their previous training 
should have been at a university, or “‘of a high 
educational standard,’’ and should have covered 
chemistry, physics, metallurgy (especially in connec- 
tion with molten metal) and allied sciences. It is 
stated that practical foundry training and experi- 
ence, and the Diploma of the British Foundry School, 
‘* would carry weight with the Selection Committee,” 
who also “pay considerable attention to the 
character and powers of initiative of the candidate.” 
The course to be followed by a Fellow can be 
arranged to suit his own wishes and aptitude, and 
might include research, a period in a works, or 
foreignexperience. Further details may be obtained 
from the Clerk of the Worshipful Company of 
Founders, Founders’ Hall, 13, St. Swithin’s-lane, 
London, E.C.4. 


Tuer InstTITUTION OF HEATING AND VENTILATING 
ENGINEERS. 


The annual dinner of the Institution of Heating 
and Ventilating Engineers was held at the Savoy 
Hotel, London, on February 14. The attendance, 
of approximately 330 persons, was a record for the 
occasion. The toast of the Institution was proposed 
by Sir David Brunt, M.A., Sc.D., F.R.S., Professor 
of Meteorology at the Imperial College of Science 
and Technology, and was responded to by Mr. J. W. 
Stitson, M.R.San.I., F.I.San.E., the newly-inducted 
president. Sir David, as chairman of the Study 
Committee on Basic Design Temperatures for Space 
Heating Installations, spoke of the valuable assist- 
ance rendered to this committee by the working 
committee of which Mr. J. R. Kell is chairman 
and Mr. H. H. Bruce, a past president of the 
Institution, is deputy chairman. Mr. Stitson, in 
reply, spoke of the continued growth of the Institu- 
tion and, in particular, of the encouragingly large 
numbers of younger men seeking admission to it. 
There seemed a good prospect that, by the end of 
his presidential term of office, the membership 
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would have reached 2,000. He also spoke of the 
work done by the Institution’s Fuel Economy 
Committee in 1918 and regretted that no official 
action had been taken on its findings at the time. 
Many of the conclusions were still relevant and the 
Institution was interested as much as ever in the 
question. The toast of The Guests was proposed by 
Mf. J. R. Kell, A.M.I.Mech.E., senior vice-president, 
and was responded to by Mr. Howard V. Lobb, 
F.R.1.B.A., Controller of South Bank Construction, 
who gave some details of the architecture on the 
Festival of Britain site and compared the progress 
of the work of construction there with that of the 
exhibition of 1851, in Hyde Park, where, he said, 
2,200 men had worked right up to the night before 
the exhibition opened. This was a much greater 
number than had been employed at any time on the 
larger South Bank site. Nevertheless, he did not 
doubt that, in the absence of unforeseen difficulties, 
the present constructional work would be completed 
in good time for the official opening date. 


THE Farapay LECTURE. 


The Faraday Lecture of the Institution of Elec- 
trical Engineers was delivered by Mr. L. J. Davies 
at the Central Hall, Westminster, London, 8.W.1, 
on Wednesday, February 14, the President (Sir 
Archibald Gill) being in the chair. The primary 
object of this lecture, which is given annually, not 
only in London but at a number of centres in the 
provinces, is to increase the interest of the general 
public in electrical matters and to illustrate basic 
principles by typical examples from common 
practice. Mr. Davies’ subject, ‘‘ Lamps and Light- 
ing: A Record of Industrial Research,” was 
admirably suited for this purpose. He began by 
pointing out that the lamp can be regarded as a 
generator and transmitter of radiant energy, the 
scene to be illuminated as a reflector, and the eye 
as a receiver, There were four basic ways of con- 
verting electrical into luminous energy : by raising 
bodies to incandescence, by a discharge through 
gases, by the arc, and by fluorescence. These 
methods, which the lecturer illustrated by a number 
of well selected experiments, formed the background 
on which lamp research and advances could be 
visualised. Incandescent lamps were made in an 
extraordinary range of types and sizes for a great 
variety of purposes. For good lighting, glare must 
be avoided by the use of opal glass, by etching 
the inner surface of the bulb with hydrofluoric acid, 
or by coating it with silica. An interesting new 
development was one in which the reflector formed 
partofthe lamp. As regards arc lamps, the aim had 
been to eliminate the consumable carbons and the 
associated feed mechanism by using tungsten elec- 
trodes in metal vapours or gases enclosed in special 
bulbs. Such lamps had been made in sizes up to 
6 kW. In the fluorescent lamp, electrical energy 
was converted into light with the highest efficiency 
yet achieved, and with a close control of colour, 
while a low brightness was obtained without a 
great deal of complication. Tubes of almost any 
size and shape could be employed, and the lamps 
were particularly suitable for mine and _ street 
lighting. The lecture was illustrated by a number 
of informative demcnstrations, which were greatly 
appreciated by the audience. 


Hypro-E.rectric Progress In CANADA IN 1950. 


The addition made to the total installed capacity 
of hydro-electric generating plant in Canada in 
1950 was greater than that recorded for any pre- 
vious year. The annual revenue prepared by the 
Water Resources Division of the Department of 
Resources and Development shows that a total of 
1,037,275 h.p. was brought into operation. Further, 
developments and extensions representing 1,000,000 
h.p. are under active construction and plans, or 
preliminary work are in hand which will ultimately 
add a further 1,500,000 h.p. to the total. The 
total installed capacity of water-power plants in 
the Dominion is now 12,654,835 h.p.; this is 
stated to represent less than 23 per cent. of existing 
resources, A large part of the addition made in 
1950 is situated in the Province of Ontario, the 
major contribution being furnished by the setting 
in operation of the 480,000 h.p. Des Joachims station 
on the Ottawa River. Seven of the 60,000-h.p, 


sets were in service by December, and the last will 





be started up early this year. Work on this 
station was accelerated owing to a large increase in 
power demand due to increasing population and 
rapid expansion in industrial activity. The first 
two 20,000-h.p. units in the Chenaux station on the 
Ottawa river also went into operation in 1950. 
In Quebec, two 55,000-h.p. sets were started up 
in No. 2 Power House of the Beauharnois station 
of the Quebec Hydro-Electric Commission and the 
Shawinigan Water and Power Company put two 
65,000-h.p. sets into operation in its La Trenche 
Rapids plant. In British Columbia, the new plant 
started up in 1950 represented only a small figure, 
but both the British Columbia Power Commission, 
and the British Columbia Electric Railway Company 
have important extensions in an advanced state. 
In Alberta, Calgary Power Limited brought its 
62,000-h.p. Spray Lakes plant into operation, and in 
Manitoba, the Winnipeg Electric Company started 
up a 37,500-h.p. unit at its Seven Sisters station. 
In the Atlantic Provinces, electrical development 
is, by Canadian standards, on a modest scale, but 
in 1950 the Nova Scotia Power Commission com- 
pleted its 12,800-h.p. plant at Deep Brook, on 
Mersey River, and the Nova Scotia Light and 
Power Company started up its 5,000-h.p. plant at 
Paradise Brook. 


Prizes FOR SHIPYARD APPRENTICES. 


A change of some importance is announced by 
the Worshipful Company of Shipwrights in connec- 
tion with the prizes which they offer for competition 
by shipwright and plater apprentices in shipbuilding 
and ship-repairing yards in the United Kingdom. 
There are four of these main prizes and several 
secondary prizes, the latter including the Torrey 
Prize, which commemorates the late Major Gerald 
Torrey, who, when Prime Warden, initiated the 
Apprentices Prize Scheme. Hitherto, a shipwright 
apprentice having only boatbuilding experience has 
not been eligible to compete; but this disability 
has now been removed, and, if such an apprentice 
should gain the first prize, the Main Selection 
Committee (the chairman of which is Sir Stanley 
Goodall, K.C.B.) will facilitate his transference to a 
shipyard for the remaining years of his apprentice- 
ship so that he may qualify for the King’s Silver 
Medal, which was established by H.M. the King 
who is Permanent Master of the Company. A 
booklet giving full particulars of the prizes and the 
conditions of entry may be obtained on application 
to the Honorary Clerk to the Company, Baltic 
Exchange Chambers, 24, St. Mary Axe, London, 
E.C.3, to whom also application for the necessary 
forms should be made by firms who wish to enter 
candidates. The final examination of candidates 
for the current year will be held in London on 
Friday, June 22, and the application forms must be 
in the hands of the appropriate Local Committee 
by the end of April. 





ISOLATING SWITCH FOR MOTOR STARTER PANELS.—An 
isolator for use with alternating-current motor starters 
and control panels has been produced by Messrs. J. A. 
Crabtree and Company, Limited, Lincoln Works, Walsall, 
Staffordshire. The normal pattern is a four-pole unit 
in which the fourth pole breaks first and opens the 
circuit of the operating coil of a contactor so that the 
load is interrupted. Where a separate supply is neces- 
sary for the operating coil five poles are provided. The 
rating of the isolator is 50 amperes at 500 volts. 





THE SCIENTIFIC FILM ASSOCIATION.—A conference on 
“The Use of the Film in Training for Industry ” is being 
organised by the Scientific Film Association and is to be 
held at the Hotel Majestic, St. Anne’s-on-Sea, Lancashire, 
from Friday evening, March 30, to Sunday, April 1. 
Films for training purposes in the textile, engineering 
and building industries will form the basis of the con- 
ference, whieh will include opportunities for discussion. 
Although a number of professionally-made films will be 
shown, the secretary would be glad to hear from anyone 
who has an amateur-made film to offer. The registration 
fee for the conference is one guinea, payable to the 
secretary of the Association, at 4, Great Russell-street, 
London, W.C.1, from whom further information is 
available. All delegates will be accommodated in the 
Hotel Majestic: the basic cost per person will be 31. 5s., 
plus 6s. 6d. gratuities, making a total of 31. lls. 6d. 
The Association have made arrangements to book the 
accommodation for all delegates, but the payment of 
hotel bills should be made directly to the management. 
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MR. HARRY PARSONS. 


WE regret to recerd the death, on February 17, 
of Mr. Harry Parsons, J.P., founder and managing 
director of the Parsons Engineering Company, 
Limited, Town Quay, Southampton, and for many 
years the chairman of the Southampton Harbour 
Board. He was 79 years of age. 

Harry Parsons was a pioneer in the application of 
internal-combustion engines to marine propulsion, 
but began his engineering career in a somewhat 
different branch of engineering, namely, the manu- 
facture of bicycles. His schooling was obtained at 
Andover grammar school, in Hampshire, and at 
the grammar school at Brighton, which he left in 
1887 to serve an, apprenticeship of five years in the 
general engineering works of Messrs. J. and F. May, 
in High Holborn, London. He remained with them 
as a junior draughtsman for a year after the com- 
pletion of his apprenticeship and then set up in 
business on his own account as a mechanical engi- 
neer in London. He abandoned this venture after 
some three years and in 1895, though still only in 
his early twenties, secured the post of chief designer 
to Rudge-Whitworth, Limited, of Birmingham and 
Coventry, with whom he remained for three years. 
His next post was that of works manager of the 
Beeston, Cycle Company, at Coventry, where he 
was responsible for both the design and the pro- 
duction, of this famous make of bicycle. 

In 1900, he went to the Premier Cycle Company, 
Coventry, in a similar capacity, but soon afterwards 
turned, his attention to motor cycles, becoming, in 
1901, designer and works manager of the Motor 
Traction Company, London, where he built motor- 
cycles to the patented designs of Colonel Sir H. C. L. 
Holden, K.C.B., F.R.S.; one of these machines is 
now in the Science Museum at South Kensington. 
At about the same time, he devised a non-skid tyre 
for motor vehicles and formed a company in 1902 
to exploit it; but this undertaking apparently did 
not last long, for in 1904 he moved to Southampton, 
where he founded the Parsons Motor Company, to 
develop his patents for the design of paraffin 
engines. In course of time, this company concen- 
trated more and more on paraffin engines for marine 
propulsion and for industrial purposes, so that he 
was led to establish a separate company, Parsons 
and Kemball, Limited, at Portswood, to deal with 
automobile engineering. The Parsons marine engine 
is undoubtedly the best known of his products, for 
which he built up a world-wide connection, though 
he undertook general mechanical engineering work 
as well. 

Mr. Parsons had been a member of the South- 
ampton Chamber of Commerce for over 40 years, 
and was also a past-president of the Chamber, 
and a vice-president of the Association of British 
Chambers of Commerce. He was chairman of the 
Southampton Harbour Board for 21 years, from 
1923 to 1944, in which capacity he took a prominent 
part in promoting the Empire flying-boat base at 
Southampton. He was a member of the Institution 
of Mechanical Engineers, which he had joined as 
an associate member in 1898, and was a member of 
the Committee of that Institution’s Southern 
Branch. 





MR. R. C. STANLEY. 


Ir is with regret that we announce the death: 
on February 12, of Mr. Robert Crooks Stanley: 
chairman of the International Nickel Company of 
Canada, Limited. Born at Little Falls, New Jersey, 
U.S.A., on August 1, 1876, he received his technical 
education in mining engineering and metallurgy at 
the Stevens Institute of Technology, Hoboken, 
New Jersey, and at Columbia University, New 
York. He joined the International Nickel Com- 
pany in 1901 and in the following year became 
assistant superintendent of the firm’s Camden 
Works, New Jersey. In 1904, Mr. Stanley was 
transferred to Bayonne as assistant general super- 
intendent of the Orford Works, where he was 
responsible for a complete modernisation -~. 
gramme. Monel, the white alloy of nickel an: 
copper, owes its discovery, in 1905, to*Mr. Stanley, 
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who conceived and developed the process for pro- 
ducing the alloy direct from a composite ore of the 
two metals without separating the nickel and the 
copper. In 1912, he was made general superinten- 
dent of the company’s refinery at Orford and was 
successful in stepping up the production of refined 
nickel substantially to meet the increased demand 
during the war of 1914-18. 

In 1917, Mr. Stanley was elected a director of 
the International Nickel Company, and, in 1918, 
vice-president in charge of all the firm’s operations. 
When he was made president in 1922; the nickel 
industry was at a low ebb and he was instrumental 
in forming a development and research division, 
through which numerous commercial peace-time 
applications for nickel were established. As Presi- 
dent, Mr. Stanley was one of the principal authors 
of the merger with the Mond Nickel Company, 
Limited, in 1928, resulting in the present Inter- 
national Nickel Company of Canada, Limited, an 
enterprise Which provides 75 per cent. of the world’s 
supplies of nickel. He relinquished the office of 
president in February, 1949, but retained the 
office of chairman of the board, to which he had 
been elected in 1937. Mr. Stanley was the recipient 
of many honours, including the Institute of Metals 
Platinum Medal for 1948, the first gold medal of 
the Rand Foundation of the American Institute of 
Mining and Metallurgical Engineers, and the degrees 
of Sc.D. of Columbia University and of D.Eng. of 
the Stevens Institute of Technology and of the 
Rensselaer Polytechnic Institute, Troy, New York. 





LETTERS TO THE EDITOR. 
COUPLING OF ELECTRIC POWER 
STATIONS. 


To THE EpIToR OF ENGINEERING. 


Sm,—I have been reading with interest the 
article on the above subject by Dr. T. F. Wall, in 
your issues of January 26 and February 2. On 
page 96, ante, reference is made to the simple 
form of phase advancer, and the statement is made 
that, in consequence of the speed of the winding 
exceeding the speed of the rotating field, the 
reactance of this winding will become capacitative. 

I am not doubting this statement of Dr. Wall— 
to the contrary, I am convinced that it is true— 
but Iam not equally satisfied that the statement, as 
made, will give much enlightenment to the reader 
to whom, a little earlier in the paragraph, it was 
necessary to explain the relative motion between 
winding and rotating field. This is a difficulty 
which is so often encountered. A careful and 
detailed phenomenon is suddenly short-circuited 
by a statement for which no proof is offered, and 
which must leave many earnest inquirers somewhat 
in the dark. 

I do appreciate that this particular effect is diffi- 
cult to explain, but, since it has been introduced 
into the argument, I feel that perhaps some attempt 
to explain it would have been valuable. 

Yours faithfully, 
C. H. Suir, 
M.I.E.E., A.M.I.Mech.E, 
98, West George-street, 
Glasgow, C.2. 
February 15, 1951. 





MANUFACTURERS’ CATALOGUES. 
To THE Eprror oF ENGINEERING. 


Str,—Manufacturers’ catalogues are important 
assets to the designer and buyer in any engineering 
irm, end are, perhaps, of even wider interest in a 
research establishment. May I suggest that much 
time and correspondence would be saved if the year 
of issue was printed on all catalogues ? Few firms 
—about 25 per cent., from a rough analysis— 
include this useful information. : 

Yours faithfully, 
BaRNARD DRAKE. 

9, Upper Kingston-lane, 

Shoreham-by-Sea, 
Sussex, 
Feb; vary 6, 1951. 


COSMIC RADIATION. 


At the Royal Institution, Albemarle-street, last 
Friday evening, Professor C. F. Powell, F.R.S., 
Melville Wills Professor of Physics at the University 
of Bristol, delivered a lecture on the subject of 
cosmic radiation. By the year 1925, said Pro- 
fessor Powell, it had become generally accepted 
among scientists that the earth is subject to a 
radiation of great penetration coming from space. 
As a result of the experimental work of the last 
30 years and, especially, of the last five years, it is 
now known that the radiation consists of a rain 
of charged particles to which the same primary 
cosmic radiation has been given. The particles 
are comparatively few in number, in that, on the 
average, only one or two fall on each square centi- 
metre of the earth’s upper atmosphere per second, 
but they possess energies of the order of one million 
MeV. This is several hundred times more than 
that of the fastest particles which can be produced, 
at present, in cyclotrons and accelerators. 

The presence of such radiation can be detected 
in two main ways. One method is to use trigger 
mechanisms, such as Geiger and _ scintillation 
counters, which are especially useful in statistical 
survey work and have the added advantage that 
they can distinguish the time intervals between 
successive occurrences to the order of one hundredth 
of a microsecond. Alternatively, one may use 
track recorders of the Wilson chamber type or 
photographic plates. These are not very suitable 
for statistical work but have the advantage that 
they provide detailed information about the tracks 
of the particles and the physical processes which 
accompany their passage through matter. By 
examining, under a microscope, the traces which 
are produced in a photographic plate when it is 
exposed to radiation, the nature and relative masses 
of the particles could be determined. 

Since the primary radiation loses energy by 
nuclear collisions, and frequently disintegrates in its 
passage through the atmosphere, it is desirable to 
study it at high altitudes. This, however, raises 
difficult technical problems. Great altitudes can 
easily be reached by V2 rockets but, since it is 
desirable to make observations at an approximately 
constant height, the time available for recording is 
very short. As an alternative, balloons may be 
used, but rubber perishes rapidly at heights above 
60,000 ft. Polyethylene is more suitable, and 
balloons made of this plastic are nww regularly 
employed. The balloons are sock-shaped, open 
at the base, and are partly filled with hydrogen. 
As they ascend, they become pear-shaped and 
ultimately open, out to a shape which, when observed 
from the earth, resembles a disc. With a balloon 
35 ft. long, itis possible to reach a height of 65,000 ft., 
and one 100 ft. long will attain, 95,000 ft. approxi- 
mately. At this height, the mass of overlying air 
is still considerable and much more satisfactory 
results would be obtainable at 120,000 ft. Such 
an altitude appears to be accessible to very large 
balloons. 

The lecturer showed a film which demonstrated 
the manufacture and launching of polyethylene 
balloons. The balloons are tracked by radar and, 
at the appropriate time, the photographic plates 
and other equipment suspended from them are 
released electronically and parachuted to. earth. 
The subsequent history of the balloons is frequently 
unknown, but they are almost certainly the source 
of the many reports of “‘ flying saucers.” Polyethy- 
lene is a material which glitters in sunlight. 
From observations made at great altitudes, it is 
now known that the primary. cosmic. radiation 
consists of atomic nuclei travelling. at speeds 
approaching that of light. Recent experiments 
prove that it is mainly the lighter elements, par- 
ticularly hydrogen and helium, that are represented. 
Elements more massive than iron or nickel are 
seldom, if ever, found. The primary nuclei fre- 
quently disintegrate into lighter nuclei by collisicn 
and, in general, lose so much energy that they rarely 
penetrate below 70,000 ft. The primary protons 
and «-particles, however, which result from the 
collisions, penetrate to much lower altitudes on 
account of their smaller charge and, in colliding 





with other nuclei, release new forms of matter. 
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SOME ASPECTS OF FLIGHT 
RESEARCH. 

Some of the results of investigations carried out by 
aircraft in flight, on such problems as the reduction of 
drag, stability and control, and general high-speed 
research, were described in a lecture by Mr. Handel 
Davies, M.Sc., F.R.Ae.S., which was given before ,the 
Coventry branch of the Royal Aeronautical Society 
on Thursday, February 15. There was, he said, no 
difficulty in designing a wing so that the pressure 
gradient remained negative as far back as possible 
and over a reasonable speed range; unfortunately, 
even in a steep favourable gradient, an early transition 
from laminar to turbulent boundary-layer flow could 
be caused by small irregularities on the wing surface. 
In flight tests on a Bell King Cobra aircraft a drag 
coefficient of 0-008 was measured on the aircraft as 
originally delivered ; removal of small local surface 
defects reduced the drag coefficient to 0-005, and by 
improving the surface waviness until the maximum 
variation was less than 0-005 in., the drag coefficient 
was reduced to 0-003. Further tests showed that a 
0-006-in. ridge at a skin joint caused an almost imme- 
diate transition. The tests suggested, said Mr. Davies, 
that for Reynolds numbers of the order of 15 x 108, 
surface waviness must be reduced to about 0-001 in. 
if the transition position were to be kept right back 
over the full range of lift coefficient ; that represented 
@ severe demand on the manufacture and maintenance 
of wings; few operational aircraft came near to 
achieving this standard. Nevertheless, over a small 
range of lift coefficient, a transition near the pressure 
peak could be achieved with a waviness of 0-003 in. to 
0-004 in. at these Reynolds numbers. Flight tests on 
the effect of surface waviness on transition at very 
high Reynolds numbers were now being carried out 
on an Armstrong Whitworth 52 aircraft. Preliminary 
work on the relation between surface finish and laminar 
flow at high Mach numbers, carried out on a de Havil- 
land Vampire aircraft, suggested that the standard 
required was much the same as at lower Mach numbers ; 
but further work was required. 

Laminar flow could be upset by contamination of the 

wing surface, particularly by insects. The insect 
population varied with situation, season, time of day 
and weather, and decreased rapidly with increasing 
altitude. It might be possible, therefore, to protect 
the wing surface during taxying and take off. Some 
tests had been carried out on the King Cobra with a 
paper cover stretched over part of the wing, which 
was ripped off after take-off ; it was quite successful, 
but its application to a complete wing would be more 
difficult. 
Some tests carried out on a Meteor aircraft, in which 
each outer wing was replaced by a Griffiths suction 
wing, with a suction slot 0-04 in. deep between the 
aileron and wing, showed that it was necessary to 
achieve a very smooth surface if the transition was to 
take place near enough to the slot to enable the full 
advantages of the design to be realised. The suction 
slot and ducting must gave a uniform flow distribution 
in the slot. Lateral control characteristics were found 
to be acceptable, even with the suction off, on the 
16-per cent. thick wing tested. 

Discussing flight tests on stability, the lecturer 
said that at very high speeds, large changes in the 
longitudinal-stability characteristics occurred, due to 
the effects of compressibility and aero-elasticity. The 
use of swept-back wings to delay and reduce compressi- 
bility effects, moreover, had made it difficult to retain 
adequate longitudinal stability down to the stall. 
Investigation of these effects was best carried out 
systematically in the wind tunnel, using flight research 
as a check on model results to investigate those effects 
which could not be represented in model tests, and to 
assess the characteristics from the pilot’s point of view. 
As regards lateral stability, recent flight tests had 
suggested that, for small aircraft operating in reason- 
ably good weather and visibility, it might be possible 
to accept a lower degree of damping for lateral oscilla- 
tion than the present requirement of damping to half 
amplitude in one complete cycle, provided that the 
period of the oscillation was not less than about three 
seconds, and that the ratio of roll to sideslip amplitudes 
was not great. For large aircraft, or for blind landings, 
it was desirable at least to maintain the present stan- 
dard, and for short-period oscillations, such as might 
occur at high speeds, still greater damping was desir- 
able. As sweepback increased, the aileron angle 
required to hold the aircraft level in a sideslip increased ; 
up to the present, with angles of sweepback up to 
40 deg., this had not presented great difficulty, but for 
larger angles it might cause trouble in cross-wind 
landings and take-offs, unless the aileron effectiveness 
could be increased. 








The use of spoilers instead of ailerons for lateral 
control would allow the use of full-span flaps, and would 


|overcome the difficulty of designing trailing-edge 


controls on very thin wings capable of withstanding 
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the high control loads and hinge moments on high-speed 
aircraft. They were also less adversely affected by 
wing distortion due to aero-elastic effects, and by high 
Mach numbers. Some flight tests had been carried 
out on various spoiler arrangements, which showed 
that there was some difficulty in achieving satisfactory 
“* feel”’ with spoiler control. The lag between the 
operation of the spoiler and the development of the roll 
could be reduced by mounting the spoiler well back on 
the chord and also by venting behind the spoiler. 
Non-linear response, which was a difficulty experienced 
in early flight tests with spoilers, could be overcome 
by using circular-arc spoilers with vents behind the 
spoiler, or by modifying the control gearing. No 
quantitative measurements had been made on the loss 
of lift which occurred when a spoiler was operated, or 
of the excessive yawing moment due to spoiler drag ; 
the yawing moment could, however, be counteracted 
by designing spoilers to operate on both upper and 
lower wing surfaces. 

Mr. Davies also described photographic methods of 
recording the onset of shockwaves in flight, and the 
method of mounting small models, for aerodynamic 
investigations in the transonic range, above the wing of 
an aircraft travelling at high subsonic speed. He 
concluded with some remarks on the use of research 
aircraft and the qualities required in a test pilot. 





' DIESEL-ELECTRIC LOCOMOTIVES 
{FOR THE NETHERLANDS STATE 
RAILWAYS. 


At the conclusion of the second World War, the 
Netherlands State Railways acquired a number of 
350-h.p. Diesel-electric shunting locomotives from the 
Ministry of Supply. These locomotives were brought 
into Holland by the British Army and were built by 
the then London Midland and Scottish Railway, the 
power units and electrical equipments having been 
supplied by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2. On being 
taken over by the Netherlands State Railways, they 
were employed on yard shunting duties and proved so 
successful that an order was placed with the English 
Electric Company for ten complete locomotives of a 
similar type but fitted with Diesel engines rated at 
400 h.p. The first of these was completed in July, 
1949, and has since been in constant service in the 
Fijenoord marshalling yard, Rotterdam. The re- 
maining locomotives were delivered during 1950 and 
are now employed for shunting duties in both flat and 
hump yards. In general, they have been built to the 
English Electric Company's standard 0-6-0 Diesel- 
electric design, but incorporate several modifications 
go as to conform to Netherlands Railways standards. 

A photograph of one of the locomotives is reproduced 
in Fig. 1, on this page, from which it will be seen that 
it is of the three-axle type. The longitudinal members 
of the underframe are constructed from steel plate 
1 in. thick, and these are suitably braced by vertical 
cross-stretchers which support the engine-generator 
unit and other equipment. Cast-steel axleboxes with 
gunmetal bearings are fitted and suspension is by means 
of overhung laminated springs. The superstructure 
and cab are of composite riveted and welded construc- 
tion, the roof sections of the engine compartment being 
detachable to facilitate removal of the power unit. A 
section of the cab roof also is removable to enable the 
control cubicle to be lifted out if required. The super- 
structure is divided into three sections, namely, engine, 
generator and driving compartments. The generator 
compartment also contains the air compressor and 
auxiliary generator, both of which are mounted on 
brackets welded tc the main generator frame, and 
driven by belts from the main armature shaft. A 
light bulkhead separates the engine and generator 
compartments, while the cab is separated from the 
generator by the main and service fuel tanks. 

Power is supplied by one of the English Electric 
Company’s 6KT four-stroke Diesel engines (Fig. 2), 
with cylinders of 10-in bore and 12-in. stroke, and a con- 
tinuous rating of 400 h.p. at 680 r.p.m. At full load, 
the brake mean effective pressure is 83 lb. per square 
inch, the piston speed, ',360 ft. per minute, and the 
fuel consumption, 0-39 lb. per brake horse-power per 
hour. The engine and generator are coupled together 
to form a single unit, which, in turn, is supported by 
three resilient mountings arranged so as to prevent 
the transmission of racking stresses from the under- 
frame to the engine. This form of construction and 
suspension also facilitates removal of the unit for major 
overhauls and obviates the necessity for re-aligning the 
— and generator. 

general, the engine follows the company’s standard 
design. The bedplate is a separate iron casting and is 
fitted with a fabricated steel sump, which is bolted to 
the underside. The crankshaft is machined from a 
single carbon-steel lurging and is supported by seven 
main ings of the steel-backed whitemetal-lined type. 
‘The crankcase consists of a separate monobloc casting, 





DIESEL-ELECTRIC SHUNTING LOCOMOTIVE. 


THE ENGLISH ELECTRIC COMPANY, LIMITED, LONDON. 
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and in accordance with usual practice it is provided 
with large inspection doors to permit access to the 
crankshaft bearings and running gear. The camshaft 
is located inside the crankcase and is formed in three 
parts, which are coupled together by muff couplings, 
each part being fitted with the fuel-pump cams and 
the inlet- and exhaust-valve cams for two cylinders. 
To facilitate insertion of the camshaft, the bearings 
have a larger diameter than the cams. Cast-iron 
cylinder liners are fitted and these are located by flanges 
formed at the top, the base of each liner being sealed by 
means of oil and heat-resistant rings in the usual 
manner. Cast-iron pistons are employed and each is 
fitted with three pressure rings and one oil-control ring 
above the gudgeon pin and a single oil-control on the 
piston skirt. The connecting rods are machined from 
I-section steel forgings and are fitted with phosphor- 
bronze little ends and whitemetal-lined big ends, 
Separate cylinder heads are fitted and each is provided 
with air inlet and exhaust valves, a pressure-release 
valve and a centrally located fuel valve. 

The water and lubricating-oil pumps are driven 
from the main crankshaft through an extension shaft. 
Radiator cooling is, of course, employed, the delivery 
of the water to the cooling elements being controlled 
by a thermostat to ensure an even operating tempera- 
ture. A gear-type pump is employed in the forced- 
lubrication system ; this draws the oil from the sump 
and delivers it to a cooling element incorporated in the 
radiator before it flows through the filters to the main 
bearings, etc. 

Delivery from the fuel pumps to the injectors is 
regulated by a servo piston connected to the fuel-pump 
control shaft, oil from the engine lubricating system 
being admitted to the servo cylinder by a solenoid- 
operated control valve and a pilot valve. The solenoid- 
operated valve drops if the current supply fails or 
when the pressure in the lubricating system falls to a 
dangerously low level; this allows the oil in the servo 
cylinder to escape and the piston, as a consequence, 
to return to the no-delivery position. The pilot valve 
is connected to the governor and is raised and lowered 
in response to governor speed. When, for example, 
the speed falls due to increased loading of the engine, 
the pilot valve acts to admit more oil to the servo 
cylinder, thereby causing an increase in the quantity 
of fuel delivered to the injectors. Conversely, when 
the engine speed increases, the pilot valve allows oil to 
escape from the cylinder with consequent reduction 
in the quantity of fuel injected into the cylinders. 
To enable an adequate pressure to be built up in the 
lubricating system before starting, an electrically-driven 
priming pump is provided, the starting equipment being 
controlled by a pressure switch incorporated in the 
system. A hand-operated priming pump is also 
provided for use in an emergency. The engine is 
started by motoring the main generator, current 
for this purpose being provided by a 58-cell Nife 
nickel-cadmium alkaline battery having a capacity 
of 170 amperes at a 5-hour discharge rate. In an 
emergency, the engine can be started by towing the 
locomotive and using one of the traction motors as a 
generator. 

The main generator is a single-bearing unit coupled 
directly to the engine crankshaft and fitted with 
roller-type armature bearings. It is of the self- 
ventilated six-pole traction type with a continuous 
rating of 190 kW, and is provided with a starting field 
supplied from the batteries and two shunt fields, one 
of which is supplied from the auxiliary generator 
while the other is self-excited. It supplies current to 
two four-pole, series-wound nose-suspended traction 
motors arranged to drive the leading and trailing axles, 
respectively, through double-reduction spur gearing 
having a ratio of 21-7 to 1. One of the traction 
motors is illustrated in Fig. 3, opposite, where it is 
shown removed from the locomotive. They each 
have a one-hour rating of 136 h.p. at 400 volts and 
280 amperes. Grease-lubricated roller bearings are 
fitted to the armatures, and the nose-suspension bear- 
ings are of the oil-lubricated sleeve type. The pinions 
fitted to the armature shafts and the intermediate 
shafts are of case-hardened nickel steel and the gear- 
Wheels of carbon-chromium steel. 

The auxiliary generator is a four-pole shunt-wound 
machine having a continuous rating of 4-7 kW. In 
addition to supplying current for the main generator 
Separately-excited shunt field, it feeds the control 
equipment and charges the batteries. The control 
equipment, which consists of a manually-operated 
camshaft controller, reverser, electro-magnetic con- 
tactor gear, ete., is accommodated in a dustproof 
cubicle located in the driver’s cab. There are four 
running positions for the controller, the first of which 
— ets the traction motors to the main generator. 
re the second position the majority of the generator 

eld resistances are successively short-circuited, and in 
the third position the speed of the Diesel engine is 
increased progressively until it runs at its maximum 
Spee of 680 r.p.m. In the fourth position, the remain- 
ng vcnerator-field resistances are short-circuited and 
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the output from the locomotive reaches the maximum 
value. The usual dead-man’s pedal is provided and 
is arranged so that it can be operated from both 
sides of the cab. When released, however, there is a 
time lag before the power is cut off to permit the driver 
to cross from one side of the cab to the other during 
normal operation. 

The locomotive is equipped with Westinghouse 
straight air-brake gear, the air for this service being 
supplied by the compressor installed in the generator 
compartment. Two air-brake cylinders are fitted 
below the cab, and the brake linkage is fully compen- 
sated to ensure even wear of the brake blocks. The 
usual form of hand-brake is provided, and the sanding 
equipment is operated by compressed air. The cab is 
enclosed and the controls are duplicated so that the 
locomotive may be driven with equal facility from each 
side of the cab. It has been designed for the standard 
4 ft. 8} in. gauge, the overall length, measured over the 
buffers, being 29 ft. 4 in., and the overall width just over 
9 ft. The wheel diameter is 48} in., the wheelbase 
11 ft. 6 in., and the maximum axle loading 15} tons. 
At starting, the maximum tractive effort is 33,000 lb. ; 
the continuous tractive effort is 11,200 lb. at 7-4'miles 
an hour, and the one-hour tractive effort rating 
is 13,400 lb. at 6-7 miles an hour. The first loco- 
motive to be delivered has proved entirely satisfactory 
in service and the Netherlands Railways have since 
ordered a further fifteen of a similar type, but fitted 
with engines of Dutch manufacture. : 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





Tuis list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





A Stupy or DryiInc.—Various dates between Wed- 
nesday, January 3, and Wednesday, April 25, in London 
and provincial cities. Organised by Institute of Fuel, 
18, Devonshire-street, London, W.1. (Telephone : 
LANgham 7124.) See also our issue of December 15, 
1950, page 499. 


INTERNATIONAL AGRICULTURAL MACHINERY EXHIBI- 
TION.—Tuesday, February 27, to Sunday, March 4, at 
the Pare des Expositions, Paris. Apply to the secretary 
of the exhibition, 38, Rue de Chateaudun, Paris 9e. 

GERMAN INDUSTRIES FAIR, HANOVER.—Light Indus- 
tries Fair: Wednesday, February 28, to Sunday, 
March 4. Heavy Industries Fair: Sunday, April 29, to 
Tuesday, May 8. Organisers: Deutsche Messe- und 
Ausstellungs-A.G., Hanover, Germany. Agents : Messrs. 
Schenkers, Limited, 27, Chancery-lane, London, W.C.2. 
(Telephone : HOLborn 5595.) 

LEIpzia Farrs.—Spring Fair: Sunday, March 4, to 
Sunday, March 11. Autumn Fair: Sunday, Septem- 
ber 2, to Friday, September 7. Organised by Leipziger 
Messeamt, Platz des Friedens 8, Leipzig C.1, Germany. 

IDEAL HOME EXHIBITION.—Tuesday, March 6, to 
Saturday, March 31, at Olympia, London, W.14. 
Organised by the Associated Newspapers, Limited, New 
Carmelite House, London, E.C.4. (Telephone: CENtral 
6000.) 

INTERNATIONAL MOTOR EXHIBITION.—Thursday, 
March 8, to Sunday, March 18, at Geneva. Apply to the 
exhibition organisers, 1, Place du Lac, Geneva, Switzer- 
land. 

FRANKFURT Fatrs.—Spring Fair: Sunday, March 11, 
to Friday, March 16. Autumn Fair: Sunday, Septem- 
ber 2, te Thursday, September 6. Apply to the Fair 
organisers, Messe-Amt, Frankfurt-am-Main, Germany. 

SECOND INTERNATIONAL INDUSTRIAL EXPOSITION, 
Texas.—Sunday, March 11, to Thursday, March 15, at 
the Coliseum, Houston, Texas. Apply to the general 
manager, International Industrial Exposition, 41, South 
Jacinto-street, Houston 2, Texas, U.S.A. 

VIENNA Fatrs.—Spring Fair: Sunday, March 11, to 
Sunday, March 18. Autumn Fair: Sunday, September 
9, to Sunday, September 16. Agents: British Austrian 
Chamber of Commerce Incorporated, 29, Dorset-square, 
London, N.W.1. (Telephone: PADdington 7646.) 

ENGINEERING CONFERENCE, BRISBANE.—Monday, 
April 2, to Saturday, April 7, at Brisbane. 21st con- 
ference, organised by the Institution of Engineers, 
Australia, Sparkes Building, 183, Wickham-street, 
Valley, Brisbane, N.1. Further particulars available 
from the honorary conference organiser, Mr. W. McMaster, 
P.O. Box 140, Fortitude Valley P.O., Brisbane N.1, 
Queensland. 

RoyaL NETHERLANDS INDUSTRIES Fains.—Spring 
Fair: Tuesday, April 3, to Thursday, April 12, at 
Utrecht, Holland. Autumn Fair: Tuesday, Septem- 
ber 11, to Thursday, September 20. Agent: Mr. W. 
Friedhoff, 10, Gloucester-place, London, W.1. (Tele- 
phone : WELbeck 9971.) 
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STRESS ANALYSIS GROUP, ANNUAL CONFERENCE.— 
Wednesday, Thursday and Friday, April 4, 5 and 6, at 
the University, Liverpool. Apply to the honorary 
secretary, Mr. E. K. Frankl, Engineering Laboratory, 
Cambridge. 

PHYSICAL SoOcrIETy’s EXHIBITION.—Friday, April 6, 
to Wednesday, April 11, at the Royal College of Science 
main building, Imperial Institute-road, and the Huxley 
Building, Exhibition-road, South Kensington, London, 
S.W.7. Organised by the Physical Society, 1, Lowther- 


gardens, London, S.W.7. (Telephone: KENsington 
0048.) See also page 30, ante. 
Swiss INpDusTRIES Fatir.—Saturday, April 7, to 


Tuesday, April 17, at Basle. Apply to Division Econo- 
mique, Swiss Legation, 18, Montague-place, London, 
W.1. (Telephone : PADdington 0701.) 

EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
TEST GEAR FOR THE RADIO, TELEVISION, ELECTRONIC 
AND TELECOMMUNICATIONS INDUSTRIES.—Tuesday, April 
10, to Thursday, April 12, at Grosvenor House, Park- 
lane, London, W.1. Particulars from the Radio and 
Electronic Component Manufacturers’ Federation, 22, 
Surrey-street, Strand, London, W.C.2. (Telephone : 
TEMple Bar 6740.) 

SYMPOSIUM ON HUMAN FAcTORS IN EQUIPMENT 
DESIGN.—Wednesday, April 18, to Saturday, April 21, at 
the University, Birmingham. Organised by the Ergo- 
nomics Research Society (joint honorary secretary, Mr. 
H. Murrell, Mizbrooks, Capel, near Dorking, Surrey). 
Apply to symposium secretary, Miss B. G. Murrell, 
219, Cromwell Mansions, Cromwell-road, London, 8.W.5. 
(Telephone: FRObisher 6927.) N.B.—Alteration of 
dates. 

Litce INTERNATIONAL FatrR.—Saturday, April 21, to 
Sunday, May 6, at Coronmeuse, Liége. Apply to the 
Foire Internationale de Liége, 17, Boulevard d’Avroy, 
Liége, Belgium. 

PARIS INTERNATIONAL Fatr.—Saturday, April 28, 
to Monday, May 14. Organised by the Foire de Paris, 
23 Rue N.D. des Victoires, Paris. Agent: Mrs. M. Hyde, 
4, Park-lane, London, W.1. (Telephone: GROsvenor 
5480.) 

BRITISH INDUSTRIES FaIR.—Monday, April 30, to 
Friday, May 11, at Earl’s Court, S.W.5, and Olym- 
pia, London, W.14; and Castle Bromwich, Birmingham. 
Particulars from the Director, British Industries Fair, 
Board of Trade, Lacon House, Theobald’s-road, London, 
W.C.1 (Telephone: CHAncery 4411); or the general 
manager, British Industries Fair, 95, New-street, Bir- 
mingham, 2 (Telephone: Midland 5021). 

INTERNATIONAL INTERNAL-COMBUSTION ENGINE CON- 
GREss.—Tuesday, May 8, to Saturday, May 19, in Paris. 
Organisers: Le Syndicat des Constructeurs de Moteurs 
& Combustion Interne, 11, Avenue Hoche, Paris, 8e. 
See also our issue of December 1, 1950, page 438. 

THIRD GAUGE AND TOOL EXHIBITION.—Tuesday, 
May 15, to Friday, May 25, Royal Horticultural Hall, 
Vir.cent-square, London, S.W.1. Organised by the 
Gauge and Tool Makers’ Association, Standbrook House, 
Old Bond-street, London, W.1. (Telephone: REGent 
3451.) 

THIRD WORLD PETROLEUM CONGRESS.—Monday, 
May 28, to Wednesday, June 6, at the Ridderzaal, 
The Hague, and the Kurhaus, Scheveningen, Holland. 
Further information obtainable from the secretary, 
the Institute of Petroleum, 26, Portland-place, London, 
W.1. (Telephone: LANgham 2250.) 

CANADIAN INTERNATIONAL TRADE FaiIR.—Monday, 
May 28, to Friday, June 8,at Exhibition Park, Toronto. 
Apply to Miss M. A. Armstrong, Canadian Government 
Exhibition Commission, Canada House, Trafalgar-square, 
London, 8.W.1. (Telephone : WHItehall 8701.) 

JoInT ENGINEERING CONFERENCE.—Monday, June 4 
to Friday, June 15, in London. Organised by the Insti- 
tutions of Civil, Mechanical, and Electrical Engineers. 
See also page 49, ante. 

BRITISH PLASTICS EXHIBITION AND CONVENTION.— 
Wednesday, June 6, to Saturday, June 16, the National 
Hall, Olympia, London, W.14. Organised by British 
Plastics, with the collaboration of the British Plastics 
Federation. Apply to the editor, British Plastics, 
Dorset House, Stamford-street, London, S.E.1. (Tele- 
phone: WaATerloo 3333), or to the general manager 
of the Federation, 47 and 48, Piccadilly, London, W.1. 
(Telephone : REGent 4681.) 

BUSINESS EFFICIENCY EXHIBITION.—Wednesday, June 
6, to Saturday, June 16, at Olympia, London, W.14. 
Organised by the Office Appliance Trades Association, 
11-13, Dowgate-hill, Cannon-street, London, E.C.4. 
(Telephone : CENtral 7771.) 

THIRD BRITISH ELECTRICAL POWER CONVENTION.— 
To be held during week commencing Monday, June 18, 
at Brighton. Information obtainable from the secretary 
of the Convention, 16, Stratford-place, London, W.1. 
(Telephone : MAYfair 6411.) 

INTERNATIONAL CONFERENCE OF NAVAL AROHITEOTS 
AND MARINE ENGINEERS.—Monday, June 25, to Satur- 
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day, June 30, in London; Monday, July 2, to Wednes- 
day, July 4, in Glasgow; and Wednesday, July 4, 
to Friday, July 6, in Newcastle-upon-Tyne. Apply 
to the secretary, Institution of Naval Architects, 10, 
Upper Belgrave-street, London, S.W.1. (Telephone : 
SLOane 4622); Institute of Marine Engineers, 85, 
Minories, London, E.C.3. (Telephone: ROYal 8493); 
North East Coast Institution of Engineers and Ship- 
builders, Bolbec Hall, Newcastle-upon-Tyne. (Tele- 
phone: Newoastle 20289); or Institution of Engineers 
and Shipbuilders in Sootland, 39, Elmbank-crescent, 
Glasgow, C.2. (Telephone: Central 5181.) 

ROYAL AGRICULTURAL SHOW.—Tuesday, July 3, to 
Friday, July 6, at Cambridge. Apply to the Royal 
Agricultural Society of England, 16, Bedford-square, 
London, W.C.1. (Telephone: MUSeum 5905.) 

WEISH INDUSTRIES F'AIR.—Wednesday, July 4, to 
Saturday, July 14, at Cardiff. Further particulars 
obtainable from the secretary of the Fair, 17, Windsor- 
place, Cardiff. (Telephone: Cardiff 5452.) 

BRITISH INSTRUMENT INDUSTRIES EXHIBITION.—Wed- 
nesday, July 4, to Saturday, July 14, at the National 
Hall, Olympia, London, W.14. Further information 
obtainable from Messrs. F'. W. Bridges and Sons, Limited, 
Grand Buildings, Trafalgar-square, London, W.C.2. 
(Telephone : WHItehall 0568.) 

INTERNATIONAL WELDING CONGRESS.—Saturday, July 
14, to Saturday, July 21, in London and Oxford. 
Apply to Mr. G. Parsloe, secretary-general of the Inter- 
national Institute of Welding, at 2, Buckingham Palace- 
gardens, Buckingham Palace-road, London, S.W.1. 
(Telephone : SLOane 9851.) 

BRITISH ASSOCIATION.—Wednesday, August 8, to 
Wednesday, August 15, at Edinburgh. Apply to the 
joint local secretaries: Dr. G. B. Warburton, 11, Grace- 
mount-road, Edinburgh, 9, and Mr. J. D. Robson, 
Engineering Department, Edinburgh University, May- 
field-road, Edinburgh 9. See also page 81, ante. 

18TH NATIONAL RapDIO SHOwW.—Tuesday, August 28, 
to Saturday, September 8, at Earl’s Court, London, 
8.W.5. Applications to be made to the Radio Industries 
Council, 59, Russell-square, London, W.0.1. (Tele- 
phone: MUSeum 6901.) 





BRITISH STANDARD 
SPECIFICATIONS. 


Tus following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 

Ships’ Compasses and Binnacles.—A new British 
Standard specification, B.S. No. 1699, relates to the 
quality and performance of dry card and liquid com- 
passes and binnacles for use in the navigation of 
merchant ships. It is identical with the specification 
given in the appendix to the Ministry of Transport 
Notice No. M.345. The specification has been pre- 
pared by a working party set up by the Ministry of 
Transport in 1946 for the purpose of reviewing the 
existing arrangements concerning ships and aids to 
navigation other than those of a radio nature. The 
specification is divided into two parts. Part 1 deals 
with the compass and covers such matters as the 
directional system, the card, the azimuth-taking 
device, damping measures, and the requirements of 
accuracy. Part 2 is concerned with the binnacle, 
and such matters as illumination, correcting devices, 
the inclinometer, and requirements of accuracy are 
dealt with. [Price 2s., postage included. ]} 


Unscreened Camshaft Speed Magnetos.—The dimen- 
sions of unscreened camshaft speed magnetos are dealt 
with in a new specification, B.S. No. 1644. This is 
confined to magnetos (combined with distributor head) 
having shank and spigot mountings, and the dimen- 
sions included are those necessary to ensure inter- 
changeability. The figures included in the specifica- 
tion are of typical magnetos and do not purport to 
represent standard designs or methods of locking the 
distributor head in posiiion. [Price 2s. 6d., postage 
included. ] 


Steel Pipes and Tubes for Pressure Vessels.—Follow- 
ing the publication of B.S. No. 1500, covering fusion- 
welded pressure vessels, the Institution has now 
issued, under one and the same cover, two specifica- 
tions, B.S. Nos. 1507 and 1508, respectively relating 
to steel pipes and steel tubes for pressure vessels for 
use in the chemical and allied industries. The publica- 
tion contains a comprehensive range of specifications 
for pipes and tubes manufactured from 12 types of 
steel, comprising mild steel, alloy steels and austenitic 
stainless steels. Full particulars regarding chemical 
compositions, mechanical properties, methods of test, 
and the tolerances allowed in finished pipes and tubes, 
are given. [Price 10s. 6d., postage included. ] 








LABOUR NOTES. 


THE working population of Great Britain, comprising 
all persons aged 15 and over who work for pay or gain, 
or who register themselves as available for such employ- 
ment, numbered 23,225,000 at the end of December 
last. The Armed Forces, ex-Service men and women 
on release leave searching for employment, registered 
unemployed, and all persons in civilian employment 
(including private indoor domestic servants and persons 
over pensionable age in gainful employment) are 
included in the description, working population. Part- 
time employees are counted as full units. The total 
at the end of December last represented a decrease of 
64,000 persons since the end of November, of whom 
6,000 were men and 58,000 women, but it was an 
increase of 225,000 persons on the total at the end 
of December, 1949. The decline in the working popu- 
lation during the month of December, 1949, was about 
a same as that which took place during December 
ast. 





Of the total working population of 23,225,000 at the 
close of last year, some 15,921,000 were men and 
7,304,000 were women, according to stat'stics issued 
by the Ministry of Labour and National Service at the 
end of last week. It is estimated by the Ministry that 
some 328,000 people were registered as unemployed at 
that time, and that 752,000 persons, of whom 730,000 
were men and 22,000 were women, were serving in 
the Armed Forces. The Ministry states that there 
were then no ex-Service men or women on release leave 
seeking employment, which compared with 11,000 such 
persons at the close of 1949. The balance of the 
country’s working population at the end of last year, 
22,145,000 persons, were all in civilian employment, 
that is, engaged in industry, commerce, or services of 
various kinds. This total comprised 14,964,000 men 
and 7,181,000 women, and was an increase of 241,000 
on the total at the close of 1949. The number of persons 
registered as unemployed at the end of last year 
represented approximately 1-6 per cent. of the total 
number of employed workpeople. 





Persons in various forms of civilian employment at 
the end of December last, 22,145,000, were 97,000 fewer 
than the total number of persons so engaged at the end 
of November. In the former month, 1,776,000 persons 
were employed in the transport and communications 
industries, 1,143,000 in agriculture, 361,000 in gas, 
electricity and water undertakings, 31,000 in fishing, 
and 80,000 in quarrying and mining, other than in 
coal-mining. The man-power strength of the coal- 
mining industry was 762,000 (of whom 689,000 were 
wage earners on colliery books), bringing the total 
number of employees in the basic industries to 4,153,000. 
The labour force of the coal-mining industry at the end 
of 1949 amounted, in all, to 781,000 persons, including 
709,000 wage earners on colliery books. 





In all, some 8,620,009 persons found employment in 
the manufacturing industries of Great Britain at the 
end’ of last year, 214,000 more than at the close of 
1949. At the end of last December, 1,033,000 persons 
were engaged in the manufacture of textiles, 714,000 in 
clothing production, 803,000 in the food, drink, and 
tobacco industries, and 484,000 in the chemical and 
allied trades. The engineering, metals, and vehicles 
industries employed an aggregate of 4,086,000 opera- 
tives. The balance of 1,500,000 workpeople were 
distributed over a number of other manufacturing 
industries and trades. Some 1,409,000 persons were 
engaged in building and contracting at the end of 
December, which was a decline of 34,000 on the total 
at the end of November. There were also 2,654,000 
employees in the various distributing trades and a total 
of 3,924,000 persons engaged in professional, financial 
and other services of a similar character. It is esti- 
mated by the Ministry of Labour that some 631,000 
persons were in the employment of Government depart- 
ments and a further 754,000 engaged on local govern- 
ment service. 





Nearly 7,000 London dockers ceased work on 
February 9 when they heard that seven men had been 
charged with conspiring to incit» dock employees to 
take part in unofficial strikes and, by the following 
Monday, their numbers had risen to over 8,000. On 
the next day, however, in response to appeals by the 
unofficial ‘‘ port workers’ committee,” the employees 
returned to duty and it was reported by the National 
Dock Labour Board that normal working was resumed 
at the London Docks by the afternoon of the same day. 
At Manchester and on Merseyside the agitation con- 
tinued to centre round the efforts to obtain the benefits 
of the so-called dockers’ charter, which would provide a 
daily wage of 25s., two weeks’ holiday with pay, and 
supplementary pensions for old and disabled. dock 
employees. A further thousand men resumed work 








at Manchester on February 14, making about 2,000 


on duty and 700 on strike, and reducing the number of 


idle ships to six. At Liverpool and Birkenhead, which 
remained the hard core of the unofficial strike, more 
than 9,000 dockers were on strike on that day against 
nearly 7,000 at work. 





Since then, the position at the various strike centres 
has fluctuated considerably, but, in general, the drift 
back to work continued steadily during the remaining 
days of last week, and there was a big improvement at 
Liverpool last Saturday. Many more dockers at that 
port returned to work on Monday, most of them 
having been on strike for over a fortnight. It was 
reported that, by the evening of that day, there were 
not more than 1,000 men involved in the strike at 
Liverpool and only some 2,000 at Birkenhead. The 
re-appearance of the seven unofficial dock leaders at 
Bow-street on Tuesday was the signal for a number of 
one-day strikes at various ports and it was announced 
by the National Dock Labour Board in the afternoon 
that 2,620 dockers were on strike at Glasgow, 2,370 
at Manchester, and some 400 at Greenock. In London, 
10,840 men went on strike but 13,940 were at work, 
while at Liverpool, the 17-day strike in support of the 
dockers’ charter was practically at an end. Except at 
Birkenhead, work returned to normal on Wednesday. 





Requests for increased industrial efficiency were 
made by Mr. Herbert Morrison, the Lord President of 
the Council, in a speech at Uxbridge, on February 16. 
He stated that the policy of full employment placed 
responsibilities on workpeople as well as on employers 
and managements, and he called upon both sides of 
industry to exercise restraint. Demands for an increased 
share in the national cake should be kept within such 
limits that they could be met without having an 
“unholy scramble’ for the crumbs. The use of the 
strike weapon by irresponsible elements reduced the 
nation’s production and, by threatening our national 
recovery, jeopardised the whole structure on which full 
employment was based. As to demands for increased 
wages, there was a danger of headlong inflation which 
must be guarded against by voluntary restraint on the 
part of workpeople and their unions. 





It was the duty of employees in industry, Mr. 
Morrison considered, to accept new methods and new 


machinery, and thereby to improve their efficiency, to - 


agree to the dilution of labour in some industries, so 
that highly skilled operatives could be released for 
other rs Macon where their services were urgently 
needed, and even to approve the use of foreign labour 
in certain circumstances. He felt that, under conditions 
of full employment, greater and more efficient pro- 
duction constituted the primary responsibility placed 
on employees, in order that the Government’s rearma- 
ment programme could be carried through, the country’s 
export trade maintained, and the supply of consumer 
goods for the home market increased. Greater effi- 
ciency would enable goods to be produced at a price 
at which they could be sold in markets overseas, and 
would also help to lower the cost of living in this 
country. All these advantages could be brought about 
by good work and by the abandonment of practices 
which prevented the best use of man-power. 





Bans on piecework systems and on the use of over- 
time in engineering establishments in north-east 
England and in the Manchester area were discussed at 
some length at a meeting in London, on Monday last, 
between officials of the unions concerned and Sir Robert 
Gould, the chief industrial commissioner of the Minister 
of Labour. It may be recalled that, as recently as 
February 8, the executive committee of the Confedera- 
tion of Shipbuilding and Engineering Unions expressed 
the hope that these bans, which are entirely unofficial, 
should cease. At some works, they have now been in 
force for several weeks. 





Decisions to work to rule, to strike, or to hold token 
week-end strikes have been taken by railway employees 
at many centres during the last few days, as a result 
of the men’s dissatisfaction with the award of the 
railway court of inquiry. That award is not binding 
on the parties to the dispute, but the complete rejection 
of the court’s findings by two of the unions, the N.U.R. 
and the A.S.L.E.F. is exceptional. The R.C.A., the 
third union in the dispute, discussed the report at 4 
national executive conference on Sunday and con- 
demned it as unsatisfactory. Many meetings between 
the leaders of the Unions, and between them and the 
Railway Executive, have taken place during this week. 
Wage improvements suggested by the court w: uld 
cost 7,000,000/. a year, and it was reported on Wednes- 
day that the Executive were prepared to give increases 
costing 9,250,000/. annually, but that the unions ‘" 
that improvements costing 12,000,000/. were the least 
they could accept. 
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RECENT DEVELOPMENTS IN 
AEROPLANE LANDING GEAR,* 


By H. G. Conway, M.A., BR.Ae.S. 


AtroraFT landing gear has not changed much over 
& period of many years; the aircraft which are being 
produced to-day for the Royal Air Force have under- 
carriages which are substantially similar to those used 
in the recent war. The advent of the jet engine has 
not in itself made much difference to the type of gear, 
although it has enabled shorter undercarriages to be 
used in some cases. Recent requirements, however, 
concerned mainly with the operation of very heavy 
aircraft from runways of minimum thickness or relating 
to the operation of aircraft from comparatively unpre- 
pared airfields, have caused certain developments to 
take place. 

There is a tendency to raise the pressure of the 
landing-wheel tyres, brought about by the need for 
reducing the dimension of the tyres to enable them 
to be stowed inside the modern wing. Together with 
the general increase in the size of bomber and transport 
aircraft, this has caused the loading on the runway 
under each wheel to become appreciably higher than 
was current at the end of the last war. In 1939, it 
was general practice to limit the tyre pressure on Royal 

r Force aircraft to 35 Ib. to 40 Ib. per square inch, 
80 that the aircraft could operate from grass aero- 
dromes. The general introduction of runways on 
nilitary aerodromes enabled tyre pressures to be raised 
2 ‘0 lb. to 90 Ib. per square inch, but it was found 

at at these pressures the larger aircraft with single 
wheels caused overloading of the runway pavement 
and cracking of the surface. Various researches have 

n made into means of preventing this without 
having to thicken the pavement excessively ; the 
general practice nowadays is to spread the total under- 
“arriage load between several wheels. A number of 
. * Excerpts from a lecture given before the Belfast 

ranch of the Royal Aeronautical Society on January 16. 
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formule have been worked out to enable the per- 
formance of a particular runway surface to be predicted 
under various conditions of total load, tyre pressure 
and wheel spacing, and empirical requirements have 
now been set up for both military and civil operation. 
The result of these requirements, on an aircraft of, say, 
100,000 Ib. total weight, is that it will be fitted with 
at least two tyres per undercarriage if tyre pressures of 
the order of 90 lb. per square inch are used, and four 
tyres per undercarriage if pressures of 120 lb. per 
square inch or greater are used. The de Havilland 
Comet and the Bristol Britannia (Type 175), now under 
construction, are examples of the latter arrangement. 
Some advantage from the point of view of stowage 
has been gained by the use of multiple wheels, because 
the total bulk of the four tyres is less than an equivalent 
two-tyre unit or a single tyre carrying the same load. 
The bogie undercarriage, a typical example of which 
is illustrated in Fig. 4, has, however, introduced certain 
complications. First, whatever the arrangement of the 
bogie at the end of the undercarriage leg, unless the 
landing gear is made to retract sideways, the bogie 
will have to rotate with respect to the leg during 
retraction. Secondly, just as in an ordinary motor car, 
the application of the brakes causes weight transference 
from the rear wheels to the front wheels, so, when the 
brakes are applied on the bogie undercarriage, the 
bogie tends to rotate slightly, overloading the front 
tyres and underloading the rear tyres. Although this 
effect is not serious on the tyre, there may be a tendency 
for the rear wheels to lock. In order to overcome this, 
a compensating linkage mechanism of the type shown 
in Fig. 1 must be used. It will be observed that, by 
this means, the instantaneous centre of the brake on 
each wheel is maintained more or less on the ground ; 
the brake drag passes through the instantaneous centre 
and there is therefore no overall tendency to rotate 
the bogie. The linkage involves some weight penalty. 
Thirdly, it is obviously not possible to maneeuvre about 
the centre of one bogie, as may be done with an aircraft 
fitted with one or two wheels. The angle through 
which the nose-wheel is allowed to turn must be limited 





ProToTyPE Boaize UNDERCARRIAGE ON DE HAVILLAND “‘ Comet”? ATRORAFT. 


to give a reasonable minimum turning radius for the 
inner bogie. It is, of course, still possible for the pilot 
to ‘‘ oversteer”’ the nose-wheel by exerting excessive 
thrust on one side with the engines, and the bogie assem- 
blies must be stressed for the loads set up by turning 
about the centre of the bogie in this extreme case. 

There are two main ways in which the bogie arrange- 
ment can be constructed. Either there may be a 
continuous beam, carrying wheels on each end, arti- 
culated to the main shock absorber leg of the under- 
carriage at its centre, as shown in Fig. 2, or the wheels 
may be carried at the ends of radius arms pivoted about 
the end of a rigid and non-telescopic leg member, as 
in Fig. 3; the shock absorbers are separate units 
between the radius arms and the fixed leg. The latter 
arrangement is that used on the Consolidated Vultee 
B 36 and on the de Havilland Comet aircraft (Fig. 4). 
A single shock absorber is used, acting on both radius 
links, in one case directly and in the other case through 
a hinged lever and rod. Both telescopic and levered 
arrangements have advantages. The first is lighter, 
whereas the second is somewhat simpler to manufacture, 
there being no long telescopic leg. 

The bogie undercarriages illustrated and described 
so far are those suitable mainly for hard runways. 
It is possible, however, to evolve arrangements with 
four or even eight tyres which would enable a transport 
aircraft to operate from comparatively soft ground, 
using tyre pressures of 35 Ib. per square inch or even 
less. There are obvious advantages in being able to 
fly from unprepared ground, both from the commercial 
aspect in flying between small airfields in undeveloped 
places, and from the military point of view, for army 
co-operation or for operating from advanced airfields 
of the type which, presumably, have been used in Korea. 
Although the first Caterpillar-type undercarriage 
fitted to an aircraft appears to have been French, it 
was Messrs. Dowty Equipment, Limited, in England, 
who restarted the modern development of this device. 
Little interest was displayed in this country during 
the recent war in the Dowty design, but development 
was pursued in the United States and was applied to the 





234 


Fairchild Packet aircraft, as shown in Fig. 5, and 
later to other types of aircraft, including the giant 
B 36 aircraft of 300,000 lb. all-up weight. The track 
is now considered to be a practical device, but it is 
complicated and must be expensive to manufacture. 
For example, the Fairchild Packet design, it is under- 
stood, contains ten separate shock-absorber elements, 
each of which would require inflation during main- 
tenance operations. The multiplicity of shock absorbers 
is necessary because, in order to enable the track to 
operate on hard as well as soft ground, considerable 


mechanical articulation must be used to take the place |’ 


of the flexibility of the pneumatic tyre. Difficulties 


have also been experienced with the cutting and | 


abrasion of the rubber track ; there have been problems 
in housing brakes in the small-diameter wheels which 
have to be used ; and there have been other mechanical 
difficulties, for example, with the wheel bearings, which 
must rotate at very high speed. The tracked under- 
carriage entails an appreciable weight penalty amount- 
ing to some 0-8 to 1-0 per cent. of the aircraft weight. 
It is doubtful whether multiple-wheel bogies would be 
much lighter; their use would, however, give an 
appreciable saving in complication and cost, and it is 
possible that this arrangement would be preferable to 
the track. 


No appraisal of the general situation to-day on aero- | 


plane landing gear would be complete without some 


comment on the possibility of its complete elimination. | 


Perhaps one reason why alternative devices, such as 
skids, have not been developed more actively is that 
the continued efforts to reduce the weight of the classic 
type of undercarriage have been very successful. In 
1939, it was usual to assume that the tail-wheel type 
of undercarriage would weigh some 5 per cent. of the 
aircraft weight, and it was thought that the nose-wheel 
type would raise this percentage to about 6. In fact, 
the first American nose-wheel undercarriage exceeded 
this. Due to developments in materials and in the 
general technique of designing undercarriages, however, 
the total weight of the tricycle gear is now barely 
over 4 per cent., with 5 per cent. as a definite maximum. 
The Brabazon air-liner, for example, has an under- 
carriage weight of 44 per cent. of the all-up weight. 
The Messerschmitt 163 and the Arado 234 aircraft 
were interesting examples of German attempts at using 
skids in place of the normal undercarriage. The 
Messerschmitt 163 undercarriage, shown in Fig. 6, 
has a plain metal skid on the underneath of the aircraft, 
hinged and fitted with a shock absorber. It was 
successful in enabling the aircraft to land, although 
the deceleration factors were high and several pilots 
were injured on landing. The weight of this skid 
equipment, however, is disappointingly high, amounting 
to some 34 per cent. of the aircraft weight. The skid 
arrangement on the Arado 2364 is of particular interest, 
although no details of its weight are available. It will 
be seen in Fig. 7 that there is a central skid with two 
small outrigger skids under each engine nacelle. The 
illustration shows the Arado 234 about to be released 
from its tricycle-type take-off trolley, the latter being 
Subsequently arrested by an automatically-released 
parachute. Military users of aircraft are, no doubt, 
reluctant to accept the reduced ground maneuvrability 
of the aircraft fitted with skids, even with handling 
trolleys such as were used on the Me. 163. Their tech- 
nical advantages, however, may cause them to be 
used again on naval and high-performance aircraft. 





INSTITUTION OF METALLURGISTS.—The next examina- 
tion for the licentiateship, associateship, and fellowship 
of the Institution of Metallurgists will be held from 
August 27 to September 3, but candidates must submit 
their applications for permission to enter the examina- 
tions before May 1,1951. Further particulars are obtain- 
able from the registrar-secretary of the Institution, 
4, Grosvenor-gardens, London, 8.W.1. 


ELECTRICAL DEVELOPMENTS IN ONTARIO: ERRATA.— 
We regret that, in an article entitled ‘‘ Electrical Develop- 
ments in Ontario,” published in our issue of January 5, 
1951, on page 18, a number of errors occurred in the 
figures given. The tot..l capacity of five emergency 
steam stations, constructed to supply the Southern 
Ontario system is 63,006 kW. The capacities of two 
permanent steam stations being built near Windsor and 
in Toronto will be 120,000 kW and 200,000 kW, respec- 
tively. The figures given in connection with some of the 
water-power stations under construction are for the total 
capacities of the stations and not those of the individual 
generating units. Referring to the changes made in 
the transformer stations in the Southern Ontario system, 
eleven stations with an aggregate capacity of 292,800 
kVA were either completed or in progress; but the net 
changes in transformer capacity in the system amounted 
to over 580,000 kVA. In the third line from the end of 
the article, in place of the word “ divisions” read 
** diversions.” 
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A SURVEY OF THE DEVELOPMENT 
OF CREEP-RESISTING ALLOYS.* 
By Dr. N. P. ALLEN, M.Met. 


THERE was little technical interest in the ability 
of metals and alloys to carry loads at high temperatures 
until shortly after the 1914-1918 war. During that 
war the need for improved materials for the exhaust 
valves of aero-engines had become apparent, and the 
development of processes for the synthetic production 
of ammonia had called for materials capable of with- 
standing high stresses for considerable periods at 
550 to 600 deg. C. Early attempts by Chevenard and 
Dickenson to find materials suitable for chemical 
reactor vessels drew attention to the fact that ordinary 
tensile testing gives a very false impression of the 
stresses that metals can safely be called upon to endure 
permanently at high temperatures. 

The first investigations consisted of the examination 
of the behaviour at high temperatures of the available 
engineering materials. Very soon the present basic 
types of creep-resisting material were distinguished. 
A paper by H. J. French and W. A. Tucker, contributed 
to the American Society for Testing Materials Sympos- 
ium on the Effect of Temperature upon the Properties 
of Metals, in 1924, recognised the superior properties 
of the austenitic stainless steels, 11 to 14 per cent. 
chromium steels, nickel-chromium-iron alloys with 
8 to 25 per cent. of chromium and 35 to 80 per cent. of 
nickel, including alloys containing tungsten or molyb- 
denum such as had been developed in France, nickel- 
base alloys with additions of chromium or aluminium, 
and cobalt-base alloys containing 25 to 30 per cent. 
of chromium similar to those which have since been 
employed for precision casting. Low-alloy chromium or 
chromium-vanadium steels had also been investigated, 
and the ability of chromium-vanadium steels to retain 
a high elastic limit after being tempered at tempera- 
pans that would cause other steels to soften had been 
noted. 

Materials containing large proportions of nickel, 
cobalt, and chromium were at that time considered 
to be too expensive for use in engineering. They were 
comparatively new; the details of their casting and 
forging had not been worked out and the influence 
of impurities was little understood. The nickel- 
chromium-iron alloys were generally available only 
in the form of castings that were difficult to machine, 
and the engineer preferred, wherever it was possible, 
to rely on the ferritic steels, making use of his design 
skill to keep the stresses below those at which the 
component was known to be safe. Thus, although the 
need for creep-resisting materials had first been realised 
during early attempts to synthesise ammonia, the reac- 
tor vessels in industrial ammonia plants were made 
from large ferritic steel forgings designed to keep the 
deformations of the material within bounds, and the 
metallurgical problems which arose were concerned 
more with the effect on the steel of hydrogen and nitro- 
gen under high pressure than with the effect of the 
service stresses alone. 

Heat-resisting steels and cast nickel-chromium-iron 
alloys were used principally when resistance to oxidation 
was of first importance, for example, for carburising 
boxes, pyrometer tubes, and furnace hearths. In such 
cases small dimensional changes were unimportant ; 
there was little urge to study the creep resistance of 
the materials in great detail, and comparatively rough 
estimates of the strength of the alloys were sufficient. 
Progress in the metallurgy of heat-resisting materials 
depended largely on the demand for electrical resistance 
alloys in the form of wire and tape, and much pioneer 
work was done to satisfy this demand. Nevertheless, 
as early as 1924, progressive organisations were con- 
sidering the possibilities of the newer materials for use 
in the rotors of exhaust-gas turbines, and experimental 
turbines running at 500 deg. C. had been made. 

Early tests were often made to measure the limiting 
creep stress, i.e., the highest stress at which no creep 
would occur, but it was very soon found that the value 
of the limiting creep stress was determined by the 
Sensitivity of the extensometer employed in the test 
and, further, that if designs were to be based on the 
stipulation that the components should undergo no 
measurable deformation in service, the design stresses 
would be impracticably low, and the materials would 
be wastefully used. it therefore became customary 
to stipulate either that the average rate of creep under 
the imposed conditions of stress and temperature should 
be such that the total deformation during the expected 
life of the component would be within tolerable limits, 
or that the observed deformation within a given time 
Should not be more than a given amount. 





Z Paper read on Wednesday, February 21, 1951, as 
an introduction to a “ Symposium on High-Temperature 
Steels and Alloys for Gas Turbines,” organised by the 
Iron and Steel Institute, and held in London on 
Wednesday and Thursday, February 21 and 22, 1951. 
Abridged. The paper was prepared as part of a research 
Programme of the National Physical Laboratory. 





It is interesting to look back at a book by F. H. 
Norton, published in 1929, which was a survey of the 
creep rates at 500 to 700 deg. C. of 16 typical steels, 
made to assess the possibility of increasing steam 
temperatures to 1,000 deg. F. (538 deg. C.). The 
author concluded that, in respect of their usefulness at 
high temperatures, plain carbon and low-alloy steels 
were similar, and that to gain any worthwhile advantage 
it would be necessary to turn either to the stainless steels 
of the 13 per cent. chromium type or to the austenitic 
stainless steels. There were marked differences in the 
recorded creep rates of similar materials, but these 
were attributed mainly to errors of testing. Similar 
conclusions were reached by H. J. Tapsell in 1931 ; 
dealing with the ordinary ferritic steels, he stated 
that any improvements of strength derived from 
thermal or mechanical treatment disappeared slowly 
at temperatures above 450 deg. C., and that at 600 deg. 
C. the effective strength of steel was largely determined 
by the composition, and that large changes of composi- 
tion were necessary to bring about important changes 
of strength. 

These conclusions were rather discouraging to 
metallurgical development, particularly under the 
conditions created by the prolonged industrial depres- 
sion; but experimental work was nevertheless con- 
tinued, and during the next decade it became clear 
that the behaviour of materials at high temperatures 
was complex and afforded more opportunity for advance 
than had been realised. 

About 1930, the value of small additions of molyb- 
denum and vanadium to mild steels of the types used 
in superheater tubes began to be recognised, largely as 
a result of systematic work done at the Kaiser-Wilhelm 
Institut fiir Eisenforschung and of pioneer investigations 
Fig.l 
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by P. Prémper and E. Pohl, and, although it was custo- 
mary to regard the normalised condition of the steel as 
the most creep-resistant, it was found that in many 
steels, particularly those which had been deoxidised 
with aluminium, normalising from a high temperature 
resulted in better creep resistance than normalising 
from a temperature just above the critical range. 
Too drastic measures to increase creep resistance, 
however, were regarded with suspicion, and it was 
found that very resistant steels had a tendency to 
break at high temperatures with an inter-crystalline 
fracture after they had extended by only 3 or 4 per cent. 
This phenomenon was studied in great detail at the 
National Physical Laboratory. Two types of ferritic 
creep-resisting steel came now to be developed : (1) low- 
carbon steels used in the normalised condition for 
tubes and general structures, generally molybdenum 
or chromium-molybdenum steels, and (2) medium- 
carbon steels used, in the quenched and tempered 
condition, for bolts and other parts for which a high 
elastic limit was required. In addition to molybdenum 
or vanadium which conferred resistance to creep at 
high temperatures, these steels contained some element, 
either manganese, chromium, or nickel, which conferred 
deep-hardening capacity. Chromium was generally 
preferred, as it was considered that chromium- 
molybdenum steels were less liable than others to 
become embrittled after prolonged heating at 450 to 
550 deg. C. It was this second class of steel which 
subsequently provided the ferritic steels used for gas- 
turbine rotors. A third type of steel, the 4 to 6 per cent. 
chromium steel with additions of molybdenum or 
tungsten, which became popular about 1935 in the oil 
industry, was later developed. It was, and is, used 
principally because of its useful degree of resistance 
to oxidation at about 700 deg. C. and its resistance to 
decarburisation by hydrogen, but its creep resistance 
was also important and was improved by additions of 
tungsten and molybdenum. 

For completeness, some mention should be made of 
the large range of silicon-chromium valve steels con- 
taining 2 to 4 per cent. of silicon and 7 to 13 per cent. of 
chromium, which had been developed many years 





before. They were used principally for their oxidation 
resistance combined with a measure of strength at 
high temperatures. 

Although vanadium steels were examined at a very 
early date, the value of this element in increasing the 
creep resistance of ferritic steels was recognised later 
than that of molybdenum (probably about 1935-38). 
The advantages of vanadium were not seen to be out- 
standing below testing temperatures of 500 deg. C. 
This element raises the temperature at which the steel 
loses its effective strength ; it was perhaps only slowly 
realised that this effect is caused by a precipitation- 
hardening reaction that occurs at 550-600 deg. C. and 
that vanadium steels need to be appropriately heat- 
treated in order to attain their best properties. A 
steel steam pipe containing 0-5 per cent. of molydenum 
and 0-28 per cent. of vanadium was prepared for 
installation in the Battersea Power Station about 1940 
and its behaviour was such that similar steels will 
probably play an increasingly important part in British 
steam-raising plant. 

The development between the two wars of the heat- 
resisting austenitic steels was influenced largely by 
the requirements of the exhaust valve of the recipro- 
cating aero-engine and of the blading of steam tur- 
bines. The exhaust valve was required to resist 
oxidation and erosion by hot gases and to withstand 
the repeated impacts associated with the opening and 
closing of the valve. The development of suitable 
materials was based largely upon short-time tests at 
high temperatures. Under these conditions tungsten 
was found to be the most suitable strengthening addi- 
tion, and in many countries steels containing about 
14 per cent. each of nickel and chromium and 2 to 3 per 
cent. of tungsten were developed. In some -cases 
molybdenum performed the function of tungsten, and 
additions of silicon were considered to improve the 
oxidation resistance. Few data on the effect of pro- 
longed application of stress at high temperatures to 
these steels were published, and when the creep strength 
of austenitic steels was subsequently investigated, 
tungsten lost, to some extent, its outstanding position 
as a strengthening element at high temperatures. 
British creep-resisting steels was developed from a 
modification of the exhaust-valve steel. 

Steam-turbine blading required fatigue strength 
good forging and machining properties, and resistance 
to corrosion, which might result in intercrystalline 
embrittlement. Chevenard has recently told that, in 
an attempt to avoid this embrittlement, and assuming 
that it resulted from the precipitation of a carbide, 
he was led to use relatively high nickel contents and 
chromium contents sufficient to ‘‘ neutralise” the 
carbon present. He thus produced a steel containing 
35 per cent. of nickel, 11 per cent. of chromium, and 
0-3 per cent. of carbon, which had many successful 
applications. Once it had been established that 
precipitation of carbide was indeed the cause of the 
embrittlement, it was a simple step to add carbide 
formers, such as tungsten, titanium, tantalum, vana- 
dium, and niobium, and then to see how far it would 
be possible to lower the nickel content and to raise the 
chromium content. In this way a host of compositions 
combining good corrosion resistance with good pro- 
perties at the moderately elevated temperatures 
required in steam practice became available. The 
development of welding, with its associated problem 
of weld decay, contributed largely to their establish- 
ment. In 1929 heat-treatable austenitic steels con- 
taining aluminium or titanium were evolved, but little 
appears in the published literature to suggest that their 
exceptional strength at high temperatures had been 
appreciated. The development of the alloys was 
probably retarded by fabrication difficulties associated 
with aluminium and titanium. Nevertheless, W. H. 
Hatfield, in a paper to the London Congress of the 
International Association for Testing Materials held 
in 1937, mentioned an alloy of this kind with a “ time 
yield” (stress giving a creep rate of 10-* per hour in 
the second and third 24 hours of test, the strain during 
the first 24 hours being not more than 5 x 10-*) of 
9-5 tons per square inch at 550 deg. C., and in many 
places austenitic steels in which titanium was a major 
hardening element were being studied at about the 
same time. 

Preliminary explorations of the possibilities of 
ferrous alloys containing more than 35 per cent of 
nickel and of iron-free alloys based on nickel and 
cobalt were made during the 1930's, generally by 
time-to-rupture tests, or by simple creep tests involving 
comparatively short- exposure times. In Germany, 
W. Rohn drew attention again to the value of molyb- 
denum additions to an alloy containing 60 per cent. of 
nickel and 15 per cent. of iron, and subsequently made 
experiments on many different compositions of a 
similar type with additions of cobalt, tantalum, and 
titanium. Among other things Rohn emphasised 
the value of heat-treatments at very high tempera- 
tures. In England, the N.P.L. published in 1930 the 
results of a systematic exploration of the properties 
of the simple austenitic nickel-chromium-iron alloys, 
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and the influence of hardening additions such as 
aluminium, titanium, tungsten, and carbon was studied, 
with results which, for that time, were remarkable. 
When, at the beginning of 1939, the need for improved 
creep-resisting alloys became urgent, this investiga- 
tion, because of its systematic nature, proved to be a 
most useful guide. In America the properties, at 
high temperatures, of a series of oleh iaan alloys, 
and of nickel-chromium-iron alloys in which the 
nickel was partly replaced by cobalt, were examined 
by C. R. Austin and H. D. Nickol and by A. L. Sanford 
and O. E. Harder. They ange out the possibility 
of developing hardened alloys by the addition of 
aluminium, niobium, and titanium, and showed the 
alloys to be exceptionally strong at high temperatures. 

© position that had been reached before the advent 
of the gas turbine is well summarised in the ‘“‘ Com- 
pilation of Available High Temperature Creep Charac- 
teristics of Metals and Alloys,” published in 1938 by 
the American Society of Mechanical Engineers and 
the American Society for Testing Materials, which 
represents data collected from 1934 to 1938 and 
includes only materials that were then sufficiently 
well established to have been tested for periods of 
about 1000 hours. 

It is difficult to summarise these data but an attempt 
has been made in Fig. 1, which roughly gives the 
stresses and temperatures at which various types of 
steel gave creep rates of about 10-* per hour in tests 
lasting from 300 to 1,000 hours. Creep rates of this 
magnitude combined with a constantly decreasing rate 
of creep are needed for any application in which pre- 
cision of dimensions is important ; somewhat larger 
creep rates are allowable if the life of the component 
is to be short, and smaller creep rates may be necessary 
if the component must serve for very long periods. 
In Fig. 1, the group 1 covers the ferritic alloys, group 
2, the simple 18 per cent. Cr-8 per cent. Ni alloys, 
and group 3, the more complex austenitic alloys con- 
taining W or Mo. Time-to-rupture data, which are 
often quoted, give a misleadingly high impression of 
the stresses that may safely be applied. On the other 
hand it will be understood that a low creep rate under 
a high stress is not the only desirable quality in a creep- 
resisting steel, and many other factors, notably resist- 
ance to oxidation, ease of fabrication, and security 
against unexpected fracture, must enter into a final 
assessment. 

For the better ferritic steels a creep rate of 10-® per 
hour was obtained under stresses of 5 to 11 tons per 
square inch at 500 deg. C. and of about 1 ton per square 
inch at 650 deg. C. The differences between the 
various classes of steel were scarcely greater than 
the differences between individuals of the same class. 
Austenitic steels were no stronger than the better 
ferritic steels at 500 deg. C., but they were capable of 
bearing stresses of 2-5 tons per square inch at 650 deg. C. 
and of about 1 ton per square inch at 800 deg. C. 
Stronger varieties were available for stresses up to 
7 tons per square inch at 650 deg. C., but these showed 
no appreciable advantage at 800 deg. C. In com- 
paring these figures with those in Figs. 2 to 4, it should 
be remembered that the stress for a plastic strain of 
0-1 per cent. in 1,000 hours is generally less than that 
for a strain rate of 10-® per hour after 1,000 hours. 

The development of modern gas-turbine materials 
may conveniently be dated from the publication in 
1938 of an important paper by Bollenrath, Cornelius, 
and Bungardt dealing with tests of alloys intended for 
the blading of exhaust gas turbines in aircraft engines. 
It described a range of commercial and experimental 
austenitic nickel-chromium steels, with additions of 
tungsten, molybdenum, vanadium, titanium, or tanta- 
lum,* together with a range of extremely complex 
iron - nickel - chromium - cobalt-tungsten - molybdenum 
alloys with additions of titanium or tantalum, the exact 
composition of which was not revealed. There were 
also examples of the manganese-chromium austenitic 
steels that had been developed in Germany during the 
gpg four or five years. These alloys were tested 
or 300 hr. only, and it is not easy to compare them 
with alloys tested in other ways. The majority of the 
austenitic nickel-chromium steels and the austenitic 
manganese-chromium steels were not outstanding, but 
certain austenitic nickel-chromium steels with addi- 
tions of tantalum or titanium were decidedly superior 
and the properties of the complex alloys suggested 
that an important advance had been made. The 
properties of an austenitic nickel-chromium steel 
containing about 2 per cent. of titanium, also deserved 
p “ony attention. The composition of the complex 
alloys suggested that some people thought that very 
considerable expense would be justified if a satisfactory 
gas-turbine alloy could be developed; these alloys 
contained 10 to 18 per cent. of chromium, 25 to 40 per 
cent. of nickel, 20 to 35 per cent. of cobalt, 0 to 8 per 








* In this paper, by “‘ tantalum ” is understood, acom- 
plex addition containing both tantalum and niobium with 
tantalum predominating. The same applies when “nio- 
bium ”’ is mentioned, except that niobium predominates. 


cent. of tungsten, 0 to 8 3 cent. of molybdenum, and 
either 0 to 3 per cent. of titanium or 2 to 8 per cent. 
of tantalum and niobium. The properties that were 
considered so remarkable in 1938 have been surpassed 
to-day, particularly at the higher test temperatures. 
Most of the alloys were tested in the forged or forged 
and annealed condition, without special attention to 
heat-treatment. Nevertheless, attention was being 
given to the possibilities of heat-treating some of the 
alloys at high temperatures and also to the conditions 
in which the forging was carried out. 

With the outbreak of the war in 1939, the develop- 
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ment of the aircraft gas turbine assumed the character 
of a race, and the behaviour of the contestants was 
determined by their circumstances. In Great Britain, 
the consciousness of limited resources led to effort being 
concentrated upon a few materials, selected at an early 
stage and studied in detail. At first, the earlier 
austenitic steels, having the compositions given in 
Table I, were considered ; their properties are illus- 
trated in Fig. 2 (group 1), on this page. Four of these 


steels were modifications of familiar austenitic nickel- 
chromium steels. The fifth was of a considerably more 
advanced type and could be heat-treated ; its proper- 
ties depended on the precipitation of a suitably chosen 
carbide. This alloy was used in the early Whittle jet 








engine, and its properties, which corresponded to the 


upper limit of its group enabled the practicability of 
the engine to be demonstrated. The projects of that 
date, however, required working stresses as high as 
3 tons per square inch at 750 deg. C., and 12 tons per 
square inch at 650 deg. C., and improvement was 
necessary. 

In the period immediately preceding 1939 there 
had been much interest in the effect of small additions 
upon the oxidation resistance of high-temperature 
alloys, which had resulted in many slightly different 
alloys being available for test. These showed an 
astonishing variety of behaviour, and an early warning 
was given of the importance of leaving out certain 
constituents that it had been customary to add, and 
of maintaining the closest watch over the purity of 
the materials and over the melting practice. The idea 
that constituents capable of giving a stable increase of 
hardness at the service temperature would not dissolve 
in the matrix of the alloy until much higher tempera- 
tures had been reached led to the investigation of 
heat-treatments very close to the melting point, and 
since heat-treatments at these very high temperatures 
had their disadvantages, investigations of longer times 
and lower temperatures of heat-treatment followed. It 
was found that great advantages were to be derived 
from a close study of heat-treatment, and most of the 
alloys subsequently developed depended for their 
special properties upon a more or less closely defined 
heat-treatment. Investigations of the nature of the 
precipitating constituents assisted in an understanding 
of these procedures, residue methods being extensively 
used. 

The compositions and creep properties of the newer 
alloys developed as a result of these experiments are 
given in Table I and Fig. 2. Alloy 6 was a nickel- 
chromium alloy hardened with titanium and aluminium 
and was particularly notable for its great strength at 
650 deg. C. Alloy 7 had been derived from the exhaust- 
valve alloy (No. 1) by the introduction of molybdenum 
first, then niobium, and finally cobalt. In this alloy 
the possibility of improving the mechanical properties 
by introducing a controlled amount of work-hardening 
at the lower end of the forging range was frequently 
used, and careful attention was given to the heat- 
treatment of the material both before and after this 
working operation was done. This material was used 
for discs when the conditions of service were most 
severe, and its creep resistance is represented by the 
lower limit of range of group 2 in Fig. 2. Alloy 9 is a 
development of alloy 5, and illustrates the tendency to 
introduce cobalt, a tendency which was carried further 
in alloy 8. The new alloys were few in number, but 
they represented in each case the result of a series of 
experiments, and the excellence of British engines owed 
something to the confidence with which the full pro- 
perties of the materials could be employed. The earlier 
materials were not, of course, discarded, but continued 
to be used where appropriate. 

Gas-turbine rotors at first were made of austenitic 
steels such as Nos. 2, 3 and 7, but it was soon found 
possible to cool the rotors sufficiently to keep the rim 
temperatures below 550 deg. C., and so enable ferritic 
tule be used. Chromium-silicon-molybdenum and 
chromium-molybdenum steels (Nos. 10 and 11, Table 1), 
were the first to be chosen, but, as engines became more 
powerful, stronger materials were needed. Vanadium 
was introduced and a change was made to the more 
complex 3 per cent. chromium-molybdenum-tungsten- 
vanadium steels with which, by a modification of the 
heat-treatment and an adjustment of the carbon 
content, a steel capable of maintaining high strength at 
temperatures approaching 600 deg. C. could be obtained. 
Steels of this character combine creep resistance with 
deep-hardening capacity and a high level of general 
strength at room temperature. The simpler 0-5 per 
cent. molybdenum 0°25 per cent. vanadium steel 
(No. 15, Table I) also possesses excellent creep resistance 
when suitably heat-treated and has been preferred 
where general strength and deep-hardening capacity 
are not required. The range marked 3, Fig. 2, repre- 
sents the properties of these alloys, the lower parts of 
the range representing the earlier alloys, and the upper 
part the properties finally achieved. — 

The parallel development in America was marked by 
the energy with which it was organised, the range 
of compositions explored, and the number of new 
materials developed. Aware of their resources, the 
Americans started an investigation, on a co-operative 
basis, which grew to be almost a complete survey of 
the face-centred solid-solution alloys based on iron, 
nickel, chromium, and cobalt, with various additions 
of molybdenum, tungsten, and niobium and titanium. 
They also examined a large variety of proprietary 
alloys of complex compositions and set in hand investi- 
gations of an entirely new alloy series based on chrom- 
ium, tungsten, titanium, and cobalt. — 

Their projects were based on a working temperature 
of 1,500 deg. F. (816 deg. C.) for blades, and 1,200 deg. F. 
(649 deg. C.) for discs. For both temperatures ~~ 
liminary examinations of possible materials were bases 
on time-to-rupture tests, and detailed creep tests were 
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made later. The emphasis on reaching the highest 
possible working temperature was greater than in 
Great Britain and many of the most promising materials 
were tested at temperatures above 816 deg. C., but not 
in the lower ranges of temperature. The base com- 
position of the alloy was explored; one example of 
each alloy was tested, generally in a solution-treated 
and aged condition, and the heat-treatment was 
usually designed to take soluble constituents into solid 
solution and reprecipitate them in a fine and uniformly 
dispersed form. 

Among the disc alloys a complex 19 per cent. 
chromium-9 per cent. nickel alloy (No. 17, Table II), 
and a 16 per cent. chromoum-25 per cent. nickel-6 per 
cent. molybdenum alloy (No. 18, Table IT) had consider- 
able application. Alloys of this class were found to 
have an insufficiently high yield point, after the 
customary annealing treatment, to withstand the high 


denum, and | per cent. of niobium. The other had the 
same additions in the approximate proportion of 
4 per cent. of tungsten, 4 per cent. of molybdenum, 
and 4 per cent. of niobium. In both series the compo- 
sition of the austenitic base was varted: in the first, 
the best results appear to have been obtained with 
nickel, chromium, and cobalt contents each about 
20 per cent., and in the second, the nickel and chromium 
contents were held at 20 per cent., and the iron was 
progressively replaced by cobalt until it had almost 
entirely disappeared. Examples of these alloys are 
given in Table II (Nos. 22 to 24). The experiments 
proved the value of cobalt, but whether this is suffi- 
ciently great to enable the alloys of very high cobalt 
content to establish their economic position remains 
to be seen. The alloys are heat-treatable, and owe 
their strength to precipitated carbides, and perhaps 





to niobides also ; it is not unlikely, when the reactions 


TABLE I.—BRITISH ALLOYS. 
















































































































































































Composition, Per cent. (Balance Iron). 
Alloy. No. 
Cc. | Si. | Mn. Ni. | Co. Cr. WwW Mo. Vv | Nb. | Ti Al | Cu 
oa ae | 3 | — | 14 |'2-5 | = ee on a a eS 
2 |0-2 |1-2 |o6 | 8 | on 1 2h wet ww ier | ov LEO 108 
Earlier austenitic .. 3 | 0-1 | 0-6 | 1-2 95) — 18 ee an 1 $2 as hid a 
(Group 1, Fig. 2) 4 0-06 | 1-0 — 25 a 12 2-5 2 am anes aint a ae 
5 | 0-1 | 1:0 |} 1:0 |}18 | — 14 — | 4 0:25}; — | 0-6 -- 4 
| 
6 0-05 | 0-5 3 77 20 — _— — 2-5 1-0 - 
Later austenitic 7 0-4 1-0 0-8 14 10 14 2-5 2 —- 3 aus a = 
(Group 2, Fig. 2) 8 0-3 0-4 0-8 11 48 20 - 2-3 2-5 1-3 — 
9 “2 0-8 0-8 18 7 14 os | - — 0-8 - 4 
: . | 
10 0-6 1-5 0-5 0-5 — 6 —- 0-5 _— —- | — - = 
11 0-35 | 0-1 0-5 —— — 1 _ 0-8 _— _ _ - — 
Ferritic oa =A oa ae 0-35 | O-1 0-5 _— — 1 — 0-8 0-25 _— —_ = 
(Group 3, Fig. 2) 13 0-4 a —_ _- 3 _— 0°5 0-8 —_ |— —- — 
14 0-25 | 0-5 3 0-3 — 3 0-5 0:5 0-8 — — — _ 
15 | 0-1 | 0-2 =~ — —_ — |05 | 0-25] — — — 
TABLE II.—AMERICAN ALLOYS. 
i j 
Composition, Per cent. (Balance Iron). 
Alloy No. ms 
Cc Mn Si. Cr. Ni. Co. Mo. Ww. | Nb. | Ti. Al. | N. 
perce 1 
16 0-28 0-72 0-72 12-56 19-35 a 0-62 2°12 —_— —_ —_ - 
17 0-26 0-52 0-57 18-95 9-05 _— 1-22 1-19 0-29 0-21 ~- — 
18 0-08 1-35 0-69 16-72 25-23 —- 6-25 _— — _- —: 0-10 
19 0-05 0-59 0-19 —- 65-1 —- 28-25 — — — —_ —- 
20 0-06 0-70 0-34 18 42 22 — _ — 2-56 0-59 0-14 
21 0-20 —~ — 27-54] — 66 5-63 -_ an _ _ _ 
22 0-14 1-48 0-52 21-3 20-0 20-0 3-06 2-2 1-1 — _ _ 
23 0-47 1-35 0-82 19-4 19-07 19-26 4-03 4-0 3-87 _— _ _ 
24 0-36 0:72 0-19 18-4 20-23 45-63 4-23 3°72 3-04 _— — _ 
25 0-05 — — 14 75 — —— -— —_ 2°5 0-60 -- 
26 0-03 0-7 0-65 17-9 37-0 20-0 3-03 = _ 2-99 0-25 — 
27 0-48 0-64 0-72 25-12 9 -69 55-23 _ 7°23 = — _ -— 
28 0-43 0-28 0-57 24-21 — 69-2 _ 5-3 aa _ _ — 
TABLE III.—GERMAN ALLOyYs. 
Composition, Per cent. (Balance Iron). 
Alloy. No. 7 
C. Mn. Si. Cr. Ni. Co. Mo. Ww. Nb. Ti. Al, | Ta+Nb.| V. N. 
29 | 0-1 aes — | 15-0] 30-0| — est = _ 2-0 | _ — | — — 
30 0-1 _ 1-0 | 17-0 | 15-0 —_ 2-0 — ~ — _— —_— 0-15 
1-25 | 
Austenitic ..| 31 — — a 18-0 | 10-0 -- a 0-5 — -- “ 1-3 _ _ 
32 | 0-1 0-5] 0-5] 18:0} 90] — — 10; — 0- — — _- -- 
33 0-1 18-0 0-7 | 12-0 = —_— = —- oo -— — 0-7 0-2 
34 me — — | 18:0] 10:0] — — a 7 0: — 4 ne 1-0 — 
35 | 0-1 0-9] 0-6] 18-0] 8-0] — — = —_ = | {2 —_ —_ 
ao | 
36 0-3 0-7 0-5 1-4 — — —_ = in = | _ _ 1-1 — 
oe 37 | 0-18 | 0-6] 0-4] 1-0] — — 05/ — = —|— — 0-25 | — 
Ferritic o 38 0-20 0-6 0-5 1-3 — —_— 0-5 — _- oo ~- 0-4 —_— 
39 | 0-20] 0-5] 0-9] 1-2} — | — 3; — a _ — — 0-5 — 
40 0-17 0-4 0-3 2-8 _ — 0-3 0-4 — — _— _ 0-75 — 




















centrifugal stresses at the centre of the discs and they 
were considerably improved, both in their yield point 
at room temperature and in the creep strength at 
650 deg. C., by giving them 10 to 20 per cent. of work 
at a temperature of 650 to 900 deg. C. This “ hot 
cold-work” treatment did not improve the creep 
resistance at temperatures above 650 deg. C., and much 
skill was required in its application. 

A 68 per cent. nickel-25 per cent. molybdenum alloy 
(No. 19, Table II), and a heat-treatable 40 per cent. 
nicke]-20 per cent. chromium-23 per cent. cobalt-24 per 
cent. titanium alloy (No. 20, Table II) were widely 
used for turbine blades in the earlier stages of the 
development, and still maintain a place, although the 
ormer is insufficiently oxidation-resistant to be used 
sere 700 deg. C. Two series of alloy were later deve- 
oped, one of which employed additions to an austenitic 
of 3 per cent. of tungsten, 2 per cent. of molyb- 








are fully understood, that it may be possible to simplify 
the alloys and economise in the use of the less common 
elements. Nevertheless, American developments in 
recent years have favoured the wide use of forged 
alloys of very high cobalt content such as No. 24 
(Table II), and in Britain also the introduction of 
cobalt into components operating at the highest tem- 
peratures is becoming increasingly common. Precipi- 
tation-hardened alloys with 2 to 3 per cent. of titanium 
were also developed (Nos. 25 and 26, Table II), 
Although they were outstanding in their load-carrying 
capacity, their tendency to fracture in 7 with low 
elongations (possessed in common with all alloys of 
this class) was regarded with suspicion, and they were 
not so readily accepted as were the corresponding 
British alloys. 

The use of precision casti in cobalt-base alloys 
was very characteristic of the American development, 


Large claims were made for the first alloy of this kind 
(No. 21, Table II) which contained 66 per cent. of 
cobalt, 28 per cent. of chromium, and 6 per cent. of 
molybdenum, on the basis of time-to-rupture tests, but 
creep tests showed that the loads that could be carried 
without distortion at temperatures below 800 deg. C. 
were of the same order as those for the better austenitic 
steels. At higher temperatures the cast alloys appeared 
to present some advantages. The precision casting 
of test pieces lends itself to the rapid exploration of a 
wide range of alloys, and many variants of the original 
alloy, in which nickel was partly substituted for cobalt, 
and tungsten for molybdenum, were made. Numerous 
alloys containing additions of titanium, niobium, and 
other elements were also tested. Some of these gave 
striking test results at the higher temperatures, but 
not all of them have been produced in quantity with a. 
tolerable percentage of rejected castings. 

Precision-cast cobalt-base alloys were extensively 
used in the exhaust-gas supercharger turbines of 
American aircraft, and have also been used in American 
jet engines. The good casting properties of the alloys, 
which made high rates of production possible, were an 
important factor in deciding on their use, but it has 
also been thought that castings are intrinsically more 
suitable than forgings for resisting high temperatures. 
The poor fatigue strength of castings and the irregu- 
larity of their properties have been a disadvantage. 
Nevertheless, some metallurgists consider that the 
future of creep-resisting alloys for the highest tempera- 
tures lies inevitably with castings. This issue is not 
yet decided. 

The curves in Fig. 3, on page 236, summarise the 

properties of the American alloys as they were given in 
the A.S.T.M. Symposium on Materials for Gas Turbines 
in 1946. Group 1, covers the earlier austenitic alloys ; 
Group 2, the heat-treatable austenitic alloys with high 
niobium contents (forged) ; Group 3, the cast Co-base 
alloys; and Group 4, the austenitic alloys with high 
titanium content. Most of the American testing was 
concentrated on the higher temperatures, so that the 
greater strengths corresponding to the lower test 
temperatures are lacking in this diagram. The range 
marked 1 corresponds to the materials commonly used 
for discs, and the upper limit of the range at tempera- 
tures around 650 deg. C. illustrates the properties 
obtained by the “hot cold-work” treatment. The 
second range is that of the precipitation-hardening 
alloys containing niobium and cobalt, in which the 
better properties are usually associated with the alloys 
richest in these elements, and the third range, which 
almost coincides with the second, is that of the cast 
cobalt-base alloys. The properties of the precipitation- 
hardening alloys containing titanium and aluminium 
are represented in Fig. 3 by a loosely defined fringe, 
marked 4. The properties of this type of alloy, as 
reported in the A.S.T.M. Symposium, were not excep- 
tional, but better properties had been obtained in 
America at this time and the region marked 4 has 
therefore been extended upwards rather indefinitely in 
the temperature range 650 to 700 deg. C. Many of 
the better alloys were tested at 871 deg. C. (1,600 deg. F.) 
and at this temperature the stresses for U-1 per cent. 
plastic strain in 1,000 hours were from 2} to 3$ tons 
per square inch. Comparing Fig. 3 with the diagram 
for the 1938 compilation of data (Fig. 1), it will be seen 
that the American alloys of 1946 had properties at 
800 deg. C. comparable with those of the 1938 alloys 
at 650 deg. C. 
The situation revealed in Germany at the end of 
the war was very different. There, the need to econo- 
mise scarce metals had controlled events. The complex 
alloys mentioned in 1938 by F. Bollenrath, H. Corne- 
lius and W. Bungardt had been reduced to two, both 
based on the composition 30 to 35 per cent. of nickel, 
12 to 17 per cent. of chromium, 22 to 25 per cent. of 
cobalt, 4 to 6 per cent. of molybdenum, and 4 to 6 per 
cent. of tungsten, the remainder being iron. One was 
a heat-treatable material containing an addition of 
about 2 per cent. of titanium, and the other contained 
4 to 5 per cent. of tantalum and was used in the cold- 
worked condition. 

When conditions were severe a 30 per cent. nickel- 
15 per cent. chromium austenitic steel, hardened with 
2 per cent. of titanium was used (No. 29, Table III). 
This had been developed from a similar alloy with 
27 per cent. of chromium, the chromium content having 
been reduced to prevent the alloy becoming brittle 
after prolonged heating. The heat-treatment had 
been carefully worked out to produce the properties 
given by the upper limit of range 1 in Fig. 4, and 
attempts to obtain still better oe had been 
discouraged by the occurrence of intercrystalline 
fractures. 

To conserve alloying elements, the turbine blades 
were air-cooled and this enabled austenitic steels of 
the 18 per cent. chromium-9 per cent. nickel and 16 per 
cent. chromium-15 per cent. nickel types to be used, 
stabilised and stiffened with small additions, rarely 
above 2 per cent., of molybdenum, tungsten, tantalum, 








and titanium (Nos. 30 to 32, Table III). Tungsten 
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and molybdenum were later in short supply and their 
place was taken by vanadium (No. 34, Table III), but 
the use of about 1 per cent. of tantalum was continued 
(No. 35, Table III). The properties of the later steels 
are indicated by the lower limit of the range marked 1 
in Fig. 4, on page 236, where Group 1 covers the 
austenitic Ni-Cr alloy, Group 2, the austenitic Mn-Cr 
alloys and Group 3, the ferritic alloys. To conserve 
nickel much attention was given to the austenitic 
chromium-manganese steels, which generally contained 
18 per cent. of chromium and 12 per cent. of man- 
ganese, and were hardened with small additions of 
vanadium, tantalum, or molybdenum. An _inten- 
tional addition of 0-1 to 0-2 per cent. of nitrogen was 
often made to these steels, and was thought to produce 
a useful precipitation-hardening effect. The use of 
nitrogen in creep-resisting steels was not confined to 
Germany ; the American 12 per cent. Cr-25 per cent. 
Ni-6 per cent. Mo alloy, for example, contained an 
intentional nitrogen addition. The chromium-man- 
genese steels were surprisingly successful, although 
they had a tendency to become brittle, and were 
inferior in oxidation resistance. Nevertheless the 
substitutions were generally accompanied by an 
inevitable decline in properties, and a final forging 
operation at a temperature below 700 deg. C., followed 
by stress-relieving at 700 deg. C., was commonly used 
to raise the creep strength. A useful improvement at 
500 deg. C. was thereby obtained, and a small improve- 
ment at 650 deg. C. The Germans used short-time 
creep tests in controlling the changes but it is often 
difficult to find data from which the creep rates of their 
alloys over long periods may be judged. The curves 
in Fig. 4 in many cases have been obtained by applying 
appropriate factors to the results of short-time 
tests. 

In Germany, immediately before the war, the brittle- 
ness produced in ferritic steels at steam-raising tempera- 
tures had been widely studied ; the tendency had been 
to rely on chromium-molybdenum, chromium-vana- 
dium, and chromium-molybdenum-vanadium steels, 
and a series of compositions was available with pro- 
gressively rising alloy contents and differing in the 
service temperature for which the alloys were con- 
sidered suitable. Many of these were of familiar types. 
The characteristic of the newer steels applied to gas- 
turbine rotors was the reliance placed upon vanadium 
and the relatively large proportions of vanadium that 
were sometimes employed. Table III gives the com- 
positions of some of the more interesting steels, 
Nos. 36-40. They contained about 0-2 per cent. of 
carbon, and were oil-quenched or air-cooled from 
900 deg. to 1,100 deg. C. (according to vanadium con- 
tent) and were tempered at about 680 deg. C. Great 
importance was attached to the type of structure pro- 
duced in quenching; the compositions and cooling 
rates were adjusted so that the steel transformed as 
far as possible in the intermediate range, and an im- 
provement of the creep strength, in some cases amount- 
ing to 20 to 30 per cent., was obtained. The value of 
this treatment, which had also been advocated by 
American workers, had been proved in protracted creep 
tests extending over many years. 

The best of these steels possess useful creep strength 
at 600 deg. C., and, as will be seen in Fig. 4, they begin 
to challenge the simpler austenitic steels. Towards 
the end of the war they were being considered for 
gas-turbine blading when effective air-cooling was 
possible. How far this challenge can succeed is a 
most important question. At the Kaiser-Wilhelm- 
Institut, and in the Krupp Laboratory, ferritic steels 
with exceedingly high creep strengths at 500 deg. C. 
were developed by the use of titanium and niobium, 
but the steels were brittle, and as yet no practical 
material has emerged. The improvement of austenitic 
materials has been obtained, however, by gradually 
raising the temperature at which the materials retain 
useful strength, and materials formerly thought to be 
too brittle to be useful have proved amenable to per- 
sistent study. In the same way, the limit for ferritic 
steels has already risen appreciably and may very 
reasonably be expected to rise still further. In this 
connection it is of interest that the 13 per cent. chro- 
mium ferritic steels, which were among the earliest 
to be noted as having good creep-resisting properties, 
have since been somewhat neglected. There are signs, 
however, that a return to them will be made, and that 
it is not unreasonable tc expect that they will allow 
the use of working stresses as high as 3 to 4 tons per 
square inch at 650 deg. C. 





NEW GENERATING PLANT AT HACKNEY POWER STA- 
TION.—The British Electricity Authority has received 
the consent of the Minister of Fuel and Power to the 
installation at Hackney power station of two 33,000-kW 
turbo-alternator sets and two boilers, to evaporate 
300,000 Ib. per hour each, together with a cooling tower 
with a capacity of 2} million gallons of water per 
hour. 
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Fie. 2. Brick OVER CHAUDIERE RIVER. 


ALTERATIONS TO THE QUEBEC | 
BRIDGE. 


THE present bridge over the St. Lawrence River, 
about six miles above Quebec, was completed and 
brought into use in August, 1917. It is the second 
bridge on the site, the first having collapsed in course 
of erection almost exactly ten years before. The 
second bridge, which is a cantilever structure with a 
main span of 1,800 ft. (90 ft. more than the spans of 
the Forth Bridge), was designed primarily as a railway 
bridge with two tracks spaced 32 ft. apart, centre to 
centre, though there was also a footway, 3 ft. wide, 
outside of each railway track. The bridge was fully 
described and illustrated in an article on page 277 of 
our 106th volume, in the issue of September 13, 1918. 
In 1929, a roadway was added between the two railway 
tracks, but the width of this was necessarily restricted 
to 15 ft. 

For a number of years, the road traffic across the 
bridge has been increasing steadily ; and, concurrently, 
the railway traffic has declined. To meet these chang- 
ing circumstances, the Quebec Government’s Minister of 
Public Works (the Hon. R. Lorrain) decided to remove 
one of the railway tracks and to add the width thus 
gained to the existing roadway. This work, which is 
being carried out by the Dominion Bridge Company, 
Limited, of Montreal, is shown in progress in Fig. 1, 





herewith. The work is being done in two stages, the 


first being to lay the new road over the railway, on a 
foundation of 3-in. I-beam ‘ Lok-grid”’ flooring, con- 
structed by the Dominion Bridge Company under 
licence from the United States Steel Corporation. The 
road traffic will then be diverted to the new half section 
of the road, the old roadway will be removed, and the 
new roadway will be extended to its full width of 
30 ft., sufficient for three lines of traffic. It is expected 
that the work will be completed by about mid-summer. 
In all, more than 100,000 sq. ft. of the Lok-grid flooring 
will be used. The angle at which the photograph in 
Fig. 1 was taken makes it appear that there could 
hardly be room for a railway track between the right- 
hand side of the old roadway and the bridge girders ; 
but the plate girder beyond the low side girder of the 
roadway is, in fact, the left-hand girder bounding the 
railway, as was clearly shown in Fig. 2, Plate XX1I, in 
the 106th volume of ENGINEERING. 

As part of the same scheme to improve the approach 
to Quebec from the south bank of the St. Lawrence 
River, a new bridge has been built across the Chaudiére 
River, in line with the Quebec Bridge. It is illustrated 
in Fig. 2, herewith, in which the Quebec Bridge can be 
seen in the background. It is 780 ft. long, with an 
arch span of 480 ft. The steelwork for this bridge was 
fabricated and erected by the Dominion Bridge Com- 
pany for the Dufresne Engineering Company, who - 
the official agents for the Quebec Government for th 
work on both bridges. 
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PLANNING FOR PRODUCTION 
EFFICIENCY.* 


By Sm Cravupe D. Gres, C.B.E., F.R.S. 


Any student of affairs must realise that the greatest 
factors contributing to world standards of living are 
those of production and efficiency. Without continu- 
ous attention to the many factors leading to maximum 
production efficiency, there can be no further advances 
in world living standards. In using the terms “ pro- 
duction efficiency” I do not restrict it to industrial 
fields, but include all types of production, including 
agriculture. In the widest sense, production efficiency 
is the arranging of production of any article or commo- 
dity in such a way as to produce the desired quality at 
the lowest cost under the best economically possible 
working conditions. 

Britain to-day is faced with three major shortages, 
one being that of home-produced food to support the 
present population; another, a shortage of labour, 
which is hampering expansion of industry, or even the 
restoration of industry to production levels ruling before 
the war. In endeavours to alleviate that position, 
many European displaced persons have been imported, 
to aggravate still further the food supply position. 
These two contradictory conditions could be eased 
were it possible to make a considerable increase in the 
output per man-year of everyone engaged in produc- 
tion, coupled with a marked increase in the produc- 
tivity of such land as is left in Britain for the raising of 
necessary foods. The third shortage is of applied 
scientists, engineers and technologists. 

During the late war, I had the opportunity of visiting 
many factories engaged on war production, and those 
visits made it clear that high production efficiency was 





Also, quite a large part of the United States population 
consists of relatively poor people. In spite of the com- 
paratively few large cities and, even though imports 
approach, and occasionally exceed, exports, the 
Americans are able to produce efficiently. 

I would say emphatically that the greatest factor in 
increasing our industrial efficiency (or production 
efficiency) is a change of mental attitude throughout 
the whole of British industry. There is in the United 
States an enthusiasm—a faith—which does not exist 
in Britain. It is probably impossible to say of our 
outlook whether it is the cause or effect of lethal taxa- 
tion, or is due to past industrial history, or if it is due 
to partial malnutrition—but, certainly, the fact remains. 

I am completely convinced that the remedy does not 
lie in the creation of bigger and bigger units, such as 
nationalisation of industry inevitably brings about. 
Good human relationship is fundamental to improved 
production efficiency, and it can never be good under 
remote control. Probably never in the history of 
British industry has so much been talked about public 
relations, personnel relations, and the general subject 
of human relationship. Though the guilds of the old 
days would need a great deal of adaptation to meet 
the conditions of a modern and highly complicated 
society, there is much to be learned from the real 
human relationships which existed in those bygone 
days of various guilds. 

No man can possibly give of his best if he feels that 
he is nothing more than a number or a cipher in a huge 
impersonal machine. He must feel that he has a 
definite and useful place in the creation of the ultimate 
praduct, and must be able to have pride in the part 
that he plays. It is frequently said that the quality 
of American mass-produced articles is poor in compari- 
son with the British equivalent. Whether or not that 
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by no means restricted to the larger or so-called more 
enlightened firms. A study of the equipment available 
also indicated that it was by no means in those firms 
with the best equipment that low costs were always 
found. Broadly, my conclusions were that the mental 
approach to the whole problem of work had the greatest 
effect”upon costs, and also upon quality. In the past 
two years, a number of teams have visited the United 
States under the auspices of the Anglo-American 
Council of Productivity, for the purpose of ascertaining 
what the corresponding industries were doing in pro- 
duction in the United States. Their reports invariably 
indicate a fundamental difference among all ranks in 
the attitude adopted towards their work. 

The majority of my working life has been spent in 
the heavy engineering industry, where it is almost 
unusual to have in production at the same time more 
than one of a particular design or size of unit, and it is 
in this field—which the Americans.call “‘ custom-built ”” 
and we call “‘ one off ”—that Britain has less to learn 
from the United States. In many other industries, 
where the numbers to be produced are much greater 
in America than in this country, close study indicates 
that many of the methods used in the United States 
would automatically have been adopted in Britain had 
the volume of work of that nature been equal. The 
population of the United States is only three times 
that of the United Kingdom, and the volume of pro- 
duction per factory is not so great as is often attri- 
buted. Apart from motor cars, radios and refrigera- 
tors, other items are manufactured in numbers not very 
different from those which could be attained here. 





* The Sixth Manchester Association of Engineers 
Lecture, delivered in Manchester on Friday, February 2, 
1951. Abridged. 





be true, there is no doubt that the American workman, 
whether he be manager or a machine operator, has a 
pride in the job that he is doing. It may merely be 
a pride in producing so many hundreds or thousands 
of articles per day or per month, it may be a pride in 
the amount of the pay packet that he takes home at 
the week-end, or even fear of his mounting hire- 
purchase payments, coupled with the tenure of his 
employment being intangibly dependent upon his 
efficiency ; but the fact does remain that he has a 
pride in his job which used to be present in Britain 
as an intense pride in craftsmanship, and which has 
been largely lost here and not yet replaced by some 
other equally satisfying form of pride. 

I believe, therefore, that, in the fundamental plan to 
increase production efficiency, there must be found a 
means of re-creating pride in work, and from that 
newly-found pride ultimately will come the change in 
mental attitude which is so vital. How are we to 
bring back that pride, without which there can be no 
change in mental approach and no basis for improved 
production efficiency ? 

First and foremost, there must be a knowledge on 
the part of every man of the part that he plays in the 
ultimate product and, further, what part that product 
plays in the national economy and in contribution 
to world well-being. He must cease to feel that he is 
merely a cog in the machine ; or, if he is to remain a 
cog, then he must be convinced that he is an essential 
cog, without which the machine would not work. 
Next, he must feel certain that he is getting a square 
deal at present and that he will continue to receive a 
square deal in future; in other words, he must have 
trust not only in his immediate bosses, but at every 
stage in the line through the boards of directors, 
commissions, authorities, or whatever form the ultimate 





control takes. Additionally, he must have conditions 
of employment which assist in the restoration of 
pride and in stimulating the whole activities of his life. 

The use of colour, the insistence upon cleanliness and 
accident prevention, and all those many things which go 
to make up the modern efficient factory, are necessary 
as part of the mental change which must take place. 
The average workman’s home is a fairly drab affair 
in this country. If, during his working hours, he is 
surrounded by conditions of colour, cheerfulness and 
cleanliness that are more stimulating than those he 
finds in his home, there is a good prospect that he will 
attempt to improve his home surroundings and, in that 
way, automatically will have pride in his home restored 
and be well on the way to having pride in his job. 

Only from senior management can these changes be 
initiated and only from senior management can there 
be built into a factory that feeling of trust without 
which new equipment will not be utilised to its maxi- 
mum capacity. The real chief production engineer 
in any company is always the chief executive, whatever 
his title. It will be his efficiency, knowledge, drive, 
leadership, and ability to select men that will deter- 
mine production efficiency in that company. 

I can assure you that many changes in factory con- 
ditions, which initially were made on humanitarian 
grounds, have been found to be first-class investments 
and to have paid for themselves several times over. 
I am second to nobody in my faith in the inherent 
ability of the British craftsman, and equally sincere 
in believing that his standard of living will change 
only as his mental attitude towards work changes. 
If he realises how much he can contribute to national 
well-being, then, automatically, will his standard of 
living be increased. 

In factories where there may be a feeling of mistrust 
between senior management and workmen, in addition 
to the gain to be obtained from the use of colour and 
the taking of men into the confidence of management, 
another factor in dissipating mistrust can be the 
implementation of a first-class apprentice or craftmen’s 
training scheme, so that every boy on leaving school 
and entering the factory may know that, by a little 
extra effort, a little extra attention and a little extra 
initiative, he can reach the top of the tree either in 
that company or in that industry. Every American 
boy believes that ultimately he can become, if not 
president, at least a vice-president of his company. 
If every apprentice entering a British works had the 
same belief that, by really working during working 
hours instead of doing a proportion of dodging, he could 
reach the post of chief engineer or chief executive, then 
you are a long way on the road to that change of mind. 

As an example of what can be done by changing the 
mental attitude of workpeople, the diagram, herewith, 
shows the effect on contract earnings (i.e., the per- 
centage earned above basic rates in a shop employing 
both men and women) following a talk outlining the 
policy of the company and giving them an unqualified 
assurance that, regardless of the amount of money 
they earned, their contract rates would not be varied 
or reduced unless entirely new technique or equipment 
was introduced. Prior to the date of that talk, which 
was on October 2, 1945, the contract percentages of 
the shop of both men and women had been roughly 
constant for several years. Within a matter of days 
after breaking down the existing belief that, if they 
earned more than a certain percentage, their contract 
prices would be reduced, there was a marked increase 
in shop earnings of both men and women ; and a stage 
was reached at which shortages of material began to 
bring in delays, because it was not possible to increase 
the flow of materials sufficiently rapidly and the work- 
people were on the way to working themselves out of 
a job. The situation was explained to them, as also 
were the steps taken to adjust material flows. Then fol- 
lowed a further increase in output, but, at that stage, 
they appeared to steady as though they were attempt- 
ing to ascertain whether the promises given were, 
in fact, going to be kept. A further talk with them 
and the output again went up. As is always the case 
with a fairly wide variety of work, involving con- 
siderable variations in the prices allowed for different 
jobs, the contract earnings (which are a direct measure 
of output) fluctuate appreciably. They are, however, 
so much above those which had been ruling for many 
years as to illustrate my belief that one of the best 
ways of increasing productivity, or production efficiency, 
is to bring about a change of mental approach. 

These curves are based on precisely the same con- 
tract prices before and after the talk on October 2, 
1945, and there was no appreciable change in equip- 
ment used or technique adopted. The shop, however, 
was painted during 1945 in very striking and cheerful 
colours and a determined effort was made to insist 
upon rigid cleanliness in every part of the shop. The 
effect of colour and of cleanliness was reflected in a 
reduced accident rate, and brought from the work- 
people expressions of thanks and appreciation. 

Pane (To be continued.) 
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NOTES ON NEW BOOKS. 


Electrical Installation Work. 

By T. G. Francis, B.Sc., M.I.E.E., M.I.Mech.E. 

Longmans, Green and Company, 6 and 7, Clifford- 

street, London, W.1. [Price 12s. 6d. net.] 
Ir is stated in the preface that ‘‘ this book has been 
written to assist those engaged in electrical installation 
who desire to learn something of the technical side of 
their work.”” This is a modest claim, as the book covers 
the whole field of what is normally understood by 
the term “‘ electrical installation work ” in an admirable 
way. It is intended for wiremen and students and 
deals with its subject in simple but precise terms. Some 
of the remarks in the introduction give the initial idea 
that the author under-estimates the level of knowledge 
of his potential readers, but this impression is not 
sustained by a study of the 17 chapters which follow. 
An elementary acquaintance with electrical matters 
is assumed, and on this basis, starting with a descrip- 
tion of the various types of supply systems, the 
whole field of installation work is covered; wiring 
systems, testing, illumination, heating, and other 
branches of the subject are dealt with in turn. Through- 
out, in describing circuit arrangements or apparatus, 
the text is accompanied by unusually clear diagrams 
and sketches. Although the book is concerned with 
“ the technical side ” of its subject, the practical aspects 
are in no way neglected and theoretical considerations 
are dealt with in terms of practice. The volume 
covers the ‘‘ B” course in electrical installation work 
of the City and Guilds of London Institute and may 
be expected to take its place as a recognised text-book. 
It should, however, also appeal to intelligent and 
ambitious wiremen. A valuable feature, particularly 
from the point of view of the latter, is that practical 
and theoretical considerations are related to the 
[.E.E. and various statutory regulations. 





A History of the Great North of Scotland Railway. 
By Sirk MALCOLM’ BARCLAY-HARVEY, K.C.M.G. 
Second edition. The Locomotive Publishing Company, 
Limited, 88, Horseferry-road, London, S.W.1. [Price 
2738. 6d.) 
As a considerable part of the first edition of this book 
was destroyed during an air raid, the second edition may 
be welcomed almost as a new book. The Great North 
of Scotland Railway developed between 1844 and 1903, 
when the last short section of line was opened, and 
served that corner of Scotland between Aberdeen and 
Elgin, including towns on the rivers Spey, Don and Dee, 
in the counties of Aberdeen, Banff and Moray. In 
1923, it was merged in the new London and North 
Eastern Railway, while its old rival, the Highland 
Railway, became part of the London Midland and 
Scottish Railway. That longitudinal division of 
Scottish railways, as the author points out, was an 
unnatural evolution, but it has since been rectified by 
the formation of the Scottish Region of British Rail- 
ways. A plan to amalgamate the North of Scotland 
and the Highland railways had been mooted in 1905, 
only ten years after the celebrated Races to Aberdeen, 
but it fell through. A chapter on the rolling stock of 
the North of Scotland Railway deals with the locomo- 
tive designs of D. K. Clark, J. F. Ruthven, W. Cowan, 
J. Manson, James Johnson, William Pickersgill and 
T. E. Heywood, the successive locomotive superinten- 
dents. The book is well produced and is illustrated by 
numerous plates, a few drawings of locomotives and 
two tidy maps. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ BRITISH NAVIGATOR.”—Single-screw oil tanker, 
built by Joseph L. "hompson and Sons, Ltd., Sunderland, 
for the British Tanker Co., Ltd., London, E.C.2. Main 
dimensions: 423 ft. (overall) by 56 ft. by 30 ft. 1 in.; 
deadweight capacity, 8,400 tons on a draught of 25 ft. 
Three-cylinder opposed-piston oil engine, developing 
2,500 b.h.p. at 108 r.p.m., constructed by William 
Doxford and Sons, Ltd., Sunderland. Service speed, 
11 knots, Trial trip, January 30. 

S.S. “GENERAL SaN MARTIN.’’—Single-screw oil 
tanker built by Cammell Laird & Co., Ltd., Birkenhead, 
for the Argentine Goveriment (Yacimientos Petroliferos 
Fiscales), Buenos Aires. One of a series of four for these 
owners. Main dimensions: 565 ft. 9 in. overall by 
71 ft. by 39 ft.; deadweight capacity, 18,000 tons on a 
draught of 31 ft.; gross tonnage, about 12,000. Two- 
eylincer steam turbines with double-reduction gearing 
and two Babcock and Wilcox oil-fired boilers, developing 
6,000 s.h.p. Trial trip: January 30. 

M.S. “ PORKELL MANI.”—Single-screw trawler, built 
by tbe Goole Shipbuilding and Repairing Co., Ltd., 
Goole, for the Icelandic Government, Reykjavik, Iceland. 
Main dimensions: 185 ft. by 30 ft. 6 in. by 16 ft.; 
fishroom capacity, about 16,000 cub. ft.; gross tonnage 
700. Six-cylinder oil engine, developing 1,450 b.h.p., 
constructed by Ruston and Hornsby, Ltd., Linooln. 
Launch, February 8. 





AUTOMATIC PILOT-CONTROLLED 
GAS-BURNER VALVE. 


For stopping the supply of either town gas or 
liquefied fuel-gas to a burner when the pilot flame 
goes out, an electromagnetic shut-off valve controlled 
by a thermocouple has been developed by the British 
Thermostat Company, Limited, Sunbury-on-Thames, 
Middlesex. Fig. 1, herewith, shows a section through 
the valve, which contains the shut-off valve a cdntrolling 
the gas supply from b (the inlet port is not shown) to 
the outlet ports c and d for the main supply and the 
pilot burner, respectively. The spring-loaded shut-off 
valve a is connected to an armature e, the position of 
which is controlled by the electromagnet f. When the 
latter is energised, the valve a is held off its seat so 
that gas can pass through the ports c and d; when the 
current to the electromagnet is interrupted, the valve a 
springs to the closed position and the gas supply is cut 
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off from the pilot and main burners. For starting, a 
push-button g is provided at the top of the housing ; 
when depressed, it forces the valve a off its seat and 
brings the armature e into contact with the electro- 
magnet f; at the same time it closes a second valve h 
which is normally held open by a spring. Gas can 
now flow through the pilot-burner outlet d, but is 
shut off by the valve h from the main burner outlet c. 
Current for energising the electromagnet f is generated 
by a remotely-mounted sheen heated by the 
pilot-burner flame. So long as the pilot burner is 
alight, therefore, the shut-off valve a is open and gas 
can pass to the main burner. If for any reason the 
pilot flame is extinguished, the valve is shut off within 
60 seconds. After relighting the pilot burner, the 
thermocouple warms up in less than 30 seconds and on 
releasing the push-button the thermocouple current 
will hold the armature in contact with the electro- 
magnet, allowing the main gas supply to be ignited by 
the pilot flame. Figs. 2 and 3 show the thermocouple i 
and pilot burner j for town-gas and liquefied fuel-gas, 
respectively, supported on a bracket k which is attached 
to the main burner. It will be seen that the pilot 
burner directs a secondary flame / on to the tip of the 


thermocouple i. The length of the thermocouple 
element is small so that both the hot and cold junctions 
are within the combustion chamber of the appliance 
and are exposed to the same ambient temperatures; 
thus the thermocouple is self-compensating. 

The main valve housing is an aluminium-alloy die. 
casting and is provided with a boss m which gives an 
alternative position for the pilot-burner outlet port, 
The inlets and outlets can be supplied to suit either 
male or female connections, }-in. B.S.P. Sealing is 
ensured by Neoprene diaphragms and valve facings. 











TRADE PUBLICATIONS, 


Electric Measuring Instruments.—Two leafiets, re- 
ccived from Everett Edgcumbe & Co., Ltd., Colindale 
Works, London, N.W.9, deal with the electrostatic volt- 
meters (for voltages up to 500 kV) and the master fre- 
quency meters manufactured by them. 


Metal-Cutting Oil Base.—A booklet recently issued 
by Edgar Vaughan & Co., Ltd., Legge-street, Birming- 
ham, 4, contains particulars of the firm’s new “‘ Antisep ” 
all-purpose metal-cutting oil base which is miscible with 
water and is designed for use with automatics. 


Paint-Line Marker for Road and Other Surfaces.—The 
general design and main characteristics of the Mark-Rite 
paint marker for making guide lines on factory, ware- 
house and garage floors and on car park and highway 
surfaces, are set out in a folder issued by C. H. Johnson 
(Machinery), Ltd., Adswood-road, Adswood, Stockport. 
The light weight, ease of operation of the marker and 
the low maintenance which it requires are among the 
points stressed by the manufacturers. 


Aluminium Alloys in Structural Engineering.—A 
publication intended to be an introductory survey of the 
use of aluminium alloys in structural engineering has been 
prepared by the Aluminium Development Association, 
33, Grosvenor-street, London, W.1. The various chap- 
ters deal with such matters as the structural alloys of 
aluminium, the properties of aluminium in various 
forms, design considerations and fabrication methods. 
Many half-tone and line illustgations are included. 


Ball and Roller Bearings.—The Fischer Bearings Co., 
Ltd., Upper Villiers-street, Wolverhampton, have sent us 
their 1951 service catalogue for passenger cars and motor 
cycles. The purpose of the catalogue is to show the 
application of their range of ball and roller bearings in 
pre-war and modern cars. It is exceptionally well set 
out, the cars and motor cycles being arranged in alpha- 
betical order and the bearings available under each 
heading shown clearly. Practically all makes of cars 
and motor cycles are included, the models covered in some 
cases going as far back as 1930. It should prove invalu- 
able, therefore, to those who, by force of circumstances, 
are compelled to keep old cars on the road and find 
difficulty in obtaining replacement bearings. 


Fork-Lift Trucks.—Details of their range of heavy 
fork-lift trucks are given in a pamphlet published by 
Mathew Brothers, Matbro Works, Sandy-lane North, 
Wallington, Surrey. These trucks are heavier than usual 
and are fitted with giant pneumatic tyres which enable 
them to traverse rough ground. They are designed to 
carry all types of loads, if necessary over long distances, 
and have a maximum load rating of 4,480 lb. The 
lifting height on the standard machine is 108 in., but, 
if required, an alternative machine can be supplied 
giving a lift of 144 in. Four models are available in the 
standard range, two of which are fitted with Perkins 
44-h.p. six-cylinder Diesel engines and two with 36-h.p. 
four-cylinder Fordson petrol engines. There are three 
forward speeds and a single reverse speed, and the 
maximum road speed is 15 miles an hour. 


Shipbuilding.—A book giving a historical survey of 
the firm since it was founded in 1844 has been published 
by William Denny and Brothers, Ltd., Leven Shipyard, 
Dumbarton. It is divided into two parts, the first of 
which mentions many famous ships built by them 
and includes references to the King Edward ; the first 
turbine passenger steamer in the world ; the Otaki, the 
first merchant ship to be fitted with a combination of 
reciprocating and turbine engines ; and Robert the Bruce, 
a Diesel-electric paddle vessel and the first all-welded 
ship to be built in Scotland. Reference is also made to a 
less-known achievement of the firm, namely the building 
of a helicopter before the First World War, which is 
believed to have been the first machine of its type to 
leave the ground. The second part of the book deals 
with the years from 1944 onwards, but includes a review 
of the firm’s activities in the war. Other subjects 
mentioned in this section of the book are the firm's 
experiment tank, the Denny-Brown stabiliser and brief 
descriptions of some of their post-war vessels, including, 
among others, the Maid of Orleans, the Innisfallen 
and the Falaise, three notable cross-channel steamers 
which are fitted with Denny-Brown stabilisers. 
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STOURPORT ‘“B’’ STATION 
OF THE BRITISH 
ELECTRICITY AUTHORITY. 


A GENERAL description of the Stourport ‘“‘ B” 
generating station of the British Electricity Author- 
ity was given on page 286 of our 170th volume, in 
the issue of October 6, 1950, at the time of the formal 
opening. As, however, the steam-raising equip- 
ment and generating plant contain some novel 
features, and are designed to operate under un- 
usually onerous conditions, a more complete descrip- 
tion is given below. At present, one 60-MW set, 
with its steam-raising and auxiliary plant is in- 
stalled, but a second set of the same output is in 
course of construction. 

The “ B” station, the layout of which is shown 
in Fig. 1, herewith, and Fig. 9, on Plate X, 
occupies & site to the east of the original “‘ A” 


Fig.1. PLAN OF POWER STATION 





the combustion and superheater chambers being 
completely water-cooled. The top steam drum 
was fabricated from three sections of parallel 
shells with an internal diameter of 66 in., and is 
closed at the ends with forged heads, all of which 
were fusion-welded circumferentially. Elbow and 
transition pieces, which are welded together and to 
each drum-head, connect it to 16-in. downcomers, 
which provide the return circulation to the lower 
drum. The interior of the steam drum is provided 
with baffles for distributing the feed water, and no 
steam can enter it from the generation pipes except 
through special centrifugal separators. The bottom 
drum, which is external to the boiler setting, consists 
of a welded shell with an internal diameter of 30 in., 
and its ends are arranged to receive the lower 
connections to the downcomers in a similar way 
to that used on the top drum. The downcomer 
pipes each consist of three sections of seamless tube, 
welded together to form a single length. The inter- 
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station, the capacity of which is 180 MW. 
supplies are taken from a railway siding to the 
boiler-house bunkers by a single line of conveyors, 
with a capacity of 120 tons per hour, constructed 
by Messrs. Spencer (Melksham), Limited, Melks- 
ham. The coal is then weighed and taken by con- 
veyors, made by Redler Conveyors, Limited, of 
Stroud, to transit hoppers above the pulverisers. 
These hoppers are provided with bin-type gate 
valves through which the coal is fed down chutes 
to four Babcock and Wilcox E-type pulverising 
mills, illustrated in Fig. 2, on page 242. Each has 
an output of 9 tons per hour, or sufficient to main- 
tain a full supply of steam from the boiler with a 
repair cycle of one mill out of operation every four 
months. They draw in air from a point between 
the discharge side of the primary fans and the 
inlet side of the primary air heater, the proportion 
of hot to cold air being controlled automatically 
by a thermostat at the mill outlet. Each mill 
supplies fuel to two multi-jet burners with down- 
ward-directed flames. il-fired lighting-up burners 
are also provided. 

‘The steam-raising plant consists of a single boiler 
with associated superheater, economiser, air heaters 
and bé alanced-draught fans. The construction of the 
boiler is shown in Fig. 11, Plate XI. It has a 
maximum continuous rating of 525,000 Ib. of steam 
per hour at a pressure of 1,275 lb. per square inch and 
« temperature of 975 deg. F. It was constructed 
by the Stirling Boiler Company, Limited, 35, 
Farringdon- street, London, E.C.4, and is designed 








on the natural- circulation water-tube principle, 


mediate drum is a seamless shell with an internal 
diameter of 14 in., the hea s of which were machined 
from forged steel and welded to the ends of the 
shell. 

The volume of the combustion chamber is such 
that the heat release does not exceed 21,000 B.Th.U. 
per cubic foot at full load. It consists of a primary 
and secondary furnace, with a water-cooled slag 
screen dividing the two. The boiler bank tubes and 
the side-wall tubes together provide a totally water- 
cooled furnace. The tubes forming the front wall 
of the primary furnace are placed between the 
bottom front header and the intermediate drum. 
Their lower portions are arranged vertically and 
are fully studded to take plastic chrome ore. The 
middle portions, which are inclined and partly 
studded, form the roof of the furnace, on which 
the fuel burners are mounted. The upper parts of 
the tubes rise vertically and are connected to the 
lower side of the intermediate drum. In combina- 
tion with the slag-screen tubes, they thus form a 
wall at the rear of the burners. The lower wing 
tubes on one side of the boiler are bent to provide 
space for a water-cooled access door, and the oil 
lighting-up burners are attached to a number of 
the front wall tubes. The tubes forming the side 
walls of the primary furnace connect the bottom 
drum and the intermediate headers. Those lying 
within the gas zone are fully studded to hold plastic 
chrome ore, and some of those at the front are bent 
to form an opening for the rams which feed the 
fly ash from the precipitation epee into the 
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The tubes ohunaes the side walls of the secondary 
furnace are closely spaced and are run vertically and 
parallel to each other between the top and bottom 
headers. The upper portions are bent so as to 
provide spaces for the soot blowers and lancing doors. 
The tubes forming the rear wall of the secondary 
furnace are placed between the bottom drum and 
the top rear wall header, and their lower portions 
lie outside the boiler setting. At a height of about 
32 ft., they rise vertically and enter the lower part 
of the top rear wall header, spaces being also 
provided between some of them for the soot blowers 
and lancing doors. The continuation of this 
wall consists of tubes inclining upwards between 
the top rear header and the top drum, and entering 
the lower part of the latter. 

The slag screen consists of tubes connecting the 
intermediate and bottom drums. These tubes 
rise at an angle of about 30 deg. for about 10 ft. 
above the level of the furnace floor and are studded 
so that plastic chrome ore can be applied. They 
are staggered so as to provide a passage across the 
boiler for the gases flowing from,the primary to the 
secondary furnace. The next set of the tubes, 
which is also studded, slopes upwards for about 
13 ft. to form a wall; and the upper ends of the 
tubes rise vertically and enter the lower part of the 
intermediate drum. These parts of the tubes, which 
are not studded, run parallel with the upper parts 
of the tubes forming the front wall of the primary 
furnace and make a solid wall of tubes and insulating 
material adjacent to the pulverised-fuel burners 
at the front of the boiler. 

Four rows of 66 tubes each, with an external 
diameter of 4 in., connect the top and intermediate 
drums, and the secondary furnace from the super- 
heater chamber. The tubes forming the floor of the 
furnace are laid between the front wall header and 
the bottom drum, the lower portions being external 
to the boiler setting. The tubes within the gas 
zone are laid on an upward slope of } in. to a foot 
towards the header and are covered with Bailey 
blocks. The blocks themselves are coated with 
plastic chrome ore up to the horizontal level. The 
centre tubes are bent to form a water-cooled open- 
ing, through which the molten slag is drained into 
a disintegrator. A plate is welded to the tubes 
round this opening and is water-sealed to render 
the gap gas-tight. The disintegrator consists of 
a cylindrical shell lined with Gunite, and is pro- 
vided with observation and poke-hole doors. The 
ash is withdrawn from this vessel on the Hydro-Jet 
system to an external sump, whence it is lifted by 
crane to overhead bunkers and disposed of by 
lorry. This portion of the equipment was also 
supplied by Messrs. Babcock and Wilcox, Limited. 

The superheater chamber is constructed of tubes, 
those at the rear, or gas inlet side, being the main 
boiler bank tubes, while those at the front, or gas 
outlet side, and on the floor and roof, extend 
between the intermediate and top drums and enter 
the latter drum above the water level. The tubes 
at the sides rise vertically between the lower and 
part of the intermediate side-wall stub headers and 
the top side-wall header. The floor tubes slope 
upwards towards the front at an angle of about 
45 deg. and are partly studded. The front tubes, 
which are not studded, are arranged vertically with 
an 8-in. pitch. The roof tubes incline upwards 
slightly from the front and are also partly studded. 
The side-wall tubes in the gas zone, too, are partly 
studded and some of them are bent to provide 
spaces for the soot blowers, the lance doors and 
access. 

The superheater is of the pendant type and is 
arranged in three banks to allow for expansion and 
to facilitate access to the elements and boiler tubes. 
The two banks on the outlet side of the gas pas- 
sage form the primary superheater and consist of 
tubes arranged in multi-loop formations. Each 
top loop is suspended from the roof of the super- 
heater chamber,. which, in turn, is supported 
from the boiler framework. There are inter- 
tube spacers at the top, and trunk ties at the middle 
and lower positions. The bottom loops are fitted 
with loose collars, welded to plates on the chamber 
floor. The tubes of the secondary superheater are 
arranged in pairs, which are bent concentrically to 
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from the roof of the superheater chamber and, in 
turn, supports the inner loop. The arrangements 
of the inter-tube spacers at the middles and bottoms 
of the elements, and of the bottom loops, are similar 
to those on the primary superheater. 

The inlet and outlet headers of each section of the 
superheater lie outside the gas zone and are sup- 
ported by slings, which are suspended from the 
boiler steelwork. These slings are provided with 
springs and rockers, thus forming a flexible system 
to compensate movements due to expansion. The 
inlet header of the primary superheater is fitted with 
stubs to which are connected the saturated steam 
pipes leading from the top drum. There are also 
soot-blower connections. The outlet header of the 
secondary superheater is connected to the steam 
manifold by pipes at the ends. 

There are three attemperators on each side of 
the boiler, the position of which is shown in Fig. 11. 
These are connected in parallel and each set 
handles half the total quantity of steam. They 
are capable of maintaining the steam tempera- 
ture at the superheater outlet at 950 deg. F. 
+ 15 deg. F. at all steady loads within the specified 
range. Steam from the primary superheater passes 
through regulating valves which divert an amount, 
depending on the temperature in the main steam 
range, through the attemperator cooling tubes. This 
steam is guided by internal sleeves to the inlet and 
outlet cooling tubes and does not make contact with 
the body of the attemperator proper. Steam emerg- 
ing from the cooling tubes, however, enters the steam 
space in the body and flows thence through three 
outlets into the attemperator header. The inlet end 
of this header is connected to a by-pass pipe from 
the regulating valve, while the header itself is 
fitted with a central tube through which the by- 
passed steam flows to combine eventually with that 
from the attemperators. Its outlet end is joined to 
the pipe which leads to the secondary superheater. 
After passing through the secondary superheater 
the steam flows into a common manifold and 
thence to the turbine. 

Cooling water for the attemperators is drawn 
from a header on the side-wall tube circuit, about 
10 ft. below the 61 ft. 3 in. floor level, through pipes 
which are installed outside the boiler setting. The 
steam and water emulsion is discharged through 
pipes connected between the top of the attempera- 
tors and the upper drum. These tubes also act 
as slings from which the attemperators are sup- 
ported at the 97-ft. floor level. Rocker arms and 
rollers are fitted on the connections at this level 
to compensate for expansion. The regulating 
valves between the primary superheater outlet 
and the attemperators are opened and closed auto- 
matically through an electrically-operated gear- 
box by temperature controllers supplied by Messrs. 
George Kent, Limited, Luton. The controlling 
impulse originates at a thermocouple which is 
installed in a flanged pocket in the main steam 
range. The gearboxes are mounted on a platform 
suspended from the regulating valves, so that 
difficulties due to expansion in the steam pipes 
are eliminated. Provision is also made for manual 
operation in case of emergency. 

The outlet pipe from the secondary superheater 
carries two recessed flanges on which are mounted 
two safety valves, one of which is electrically 
assisted. These valves, which were supplied by 
Messrs. Hopkinsons, Limited, Huddersfield, are of 
that firm’s ‘‘ Hylif’’ type and one is illustrated in 
Fig. 3, while their construction will be clear from 
Figs. 4 to 7. To maintain close control of the 
opening and closing of these valves, as is neces- 
sary with pressures abcve 900Ib. per square inch, 
the usual coil spring is replaced by two torsion 
bars, thus securing balanced action. The load 
is applied to the main valve by the angular move- 
ment of levers which transmit it through the 
housing sleeves of the torsion springs. The body 
has two diametrically-opposed outlets, thus eliminat- 
ing side thrust on the internal fittings. When the 
steam pressure rises to a predetermined value, the 
valve lifts slightly and discharges like an ordinary 
safety valve. The escaping steam then exerts pres- 
sure Over the full area of the valve face, so that the 
lift is increased until the face enters the guide. 
Steam is then deflected downward by the edge of the 
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guide and the consequent reaction pressure lifts the 
valve to its fully-open position. At this stage the 
discharge area between the seat and the valve is 
equal to the net area through the seat throat, and 
the discharge capacity is at its maximum. When 
the discharge pressure is relieved the valve begins 
to close, and when it emerges from the guide it 
shuts down cleanly and without ‘‘ simmer,”’ because 
of the cessation of the reaction pressure. 

Connections are also made from the secondary 
superheater outlet pipe to a multipoint tempera- 
ture indicator and recorder, a dial-type temperature 
indicator, a test-type temperature indicator, a 
temperature controller and a temperature alarm. 
In addition, there are connections to the switch 
panel from which the electrically-assisted safety 
valve mentioned above is operated, and to an air 
valve. Branches on the manifold connecting the 
superheater outlets are led to, two electrically- 
operated main stop valves; and there is also a 
connection for a second safety valve, as well as 
to the leak-off valves and for a steam recirculation 
pump, which may be fitted later. The valves 
for the pressure gauge and the Bailey master 
pressure-controller are connected to the lower end 
of the manifold through a short pipe, at the end of 
which are two drain valves in series. 

The electrically-operated main steam stop valves, 
which, like the other high-pressure valves, were 
supplied by Messrs. Hopkinsons, Limited, Hudders- 
field, incorporate an electrically-operated by-pass 
valve ; both main and by-pass valves can be ener- 
gised by switches on the control panel or from local 
push buttons. These valves have extended spindles, 
so that they can be worked by hand from the 97-ft. 
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floor level. They are also provided with contacts 
which enable their positions to be indicated on the 
diagram on the instrument board, illustrated in 
Fig. 8, on page 244, 

The feed water is drawn from the three-stage high- 
pressure heaters through two branches which are 
connected in parallel. An 8-in. Bailey air-operated 
feed-regulating valve, placed between two electric- 
ally-operated stop valves, is included in each 
branch to facilitate servicing. After passing the 
stop valves, the water flows through a single pipe to a 
manifold from which it is distributed to inlet headers 
on both sides of the economiser through combined 
stop and check valves. The regulating and main 
stop valves, with their electrically-operated by- 
pass valves, are situated between the basement 
and the 32-ft. floor level, and are provided with 
extended spindles so that they can be worked by 
hand. Normally, however, they are operated electric- 
ally, either from the control panel illustrated in 
Fig. 8 or by local push buttons. All these valves 
are also fitted with electrical contacts so that their 
position is indicated on the control-room diagram. 
The vertical leg of the pipe leading to the econo- 
miser inlet is provided with a flanged connection 
for local and distant temperature indicators and 
recorders. 

The economiser, the position of which is shown 
in Fig. 11, on Plate XI, is of the twin steaming 
contraflow type and has a heating surface of 
22,920 sq. ft. It is constructed of continuous 
looped steel tubes, divided into three banks to 
facilitate servicing. Each bank consists of two 
similar sets of tubes, arranged symmetrically about 
the vertical centre line. The ends of the loops at 
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this point are provided with spacers and roller ; Between them is a balance pipe, at the centre of 
supports to allow for expansion. The outside ends | which is a T-piece and pipe incorporating boiler- 
are welded to mild-steel pressings, which act as | filling, shut off and air valves. Connections for the 
supports. There are two inlet headers, one at |stop valves and for the local and distant pressure 
each side at the bottom of the economiser. Both | gauges are also made to this balance pipe. 

are provided with feed; check and drain valves.| The outlets from the top bank of the economiser 





are arranged to serve as a water-cooled roof for 
the inlet gas chamber and, after meeting similar 
tubes on the roof over the superheater, extend 
upwards into the outlet header. This header is 
arranged across the boiler, parallel with the super- 
heater headers, and is supported by slings from 
the overhead steelwork. Water flows from it into 
the top steam drum through four large-bore tubes, 
arranged in pairs at each end of the header. The 
outlet tubes are also suspended by slings from the 
overhead steelwork which, in turn, is similarly 
supported from the boiler frame. 

The front and rear parts of the economiser above 
the 78 ft. floor level are bricklined, and insulating 
material is placed between the brickwork and the 
outer casing. Below this level, the insulation is 
enclosed in casings, which have been designed so 
that they can be washed. The ducting beneath the 
economiser and the adjacent primary air heater 
is arranged to act as a common dust hopper for 
both these portions of the equipment. 

The boiler is fitted with both primary and secon- 
dary air heaters, the heating surfaces of which are 
17,700 sq. ft. and 148,600 sq. ft., respectively. 
The primary air heater, the position of which is 
shown in Fig. 11, heats the air supplied to the 
pulverised-fuel mills. It is of horizontal tubular 
cross-flow construction, the air flowing through the 
tubes and the gases passing externally across them. 
The tubés are arranged in two tiers, which are con- 
nected at one end by a transfer duct. After passing 
through the tubes in the top tier, the air flows down 
the transfer duct and returns through the tubes in 
the bottom tier. The gases from the economiser 
enter at the bottom through a flue containing a hop- 
per in which grit can be collected. Those tube 
plates which are adjacent to the transfer duct are 
anchored to the framework, and those at the oppo- 
site end are suspended by slings. Only the centre 
column on the transfer-duct side is bolted rigidly 
to the framework, the other five columns being 
supported on rollers to allow for expansion. 

The secondary air heater, also shown in Fig. 11, 
consists of two sections, one on each side of the 
primary heater. As these sections are at a lower 
level, the gas leaving the primary heater divides 
into two streams, travelling in opposite directions. 
After changing to the vertical direction, each stream 
passes downward through one section of the second- 
ary air heater, the gas flowing through the tubes 
and the air across their exteriors in four passes. 
Each section is arranged in two banks, in one of 
which the tubes are 36 ft. and in the other 12 ft. 
long. The bank of long tubes is divided into 
three equal sections by horizontal baffles and the 
bank of shorter tubes is arranged near to the lowest 
of these sections. After passing down the long 
tubes, the gases flow through a hoppered flue to the 
short bank tubes and thence through another flue 
to the precipitator. The air passes horizontally 
across the short tube bank to the bottom third of 
the long tube bank. It then changes direction and 
flows across the middle third of the bank. Finally, 
after changing direction again, it flows across the 
top third of the bank and, leaving in a horizontal 
direction, enters the furnace wind-box. Dampers 
are provided at the intermediate horizontal baffle, 
so that the heater can be partly by-passed on the 
air side. 

Drain valves are fitted on both sides of the boiler, 
on the piping from the secondary superheater 
outlet to the main steam manifold, and on the 
attemperator, economiser, water bottle and water 
gauges, as well as on the safety valve and soot 
blowers. Two valves, of the uniflow slide type, are 
also arranged in series on one side of the boiler for 
draining the high and low water alarms. Water is 
withdrawn from the boiler by a recirculating pump 
and introduced into the feed line before the econo- 
miser in order to protect the latter from corrosion, 
This enables the consumption of water-conditioning 
chemicals and boiler-water blow down to be reduced 
toa minimum. A connection on the delivery pipe 
of the recirculation pump enables water to be 
extracted from the boiler for sampling, and there 
is also a testing connection on the main feed-pump 
suction pipe. Provision is made for chemically 
dosing the boiler water. The purity of the steam 
can be tested by salagraph, or conductivity meter, 
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of Messrs.” George” Kent’s manufacture, which is 
connected through a T-piece to the high-pressure 
stop valve. Electrically-operated soot blowers, 
using saturated steam, are provided, automatic 
sequence control being effected from the instrument 
panei or by push-buttons. 

The dust from the boiler passes, economisers and 
electrostatic precipitators is delivered to bunkers 
by Hydro-Vactor plant and damped down for 
disposal by lorry. The ash can also be re-introduced 
by rams into the combustion chamber, as mentioned 
on page 241, and mixed with the molten slag. 

The draught plant consists of two primary-air 
and two secondary-air fans, supplied by Messrs. 
James Howden and Company, Limited, Glasgow. 
Each primary-air fan has an output of 40,000 cub. ft. 
of air per minute against a static head of 30-in. water 
gauge. As will beseen from Fig. 11, these fans are 
installed on the centre line of the boiler on the 
32-ft. level, near the primary air heater. They 
draw air from a cross-over duct between the 
two air suction ducts and discharge through the 
primary air heater to the pulverisers. Orifice plates 
and tapping points with dust traps are provided on 
this ducting for the installation of differential 
pressure gauges. The two fans are arranged in 
parallel and each is capable of supplying all the air 
required for the pulverisers. They are driven 
directly by 360-h.p. motors supplied by the English 
Electric Company, which run at a speed of 1,475 
r.p.m. 

The two secondary air fans have an output 
of from 26,000 to 61,000 cub. ft. per minute 
against a static head of 7-6 in. to 14-8 in. water 
gauge. They are installed one on each side of the 
boiler at basement level near the secondary air 
heater ; and draw in air through ducting from the 
boiler-house roof and also from the space above the 
burners. This air is discharged into the secondary 
air heater and thence into the boiler casings. Con- 
nections are provided on the ducting near the 
burners for four small ducts to the lighting-up 
burners. Below the boiler roof, two tappings are 
taken off to the air flow mechanisms in the Bailey 
boiler meter. The fans are arranged in parallel and 
normally each deals with half the air over the full 
range of duty. They are driven by 219-h.p. English 
Electric Company motors running ac 984 r.p.m. 

The two Howden induced-draught fans each 
have an output of from 57,000 to 145,000 cub. ft. 
per minute against a static head of 2-8 in. to 
13-6 in. water gauge. They are arranged in parallel 
in the basement on one side of the boiler and draw 
air through two electrostatic precipitators, dis- 
charging it into the chimney. These fans, which 
are driven through magnetic couplings by 576-h.p. 
English Electric Company motors at a speed of 
740 r.p.m., are illustrated in Fig. 10, on Plate XT. 

The combustion is automatically controlled by 
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equipment manufactured by Bailey Meters and 
Controls, Limited, Progress Way, Croydon, which 
regulates the supply of air and fuel to the boilers 
according to the variations in steam pressure 
caused by changes in load. These changes are 
measured approximately and as a result the 
efficiency of combustion is brought back to the 
optimum value by measuring the ratio of steam to 
air flow. This ratio is used to adjust the output 
of the forced-draught fans to comply with the new 
conditions. Finally, the pressure in the combustion 
chamber is measured and employed to adjust the 
output of the induced draught fans. All this plant 
is operated by compressed air at a pressure of 30 Ib. 
per square inch. Control is effected from a central 
position on the firing floor between the boiler and 
the turbine room, where the instrument panels and 
control desk, illustrated in Fig. 8, above, are 
installed. In addition to the various indicating 
and recording instruments required for the efficient 
operation of the automatic combustion system, 
there are controls for varying the feed water and 
steam temperatures, and for the boiler and turbine 
auxiliary motors. Selector switches are also pro- 
vided so that, if necessary, the boiler auxiliaries can 
be manually controlled. 

The position of the dust precipitators, which 
were supplied by the Sturtevant Engineering Com- 
pany, Limited, is shown in Fig. 1, on page 241, and 
Fig. 11, Plate XI, while their construction will 
be clear from the sectional drawing, Fig. 13, oppo- 
site. In this drawing, a are the tube banks, b the 
discharge electrodes, and c and d the topand bottom 
grids, respectively. The electrode magnets are 
shown at ¢ and the rapping gear for the receiving and 
discharge electrodes at f and g. The supporting 
insulators are indicated at A and the inlet and outlet 
dampers at i and &. The driving units are shown 
at/. It will be seen from Fig. 12 that each precipita- 
tor consists of a reinforced-concrete structure, 58 ft. 
high by 72 ft. long, which embodies a main flue 
running the full length of the plant. The dust- 
laden gases from the air-heaters enter this flue 
and then flow into the main body of the precipitator 
through damper-controlled inlet ports. The gas 
circulates round the outside of a bank of tubular 
electrodes which are earthed. A discharge wire at 
each electrode is connected to the terminal of the 
high-tension transformer and rectifier unit. The 
potential between the discharge wire and the 
receiving electrode is 45 to 50 kV, the gap between 
the two being about 5 in. The solid matter in 
the gases is thus driven to the tube walls and 
the cleaned gas passes out into the main outlet 
flue through damper-controlled ports. The tubes 
and electrodes are maintained in a reasonably 
clean condition by the tapping gear. The clean 
and dirty gas chambers are isolated from each other 
so that all the gas comes under the ionising effect 


of the electrodes before it leaves the precipitator. 
The precipitators are capable of collecting about 
3% tons of dust per hour under normal working 
conditions and this dust is collected in steel hoppers 
which will hold 24 hours’ accumulation. 

The electrical equipment of these precipitators 
consists of a low-tension control panel and voltage 
regulator from which the low-tension side of an 
oil-immersed transformer is supplied at 400 volts. 
This voltage is stepped up to 45 to 50 kV in an oil- 
immersed transformer, which is connected to a 
rectifier so that unidirectional current is generated. 
Three sets of rectifying equipment are provided, 
one of which acts as a stand-by. They can be 
interconnected on the high-tension side so that any 
set can operate on either precipitator. The house 
containing this high-tension equipment is main- 
tained under a slight pressure by a fan, the air 
supply to which is drawn in through a Precipitron 
electrostatic air tilter. 

(To be continued.) 








SCHOLARSHIPS ABROAD, 1951-52.—The British Council 
has published a handbook which gives details of some 
70 scholarships offered by 15 foreign government and 
universities to British students for the academic year. 
1951-52. Although mainly for post-graduate study, some 
scholarships are open to those not yet graduated and 
others to those with non-academic professional qualifi- 
cations. They provide free tuition and maintenance. 
and the majority are tenable for a complete academic 
year. The closing dates for applications vary for each 
country, the earliest being March 7, 1951. The countries 
offering scholarships are Austria, Belgium, Brazil. 
Denmark, Finland, France, Germany, Italy, the Nether- 
lands, Norway. Persia. Portugal, Spain, Sweden and 
Switzerland. 





UNITED KINGDOM AIRWAYS SYSTEM.—The second 
phase of the United Kingdom airways system was intro- 
duced on February 15. In this system, civil aircraft 
flying in an airway ten miles wide, at heights between 
3,000 ft. and 11.000 ft., are controlled from the ground 
and are separated from each other by intervals of 1,000 ft. 
Green Airway One, which was introduced on August | 
1950, and runs from the Irish Sea via Strumble Head 
and Bristol to London, has been extended eastward- 
via Maidstone aud the North Foreland to a point 21 mile- 
off the east coast; it will be used by traffic travelling 
towards Brussels. Amber One and Amber Two Airway= 
have been introduced to link up with the French airway 
covering, respectively, routes from Daventry via Dunsfold 
and Dieppe to Paris, and from Paris via Abbeville 
Maidstone and Brookmans Park to Daventry. Red 
|/One Airway has been opened from Dunsfold via Maid 
stone and the North Foreland to Amsterdam, and ( 
connecting airways have been introduced across th¢ 
London Control Zone (extending from ground level | 
11,000 ft.) and the London Control Area (from 1,500 It 
to 11,000 ft.). The airways network will be divided 
into five sectors, each manned by two control officers, 
who will keep in touch with pilots flying along airwey- 
within their sector. 
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Fig.13. CROSS SECTION OF PRECIPITATOR 


Fig. 12. Precrprrator UNDER CONSTRUCTION. 


LITERATURE. 


Incentive and Quality. 

By J. ARMSTRONG, B.Sc. (Eng.), A.M.I.Mech.E., 

A.M.I.I.A. Chapman and Hall, Limited, 37, Essex- 

street, London, W.C.2. [Price 18s. net.] 

In one sense, Appendix II is the most important 
part of this 113-page, decidedly expensive, book. 
The work as a whole is concerned with a description 
of the “ Armstrong Merit Sharing ” system of wage 
payment and the appendix is concerned with the 
actual application of the system in the works of 
Roberts and Armstrong (Engineers), Limited, 
North Wembley. This is a small private company 
of general engineers producing precision components 
for other firms, carrying out jobbing work and manu- 
facturing spare parts and special-purpose machines. 
The employees embody highly-skilled craftsmen 
and operators on normal production work. The 
appendix does not give information about the 
effect of the scheme on output, profits or wages ; it 
is mainly concerned with detail modifications which 
were found necessary in the application of the 
scheme in practice. Particulars of this latter class 

Will be of interest to anyone who may contemplate a 
trial of the system which, in Mr. Armstrong’s words, 
is applicable “*to the numerous small factories and 
production units which have not the special facilities 
provided by the Technical Service Departments of 

e larger manufacturing organisations.” 

_ The body of the book is concerned with a descrip- 
tion of the scheme. The earlier chapters review 
the merits and demerits of the various methods 
whi’ h have been devised, and are in operation, to 
imerease individual output. A series of “‘ require- 
ments *’ is laid down to which it is considered that 








any incentive scheme should conform. There are 
15 of these—too long a list to be quoted in full. 
They may be summarised by saying that any 
scheme should be easily understood and assessed 
by the employees; that it must control benefits 
in relation to efforts ; that it must assess employees 
on an individual basis; and that it must have a 
short time-interval. Detailed consideration of 14 
of “‘the more usual types of incentive schemes ” 
suggests that none meets all the requirements. 

The Armstrong Merit Sharing scheme, it is main- 
tained, conforms more nearly than others to the 
stated requirements. The basis of the scheme is 
the individual merit rating of the employees in 
terms of 15 characteristics, examples of which 
are quantity of work, quality of work, time-keep- 
ing and initiative. A percentage is given for 
each characteristic and employees earn a bonus 
on a 100 per cent. scale which represents the 
total of the percentages of the characteristics. 
Employees who fall below 70 per cent. on the scale 
are considered unsatisfactory. The rating of the 
individual employees is carried out by their imme- 
diate supervisor, such as a charge hand or assistant 
foreman, under higher supervision. Assessment 
should be carried out as frequently as is convenient ; 
it is stated that ‘‘it has been found most practical 
to carry out the recording of the average assessment 
over periods of three months.” 

The amount of bonus to be paid to an individual 
is determined by multiplying his basic wage by 
the “‘ profit index percentage” and by his merit 
rating number divided by 100. The profit index 
percentage gives the employees a direct personal 
interest in the fortunes of the firm as a whole. 
It is based on the increase of production over a 
predetermined basic level of production. In deter- 
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mining the index, questions of overhead expenses, 
raw-material costs and other matters have to be 
taken into consideration and it may have to be 
varied from time to time. The scheme is likely to be 
studied with interest by many of those concerned 
with running a small or medium-sized engineering 
works, but Mr. Armstrong states that it can be 
introduced into almost any type of occupation, 
manual or clerical. The reference to Appendix IT 
at the beginning of this review was made in order 
to point out to those who are attracted by the 
scheme that it is in practical operation, although 
some indication in general terms about its effect on 
output would have been of interest. 





Civil Engineering Handbook. 
Editor-in-Chief, Professor LEONARD CHURCH URQUHART. 
Third edition. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 8.50 dols.]; and McGraw-Hill Publishing Com- 
pany, Limited, Aldwych House, London, W.C.2. 
(Price 72s. 6d. net.) 
TxIs monumental volume has reached its third 
edition, the first having been issued in 1934. It is 
edited by a consulting engineer who was a colonel 
in the United States Corps of Engineers and is now 
professor of structural engineering at Cornell Uni- 
versity. He is assisted by a team of eleven con- 
tributors, of whom nine are professors of various 
university engineering faculties, one is a director 
of research of an engineering construction company, 
and one is a consulting engineer. These eminent 
contributors have compressed into a book of 1,000 
pages an amount of information which is remarkable 
from both the practical and theoretical aspects, 
as well as in quantity. There are no startling new 
theories or methods of construction; a clear 
exposition of facts and figures that are already 
known has been the object. 
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The book-opens with a section of 95 pages on 
surveying, in which all the ordinary methods of 
instrument surveying are explained, as well as the 
plotting and calculation of areas. The special 
requirements of city and construction surveying are 
discussed, and separate subsections are devoted to 
hydrographic and photogrammetric surveying, and 
with latitude and azimuth. Section 2 deals with 
railway, highway and airport engineering. Under 
“Railway Engineering” are included standards, 
maintenance of way, locomotives, train resistance 
and tonnage rating. All the usual aspects of high- 
way design are treated from the statistical, con- 
structional and financial angles. The subsection 
on airpcrt engineering illustrates the American 
approach to the great amount of work involved in 
designing landing grounds for modern aircraft. 
The next four sections, dealing with mechanics of 
materials, hydraulics, stresses in framed structures, 
and steel design, require no special comment. 
Section 7, on cement and concrete, naturally gives 
data and standards which differ somewhat from 
British practice. Lime and gypsum are included 
under the subheading of “‘ Non-hydraulic Cementing 
Materials.” Pcrtland cement is discussed in detail, 
the review including its history, testing, manufac- 
ture, storage and marketing, and the section on 
cement concrete is a treatise in itself. The sub- 
secticn on, reinforced concrete, though containing 
much of the theory usually found in text-books on 
the subject, has a somewhat different approach to 
various problems which should be of interest to 
British engineers. Section 8, on soil mechanics 
and foundations, represents about 10 per cent. of 
the bcok—a generous treatment. The two last 
sections deal with sewerage and sewage disposal, 
and with. water supply and purification, and throw 
an interesting light on American practice in these 
subjects. The bcokis well produced and illustrated, 
and has a full bibliography at the end of each section. 

As a presentation of current American practice 
in, civil engineering, the bcok is a noteworthy ccm- 
pendium. The claim is made that it will “ meet 
the needs of civil engineers in solving specific 
problems—particularly those outside their special- 
ised fields,” but it is a question whether, in this 
country, the majority of practical users would agree 
that this claim is justified. In the desire to deal 
fully with as many subjects as possible, the book 
tends to fall between two stools; it cannot, of 
course, be a ccmplete book of reference for any of 
its many subjects, yet it is too bulky to fulfil the 
purpcse of a hand-bcok, which is to provide main 
headings and principles, with a bibliography to 
point the way to detailed study and the solution of 
specific problems. 





Der Kreisel; seine Theorie und seine Anwendungen. 
By PROFESSOR R. GRAMMEL. Springer-Verlag, Reich- 
pietschufer 20, Berlin W.35, Germany. [Price 
each, 30 D.M. in paper covers, or 33 D.M. in cloth.] 

THERE are several good books on tops, but it is 

with the classic work of Klein and Sommerfeld, 

nearly half a century ago, that any modern writer 
inevitably challenges comparison, and to it he must, 
in any case, be heavily indebted. The present book, 
by a leading German expert who has been active in 
this field for 35 years, is a revised edition of his earlier 
book, long out of print. It now appears in two 
volumes, devoted, respectively, to theory and 
applications. The author has been at pains to avoid 
abstract formalism, and to develop in the theoretical 
part a few simple and concrete principles, with the 
aid of which the highly diversified phenomena 
dealt with in the second volume can be understood. 

The first volume begiius with an introduction of 
some 50 pages devoted tc vectors, the principles of 
mechanics and the inertia tensor, in which the clear 
and unhurried exposition reveals the experienced 
teacher. It could be argued, however, that, by 
not using a more modern vector notation, the author 
sacrifices much of the power and conciseness of the 
vector method, as Chapman, Milne and Hartree 
have shown by precept and example. The pages 
on the inertia tensor are the ones most open to 
criticism on this score ; in spite of the heading of 
this section, no proper tensor or dyadic notation is 
introduced, and, in consequence, the treatment of 
basic results is needlessly prolix. In this respect, 


it is in striking contrast with the elegance of the 
late E. A. Milne’s discussion of the same topics in 
his Vectorial Mechanics. 

Subsequent sections of the first volume deal 
clearly with the symmetric and asymmetric top, 
both free and under gravity; the treatment 
follows conventional lines and does not call for 
comment. A good account is given of the problem 
of integration for the heavy asymmetric top, noting 
the various special cases in which simplifications 
occur (Kowalewski, Joukowsky, Hess and others), 
but the discussion scarcely goes beyond that of 
Klein and Sommerfeld. There is a very complete 
treatment of the class of motions discovered by 
Staude, in which the top can rotate about certain 
vertical axes fixed in the top, provided that the 
angular velocity be suitably chosen. The account 
of Staude’s rotations, which includes an investiga- 
tion of their stability due to the author himself, 
occupies the perhaps disproportionately large space 
of 45 pages. The impression left by reading this 
volume is of how little the subject has advanced 
on the theoretical side during the last 50 years ; 
and that perhaps the only treatment which could 
successfully challenge that of Klein and Sommerfeld 
would be one using vectors and tensors in a really 
whole-hearted fashion. 

In the second volume, the author’s knowledge and 
experience of everything connected with gyroscopes 
iseverywhere evident. While it would be manifestly 
impossible to mention all possible devices employing 
gyroscopic action, he claims to have included all 
essential fields of application. The text is provided 
with numerous excellent diagrams, which are for 
the most part schematic, actual constructional] 
details being omitted. Subjects treated include 
roller grinding mills, critical frequencies of shafts 
carrying flywheels, vehicles with rotating machinery ; 
Foucault’s gyroscope, the gyrocompass, artific‘al 
horizons, turn and other indicators, torpedo gyro- 
scopes ; and, finally, massive stabilising gyroscopes, 
such as the earth itself, projectiles (including the 
discus and the boomerang), and monorail and ship 
stabilisation. As will be seen from this sample of 
topics, there is much in this volume to interest the 
general scientific reader. Few applications from 
the war years receive specific mention ; some refer- 
ences are giveu to the F.I.A.7. Review of German 
Science, and the author asks in his preface that 
gmissions should not be reckcned against him, but 
rather against ‘‘ those whose senseless ‘ government ’ 
has made secrecy in technical matters necessary.” 

Both volumes are provided with name and subject 
indexes; the paper and printing are admirable, 
and there are remarkably few misprints. Abundant 
references to literature are given in footnotes, and 
the text includes some interesting historical matter. 
In this connection, an ardent Scot migbt wish to 
find some reference to the laborious Edward Sang 
of Edinburgh (1805-90), who anticipated by 20 years 
Foucault’s suggestion of vsing the gyroscope to 
demonstrate the rotation of the earth. Professor 
Grammel has undoubtedly succeeded in producing 
a valuable and readable work. It is greatly to be 
regretted that there is no modern work in English 
of comparable scope and authority. 





“MECHANICAL VIBRATIONS’: ERRATUM.—In the 
review of the book, Mechanical Vibrations, in our issue 
of January 12, on page 35, ante, the author’s namé was 
incorrectly stated. The book was written by Professor 
W. Tyrrell Thomson, Ph.D., of the University of Wis- 
consin, U.S.A. It is published by Messrs. George Allen 
and Unwin, Ltd., 40, Museuimn-street, London, W.C.1, at 
15s. net. 





EDUCATION FOR PORT WoRKERS.—Following a con- 
ference, convened by the Docks and Inland Waterways 
Executive, to discuss the education of dock and harbour 
employees who are not covered by existing schemes for 
staff training, a scheme has been prepared for a series 
of courses ‘“‘ to promote the study of the main essentials 
of ports and port working, their problems and back- 
ground,”’ to be followed by an examination and the award 
of a nationally-recognised certificate to successful candi- 
dates. The subjects will be “ Port Traffic,” ‘‘ Port 
Working,” and “‘ Port Organisation and Finance.” The 
Institute of Transport will be responsible for the approval 
of the syllabuses and the maintenance of examination 
standards. Particulars may be obtained from the Insti- 





tute, 80, Portland-place, London, W.1. 
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X.—Tue Licut EvectricaL INDUSTRY, anp 
THE ELEcTRIC WIRE AND CABLE INDUSTRY. 


In the light electrical industry, 1950 was, on the 
whole, an improvement on 1949. In some sections, 
notably the manufacture of washing machines, 
domestic refrigerators, and television sets, boom 
conditions continued ; in others, such as the manu- 
facture of appliances for the home and space-heating 
equipment, output was still low, but markedly 
higher than in 1949. Sales of such equipment 
have been restricted ever since 1947 by the heavy 
purchase tax and, in some cases, production was 
curtailed by licensing control. Manufacturers who, 
after the war, increased the capacity of their fac- 
tories to meet a level of demand which might have 
existed if electrical generating capacity had been 
more adequate and coal supplies more plentiful, 
have been handicapped by rising costs. As a 
result, their ability to increase export sales against 
growing world competition has been seriously im- 
paired. There was little hope of any rapid major 
improvement, but most manufacturers looked for- 
ward to a slow increase in sales as the British 
Electricity Authority made headway with their 
plan to expand generating capacity. 

Before the end of 1950, it was clear that even 
these modest expectations would not be fulfilled. 
The fuel crisis showed that the need to economise 
in domestic consumption, of electricity was as great 
as ever, and most Electricity Boards stopped selling 
electric fires. More serious than the fuel crisis, 
however, is the shortage of non-ferrous metals ; 
the manufacture of some electrical appliances and 
accessories made from zinc and copper, such as 
electric kettles, coffee percolaters, waffle plates, 
and similar cooking and portable water-heating 
appliances, reflectors and parts of electric radiators, 
fan blades, lighting fittings, etc., is to be prohibited 
except under licence from March 1, and all users of 
non-ferrous metals have had their allocations 
reduced, some by as much as 50 per cent. Some 
branches of the light electrical industry, notably 
the radio industry, which have an important con- 
tribution to make to re-armament, will be required 
to work at full pressure in 1951 and, consequently, 
will be assured of priority in supplies of scarce 
materials ; but even they will have to contend with 
dislocation in production programmes. Generalised 
comment about an industry so diverse as the light 
electrical, however, may be misleading, and the 
prospects of some of its more important sections 
are therefore analysed separately. 

The demand for domestic heating and cooking 
appliances is known to be considerably above the 
present level of production, which is shown in 
Tables I and II, herewith, taken from the Monthly 
Digest of Statistics. In 1946, 2-2 million electric 
fires were produced, but, as a result of the licensing 
restrictions following the fuel crisis of 1947, output 
was reduced to 337,200 in 1949. In the period 
January to September, 1950, it rose slightly— 
269,500, compared with 243,000 in the correspond- 
ing period of 1949. The peak year for the produc- 
tion of electric irons was also 1946, when, 3-3 millions 
were produced, compared with 762,000 in the first 
half of 1949 and 912,000 in the first half of 1950. 
Production of electric kettles, which fell from a 
peak of 775,000 in 1947 to 393,600 in 1949, also 
improved slightly ; to 215,000 in the first half of 
1950, compared with 203,000 in the first half of 
1949. The trend of production of wash boilers 
and immersion heaters has been similar, but that of 
electric cookers has followed an independent course. 
The output of these rose until 1948, when 265,200 
were produced ; but, partly as a result of cuts in 
the housing programme, it fell off to 223,200 in 
1949. However, the demand revived in 1950, when 
154,800 were produced. The reversal of the down- 
ward trend was due partly to more extensive use 
‘of hire and hire-purchase schemes by the electricity 
authorities ; but, even with these facilities, it 1s 
doubtful if sales would have continued to rise in 
1951. ; : 
The Report of the British Electrical and Allied 
Manufacturers’ Association for 1949-50 pointed out 
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that cooker manufacturers were apprehensive that 
the continuance of the policy of retarding the 
installation of new cookers, and the absence of 
efforts to replace obsolescent and out-of-date models, 
might have a further serious long-term effect in 
the loss of the public prestige and goodwill for 
electric cooking. A campaign was under con- 
sideration to keep the public “electricity-cooker 
minded” by the replacement of old cookers by 
new ones, embodying all the latest improvements. 
Even if materials had been freely available, a large 
increase in the sales of electric cookers in 1951 was 
unlikely ; and, as in the case of space-heating and 
water-heating appliances, it would have been 
against the public interest, as any sales other than 
for replacement would inevitably increase the 
domestic consumption of electricity at a time when 
only the strictest economy can, prevent load-shed- 


TABLE I.—UNITED KINGDOM: 


machines and refrigerators. Sales of washing 
machines were small until 1948, when 144,000 were 
produced. In 1950, the production was about four 
times as many; from January to September, 
337,000 machines were produced, compared with 
202,000 in the corresponding period of 1949. One 
company, which made 3,000 in 1946, was producing 
at the rate of 24,000 per annum at the end of 1950. 
Deliveries of domestic refrigerators in 1947 were 
valued at 3-0/. millions ; in the period January to 
October, 1950, they were valued at 9-1/. millions, 
compared with 7-0/. millions in the corresponding 
period of 1949. Prices have been rising, but it is 
clear that the volume of production in 1950 was at 
least three times as great as in 1947.* 

The demand for electric lamps increased slowly 
but steadily after the war until 1949, when there 
was a setback. The upward trend was resumed 





PRODUCTION OF MISCELLANEOUS ELECTRICAL EQUIPMENT. 


(MONTHLY AVERAGES OR CALENDAR MONTHS.) 





Deliveries of Refrigerating Machinery. 
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| Electric 5 
| [Lampe Washing | padioBets. | Cookers 
| Domestic. | Commercial. | Industrial. Complete. Machines. is | ; 
| | 
on } 7 . " 7 - ! : 
Total.| +. For | Total | For | Total.| For | Total | For Total For ‘ | For | | For 
: Export. | | anpert. | ‘| Export. | ‘| Export. | *°*-' export. | Total. | Export. | 7 Export. 
™ ' ! ' | | ! 
Value (£1,000). Number (Thousands). 
1935 _— _ _ _ _ _— 339 48 os -- | 154 5 = = 
1947 249 69 503 61 137 73 865 97 _ | —- 165 34 2-4 — 
1948 450} 235 576 96 161 76 931 144 12-0 4-2 136 27 7°6| 22-1 
718} 391 607 124 231 100 892 142 24-7 | 8-2 112 26 17-6 18-6 
Oct. 801; 412 501 107 228 119 1,027 | 129 29-3 6-0 121 21 27-7 22-4 
Nov. 817 442 621 123 233 121 1,239 | 159 30°4 | 11-1 139 22 | 38-0 24-2 
‘ Dec. 820) 615 485 158 232 135 1,073 167 34-7 11-1 125 23 36-8 22-1 
Jan. 732; 406 460 132 238 141 1,168 142 34-0 15-6 129 26 37-8 22-9 
Feb. 743| 447 517 131 231 87 996 112 36-6 | 15-2 126 23 41-3 23-5 
March 953 549 741 163 304 91 1,105 | 152 39-2 18-2 141 26 50-4 22-9 
April 793} 402 692 161 265 112 805 | 108 37-3 18-0 103 20 82-5 17°8 
ay 1,007 505 900 188 568 113 933 146 41:9 | 19-3 139 31 38-4 21-5 
June 922) 484 837 182 429 138 895 162 51-5 23-8 150 28 43-6 23-5 
July 944; 516 853 211 159 101 844 138 | 42:2! 18:1 143 27 40-9 21-2 
Aug. 801 441 575 155 222 89 998 162 | 40-2 11-8 122 24 31:8 17°5 
Sept. 1,115} 105 725 205 430 161 | | 54-0 20-0 174 29 | 49-4 25-5 
Oct. 1,121} 623 552 200 | 186 80 | 179 43 56-3 25°6 
Nov. | 202 | 42 | 63-6| 27-4 
eg | | | | 24-7 
eS = 1 
TABLE II.—United Kingdom: Deliveries of Domestic| TABLE III.—United Kingdom : Exports of Light Electrical 


Electrical Appliances. (Monthly Averages, Thousands.) 
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Electric | Electric 
| Irons. a | Kettles. 
For | For For 
Total.| Export. ae Export. | Tt@l-| Export. 
' ‘ 

1937 112 — | 42-7 4-5 35 _ 
1947 199 72 75-8 26-7 64- 17-3 
1948 141 38 54°3 14°8 40-4 6-7 
1949 132 33 66-9 16°4 32-8 5-5 
1948— 

Ist Qr. 154 48 53-0 12-6 44-7 9-9 

2nd ~ 137 37 55°3 17°6 33-1 4-8 

3rd_,, 130 32 46-9 11-6 31-9 5-3 

4th ,, 144 36 61-8 17-5 51-9 7:0 
1949— 

Ist Qr. 126 31 48-6 21°6 30-8 6-7 

2nd ” 128 39 72-9 14-2 34-6 9-0 

3rd, 125 26 65-8 13-9 33-0 3-7 

4th ,, 148 34 80-2} 16-0 32-8 2-6 
1950- 

Ist Qr. 162 50 81-5 22-4 36-3 4-2 

2nd ,, 142 48 88-0 25-3 35-4 5-5 














dling and consequent disruption of industrial activity. 
Even if a more adequate electricity supply per- 
mitted a revision of Government policy, it should 
not be assumed that sales of domestic irons, heating 
and cooking equipment would automatically show 
a large merease. A reduction of purchase tax, 
particularly onerous in the case of space-heating 
“qupment, could be expected to stimulate demand, 
for the market for electrical appliances has always 
been fairly elastic. Sales would not, however, be 
likely to reach the levels of 1946, when inflation 
stimulated a demand already avid because of war- 
time shortages. 

In future, electrical appliances will be purchased 
generally as replacements, and only if they are 
reasonably priced or show an improvement on 
; ae models. Among the few items for which 

Te Is any extensive new demand are washing 




















Goods and Apparatus. (£1,000.) 
— 1938. | 1947. | 1948. | 1949, | 1950. 
Wireless apparatus : 
Domestic radio re- 
ceiving sets : 441g) 4,600 | 3,640 | 2,964 | 2,735 
Transmitting ap- 
paratus x 341 1,434 | 2,732 | 3,151 | 6,491 
Valves complete .. 495 | 1,501 1,948-| 1,868 | 2,670 
Telegraph and tele- 
phone apparatus 2,913 | 6,713 | 12,021 | 15,887 | 17,028 
Electric light bulbs, 
complete ni 593 | 1,283 | 1,693 | 1,643 | 1,667 
Electric light appli- 
ances and acces- 
sories ~ he 583 | 3,228 | 4,986 | 4,594 | 3,657 
Batteries, primary, 
complete a 163 499 702 939 | 1,265 
Accumulators a 584 | 2,882 | 3,459 | 4,225) 4,205 
Electrica] cooking and 
heating appliances 368 | 2,676 | 3,052 | 2,488 | 2,559 
Electrical instru- 
ments, including 
X-ray apparatus .. 590 | 3,857 | 5,315 | 4,557 | 5,104 
Refrigerating machin- 
ery .. jam th 396 | 2,006 | 4,095 | 7,041 | 9,847 
Vacuum cleaners. 320 | 2,424] 1,743 1,887 | 2,368 
Other electrical goods 
and appliances 1,296 3,064 4,614 5,246 5,798 
Total .| 9,083 | 36,167 | 50,000 | 56,490 | 65,394 

















again in 1950, when production from January to 
August was valued at 7-71. millions, compared with 
6-41. millions in the corresponding period of 1949. 
Improved standards of household lighting have 
been, partly the result of a rise in the fixed domestic 
charge for electricity, coupled with a fall in the 
charge per unit, which has reduced the incentive to 
economise. Rising fuel and generating costs, how- 
ever, have necessitated higher charges per unit of 
electricity, and this is likely to check the demand 
for electric lamps. It has long been a matter of 
debate whether the degree of control over prices 
and output exercised by a few large manufacturers 
of electric lamps is in the public interest. A satis- 








* In the paragraph on page 152, ante, the figures 
quoted of refrigerator output represent the values in & ; 
not numbers, as there stated. 








factory answer to the question whether there has 
been any abuse of monopoly powers should not 
now be long delayed, since this was one of the first 
industries referred to the Monopolies Commission 
for investigation. The “ring” is not, however, 
by any means all-embracing. Thorn Electrical 
Industries, Limited, and the Ekco-Ensign Electrical 
Company, the two largest concerns outside the ring, 
are said to account for a little under 30 per cent. 
of the industry’s total output. These two concerns 
are not, however, competitive one with another. 
An arrangement was made in 1949 by which the 
companies were to co-operate to improve efficiency 
and reduce costs. This was followed by the 
announcement that the Thorn Company have 
acquired, as from April 1, 1950, a 51 per cent. interest 
in the Ekco-Ensign firm. 

A venture by the Co-operative movement in the 
manufacture of electric lamps has not so far proved 
very successful. The British Luma Co-operative 
Society, in which the Scottish Co-operative Society 
have invested 90,0001. and Swedish co-operators 
45,000/., has been experiencing difficulty in achiev- 
ing the planned level of production. Mr. H. M. 
Steel, chairman of the Scottish Co-operative Whole- 
sale Society, has said that one of the main obstacles 
lay in the difficulty of securing the goodwill of all 
societies. The manufacturing plant was the finest 
anywhere, and the quality of the lamp was in every 
way equal to that of “ring” products. If all 
societies tackled the sales problem, the factory could 
reach its output target of 3 million lamps in 1950 
and 5 million in 1951, rising rapidly to 10 million. 

Lamp manufacture is the only branch of the 
light electrical industry which is likely to come 
under the scrutiny of the Monopolies Commission. 
The British Electrical and Allied Manufacturers 
Association, who directed their own Monopolies 
Committee to take counsel’s opinion as to whether 
any of their activities could be regarded with 
disapproval by the Monopolies Commission, obtained 
a favourable answer. In the opinion of learned 
counsel, the activities of Beama could not, in general, 
be adversely criticised. 

One branch of the light electrical industry which 
hitherto has enjoyed a high level of activity is the 
manufacture of telephone and. communications 
equipment. The Fourth Report of the Select 
Committee on Estimates, published in August and 
dealing with the Post Office, drew attention, how- 
ever, to hidden unemployment and spare plant 
capacity in the telephone equipment industry, and 
to the industry’s expectation of a further recession 
during the next two or three years. Mr. H. E. 
Powell Jones, the Director of the Telecommunica- 
tion Engineering and Manufacturing Association, 
commented that, at that time, there was no serious 
unemployment in the industry, but he agreed that 
a recession, though not immediately imminent, 
could not be avoided for long. There is still a 
large unsatisfied demand for telephones from the 
general public at home. Because of restrictions on 
capital expenditure, the Post Office has not been 
permitted to place contracts for exchange equip- 
ment and cables on an adequate scale since 1947 ; 
as a result, there were 540,000 names on the waiting 
list for telephones at the end of 1950. This com- 
pares with 200,000 in June, 1945, since when 
2-6 million telephones have been installed, bringing 
the total in use in the United Kingdom to 5-3 mil- 
lions. So far, the industry has been able to offset 
reduced Post Office purchases by a high level of 
exports, which account for 55 to 60 per cent. of 
the total output. Export demand, however, has 
been falling, and the bulk of inquiries coming in 
are from countries which require long-term credits, 
which most manufacturers are unable to grant. 
Moreover, as the Select Committee pointed out, 
competitors abroad have recovered and are re- 
establishing themselves in world markets. It 
might be expedient, therefore, to increase the 
authorised capital expenditure of the Post Office. 

The ultimate decision must lie with the Govern- 
ment, but the committee felt obliged to point out 
some “important considerations precedent to such 
a decision,” namely, the size of the Post Office 
surplus and the danger of redundant capacity. 
The report, published before the outbreak of war 
in Korea, could not take cognisance of the urgent 
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necessity for minimising capital expenditure im- 
posed by re-armament or of possible orders accruing 
to manufacturers as a result of that programme. 
There is as yet little indication of how extensive 
defence orders will be. A Parliamentary question 
about the proportion of telephone equipment that 
it was proposed to export in 1951 evoked the 
answer that this would depend on the success that 
manufacturers had in obtaining orders from over- 
seas, and on the production required for essential 
purposes, including defence. The Post Office, 
however, appears to be doing little to speed its pro- 
gramme for installing telephones. It is proposed to 
connect only 390,000 subscribers in 1951. This 
compares with an average of 520,000 per annum 
since June, 1945. 

The bulk of defence orders in light electrical 
engineering will fall to the radio and electronics 
industry, but, so far, these have caused little 
interference with the course of civil production. 
The radar side is said to be most active in fitting 
installations on merchant ships, equipping about 
40 a month. Manufacturers of television receiving 
sets expect little interference with their plans to 
provide Scotland and the North of England with 
television receivers over the next twelve months, 
as the transmitting stations come into operation in 
those areas. There is some cause for anxiety over 
material shortages, but the industry requires the 
scarce materials in such comparatively small 
quantities that there may be little dislocation of 
production. So far, the principal difficulties experi- 
enced by component makers have been shortages 
of special steels and aluminium foil. Nickel and 
tungsten, used in valve production, are also scarce, 
and there is some possibility that output may have 
to be cut. The shortage of materiais, combined 
with the uncertainty of Government defence orders, 
is causing particular concern among the smaller 
manufacturers. The larger groups can switch pro- 
duction comparatively easily from one article to 
another, as particular shortages appear. Some of 
the smaller manufacturers, however, fear that, 
unless and until they obtain defence orders and 
priority in the use of scarce materials, it will not be 
possible to retain skilied labour. 

The only section of the radio industry that is 

faced with falling demand is the manufacture of 
domestic radio receiving sets. The production of 
these achieved a peak of 2-0 millions in 1947, but 
fell to 1-3 millions in 1949. In 1950, however, 
there was considerable improvement, and the pro- 
duction from January to November reached 1-6 
millions, compared with 1-2 millions in the corres- 
ponding period of 1949. Since the demand for 
television sets continued to expand rapidly, 1950 
was a year of peak activity in the radio industry. 
From January to November, 486,000 sets were 
produced, compared with 173,800 in the correspond- 
ing period of 1949. Electrical and Musical Indus- 
tries, Limited, alone are producing more than 
2,000 sets a week. Plans for extending television 
services are now well under way, and, even allowing 
for re-armament, it is expected that the programme 
for five new transmitters, which will make reception 
possible for 78 per cent. of the population of Great 
Britain, will be complete by the middle of 1952. 
Five more stations are planned for completion by 
the end of 1954 and will give an 85 per cent. 
coverage. The Holme Moss station, which will 
cater for the North of England, with a population 
of 11 millions, will be in operation in the middle of 
1951 ; and the Kirk o’ Shotts transmitter, catering 
for central Scotland, with a population of 3-5 mil- 
lions, will be ready by the end of the year. The 
British Broadcasting “orporation are to spend 
60 per cent. of their total available capital, or 
10-27. millions, on television in the next three 
years. Orders valued at 750,000/. have been 
placed for three experimental colour television 
projects. Cuts in these expansion schemes are 
not likely, since transmitters, and the network of 
radio relay links and co-axial cables, will be invalu- 
able for communication in time of war. 

There is still no market for television receivers 
overseas. British manufacturers, however, who are 
doing their utmost to build up the prestige of 
British television, have been exporting transmitting 


receiver market when it materialises. British com- 
panies have undertaken heavy outlay on research 
and development in television, transmission, and 
claim that the range of transmission and the fidelity 
of reproduction of British television stations are 
unexcelled. As Sir Alexander Aikman, chairman 
of Electrical and Musical Industries, Limited, has 
pointed out, however, there is unfortunately only 
one customer in Great Britain for television stations, 
and he considered that the sales potential may be 
too restricted to offer a reasonable reward for such 
TABLE IV.—United Kingdom: Production of Insulated 
Wire and Cable. (Monthly Averages.) 














Value (£1,000). 
| Total. For Export. 
_ | 
1937... ig be = oa 2,272 366 
ne ae re ex od 4,659 1,230 
1948 .. oe Pa e ae 5,824 2,048 
1949 .. oe ei is ted 6,484 2,119 
1948—I1st Quarter .. ars -_ 5,376 1,793 
2nd_ si, oa i ia 5,505 1,967 
3rd, a os a 5,637 2,048 
4th ,, ee a6 ae 6,778 2,386 
1949-—-Ist Quarter .. a ee 6,109 1,985 
2 - oe ks ‘a 6,492 2,290 
3rd_is, és a <a 6,247 1,986 
4th ,, ae ne. es 7,086 2,215 
1950—I1st Quarter .. in a 5,855 1,938 
~~ os ie oa 5,549 1,904 
3rd_S,, a ‘es a 5,477 1,706 











light electrical industries in the Commonwealth, 
will have to be reckoned with. Some concern has 
been expressed already about the “ fairness” of 
Japanese competition. Beama reports some “ fan- 
tastic examples of price cutting’ and has made 
representations to Supreme Command Allied Powers 
for stricter control over Japanese exports. 

Even apart from the difficulties which followed 
events in Korea, 1950 brought some serious pro- 
blems to the electrical wire and cable industry. A 
change to a buyers’ market was accentuated by the 
cuts imposed by the Government on, the nationalised 
industries and public corporations. As a result, 
turnover was considerably lower than in 1949, 
Output statistics, given in Table IV, herewith, 
taken from the Monthly Digest of Statistics, show 
that, during the first three quarters of 1950, produc- 
tion was at the annual rate of 67-21. millions, com- 
pared with 75-61. millions in the first three quarters 
of 1949. Exports in 1950 were valued at 22-7/. 
millions, compared with 25-4/. millions in 1949. 
Orders on, hand at the end of 1950, moreover, were 
rather fewer than at the beginning. The fall in 
demand did not affect all types of cables nor all 
companies equally. The output of power cables 
has been well maintained, and the demand for these 
must continue to rise as progress is made with the 
British Electricity Authority’s programme for 
expanding generating capacity. 

The main brunt of the economies in capital 
expenditure imposed upon the B.E.A. has been 
felt on the distribution side. Despite this, as was 











TABLE V.—UNITED KINGDOM: EXPORTS OF ELECTRIC WIRES AND CABLES. 
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| 
| 
|— eee a ee Pe : 2 
| 1948. | 1949. | 1950. 1948. | 1949. | 1950. 
| | 
Telegraph and telephone cables and wires— 
Sebemarine i ~ pe a ge a 4,375 7,317 13,392 409 854 1,620 
Other .. te ig wi oi 36,936 37,307 35,702 7,525 8,100 7,920 
Other types of wires and cables to— 
British West Africa .. ee sf “a 1,453 | 1,490 1,125 258 289 259 
Union of South Africa am ws os 16,152 | 11,047 5,105 2,661 2,045 1,136 
Southern Rhodesia .. i es mi 1,662 | ,888 862 295 365 198 
Bahrein, Koweit, Qatar and Trucial Oman 1,107 294 207 182 67 
India .. x “ he sah a 12,348 | 18,440 10,755 2,235 3,508 2,199 
Pakistan oak os a $s in 1,024 1,000 1,366 181 321 
Malaya. . ie pe ae ‘3 oa 1,999 2,347 3,436 459 512 620 
Hong Kong .. o- ie ee ad 2,181 3,320 2,234 432 702 481 
Australia “ ag si mes a 8,717 10,094 8,910 1,463 1,957 1,798 
New Zealand Js is ss 4 3,966 3,200 4,422 864 05 986 
British West Indies .. ia = we 454 754 482 135 181 141 
Other Commonwealth countries’... oa 3,450 4,514 4,940 816 971 1,201 
Irish Republic a on * a 2,370 1,791 1,025 486 430 265 
Soviet Union .. eo ue ae “a 629 37 136 199 8 
Sweden on es a oe a 2,669 | 932 786 570 277 235 
Norway ee % i ihe ol 1,025 | 1,604 1,527 183 303 209 
Portugal Ke a ee oe sar 1,467 1,065 | 244 192 170 
Egypt a ie s ot BE) | fa 365 404 304 
Iraq... = ty: a a es 1,550 | 794 | 296 167 105 
Iran Ea ee | 1/984 3,583 | 1,050 344 654 21 
Venezuela oe ee ate wa ud 1,350 | 2,095 239 398 99 
Argentine Republic .. oe Pie oa 2,722 | 1,274 | 710 519 304 183 
Other foreign countries .. =. || 8,605 | 088 | 6,904 1,860 1,460 1,788 
Cotton, silk or artificial-silk insulated me 2,278 2,570 | 1,546 | 839 | 835 589 
Enamel, glass or asbestos insulated .. sa 1,076 | 2,498 2,211 411 | 996 8 : 5 
Paper, insulated se as oi 54,270 | 54,123 37,330 7,822 | 8,735 6,239 
Rubber, insulated é as 20,041 | 19,011 | 14,626 5,243 | 4,879 4,029 
Other... ie a i. ee al 2,950 | 3,057 | 4,185 928 | 977 CO 1,442 
Total, other types 80,615 | 81,259 59,898 | 15,243 | 16,422 | 13,174 7 
Grand Total -.| 121,926 125,888 | 108,992 | 28,177 | 25,376 | 22,714 
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an outstanding venture. The B.B.C., moreover, 
use a certain amount of American-designed equip- 
ment, and this tends to increase the difficulties of 
E.M.I., Limited, in selling their system abroad, 
because American, competitors can, point to the use 
of their own equipment in Britain. 

Exports of domestic radio receivers have been 
falling for some time, but they were still consider- 
able in 1950, totalling 2-71. millions. The down- 
ward trend is likely to continue, for many of the 
principal importing countries have been building 
up their own radio industries. Some of these, 
however, are far from being in a position to manu- 
facture their own valves and other components, 
and, therefore, exports of these may be expected 
to rise as exports of complete receiving sets decline. 
The trend of exports of the principal light electrical 
engineering products is shown in Table III, on page 
247, taken from the T'rade and Navigation Accounts. 
Exports of most items increased in 1950, but, 
in the case of some of these, such as telephone 
apparatus and radio receivers, the upward trend is 





unlikely to be maintained. Competition from 


equipment and hope to secure a large share of the |Germany and Japan, together with the growth of 


pointed out in the Economic Survey of 1950, “ there 
is a large amount of work which will have to be 
carried out as soon as circumstances permit i 
order to prevent deterioration of the service. 
Moreover, rural electrification, which will require 
extensive outlay on distribution, has been proceed- 
ing slowly and has been promised high priority, 
though it will take many years to complete. Sir 
George Usher, chairman of Aberdare Cables, Limited, 
reported that, so far as his company were concerned, 
the effect of the 20 per cent. capital cut imposed on 
the B.E.A. was to slow up the rate at which the 
Area Electricity Boards took delivery of cables 
they had ordered. There was also @ notable 
slowing down in the issue of orders from the National 
Coal Board and from British Railways. 

The home demand for cables for domestic and 
factory wiring, mainly rubber-insulated, has been 
falling, largely as a result of the cuts in the housing 
programme. In 1950, only 163,000 permank nt 
houses were completed, compared with 165,000 in 
1949 and 188,000 in 1948. In view of the country * 
heavv defence commitments, the rate of house 
construction must fall still more and with it the 
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demand for rubber-insulated cables. The Post 
Office demand for wires and cables has already been 
mentioned in connection with that for telephone 
apparatus. Lack of cables is one of the principal 
obstacles to a larger and more efficient telephone 
service. The Assistant Postmaster General has 
pointed out that trunk services have increased 
100 per cent. since the war and are increasing 
annually at a rate of 8 per cent. The amount of 
capital investment, however, that is required to 
pay for the development of the trunk network and 
to wipe out the waiting list, was estimated at 300I. 
millions. Capital expenditure envisaged by the 
Post Office for the two years to March 31, 1952, is 
69-51. millions. 

While the home demand for cables is kept at an 
artificially low level by the necessity for economising 
in capital expenditure, export demand has been 
restricted by currency difficulties. Exports of 
electrical wires and cables, which are shown in 
Table V, on page 248, taken from the Trade and 
Navigation Accounts, fell from 126,000 tons in 1949 
to 109,000 tons in 1950. The fall was not confined 
to any particular class of cable and was fairly 
general throughout the principal markets, most of 
which are the Commonwealth countries, where local 
manufacture of cables is developing rapidly. British 
cable manufacturers are financing this expansion of 
manufacturing facilities, preferring to set up their 
own subsidiaries rather than lose the market. 

The markets registering the greatest fall in 
British exports in 1950 were India, which took 
cable to the value of 2-81. millions, compared with 
4-51. millions in 1949; and South Africa, 1-9. 
nillions, compared with 3-51. millions in 1949. Both 
countries were forced to impose import restrictions 
because of a difficult economic situation, but, even 
were these removed, it is doubtful if their purchases 
of British cable would increase greatly. In India, 
a factory is being established by the Government 
in co-operation with Standard Telephone and 
Cables, Limited, for the manufacture of communica- 
tion cables. The annual output is expected to 
reach 750,0007. in about three years. Several 
British cable companies are already established in 
South Africa ; the latest entrant is Scottish Cables, 
Limited, at Pietermaritzburg, who are to manu- 
facture all types of low-tension cables. Cables for 
pressures above 22,000 volts are still not made in 
South Africa, and Scottish Cables, Limited, hope 
that the new arrangement will also increase their 
sales of high-tension cables from Scotland. 

British cable makers co-operate closely in the 
Cable Makers Association and may be able together 
to secure maximum export sales for their industry. 
The activities of this body, however, have long been 
regarded with suspicion in some circles, and are now 
being examined by the Monopolies Commission. 
Sir Alexander Roger, chairman of British Callender’s 
Cables, Limited, has affirmed that his firm are in 
accord with the principles of the Monopolies and 
Restrictive Practices (Inquiry and Control Act, 
1948) and are giving the Commission every assist- 
ance in their arduous task. They regret, however, 
that so much time must be spent by their staff in 
preparing the voluminous data required. 

The problem of falling demand is not the most 
urgent in 1951 ; in any casé, it is rendered less acute 
by orders under the re-armament programme. 
More serious is the continued advance in prices of 
non-ferrous metals, and their scarcity. As far as 
the cable manufacturers are concerned, the main 
difficulty is copper. At present, the pressure of 
armament demand on lead supplies is not heavy 
and the Government are not thought to be unduly 
concerned over the prospects of imports. Tho 
Situation developing in the world metal markets 
8 such that supplies will barely be able to keep 
pace with requirements. As far as copper is con- 
cerned, Mr. George Strauss, the Minister of Supply, 
announced as long ago as December 7 that supplies 

would not permit us to maintain the current rate 
of consumption and that normal civilian consump- 
tion would have to be reduced as defence require- 

ments progressively increased.” As from March 1, 
Consumers of raw copper are having their supplies 
limited to 85 per cent. of the average monthly rate 
I the first six months of 1950, and the situation is 
likely to become worse rather than better. 
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QuEsTIon XIV, on the change-over from steam- 
locomotive traction to Diesel traction, though not 
the last question which was discussed at the 15th 
Session of the International Railway Congress 
Association, was the last of directly engineering 
interest which we are reporting in this series of 
articles. The United States railways were not 
represented at the Congress, but, fortunately, on 
this question, as indeed on others, one of them 
provided information which will be of interest to 
railway officials generally. Naturally, the condi- 
tions which have favoured the widespread adoption 
of Diesel traction in the United States differ in 
varying degrees from those in other countries, 
including Great Britain, but this fact will not 
altogether detract from the value of the information 
which has been submitted. 

Of the two reports published prior to the Con- 
gress, the first, by Mr. A. W. Olivier, chief engineer 
of the traction department of the Netherlands State 
Railways, covered the experience of the Pennsy]- 
vania Railroad, British Railways, the Ceylon 
Government Railway, the Railway Board of India, 
and the Victorian Railways (Australia); and the 
second, by Dr.-Ing. M. Diegoli, a chief inspector in 
the traction department of the Italian State Rail- 
ways, covered the experience of railways in Austria, 
Belgium and Colonies, Czechoslovakia, Denmark, 
France and Colonies, Italy, Luxembourg, the 
Netherlands and Colonies, Norway, Portugal and 
Colonies, Sweden and Switzerland. 


CHANGING FROM STEAM TO DIESEL TRACTION. 


Mr. Olivier treats the subject mainly from the 
operating and maintenance points of view. Quoting 
from a paper presented to the American Society of 
Mechanical Engineers in 1947, he says that the 
ratio of useful work to the total heat input is 
6-7 per cent. for a modern coal-fired steam loco- 
motive and 26-4 per cent. for a Diesel-electric 
locomotive, these figures corresponding to a heat 
input of 38,135 B.Th.U. per rail horse-power per 
hour for the former and 9,665 B.Th.U. per rail 
horse-power per hour for the latter. The losses 
were (for steam): exhaust, 51-7 per cent. ; boiler, 
31-3; radiation, 5:8; machine friction, 1-2; 
and auxiliaries, 3-3. For Diesel-electric the losses 
were : exhaust, 33-4; cooling, 32-7; transmission, 
5:8; and auxiliaries, 1-7. The net average fuel 
costs in the United States at that time were 
0-00571 dol. per rail horse-power per hour for 
steam, and 0-00484 dol. for Diesel-electric, showing 
a saving of about 15 per cent. in favour of Diesel. 
Information supplied by the Pennsylvania Railroad, 
for the year 1948, shows a reduction in fuel costs 
of 21 per cent. for freight traffic and 11-5 per cent. 
for passenger traffic. The saving, of course, depends 
very much on local fuel costs ; on the Netherlands 
State Railways, for example, it amounted to as 
much as 54 per cent. in 1949. 

The Pennsylvania Railroad, Mr. Olivier reports, 
state that the primary reason for the change-over 
to Diesel traction is the rapidly increasing cost of 
maintaining and operating steam locomotives. The 
saving in operating and maintenance costs prior 
to the war was about 5 per cent.; after the war 
it was about 30 per cent., and has since shown a 
tendency to increase. Moreover, after a long and 
arduous run, a Diesel locomotive is almost imme- 
diately available for the next job ; it only requires 
refuelling, sanding and watering, all of which can 
be done in a short time. Two typical turns of duty 
performed by Diesel-electric locomotives on the 
Pennsylvania Railroad are: a run of 856 miles 
each way from Harrisburg to St. Louis, with a 
round trip, in between, of 480 miles from St. Louis 
to Indianapolis, making a total mileage of nearly 
2,200; and a run from Harrisburg to Chicago 
(713 miles), followed by a round trip of 233 miles 
and a return to Harrisburg, making a total of 
1,900 miles. In 1948, the average monthly mileage 
on the Pennsylvania Railroad was 3,881 miles for 
steam and 17,752 miles for Diesel passenger loco- 





motives ; and 2,553 miles for steam and 9,511 miles 
for Diesel freight locomotives. The average time 
required for a monthly inspection was 50 hours for 
steam and 10 hours for Diesel, and for daily inspec- 
tions and repairs 84 hours daily for steam and 
54 hours for Diesel. 

Based on, these figures, the average availability 
for passenger and freight locomotives was 57:6 
per cent. for steam and 75-7 per cent. for Diesel. 
The utilisation, however, was 12-0 per cent. for 
steam passenger locomotives, 17-7 per cent. for 
steam freight locomotives, 54-8 per cent. for Diesel 
passenger locomotives, and 66-0 per cent. for 
Diesel freight locomotives. Mr. Olivier points out, 
however, that the figures refer to new Diesel-electric 
locomotives working selected schedules, but to 
steam locomotives of varying ages and allotted to 
less favourable traffic. With the number of Diesel 
locomotives in service increasing, the percentage 
utilisation is bound to become less owing to a lack 
of suitable duties, but it is expected to remain 
better than for steam locomotives. 

The experience of the Pennsylvania Railroad 
shows that the first cost per horse-power is about 
two or three times greater for Diesel locomotives 
than for steam locomotives. Owing to their respec- 
tive power characteristics, however, it is possible 
to handle the same train with less Diesel power than 
steam power. Furthermore, in comparison with a 
steam locomotive, a multiple-unit Diesel-electric 
locomotive shows a marked advantage in the event 
of a mechanical failure, since the defective unit can 
be idle while the train is hauled to the next station 
without much delay. From information on delays 
to trains caused by such failures on the Pennsyl- 
vania Railroad, for the first nine months of 1949, 
it is concluded that there are no special troubles 
inherent in Diesel-electric locomotives. The average 
number of failures was 1-0 for every 10,000 freight- 
locomotive miles, and 1-8 for every 10,000 passen- 
ger-locomotive miles, causing an average loss of 
time of 42-5 minutes. 

The rapid development and standardisation of 
Diesel locomotives in the United States have been 
accompanied by the provision of adequate facilities 
for maintenance and repairs. New shops have 
been built for this purpose, the existing round- 
houses being unsuitable. Since turntables, extensive 
coal and water plants, ashpits, etc., are not needed, 
@ saving in ground area has been effected. Equipment 
for supplying Diesel oil, cooling water, lubricants 
and sand is readily provided in a small space. 

(Zo be continued.) 





COURSES IN USE OF RabIOacTIVE IsoTopEs, HaR- 
WELL.—The Ministry of Supply are to set up a school 
at the Atomic Energy Research Establishment, Harwell, 
to teach employees in industrial and medical labora- 
tories how to use radioactive materials. The school, it 
is considered, has been rendered necessary by the rapid 
increase in the use of British radio-lsotopes, which has 
led to a widespread demand for further education con- 
cerning them. It is pointed out, moreover, that many 
organisations wish to apply radio-isotopes for a specific 
purpose and need training facilities in the techniques 
involved. The school will give students of graduate 
level detailed instruction in the fundamental, practical 
and theoretical problems encountered when radio-active 
materials are used in the quantities employed in a normal 
laboratory. They will be taught methods of handling 
radio-active materials, as they are received from Har- 
well, and also the difference between isotopes of various 
substances. This will help to guard against the ordering 
of unsuitable substances by industrial and medical users. 
The students will be taught how to measure radio- 
activity, and how to use scintillation counters, ionisation 
chambers and photographic methods for radiography 
and radio-autography. The school will give a broad 
outline of the principles of nuclear physics, the principles 
of the electronic circuits used in measurement and the 
hazards and biological effects of radio-active materials. 
The first course, lasting six weeks, begins on April 2, 
and will be in charge of Dr. J. E. Johnston, of the Harwell 
Isotope Division. Twelve students will be accepted 
for each course, which, after the first, will last for four 
weeks. The second and third courses are scheduled to 
commence on May 15 and June 18, respectively. There 
will be from 12 to 18 lectures in the course, each given 
by a specialist from Harwell. The fee for the course is 
401., and living accommodation at the Establishment’s 
hostels for senior staff will be available at a charge of 
5 guineas a week. Further particulars are obtainable 
from Dr. J. E. Johnston, Isotope Division, Atomic Energy 
Research Establishment, Harwell, Berkshire. 
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STELLAR SPECTROGRAPH 
FOR RADCLIFFE 
OBSERVATORY, PRETORIA. 


Ir may be remembered that the Radcliffe Observa- 
tory, originally established in Oxford, was trans- 
ferred in 1936 to a site near Pretoria, in South 
Africa, in order to establish in the Southern Hemi- 
sphere a large telescope which could be used for 
stellar spectroscopy, hitherto neglected in that part 
of the heavens. The Radcliffe Trustees therefore 
ordered a 74-in. reflector, which is housed at Pre- 
toria in a building provided with a dome of un- 
common design. Instead of the usual hemisphere, 
the Radcliffe reflector is covered by a cylin- 
drical structure, 61 ft. in diameter. provided with a 
series of interconnected motors for rotating the 
dome, opening and closing the observing aperture, 
moving the observing platform, etc. The con- 
struction of the telescope and dome was entrusted 
to Sir Howard Grubb, Parsons and Company, of 
Newcastle-on-Tyne, and was completed in 1948. 
The spectrograph was ordered from Messrs. C. F. 
Casella and Company, Limited, Fitzroy-square, 
London, W.1, and was partly completed in 1939 ; 
but, owing to delays caused by the war and the 
subsequent difficult conditions, the instrument was 
only finished in the autumn of 1950. 

Since the programme of work to be carried on in 
Pretoria includes the measurement of the radial 
velocity of stars, the spectrograph is an essential 
item of the equipment. The velocity is determined 
by an application of the Déppler principle, whereby 
the light from a star having a radial velocity in a 
direction away from the earth is increased in wave- 
length and a line in its spectrum is therefore dis- 
placed towards the red end when compared with 
the same line emanating from a stationary source. 
Similarly, if a star is moving towards the earth, the 
lines in its spectrum are displaced towards the blue 
end. The radial velocity is directly proportional 
to the displacement, which is measured by forming 
the stellar spectrum on a photographic plate with 
comparison spectra, produced by stationary dis- 
charge tubes or an iron arc, above and below it. 
By selecting suitable lines which can be recognised 
as characteristic of the same element in the stellar 
and comparison spectra, their displacement in the 
former can be measured by a micrometer, from the 
readings of which the radial velocity of the star can 
be deduced. The micrometer used in this case is 
capable of giving direct readings of line displace- 
ment to 0-001 mm. 

The complete spectrograph, resting on a movable 
supporting frame, is illustrated by the photograph 
reproduced in Fig. 1, on this page, and Figs. 3 and 4, 
on the opposite page, are, respectively, a side sec- 
tional elevation and a front elevation, partly in 
section, showing the construction of the instrument. 
Fig. 4, it should be noted, shows the instrument 
with the cover between the points A A (Fig. 3) and 
the prism cover B B removed. Briefly, the instru- 
ment comprises three main parts: a rectangular 
casting which is attached to the mirror cell of the 
telescope, a forked casting bolted to the former, 
and a well-ribbed casting located between the 
prongs of the fork and carrying the principal 
optical components ; it is therefore known as the 
optical frame. All the castings are of light alloy. 
The photograph reproduced in Fig. 2, on this page, 
shows the form and arrangement of the three parts 
of the instrument most clearly. The telescope is of 
the Cassegrainian type, in which the light received 
from a star is first reflected upwards from the main 
mirror on to a convex mirror which reflects it 
downwards through a central hole in the main 
mirror to a focus below the latter. The light enters 
the upper casting of the spectrograph, which, as 
previously mentioned, is mounted below the mirror 
cell so that its axis is coincident with the optical 
axis of the telescope, as can be seen in the upper 
part of Fig. 3. The star image is focused on to 
the slit of the spectrograph which, although mounted 
at the apex of the triangular optical frame, is 
located inside the upper casting, near the bottom, 
a light-tight joint being formed between the frame 
and the casting by flexible material, as shown in 
Fig. 3. 


STELLAR SPECTROGRAPH FOR PRETORIA. 


C. F. CASELLA AND COMPANY, ‘LIMITED, LONDON. 

















Fie. 1. ComMpLtetTE SPECTROGRAPH ON MovaBLE Support. 
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Fie. 2. SPECTROGRAPH WITH OUTER CASING REMOVED. 
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STELLAR SPECTROGRAPH FOR RADCLIFFE OBSERVATORY, PRETORIA. 
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To enable the star image to be examined before 
it reaches the slit, a plane mirror on a hinged 
mounting is placed in the optical axis to reflect the 
light into a viewing telescope, and this mirror can 
be brought into position or removed from the path 
of the light by a rod and lever system, which will 
be clear from an inspection of Fig. 3. This illus- 
tration also shows a guiding telescope which is 
fitted with a prism to enable the necessary adjust- 
ments to be made to bring the star image exactly 
on to the slit, and to maintain it in that position 
throughout anexposure. Three gas-discharge tubes 
for the comparison spectra are mounted on a 
rotatable fitting in the upper casting, so that any 
one tube can be brought opposite to a telescope and 
prism system which directs the light on to the slit. 
The iron arc required for the same purpose needs 
constant adjustment in use and for this reason is 
mounted outside the upper casting. Its position is 
shown on the right in Fig. 4 and is indicated by 
dotted lines in Fig. 3; it can also be seen in Fig. 1. 
The optical system to bring the light from the are 
on to the slit is similar to that used with the dis- 
charge tubes. The exposure necessary for the 
stellar spectrum is, of course, much longer than that 
needed for the comparison spectrum and for this 
reason the stellar exposure is made through an 
opening in a stepped plate which covers the re- 
mainder of the slit. When it is required to add the 
comparison spectrum, the stepped plate is moved 
to one side and another plate is moved so that it 
covers the part of the slit previously open and 
opens the part previously covered. By this means, 
the stellar spectrum is made to appear on the 
photographic plate in the spectrograph camera with 
the comparison spectrum on each side of it. The 
stepped plates are moved by a Bowden wire 
Fic. 5. Inwer Castine CarryInG OpricaL COMPONENTS. indicated in Fig. 3. 
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Since the utmost precision in the measurement 
of the displacement of the spectrum lines is essen- 
tial, it will be clear that any distortion in the inner 
frame which carries the main optical components 
must be reduced to the absolute minimum. For 
this reason, the optical frame is supported at the 
point of minimum flexure in a preloaded self-align- 
ing ball bearing, the position of which is indicated 
in the lower part of Figs. 3 and 4. Through the 
centre of this bearing is an eccentric shaft, most 
clearly shown in Fig. 5, the ends of the shaft being 
located in fittings in the prongs of the forked 
casting which nearly surrounds the optical frame ; 
one of these fittings can be seen towards the left 
of Fig. 2. This form of mounting gives the frame 
freedom of movement, without distortion, if the 
forks should distort due to the change in weight 
distribution caused by the rotation of the telescope. 
To restrain the frame in other directions, a second 
eccentric shaft, near its upper end, passes through 
another, but smaller, self-aligning ball bearing, the 
plane of which is at right angles to that of the main 
ball bearing. The ends of the shaft are supported 
in fittings in the forked casting, as shown in Fig. 4, 
and in Fig. 5 the bearing and one end of the shaft 
can be seen near the top of the illustration. The 
remaining restraint is provided by two adjustable 
floating pins, the inner ends of which bear on the 
frame near the prisms. The novel manner of 
supporting the optical parts described above, is 
confidently expected to enable the rigid require- 
ments of the specification to be complied with. 
This permitted no flexure greater than 0-001 mm. 
between the slit and the photographic plate with a 
camera lens of 24 in. focal length in use, the 
flexure being measured in a direction at right angles 
to the length of the spectrum lines. This require- 
ment had to be met with the optical axis of the 
telescope in any position within a solid cone of 
120 deg. apex angle. 

As previously mentioned, the main optical com- 
ponents are carried on the external faces of the 
inner triangular frame, the slit being mounted on a 
bracket at the apex; the slit is provided with 
micrometer adjustment for width of opening, as 
indicated in Fig. 3. Located near the base of the 
triangle is a collimator lens, 24 in. in diameter and 
of 45-4 in. focal length, and this renders the light 
from the slit parallel and passes it on to two 64-deg. 
glass prisms in series; the faces of the prisms 
measure 5 in. by 28 in. The spectrum formed by 
dispersion in the two prisms is focused by a camera 
lens on to # photographic plate measuring 4 in. by 
2 in. The camera is mounted on the base of the 
inner triangular frame, as shown in Figs. 3 and 5. 
Four camera lenses are provided, with focal lengths 
of 24 in., 18 in., 11-1 in., and 4-75 in., and as the 
diameter of the lenses is 3 in., except in the case 
of that of shortest focus for which it is 2§ in., the 
apertures are f8, f6, {3-7 and f2. To enable 
the plate holder to be moved into the required 
position for any of the focal lengths, precision slide- 
rails are mounted on the base of the triangle, as is 
most clearly shown in Fig. 5, and it should be 
noted that the employment of these slide rails 
prevents the rigidity of the frame from being 
disturbed by a series of holes or spaces as would 
otherwise have been necessary. The camera lens 
is connected to the plate holder by a flexible bellows 
and is focused by means of a capstan wheel; the 
plate holder can be fixed in position by a clamp. 
As will be clear from Fig. 2, the whole of the light 
path in the inner frame is enclosed in metal covers, 
access to the optical components being provided by 
sliding doors and shutters. The eccentric shafts, 
previously mentioned, enable the collimator axis 
to be set correctly in relation to the telescope axis, 
lateral adjustment being effected by sliding the 
shafts from side by side; to enable the complete 
instrument to be rotated about the telescope axis, 
@ worm and worm wheel are provided above the 
upper casting, as is partly indicated in Fig. 3. 

As clearly shown in Fig. 1, sheet-aluminium 
covers, made in three sections, are attached to the 
fork casting to complete the enclosure and thus 
enable the interior to be temperature controlled. 
The whole of the inner surfaces of the casing are 
covered with felt, which is faced with a network of 
electrical resistance wires. The current in these is 





PROJECTION-TYPE MICROMETER. 
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Fic. 6. Prosection-Type MIcRoMETER FOR MEASURING STELLAR SPECTRA. 


controlled by a sensitive thermostat and relay, by 
which means the temperature can be kept constant 
to within 0-2 deg. C. 

The measuring micrometer, previously mentioned, 
has already been delivered, together with a micro- 
photometer for measuring the intensities of the 
spectrum lines. The former is a novel instrument, 
of the optical-projection type, specially designed so 
that it can be used for long periods with the mini- 
mum of eyestrain. It is illustrated by the photo- 
graph reproduced in Fig. 6, on this page, which shows 
the instrument tilted forwards for convenience in 
use. The photographic plate on which the stellar 
and comparison spectra are recorded is mounted on 
a carriage which can be traversed by a screw 25 mm. 
in diameter and of 1 mm. pitch. The screw can be 
rotated by a handle at its right-hand end, but in 
normal use it is rotated through gearing by a 
handle on the front of the bed of the instrument 
located in a convenient position to be operated by 
the observer’s left hand. Attached to the screw is 
a glass disc, the face of whicb, near the periphery, 
is divided into 1,000 parts, so that each division 
corresponds to a movement of the plate of 0-001 mm. 
A lamp at the back of the instrument, not visible in 
the illustration, illuminates the spectra from below, 
the light, after passing through the plate, entering 
a microscope objective and being directed hori- 
zontally by a prism through a projection-type eye- 
piece which is fitted into the end of a horizontal 
tube clearly visible in the illustration. It is then 
directed downwards by the inclined mirror seen’ on 
the extreme right of Fig. 6, so that an image of 
the spectra is formed on the white screen below the 
mirror. A stationary fiducial line, formed by a 
graticule in the projection eyepiece, also appears 
upon the screen in a direction parallel with the 
spectrum lines. 

An image of the scale on the glass disc, together 
with a fiducial line, is also projected on to the 
screen by an optical system, some of the compo- 
nents of which can be distinguished in the illus- 
tration. The scale image, however, appears on the 
screen at some little distance from the spectrum 
image, so that the observer, when adjusting the 
position of the latter relatively to its fiducial line, is 
not disturbed by the movement of the scale image 
due to the rotation of the screw. The scale divisions, 
it may be noted, have an apparent width of about 
0-1 in. on the screen, so that they are quite easy 
to read. In use, the observer adjusts the spectrum 
image by turning the handle with his left hand until 
& particular line coincides with the fiducial line and 
then notes the scale reading. He then brings another 
line into coincidence and again notes the scale 
reading, the difference between the two readings 





giving the distance between the lines. He can 


continue in this way for some hours if necessary 
without altering the focus of his eyes, since the 


screen and the paper on which the readings are 


recorded are in practically the same plane. This 
circumstance reduces fatigue and also expedites the 
rather tedious work of measuring stellar spectra. 

The whole of the equipment above referred to 
was manufactured by Messrs. Casella, with the 
exception of the optical parts of the spectrograph, 
which were made by Messrs. Adam Hilger, Limited, 
now Messrs. Hilger and Watts Limited, 98, St. 
Pancras-way, London, N.W.1. 





AUTOMATIC CONDUCTIVITY 
CONTROLLER. 


Mutiarp EtectTronic Propucts, Limtrep, Century 
House, Shaftesbury-avenue, London, W.C.2, have 
introduced an instrument for automatically controlling 
chemical or concentration changes in boiler water 
condensate, washing solutions and brine, as well as 
the sodium-hydroxide content in industrial solutions. 
It consists of two electrodes of platinum foil, which are 
fused into a glass cell and are inserted into the liquid 
under test. The cell, designed for permanent installa- 
tion, consists of heat-resistant glass and is provided 
with a threaded stainless-steel pipe union. The “ com- 
parison ” cell, which is used for the direct comparison 
of dissolved solids in terms of a standard, consists of 
an electrode assembly which is contained in a glass 
tube with a side inlet. It can be filled with a standard 
solution of the reference liquid. 

The controller to which the cell is connected by 
flexible leads comprises a modified Wheatstone bridge 
network, which is associated with an amplifier and 
relay circuit and is supplied at a frequency of 2-9 
kilocycles from an oscillator. At this frequency the 
effects of polarisation are minimised and reliable 
results are obtainable. A range switch gives multi- 
plying factors of 1, 100 and 10,000. The switch has 
two further positions, one of which enables readings to be 
taken directly in terms of parts per million of sodium 
chloride. It also allows the bridge to be used as a 
comparator. In the second position the bridge can be 
accurately calibrated by means of internal standards. 

The instrument dial is calibrated in micro-mhos, 
the actual conductivity being obtained by multiplying 
the ings by the cell constant. An inner scale is 
also provided, which is calibrated from 1 to 100 parts 
per million of sodium chloride. When used for the 
measurement or control of conductance, the instru- 
ment gives an accuracy of +3 per cent. The accuracy 
in terms of parts per million of sodium chloride is 
+2 per cent., and the same accuracy is obtainable 
when the apparatus is used as a comparator. 

A relay is provided to maintain the conductance of 
the solution within specified limits by adding solute 
as required, and the conductance at any time can be 
observed by a “ magic eye ” indicator and bridge dial. 
A visual or aural warning is given if theionic concen- 





tration rises or falls from a predetermined value. 
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TWIN-SCREW MOTOR-VESSEL 
** INDIA,”’ 


StncE the end of the second World War, Portugal, 

in common with many other nations, has invested a 
considerable amount of capital in the restoration of 
her merchant fleets. Many of the vessels required 
in connection with this programme have been built in 
British yards, oa A those on the River Wear. A 
good example of the class of vessel supplied is furnished 
by the twin-screw motor-vessel India, recently com- 
pleted by Messrs. Bartram and Sons, Limited, South 
Dock, Sunderland, for the Companhia Nacional de 
Navegagéo, one of Portugal’s foremost shipowners. 
‘This vessel, which is the first of two sister ships, will 
carry passengers and freight to the Far East, the out- 
ward route being by way of the west and east coasts of 
Africa and India and the return through Suez and the 
Mediterranean. 
_ A photograph of the India, taken during her trials, 
is reproduced on this page, from which it will be seen 
that her peculiar funnel gives her a distinctive appear- 
ance. The vessel has been constructed to Lloyd’s highest 
class and complies with the latest requirements of the 
International Convention for the Safety of Life at Sea 
and the Ministry of Transport. There are two com- 
plete steel decks extending fore and aft from the 
‘engine room, and a third deck in way of the forward 
holds, _In addition, there are the promenade and boat 
decks in the superstructure and a forecastle deck 
forward. The length overall is 430 ft., and between 
perpendiculars, 404 ft.; the moulded breadth 
58 ft. 9 in.; and the depth, moulded to the upper 
deck, the higher of the two continuous decks, 37 ft. 
There are eight watertight bulkheads, each of which 
‘extends to the upper deck, a notable feature of their 
construction being the use of troughed plates. The 
‘deadweight tonnage is approximately 6,700 and the 
designed service speed, 144 knots. 

Accommodation has been provided for 60 first-class 
and 16 third-class passengers and arrangements incor- 
Porated to carry 284 white emigrants or 488 pilgrims. 

he first-class passengers are provided with single- and 
double-berth cabins arranged on the upper deck, the 
promenade deck and the boat deck, some of the single- 
berth cabins being fitted with an extra folding bed 
for use during busy periods. The emigrants: and 
pilgrims are carried in the forward upper and lower 

tween decks and are not provided with berths ; when 
not required for either of these purposes, the spaces 
= be used for carrying cargo. The after "tween 
eck spaces are set aside for the accommodation of the 
@ssistant engineers, greasers, cooks, stewards, etc., 
sag messrooms being provided for the petty 
olicers, greasers, seamen and cooks. 
, There are four cargo holds, two of which are arranged 
re and two aft, of the engine-room casing, No. 2 
sae being separated from the engine room by a deep 
nk. This extends to the lower of the two continuous 











decks and is divided into five separate compartments 
by four longitudinal bulkheads. Refrigerated cargo 
is carried in four insulated spaces situated in No. 2 
lower *tween decks, the capacity of which is approxi- 
mately 6,750 cub. ft. The insulated store and pro- 
vision chambers are also located in this area, access 
to which is gained from No. 2 trunked hatch. The 
forecastle extends over No. 1 hatch and provides space 
for galleys, toilets, and stores for use by the emigrants 
or pilgrims. Cargo is handled by three 5-ton derricks 
at No. 1 hold; one 25-ton derrick, two 5-ton and two 
3-ton derricks at No. 2 hold; three 5-ton derricks at 
No. 3 hold; and three 5-ton derricks at No. 4 hold. 
These are operated by eight 3-ton and two 5-ton electric 
winches which were supplied by Messrs. Stothert and 
Pitt, Limited, Lower Bristol-road, Bath. This firm also 
supplied the windlass and the mooring-capstan aft, 
both of which are electrically driven. The after end 
of the promenade deck has been kept clear from all 
obstructions and the hatches to No. 3 hold are of the 
flush-deck type sheathed with wood to give a flat 
surface to the deck thereby rendering it suitable for 
use as a Sports area. 

The vessel is propelled by twin screws, each of 
which is driven by a Doxford opposed-piston Diesel 
engine built by the North Eastern Marine Engineering 
Company (1938), Limited, Wallsend-on-Tyne. Each 
engine is a four-cylinder unit having a bore of 560 mm. 
and a combined stroke of 1,680 mm., the total output 
from the two engines being 5,000 brake horse-power at 
136 r.p.m. The engines are of the reversing type and 
each is coupled directly to a three-bladed manganese- 
bronze propeller having a diameter of 13 ft. 2 in. 
Electricity is used throughout for auxiliary-power pur- 
poses, current for this service being provided by four 
200-kW generator sets manufactured by Messrs. Mirr- 
lees, Bickerton and Day, Limited, Hazel Grove, Stock- 
port. Two of the generators are situated in the star- 
board wing of the engine room and one in the port wing, 
while the fourth generator is located between the two 
propeller shafts aft of the engine-room bulkhead ; an 
unusual arrangement but one that certainly gives 
more space in the engine room. 

The two main starting-air compressors are installed 
in the starboard forward wing of the engine room and 
the air-storage bottles are arranged against the forward 
bulkhead. The air compressors were supplied by 
Messrs. Peter Brotherhood, Limited, Peterborough, and 
each has a capacity of 150 cub. ft. per minute. 
auxiliary air compressor also is provided; this has a 
capacity of 20 cub. ft. per minute and was manufactured 
by Messrs. G. and J. Weir, Limited, Cathcart, Glas- 
gow. Most of the pumps installed in the engine room 
were supplied by Messrs. Drysdale and Company, 
Limited, Yoker, Glasgow; they include two jacket- 
water pumps, two lubricating-oil pumps and the usual 
range of salt-water, ballast and fuel-oil transfer pumps. 
The majority of the pumps and their associated coolers, 
etc., are arranged in the port and starboard wings of 














the engine room but the lubricating-oil pumps together 
with their coolers and strainers are situated forward 
of the main engines. 

Steam for the vessel’s hotel services, etc., is supplied 
by a Cochran vertical multi-tube boiler located on a 
flat at the forward end of the engine room. It is of 
the composite type, being designed so that it can be 
fired by the exhaust gases from the ~ main engine 
or by oil fuel. The diameter is 5 ft. 6 in. and the 
height 14 ft. 9 in., and it has been designed for a 
working pressure of 125 lb. per square inch. The 
total heating surface is 490 sq. ft., of which 330 sq. ft. 
is available for exhaust-gas firing and 160 sq. ft. for 
oil firing. Make-up feed water and water for the ship’s 
services generally is provided by a distilling plant 
capable of producing 2,000 gallons a oy : 

he vessel is well fitted out; mechanical ventila- 
tion, for example, is installed throughout the accom- 
modation spaces including the *tween decks when used 
for ngers. The life-saving appliances include 
eight steel lifeboats, two of which are motor propelled, 
the remainder being fitted with Fleming hand-propelling 
gear. Smoke-detecting apparatus is fitted in all holds 
and ‘tween deck spaces and the fire-fighting —— 
includes a sprinkler system for the passenger and crew 
spaces and a CO, system for the cargo s. The 
sprinkler system also covers the forward ‘tween-deck 
spaces for use when occupied by passengers. The 
navigating equipment is exceptionally comprehensive 
and includes a radar set, echo-sounding gear, direc- 
tional wireless and a compass. The steering gear, 
which is of the electro-hydraulic type, is arranged so 
that it can be controlled by the gyro compass. 





THE ENGINEERS’ GuILD.—An ordinary meeting of the 
Metropolitan Branch of the Engineers’ Guild will be 
held on Thursday, March 8, at Caxton Hall, West- 
minster, London, 8.W.1, commencing at 6 p.m. An 
address entitled ‘“‘The Engineer and the Public” will 
be delivered by Mr. H. Nimmo, M.I.C.E., M.I.Mech.E., 
M.1.E.E., chairman of the General Council of the Guild. 
This will be followed by a discussion. 





DISCUSSION ON INTERNAL FRICTION OF SOLIDS.— 
A discussion on “ Internal Friction of Solids,” organised 
by the Acoustics Group of the Physical Society, in 


An | association with the Institute of Metals and the Iron and 


Steel Institute, will be held at 4, Grosvenor-gardens, 
London, 8.W.1, at 2.30 p.m., on Thursday, March 15, 
after the conclusion of the annual general meeting of the 
Institute of Metals. Papers will be read by Professor 
A. H. Cottrell, Dr. J. D. Eshelby, Dr. F. C. Frank, 
Dr. G. Leibfried and Mr. F. R. N. Nabarro. Tea will 
be served at 4.30 p.m., and will be followed by a dis- 
cussion on the papers. Further particulars are obtainable 
from the secretary of the Society, 1, Lowther-gardens, 
Prince Consort-road, London, 8.W.7. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


THE BRITISH ASSOCIATION MEETING IN EDINBURGH.— 
As previously announced in our columns (see page 81, 
ante), the British Association Meeting is to be held in 
Edinburgh this year from Wednesday, August 8, to Wed- 
nesday, August 15. As has been the case at other recent 
meetings, one of the sessions of Section G (Engineering) 
will be devoted to short papers by young engineers and 
students. The papers will be delivered in the morning 
of Tuesday, August 14, and a period of 20 minutes will 
be allowed for each. Those wishing to read papers are 
invited to submit manuscripts to the Recorder of 
Section G, Professor W. Fisher Cassie, King’s College, 
Newcastle-upon-Tyne, 1. 

THE PROBLEM OF METALLURGICAL COKE.—The Scottish 
Board for Industry have decided to set up a panel to 
inquire into the supply of Scottish metallugical coke to 
Scottish foundries, Representation by the following 
bodies is to be invited : firms making light or engineering 
castings, the Scottish Steel Founders’ Association, the 
Coke Research Association, the Ministry of Fuel and 
Power, the National Coal Board, the Fuel Research Sta- 
tion, the British Cast Iron Research Association, the 
Scottish Council (Development and Industry), the De- 
partment of Scientific and Industrial Research, the 
Ministry of Supply, the Ministry of Works, and, of 
course, the Scottish Board for Industry. 








EDUOATION oF SALES MANAGERS.—In the course of 
an address entitled “‘ The Sales Manager of To-morrow,” 
given to the Glasgow branch of the Incorporated Sales 
Managers’ Association on February 22, Dr. Eric Thomp- 
son, Principal of the Glasgow and West of Scotland 
Commercial College, said that the College could help in 
the evolution of sales management technique. Two 
courses were provided in the College—one intended for 
Junior executives aged about 30, and the other organised 
as a senior management discussion group—and these 
courses could be linked with sales management. 





YoutH EMPLOYMENT SERVICE.—The Glasgow Youth 
Employment Service became the responsibility of the 
Glasgow Education Department on February 19. This 
service gives advice to boys and girls in the choice of 
employment. Sir Victor Warren, Lord Provost of 
Glasgow, speaking at a reception in the City Chambers 
on February 16 to mark the transfer of the service from 
the Ministry of Labour, said that he believed that the 
Government’s decision to vest control in the local 
authority had been a wise one. It provided an oppor- 
tunity for one of the most important developments in 
social progress that had ever been presented to the city. 


CLEVELAND AND THE NORTHERN 
COUNTIES, 


THE RISE IN STEEL PRICES.—The revised list of iron 
and steel prices announced by the Minister of Supply 
authorises much smaller advances than had been expected 
on the North-East Coast and leaves the recognised 
market quotations for steel much below those of overseas 
producers. As yet, however, the changes have aroused 
little interest, as makers and merchants have little or no 
tonnage for disposal. At the same time, the movements 
are most welcome, as they bring to an end a period of 
uncertainty and provide a firm basis for the transaction 
of forward business, 

TRAFFIC OVER TEES BRIDGE.—Road traffic over the 
Tees bridge, which spans the river from Newport to 
Billingham, has increased greatly with the completion of 
the Billingham by-pass road. Hauliers, manufacturers 
and motorists of Middlesbrough, Tyneside, Wearside 
and the Hartlepools find the bridge route a means of 
avoiding ali the large towns when journeying to the 
West Riding, Lancashire and the south, and its increasing 
use 1s relieving the strain on the old Middlesbrough trans- 
porter bridge. 

INDUSTRIAL EXHIBITION aT NEWCASTLE.—An Engi- 
neering and Industrial Exhibition is to be held in New- 
castle-upon-Tyne, in conjunction with the Festival of 
Britain. Typical North-East Coast manufactures will 
be shown at the Exhibition, which is being organised 
by a committee appointed by local authorities. Sir 
Claude D. Gibb, C.B.E., F.R.S., is the chairman. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 
RATIONALISATION PROPOSALS.—There has again been 
& suggestion that some of Sheffield’s smaller steel firms 
should be rationalised. The Master Cutler, Mr. G. Wilton 
Lee, disclosed at the annual dinner of the Incorporated 


Accountants District Society of Sheffield, on February 23, 
that proposals had been made for some of the small 
rolling mills to be closed, while others on similar work 
were made more efficient. He added that he had been 
connected with committees which had previously gone 
into the matter and although they knew the industry 
they had failed to find a way of carrying out the pro- 
posals. If persons who did not understand the industry 
tried again, the results might be unfortunate. 

THE CUTLERY POSITION.—The President of the 
Sheffield Cutlery Manufacturers’ Association, Mr. D. A. 
Palmer, told the members at their annual dinner, on 
February 21, that cutlers and their clients were alarmed 
at the speed with which prices, wage costs and the 
shortages of materials were advancing. Many cutlers, 
he said, had kept down prices since 1947, but now they 
knew they could absorb the rising costs no longer. 
Very meagre supplies of stainless steel were being delivered 
to cutlery manufacturers. The shortage of materials 
was the theme of the speech by the Master Cutler, Mr. G. 
Wilton Lee, who predicted a fall of 10 to 15 per cent. in 
Britain’s steel production this year. 

FILM OF THE PORT OF MANCHESTER.—The Manchester 
Ship Canal Company have prepared a 16-mm. sound 
film in colour, first shown on March 1, illustrating the 
development of Manchester as a port, following the 
construction of the Ship Canal, which was opened by 
Queen Victoria in May, 1894. The oil-handling facilities 
at Stanlow, and the industrial estates at Trafford Park 
and Barton Dock, are shown in some detail. The film, 
which runs for 30 minutes, is available on free loan. 
Applications should be addressed to the public relations 
officer of the company, at Ship Canal House, King-street, 
Manchester. 


THE MIDLANDS, 


DIFFICULTIES IN THE METAL MARKET.—The Orders 
prohibiting the use of copper and zinc and their alloys 
in the manufacture of certain goods came into force on 
March 1. Since the provisional list of prohibited goods 
was published on December 28, there have been some 
changes in the items, some being added and a few deleted. 
The new list includes a number of articles which are made 
extensively in Birmingham and parts of the Black 
Country, such as Wednesbury, Darlaston and Stour- 
bridge. The galvanised hollow-ware trade, in particular, 
will be affected, since some of the normal products of 
that trade are among the items on which zinc may not 
be used in any form. The concession allowing firms 
to use stocks of the prohibited metals up till June 30 
remains in force. The higher prices for iron and steel 
announced by the Ministry of Supply on February 21, 
were expected, and did not affect the market. Foundry 
pig iron is increasingly difficult to obtain, and the position 
has been aggravated by the fact that some Midland blast- 
furnaces have turned over to the production of basic 
iron for the steelworks. 

UNDERGROUND FIRE aT Goops SmpInc.—An under- 
ground fire at Ettingshall Road station, Bilston, on the 
London Midland Region main line from Birmingham to 
Wolverhampton, has caused some sidings to be put out of 
service. Attempts have been made to control the fire, 
which has been burning for some time, by sand-filled 
trenches, but so far without success. A deep trench is 
now being opened by an excavator to a depth of 15 or 
20 ft., and will be filled with sand. It is hoped that this 
will seal off the fire, the cause of which is unknown. 
Such fires, however, are not uncommon in the Black 
Country ; formerly, Bilston had large areas on fire from 
spontaneous combustion in partly-worked coal seams, 
one of which burned for over 50 years. 





CENTENARY OF THE PHOSPHORUS INDUSTRY.—The 
British phosphorus industry was started at Oldbury, 
Worcestershire, by Arthur Albright in 1851, and, this 
year, the firm of Albright and Wilson, Ltd. celebrate their 
centenary. Albright experimented in Birmingham as 
early as 1844, but the industry was put on a commercial 
footing when Albright and his partners bought a glass 
works at Oldbury, and converted it to the making of 
phosphorus. The industry has been centred there 
ever since, though at the present time works are operated 
at Widnes, Lancashire, and new works are being built 
at Portishead, Barry, and on Merseyside. 

THE INSTITUTION OF ELECTRICAL ENGINEERS, SOUTH 
MIDLAND CENTRE.—The Birmingham Local Section (now 
the South Midland Centre) of the Institution of Electrical 
Engineers celebrated its jubilee on Friday, February 2, 
by a dinner at the Grand Hotel, Birmingham. In addi- 
tion, a jubilee exhibition, showing 50 years’ development 
of the manufacture of a wide variety of products, is to 
be opened at the College of Technology on March 20, 
and there is to be a summer meeting on June 13. The 
first meeting of the section was held under the chair- 
manship of Dr. (later Sir) Oliver Lodge on February 27, 





1901, the membership then numbering 110. Former 





chairmen of the Section included Mr. R. A. Chattock, 
Professor G. Kapp, Mr. R. K. Morcom, Mr. S. T. Allen, 
and Mr. Max Failing. Dr. D. K. Morris, the first honorary 
secretary, was succeeded by Mr. H. B. Matthews in 1906, 
by Mr. J. D. Morgan from 1912 to 1922, and, with a 
short interval, by Mr. H. Hooper until 1949. The present 
chairman is Mr. D. H. Kendon and the honorary secre- 
tary is Mr. R. H. Phillips. The membership in 1949-50 
numbered 2,913. The name of the Section was changed 
to the South Midland Centre in 1918 and it now covers 
roughly the counties of Staffordshire, Warwickshire and 
Worcestershire. 

NEw Facrory IN SOUTH WALES FOR WALSALL Firnm.— 
Helliwells (Walsall), Ltd., are negotiating for a new fac- 
tory at Aberdare, South Wales, which will be additional 
to their existing works at Treforest Trading Estate, 
Pontypridd. The Aberdare factory is intended for the 
production of aluminium motor-car bodies, and an indus- 
trial version of the Ferguson tractor. It is expected, 
ultimately, to provide employment for more than a 
thousand employees. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


THE CoaL Position.— Although production of coal im 
South Wales in the week ended February 17 rose to 
482,293 tons, compared with 474,821 tons in the preceding 
week, the Saturday shift realised only 38,283 tons, 
roughly 2,000 tons below the previous week’s level. 
Following a meeting of the executive council of the 
South Wales area of the National Union of Mineworkers, 
on February 20, it was announced that a call was to be 
made to the miners to redouble their Saturday efforts 
and to cut down absenteeism to a minimum during the 
weeks remaining before the end of April, 





TECHNICAL IMPROVEMENTS IN COLLIERIES.—Speaking 
at the annual dinner of the South Wales branch of the 
Association of Mining, Electrical and Mechanical 
Engineers at Cardiff, on February 18. Mr. T. S. Charlton, 
chief production officer of the South-Western Division 
of the Coal Board, said that, though more than a 
million work-shifta were lost in the Division last year 
through wastage of labour force, output was 116,000 tons 
above the previous year’s level. The increase was 
largely attributable to more mechanisation and technicab 
improvements. Improvements just about kept pace 
with declining man-power. Commenting on the develop- 
ment of mine electrification in the past 20 years, Mr. 
T. A. Rogers, South Western Divisional Inspector of 
Mines and President of the South Western Society of 
Mining Engineers, speaking at the dinner, emphasised 
that only 17 of the 61 underground fires in the area in 
the last ten years were from electrical causes. 





THe PorT oF CARDIFF.—Cardiff Port Development 
Association, a new body set up to rebuild the trade of 
the docks, which has dwindled alarmingly, held their 
first meeting on February 19. Mr. R. G. M. Street, who 
was appointed chairman, urged that the port should be 
put on a basis of equality with other great ports as regards 
railway rates, conditions and dock charges. Other ports 
in the country were overburdened and congested, he 
said, while Cardiff had empty docks and empty berths, 
though they had facilities and traffic experience equal to 
those of any other port. 

THE STEEL CoMPANY OF WALES.—Speaking at the 
annual dinner of Port Talbot Chamber of Commerce 
and Shipping on February 23, Mr. E. H. Lever, chairman 
of the Steel Company of Wales, Ltd., expressed the hope 
that the Iron and Steel Corporation of Great Britain 
would retain those principles of administration which 
had brought about the astonishing achievements of > 
industry in the past, and particularly during the past 
decade. Mr. Lever intimated that the new 60,000,0007. 
Abbey Works would probably be in operation within me 
months and would produce 20,000 tons of sheet steel a 
week. Mr. Lever also announced that the King and 
Queen would inaugurate the Abbey Works when they 
visited Port Talbot on July 17. 

SOMERSET RIVERS FLOOD-PREVENTION ScHEME.—Mr. 
E. L. Kelting, M.I.C.E., the engineer of the Somerset 
Rivers Catchment Board, has prepared a scheme to 
reduce the risk of flooding in central Somerset. The 
scheme, which is now under consideration by the Board, 
would include the widening and deepening of the Bridg- 
water-Taunton canal, at an estimated cost of 610,0001., 
to enable it to discharge flood water more freely into the 
River Parrett. An alternative proposal, to construct * 
barrage across the Parrett, would extend the masieinees 
of the scheme, at a cost of another 150,0001. If the one 
were extended to the Parrett at Dunball, to avoid tidal 
difficulties, the cost would be increased by a further 
500,0001. The Board’s normal estimates for the a 
year cover an expenditure of 103,1101., of which — 
will be raised by precept, 41,8191. will come from the 
County Councils, and 16,3711. from the internal Boards. 
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NOTICES OF MEETINGS. 

Ir is requested that particulars for insertion in this 
cokamn shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





SocIETY OF ENGINEERS.—Monday, March 5, 5.30 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
“ Metallic Arc Welding,” by Mr. B. W. Silverwood. 

INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Eastern Branch: Monday, March 5, 6 p.m., Neville Hall, 
Newcastle-upon-Tyne. ‘‘ Design and Development of 
the Twin Centaurus Power Plant for the Brabazon 
Aircraft,” by Mr. J. L. Norton. London Graduates’ 
Section: Wednesday, March 7, 6.30 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. ‘‘ Management Technique, 
with Reference to the Use of Statistical Methods,” by 
Mr. H. Gurvick. Yorkshire Branch : Thursday, March 8, 
7 p.m., the University, Leeds. ‘* Corrosion-Resisting 
Steels,” by Mr. J. A. McWilliam. Institution: Friday, 
March 9, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. Meeting in conjunction with the Industrial 
Administration and Engineering Production Group. 
“ Further Mechanical Aids for the Foundry,” by Mr. A. 8. 
Beech. Coventry Automobile Division Centre: Tuesday, 
March 6, 7 p.m., Coventry Arms Hotel, High-street, 
Coventry. Annual Meeting, followed by an open 
discussion. 

RoyAL SOCIETY OF ARTS.—Monday, March 5, 6 p.m., 
John Adam-street, W.C.2. Cantor Lecture I.—‘‘ The 
Great Exhibition of 1851,’’ by Mr. K. W. Luckhurst. 
Wednesday, March 7, 2.30 p.m., ‘‘ Design of Amusement 
Machines,” by Mr. Thomas Murphy. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre : Monday, March 5, 6 p.m., James Watt 
Memorial Institute, Birmingham. Discussion on “ Engi- 
neering: Financial Problems Arising in the Electrical- 
Supply Industry,” opened by Mr. D. H. Kendon. 
Education Discussion Circle: Monday, March 5, 6 p.m., 
Victoria-embankment, W.C.2. Discussion on “ Best 
Means of Explaining the Internal Operation of Electronic 
Valves,” opened by Mr. A. F.H. Thomson. Mersey and 
North Wales Centre: Monday, March 5, 6.30 p.m., Royal 
Institution, Colquitt-street, Liverpool. Joint Meeting 
with North-Western Branch, INSTITUTION OF MECHANICAL 
ENGINEERS. ‘“‘ Mechanical Handling,” by Mr. A. 
Roebuck, Mr. H. S. Carnegie and Mr. E. G. Taylor. 
District Meeting: Monday, March 5, 7.30 p.m., New 
Inn, Sandling-road, Maidstone. ‘“ Polyphase Commu- 
tator Motors,” by Mr. J. W. Hibbert. East Midland 
Centre: Tuesday, March 6, 6.30 p.m., East Midland 
Electricity Board’s Centre, Derby. “ Electrical Instal- 
lations in Large Chemical Factories,” by Mr. D. B. Hogg. 
North Midland Centre: Tuesday, March 6, 6.30 p.m., 
1, Whitehall-road, Leeds. ‘‘ Performance of the British 
Grid System in Thunderstorms,” by Dr. J. S. Forrest. 
Radio Section : Wednesday, March 7, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘* Design Considerations for a 
Radio-Telegraph Receiving System,” by Mr. J. D. 
Holland. Southern Centre: Wednesday, March 7, 6.30 
P.m., British Electricity Authority House, Portsmouth. 
“An Organisation for Internal Standardisation in a 
Large Manufacturing Company,” by Mr. P. J. Daglish. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, March 5, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘‘ Marine Radar,” by Mr. T. R. 
Goode. Midland Section: Wednesday, March 7,7D.m., 
James Watt Memorial Institute, Birmingham. Presi- 
dential Address on “‘ Research and the Marine Engineer,” 
by Engineer Rear-Admiral D. J. Hoare. Institution : 
Friday, March 9, 6.30 p.m., 39, Victoria-street, S.W.1. 
“Glass, Light and Designs,” by Mr. J. G. Holmes. 


INCORPORATED PLANT ENGINEERS.—London Branch : 
Monday, March 5, 7 p.m., Royal Society of Arts, John 
Adam-street, W.C.2. Annual Meeting and Film Evening. 
Dundee Branch: Monday, March 5, 7.30 p.m., Mathers 
Hotel, Dundee ; and Glasgow Branch : Tuesday, March 6, 
‘ p.m., Engineering Centre, 351, Sauchiehall-street, 
Glasgow. Annual Meetings. Kent Branch: Tuesday, 
March 6, 7 p.m., Technical College, Maidstone. Annual 
Meeting. Thursday, March 8, 7 p.m., Technical College, 
Maidstone. “ The Making of Paper,” by Mr W. T. 
Armstrong. South Wales Branch: Tuesday, March 6, 
7.30 p.m., Grand Hotel, Westgate-street, Cardiff. 
“ Safety Precautions,” by Mr. A. H. Long. Newcastle- 
“pon-Tyne Branch: Thursday, March 8, 7.30 p.m., 
Royal Turks Head Hotel, Grey-street, Newcastle-upon- 
Tyne. Annual Meeting. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield Branch: 
Monday, March 5, 7.30 P.m., Royal Victoria Station 
Hotel, Sheffield. ‘ Assessment and Interpretation of 
Foundry Controls,” by Mr. J. W. Colton. Lancashire 

h: Wednesday, March 7, 7 p.m., Engineers’ Club, 
Manchester. “ Cylinder Moulding,” by Mr. D. Redfern. 
Lincolnshire Branch: Thursday, March 8, 7.15 p.m., 
Technical College, Lincoln. Discussion on “ Foundry 
ee. Burnley Section: Thursday, March 8, 
> P.m., Municipal Technical College, Ormerod-road, 

urniey. Annual Meeting. “ Rammed Linings,” by 





Mr. J. Jackson. Scottish Branch: Saturday, March 10, 
3 p.m., Royal Technical College, Glasgow. Annual 
Meeting. ‘‘ Patternmaking as an Aid to Production 
Moulding and Core Making,” by Mr. S. A. Horton. 
Newcastle-upon-Tyne Branch: Saturday, March 10, 
6 p.m., Neville Hall, Newcastle-upon-Tyne. Sub- 
Committee’s Reports on “‘ Repair and Reclamation of 
Grey-Iron Castings by Welding and Allied Methods.” 
West Riding of Yorkshire Branch: Saturday, March 10, 
6.30 p.m., Technical College, Bradford. ‘“‘ Some Notable 
Aluminium-Alloy Castings,” by Mr. A. R. Martin. 

INSTITUTE OF FUEL.—North-Western Section: Tues- 
day, March 6, 10.30 a.m. and 2 p.m., Engineers’ Club, 
Manchester. ‘“ Drying in the Textile, Paper and Allied 
Industries,” by Mr. R. R. Clegg, with subsidiary papers. 
Institute: Tuesday, March 6, 5.30 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “ Development of Coals from Empire Sources 
and Their Utilisation,” by Dr. W. Francis. Midland 
Section: Wednesday, March 7, 3 p.m., The University, 
Edgbaston, Birmingham. ‘“‘ Methods of Measuring 
Burning Velocities,” by Professor F. H. Garner and Dr. R. 
Long. 

INSTITUTION OF CIVIL ENGINEERS.—Railway Engineer- 
ing Division : Tuesday, March 6, 5.30 p.m., Great George- 
street, S.W.1. ‘Methods of Effecting Economy in 
Track Maintenance and Renewal,” by Mr. E. C. Cookson. 
Midlands Association: Thursday, March 8, 6 p.m., 
James Watt Memorial Institute, Birmingham. ‘‘ Sewage 
Purification Works in the States,” by Mr. M. R. Vincent 
Daviss. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScCOTLAND.—Tuesday, March 6, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. ‘“‘ Selection and Application of 
Oil Burners,” by Mr. A. B. S. Laidlaw. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Wales and 
Monmouthshire Branch: Tuesday, March 6, 6.30 p.m., 
Mackworth Hotel, Swansea. “ Fatigue of Materials 
Related to Structural Design,” by Mr. G. R. Brueton. 
Northern Counties Branch: Tuesday, March 6, 6.30 p.m., 
Cleveland Scientific and Technical Institute, Middles- 
brough ; and Wednesday, March 7, 6.30 p.m., Neville 
Hall, Newcastle-upon-Tyne. “Testing Methods in 
Structural Engineering,” by Mr. P. L. Capper. Institu- 
tion: Thursday, March 8, 6 p.m., 11, Upper Belgrave- 
street, S.W.1. ‘“‘ Special Treatments for Portland 
Cement Concrete,’”’ by Mr. C. L. a’Court. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—Scottish 
Section: Tuesday, March 6, 7 p.m., The University, 
Glasgow; and Wednesday, March 7, 7 p.m., The 
University, Drummond-street, Edinburgh. ‘“ High- 
Fidelity Sound Reproduction,” by Mr. D. T. N. William- 
son. 


INSTITUTION OF ENGINEERING INSPECTION.—South- 
West Branch : Tuesday, March 6, 7.30 p.m., Grand Hotel, 
Bristol. ‘‘ Some Aspects of Industrial Statistics,” by 
Mr.°G. Young. Birmingham Branch: Wednesday, 
March 7, 7.30 p.m., Chamber of Commerce, 95, New- 
street, Birmingham. ‘‘ Seamless Steel Tubes,” by 
Dr. J. Jenkin. 


INSTITUTION OF WORKS MANAGERS.—Sheffield Branch : 
Tuesday, March 6, 7.30 p.m., Grand Hotel, Sheffield. 
Discussion on ‘‘ Maintenance.” Tees-Side Branch: 
Thursday, March 8, 7.30 p.m., Vane Arms Hotel, Stock- 
ton. ‘“ A Problem in Wage Re-Organisation,” by Mr. G. 
Chignell. 

NORTH-WESTERN FUEL LUNCHEON CLUB.—Wednes- 
day, March 7, 12.45 p.m., Engineers’ Club, Manchester. 
“Through the Looking Glass,” by Mr. Oliver Lyle. 
(Preceded by luncheon.) 


INSTITUTE OF PETROLEUM.—Wednesday, March 7, 
5.30 p.m., 26, Portland-place, W.1. Film Display. 


LIVERPOOL ENGINEERING SocIETY.—Wednesday, 
March 7, 6 p.m., 24, Dale-street, Liverpool. ‘“‘ Manu- 
facture of Ships’ Propellers,” by Mr. F. J. Tector. .3 


INSTITUTION OF PRODUCTION ENGINEERS.—Nottingham 
Section: Wednesday, March 7, 7 p.m., Victoria Station 
Hotel, Milton-street, Nottingham. Annual Meeting. 
Wolverhampton Section: Wednesday, March 7, 7 p.m., 
West Midland Gas Board’s Offices, Darlington-street, 
Wolverhampton. ‘* Industrial Maintenance of Machines,” 
by Mr. R. M. Buckle. Southern Section: Thursday, 
March 8,7 p.m., Polygon Hotel, Southampton. “ Nuclear 
Power : A Résumé of the Development of Atomic Power,”’ 
by Colonel W. L. Mirehouse. 


WOMEN’S ENGINEERING SocieTy.—London Branch: 
Wednesday, March 7, 7 p.m., 35, Grosvenor-place, S.W.1. 
“ British Railways: The Permanent Way ” (with film), 
by Mr. L. G. B. Roch. 


Roya InstiruTion.—Thursday, March 8, 5.15 p.m., 
21, Albemarle-street, W.1. Lecture III. ‘“ Metallic 
Physics,” by Professor Sir Lawrence Bragg, F.R.S. 
Friday, March 9, 9 p.m., “ Rubber: A Remarkable 
Material,’’ by Dr. L. R. G. Treloar. 


RoyaL SaniTary InstirvuTe.—Friday, March 9, 
10 a.m., Guildhall, King’s Lynn. “ River Pollution,” 





by Dr. S. Greenburgh; and “‘ The Work of a Housing 
Manager in the Post-War Era,”’ by Miss M. L. Keith. 

NORTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, March 9, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. “The Application of 
Statistical Methods to the Analysis of Service-Perform- 
ance Data,” by Professor J. W. Bonebakker. 





PERSONAL. 


DR. ARCHIBALD MORTON BALLANTYNE, B.Sc.(Glas.), 
A.M.IL.C.E., A.M.I.Struct.E., A.F.R.Ae.S., has been 
appointed to succeed CapraIn J. LAURENCE PRITCHARD 
as secretary of the Royal Aeronautical Society, 4, Hamil- 
ton-place, London, W.1. Dr. Ballantyne, who is the 
senior lecturer in the Civil and Municipal Engineering 
Department of University College, London, will take 
over his duties as secretary on Monday, July 2, 1951. 

Mr. PavuL ADORIAN, M.I.E.E., M.Brit.I.R.E., A.F.R. 
Ae.S., assistant managing director of Broadcast Relay 
Service Ltd., has been appointed chairman of Redifon 
Ltd., in succession to Sm RONALD MATTHEWS. Mr. 
Adorian is President of the British Institution of Radio 
Engineers. 

Mr. Evwiotr A. Evans, M.1I.Mech.E., F.R.I1.C., chief 
chemist of the Wakefield Group of companies, has 
retired. AS a consequence Mr. G. H. THORNLEY, 
M.Se.Tech., F.Inst.Pet., has been made Group technical 
manager; MR. P. W. L. GossLinG, B.Sc., F.Inst.Pet., 
Group laboratory manager; Mr. J. 8S. ELLioTt, M.A., 
Group research chemist ; and Mr. N. E. F. HircnHcocg, 
B.Se., M.Inst.Pet., Group development chemist. 


Mr. A. L. FIELDING, M.I.C.E., M.I.E.E., A.M.I.Mech.E, 
advisory and inspecting engineer for the New South 
Wales Government, has relinquished his appointment as 
official representative, in London, for the Snowy Moun- 
tains Hydro-Electric Authority of the Australian Com- 
monwealth Government, 1, Regent-street, London, 
S.W.1, owing to pressure of other work. He will continue 
to act as consultant to the Authority. 

Dr. L. B. Prem has been appointed by the Council 
of the Institute of Metals, 4, Grosvenor-gardens, London, 
S.W.1, to be a representative of the Institute on the 
Joint Committee for National Certificates in Metallurgy, 
in place of Mr. W. F. BRAZENER, who has resigned this 
appointment owing to pressure of other work. 

LIEUT.-CoMDR. H. DupLEY Hayes, Assoc.I.N.A., 
R.D., R.N.R., has been appointed assistant marine 
manager of the Sperry Gyroscope Co., Ltd., Great West- 
road, Brentford, Middlesex, in which capacity he also 
acts as deputy to the marine manager, CaPTaIN G. C. 
SavL. 

Mr. G. T. BELL has been appointed managing director 
of Weldall & Assembly, Ltd., Stourbridge, an engineer- 
ing company recently acquired by the Triplex Safety 
Glass Co., Ltd. Mr. Bell is managing director of Stern 
& Bell, Ltd., Birmingham, another engineering firm 
acquired by the Triplex Co. 

Dr. A. J. Goutp, M.Se. (Lond.), has been appointed 
a professor at Howard College, University of Natal, 
Durban, South Africa. 

Mr. Eric BELLINGHAM, O.B.E., LL.B., lately adminis- 
trative officer to the Hemel Hempstead Development 
Corporation, has now joined the Coal Utilisation Joint 
Council, 13, Grosvenor-gardens, London, S.W.1, as its 
director-general. 

Mr. JoHN PALMER retired on January 31 from his 
position as valve export manager of Mullard Electronic 


Products Ltd., Century House, Shaftesbury-avenue, 
London, W.C.2. He had been with the firm for over 
25 years. 


Mr. A. W. Morrison, B.Sc. (Glas.), has been elected 
a director of Powell Duffryn Carbon Products, Ltd. 

Mr. C. G. WAREING has now joined the sales staff of 
the Rockwell Machine Tool Co., Ltd., Welsh Harp, 
Edgware-road, London, N.W.2, and is attached to their 
northern office, at 39, High-street, Stockport. 

SmmOoN-CARVES, LTD., Cheadle Heath, Stockport, have 
acquired the firm of HUNTINGTON, HEBERLEIN & Oo., 
Lrp., metallurgical, chemical and mechanical engineers 
as a wholly-owned subsidiary company, which will 
retain its name and continue to operate from its regis- 
tered office at 114, Cromwell-road, London, 8.W.7. 
The board will comprise Mr. R. B. Porrer, the chair- 
man, Mr. J. P. V. WooLLaM, the managing director, and 
Mr. N. Hinton, director, from Simon-Carves, Ltd., and 
Mr. R. B. BrincHaM and Dr. F. J. TROTTER, directors, 
from Huntington, Heberiein & Co. 


MANNEX (LONDON) LTD., 54, Victoria-street, London, 
S.W.1, have reorganised their engineering and plant 
division under the name of D.M.M. (MACHINERY) LTD., 
119, Victoria-street, S.W.1. The latter firm are the 
representatives, in Great Britain, for Demag A.G.,; 
Maschinenfabrik Meer A.G., Miag Fahrzeugbau G.M.B.H., 
and Carl Canzler. 
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CROYDON 


NEW POWER STATIONS FOR THE 
B.E.A.: I.—-CROYDON ‘B’’,” 


Tue Croydon B station, the ultimate capacity of 
which will be 315 MW, is in the south-eastern division 
of the British Electricity Authority, and lies to the 
west of Purley Way on a site of about 48 acres. As 
will be clear from Fig. 1, above, the buildings are of a 
high architectural standard; and an_ interesting 
feature is that the coal-handling plant is incorporated 
in the structure, so that the usual external conveyors 
and elevators are eliminated. The main building and 
civil engineering contractors are Sir Robert McAlpine 
and Sons, Limited, 80, Park-lane, London, W.1, and 
the steel work was manufactured by Sir William Arrol 
and Company, Limited, Glasgow. 

The fuel supplies will be mainly drawn by rail from 
the Kent condi; and will be handled by plant, 
manufactured by International Combustion, Limited, 
19, Woburn-place, London, W.1, the initial capacity 
of which will be 120 tons per hour. The steam-raising 
equipment will ultimately consist of 12 boilers, two of 
which are at present in use and six others are being 
erected. These boilers, the contractors for which are 
Simon-Carves, Limited, Cheadle Heath, Stockport, 
are of the tri-drum bent-tube type; and each has 
an output of 320,000 lb. of steam per hour at a pressure 
of 650 lb. per square inch and a temperature of 875 deg. 
F. They are fitted with horizontal self-draining super- 
heaters and the auxiliaries will be driven by direct- 
current motors, operated on the Ward-Leonard system 
with superimposed automatic control. Firing will be 
by pulverised fuel and the flue gases will be cleaned by 
50-kV electrostatic prec.pitators. The resulting grit 
will be damped before removal from the station. 

The generating plant will consist of six 52-5-MW sets 
constructed by the Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester ; two 
are in operation, and two more are being erected. 
A recent view in the turbine room is given in Fig. 2. 
Each set comprises a turbine operating at 600 Ib. 
per square inch and 850 deg. F., a main 50-MW 11-kV 
alternator and a 2-5-MW 3-3 kV house set. The 
generating voltage of one of the four main alternators 
will be stepped up to 33 kV for connection to a station 
switchboard, while that of the others will be trans- 
formed to 132 kV and connected through air-blast 
cirouit-breakers, constructed by A. Reyrolle and 
Company, Limited, Hebburn-on-Tyne, to the *busbars 
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Fig. 2. GeneratinG PLANT UNDER ERECTION IN TURBINE Room. 


of the British Electricity Authority’s sub-station, 
about half a mile distant. Each house alternator 
will be capable of supplying about half the load of 
the auxiliaries of the main machine to which it is 


connected, the remainder being obtained from the |g 


33-kV board through transformers. Eventually, there 
will be nine cooling towers for the circulating water. 
Of these towers, the contractors for which are the 
Concrete Piling Limited, 10, Westminster Palace 





gardens, London, S.W.1, three have been completed 
and three are in course of erection. They are 
244 ft. high and about 185 ft. in diameter at pond 
level, and each will be capable of handling 2} million 
allons of water per hour. The water will be —s 
lated through the condensers by 12 pumps, ‘hich 
with a capacity of 14 million gallons per hour, — 
are being manufactured by Mather and Platt, Limitec, 
Manchester. 
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THE PROBLEMS OF 
_ LONDON’S TRAFFIC. 


‘* Cen'rRAL London’s ceaseless roar,” about which 
Tennyson wrote 99 years ago, has probably changed 
its note somewhat in that period, but its volume has 
certainly increased many times; and, in spite of 
all the restrictions on petrol consumption and on 
the supplies of new vehicles since the end of the 
war, the volume of traffic in the London streets, 
especially at peak hours, is obviously much more 
than can be carried without grave inconvenience 
and delays. The petrol situation has been eased, 
though the restrictions on the supply of new motor 
vehicles, particularly for private use, still continue ; 
but the tendency to route goods by road rather 
than by rail would in itself be enough to swell 
the road-traffic flow materially, even if new freight 
vehicles were as scarce as new private cars, and it 
is obvious, therefore, that any return to a pre-war 
freedom of purchase would certainly mean a decrease 
in freedom of movement in London and most other 
large cities. Equally, it is clear that no satisfactory 
restoration of free movement can be achieved by 
adding to the number of restrictions and prohibi- 
tions which already afflict the motorist. 

When, therefore, the London and Home Counties 
Traffic Advisory Committee, on March 17, 1950, 
appointed a special sub-committee “‘to consider 
traffic congestion in Inner London, with particular 
reference to parking problems,” their findings were 
awaited with widespread interest. The report of 
the sub-committee was duly submitted and has 
now been presented by the main Committee to the 
Minister of Transport (the Rt. Hon. Alfred Barnes), 
whose Ministry has made it available to the public 





under the title of London Traffic Congestion.* The 
area covered by the survey comprises the City of 
London, the Metropolitan Borough of Holborn, and 
parts of Westminster, Chelsea, Finsbury, St. Maryle- 
bone, Shoreditch and Stepney—a total of about 
74 square miles, containing rather more than 
76 miles of classified roads. Eight road bridges over 
the Thames serve the area from the south. It 
will be seen, therefore, that the region covered 
includes the most congested parts of London; 
though there are many other spots within the 
** London traffic area ”’ (which has a radius of about 
25 miles from Charing Cross) where the congestion 
is at times hardly less acute. 

One of the most satisfactory features of the 
report is its clear recognition that no permanent 
relief is to be obtained by multiplying restrictions, 
except in a few instances where, in the natural 
course of events, their impact should be felt with 
progressively decreasing severity. It is proposed, 
for example, that the present restrictions affecting 
horse-drawn vehicles and other slow-moving traffic 
should be extended; but the volume of such 
traffic, presumably, would tend to decline in any 
event. On the other hand, the conclusions are 
reached that no reduction in the number of ’buses 
or taxicabs is warranted, or in the number of goods 
vehicles, motor coaches or private hire motorcars ; 
in fact, the report states very definitely the opinion 
that ‘“‘a reduction in the volume of traffic as a 
means of relieving traffic congestion is not only 
undesirable, but quite impracticable.” 

Since, therefore, no effective reduction can be 
expected in the volume of traffic, there remains 
only the alternative course of facilitating its move- 
ment, partly by encouraging the removal of station- 
ary vehicles from the streets and partly by making 
transit easier along the streets themselves. The 
present ‘‘Hindrances to Free Flow of Traffic” 
form the subject of an appendix to the report, 
with that title ; and they are broadly classified as 
the parking problem, intersections, road works, 
slow-moving traffic, loading and unloading, and 
street trading. More than once, the report com- 
ments upon the lack of facts on which to base con- 
clusions; but the Committee have managed to 
assemble some interesting statistics which, if not 
wholly adequate, justify their recommendations. 

As these recommendations reach the formidable 
total of 56, many of which are purely administra- 
tive, we can deal here only with those involving 
constructive works such as street improvements. 
For the rest, it is sufficient to put on record that 
the others include an extension of “no waiting” 
rules and unilateral waiting ; ‘‘a substantial reduc- 
tion of indiscriminate parking in the streets ” ; 
better maintenance of traffic signals (it is surprising 
to learn that, of 55 signals inspected on a certain 
day, nine were found to be faulty); better sign- 
posting; the employment of additional mobile 
police patrols; and ‘‘ more education and propa- 
ganda on the problem of traffic congestion.” These, 
of course, are mainly proposals which could be put 
into effect at comparatively short notice, as, pre- 
sumably, the inquiries on which the recommenda- 
tions are based have provided already most of the 
data needed. The constructional proposals, how- 
ever, involve a great deal of detailed planning, and 
much labour and expense ; schemes are put forward, 
therefore, for a five-year plan of immediate im- 
provements to facilitate traffic flow on two impor- 
tant east-west main arteries, and two running 
between north and south. It is also urged that 
there should be closer co-ordination between public 
utility undertakings to minimise the periods during 
which street surfaces are broken up, that double- 
shift and week-end working should be the rule on 
repairs to important thoroughfares, and that the 
extra cost should be met from central funds. 

The main east-west routes which it is proposed 
to improve are the Strand, and Euston-road. So 
far as description is concerned, the Strand improve- 
ment can be dealt with very quickly, though the 
works involved are fairly extensive and costly ; 
they consist of a widening on the south side from 
George-court and Trafalgar-square, and for a short 
distance from Lancaster-place (the approach to 
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Waterloo Bridge) and Savoy-street. The George- 
court to Trafalgar-square widening would have the 
effect of setting back the building frontage between 
those points to a line represented by the present 
frontage of the Tivoli cinema and that of the upper 
floors of Lyons’ Corner House. This frontage line 
was planned many years ago, and the main building 
of the Corner House, which was completed about 
1915, was required to conform to it. 

The Euston-road widening covers about the same 
length of frontage as that in the Strand, but pro- 
bably would cost rather less, as some of the buildings 
affected are one-story shops, built over what used 
to be the front gardens of private houses. The 
resonstruction would take place on both sides of 
the road, between Gower-street to the east and 
Albany-street to the west, and would really form 
part of a common scheme with the north-south 
artery of Tottenham Court-road. Most of the 
width to be taken into’ Euston-road would be on 
the north side, where the widening would be asso- 
ciated with another and more costly improvement, 
namely, the construction of a roundabout at the 
intersection of Euston-road with Hampstead-road 
and Tottenham Court-road. It is this major work 
which brings up the estimated cost of the Euston- 
road improvement as a whole to 2,620,000I., as 
against 1,000,000/. for the Strand widening. 

The widening of Tottenham Court-road, as pro- 
posed, would be entirely on the western side, where 
much of the property is old and due for demolition, 
the building line is already well back from the 
roadway in places, and there has been a considerable 
amount of bomb damage. The distance is nearly 
three quarters of a mile and the cost is estimated as 
2,000,000/., not including the cost of making a “slip 
road” from Tottenham Court-road into Oxford- 
street, on the general alignment of the present 
Hanway-street. This would be technically regarded 
as a “roundabout,” though in the plan it is 
anything but round. The new slip road would 
be, in fact, only the north-western quadrant of a 
complete roundabout encircling St. Giles’s Circus— 
the intersection which the Committee’s survey 
showed to have the worst traffic congestion of any 
in Inner London. The south-eastern quadrant 
would be almost a right angle (if the Hibernianism 
may be permitted), extending south from New 
Oxford-street to a point on High-street opposite to 
St. Giles’s Church, and then westward by a new 
road through the old property in the vicinity, to 
make a right-angled junction with Charing Cross- 
road, There seem to be rather too many sharp 
turns in this plan, and some risk of creating a new 
traffic jam in Charing Cross-road. 

The remaining scheme to be summarised is the 
most comprehensive of all, comprising the construc- 
tion of a boulevard, inside Hyde Park and parallel 
to Park-lane, by incorporating the relevant portion 
of the Park ring road, and associating with this 
completely new layouts at Marble Arch and Hyde 
Park Corner. Though by no means the most 
costly of the proposals—the estimated figure is 
1,250,000/.—it is the one which would probably 
appear to make the biggest change. At Marble Arch, 
we understand, the Arch itself might have to be 
moved (not for the first time, incidentally) and 
that entrance to Hyde Park would be considerably 
re-arranged, with the gates set back to the south 
side of a ‘‘ roundabout ” which would be, in fact, 
& square with a western projection (part of the 
ring road) joining it to Bayswater-road near Stan- 
hope-place. At Hyde Park Corner, a new road 
would be constructed into Park-lane, another would 
cut across the end 0° the Green Park, and this 
would be extended to Grosvenor-place by making 
use of a small part of the grounds of Buckingham 
Palace. These improvements will certainly be bene- 
ficial to traffic movement, if they can be implemented 
quickly, and if some attempt is made to deal also 
with the more congested spots outside the area of 
the Committee’s survey. Public authorities now 
have power to institute works of improvement 
which they did not possess a generation ago. 
Whether other factors, characteristic of these times. 
will reduce the tempo to the old familiar pace while 
costs soar upward, remains to be seen. Meanwhile, 
the cost of traffic delays is mounting, too, and at a 
rate which urges immediate action. 





125 YEARS OF THE 
‘* JOURNAL OF THE 
FRANKLIN INSTITUTE.’’ 


Tue Franklin Institute of the State of Penn- 
sylvania was founded in 1824 for the promotion of 
the mechanic arts and under its patronage The 
Franklin Journal & American Mechanics’ Magazine, 
devoted to the Useful Arts, Internal Improvements and 
General Science was first published in Philadelphia 
in January, 1826. The editor was Dr. Thomas’ P. 
Jones, Professor of Mechanics in the Institute ; 
and the general object of the periodical, as stated 
in the prospectus issued by him in the previous 
August, was “to diffuse information on every 
subject connected with yseful arts.” The particular 
subjects to be dealt with were set out in detail in his 
introductory address. They ranged over a wide 
field, including the transactions of the Franklin 
Institute and of other similar establishments, 
mechanics and natural philosophy, “ chymistry,” 
American inventions, discoveries and manufactures, 
internal improvements, natural history, mineralogy, 
botany, mathematics, architecture, popular educa- 
tion, husbandry and rural affairs, mechanical juris- 
prudence, foreign journals, inventions, discoveries 
and patents, notices and reviews of publications 
relating to arts and manufactures and miscellaneous 
articles. Intending contributors were directed 
“ always to keep in view that its main object is to 
diffuse information among artisans and manufac- 
turers ; and that therefore it is necessary to write 
in a style as familiar, and as little technical, as the 
subject will admit.” 

Many difficulties must have been encountered by 
successive editors in implementing a programme so 
varied in scope and so broad in appeal, but ample 
evidence of the success achieved is to be found in a 
perusal of the 1,500 issues of the Journal that have 
appeared each month without a break since 1826, 
and, since 1828, under the present title. Their 
pages faithfully reflect the spectacular attainments 
of American industry and the fundamental advances 
in pure and applied science which alone have made 
them possible. The founders of the Journal were 
practical men, and their efforts contributed materi- 
ally to such essential reforms as the standardisation 
of screw threads. Among the contributors are 
numbered some of the most distinguished names in 
science and technology. Many of the communica- 
tions to it contain, the first announcement of signifi- 
cant new discoveries, and several notable books 
were first printed in serial form in its pages, including 
W. J. Humphreys’ Physics of the Air and J. J. 
Thomson’s Electron in Chemistry. 

To commemorate the 125th anniversary of the 
Journal, the present editors decided to invite a 
number of leading authorities to assume the mantle 
of prophet and to predict possible future trends and 
developments in science and technology. Generally 
speaking, the more eminent a scientist, the more 
loth he is to indulge in extrapolation ; so that the 
gratifying response accorded to this invitation affords 
a striking tribute to the high esteem in which the 
Journal is held. In consequence, the series of 
papers, presented under the title of ‘‘ Science . 
and Tomorrow” and occupying the major part 
of this commemorative issue, constitutes an extra- 
ordinarily stimulating symposium. The papers 
themselves fall into three groups devoted, respec- 
tively, to Basic Physical Sciences, Applied Sciences 
and Technology, and Selected Topics. As might 
be expected, the various contributors have adopted 
very different approaches to their respective assign- 
ments. In order to learn what astronomers of 
to-day believe may happen in their spheres of 
interest, Otto Struve circularised 55 leading astrono- 
mers, requesting their views concerning the things 
to come, and his article is based on their replies. 
Much new information concerning extra-galactic 
systems is expected now that the 200-in. telescope 
on Mount Palomar is in service. Interest in 
astrophysics centres on two main problems, namely, 
the physical nature of the sun and the chemical 
composition of the stars. Another pressing problem 
concerns the identification of the sources in the sky 
that have been shown recently to be emitting radio 
waves, while improved techniques will certainly 


.| stereoscopic television. 


furnish more accurate positions and more reliable 
data on the proper motions of stars. 

Harold C. Urey, in his review of “ Chemistry in 
the Twentieth Century,” stresses the impact of 
the quantum theory, the increasing insight into the 
mechanism of chemical reactions, the steady accumu- 
lation of chemical data, and the broad sweep of 
advance in organic chemistry. He forecasts new 
developments in the use of radioactive tracer 
elements, in the study of large molecules, and in 
unravelling the complex chemical processes in living 
organisms. In mathematics, Marston Morse con- 
fines his attention to analysis, citing as topics upon 
which research is concentrated at present, the 
application of abstract spaces, the Schwartz theory 
of distributions, the calculus of variations, and the 
intricacies of functions of several complex variables. 
The article on ‘“‘ Twentieth ‘Century Physics,” by 
I. I. Rabi, is brief, not from any lack of confidence 
that fresh developments are ahead, but rather 
from an appreciation of the futility of attempting 
to suggest what these are likely to be. Physical 
models have largely ceased to serve as reliable 
pointers to the way ahead, and theoretical work is 
increasingly based on such broad principles as 
those of conservation and invariance. Prominent 
among the problems confronting physicists to-day 
are the nature of nuclear forces, the variety of seem- 
ingly fundamental particles, the quantisation of 
charge and rest mass in particle physics, and the 
red shift of the spectral lines in distant nebule. 
The quantity and quality of the effort now being 
expended upon these is almost sure to lead to 
striking new results in many or even all of them. 

In comparison with the contributors to the first 
section of the symposium, the contributors to the 
second section were faced with a less exacting task. 
Advances in pure science, being made on the 
frontiers between the regions of the known and the 
unknown, are usually unpredictable, so that almost 
the only safe assertion to venture concerning them 
is that the most interesting will be those which could 
not have been anticipated at all. On the other 
hand, as advances in applied science are based on 
an exploitation of past achievements in pure science 
and of necessity lag behind them, the direction of 
progress, at least for some short period ahead, is 
more clearly discernible ; though not always the 
rate at which progress is likely to proceed. In 
aeronautics, according to J. C. Hunsaker, substantial 
improvement is likely in the gas turbine, whether 
it be used for jet propulsion or to drive a propeller ; 
and, on, high-altitude long-distance flights, cruising 
speeds of 600 m.p.h. are not unreasonable to expect. 
In an article on ‘“ communications,” Oliver E. 
Buckley envisages the extension of dial facilities 
to long-distance circuits, increasing application of 
the newly invented “transistor,” an expansion of 
television, and high-frequency beamed transmission. 
Norbert Wiener discusses the future implications 
of studies on mechanical feedback devices m 
therapy and sociology. 

In the field of electronics, V. K. Zworykin directs 
attention to a new “electronic memory ” tube, utilis- 
ing the properties of the secondary emission of 
insulators, and to developments in colour and 
Material shortages have 
emphasised the need to conserve existing resources, 
and the search for new synthetic materials. The 
latter, as is pointed out by Wallace R. Brode, are 
not necessarily inferior, or may, in fact, be superior 
to natural products. The list is both long and 
impressive, including moulded _ plastic optical 
components, synthetic crystals, ceramics to — 
high temperatures, light-weight and prestresse¢ 
concrete, anti-corrosion alloys, fibres, silicones, 
insecticides, and plant hormones. 

In “ Better Nutrition for More People,” Henry C. 
Sherman is concerned primarily with the immedi- 
ately urgent problem of improving existing standards 
both by increased production, by better distribution 
of the basic articles of diet, and gcd = 
accom ing optimum intake of the accessot) 
food factors. that prevent disease and ages 
health. The development and establishment © 
standards of measurement, as E. U. Condon points 
out, is a continuing process. The adoption of the 
wavelength of the green radiation from the mercury 
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advantages ; and, before long, it may be possible to 
derive both time and length standards from the 
spectrum line of the atoms or molecules of the same 
element. Future developments in transportation, 
predicted by Charles F. Kettering, include high- 
compression engines for road vehicles, when suitable 
high anti-knock fuels are put on the market, and 
the increased employment of Diesel locomotives. 
Under the heading of “‘ Special Topics,” there is a 
long and authoritative article on Cosmic Rays, 
by W. F. G. Swann, and a survey of “ Solid-State 
Physics,” by Frederick Seitz. Dr. Swann also 
summarises the symposium and does it admirably, 
despite the fact that circumstances conspired to 
prevent him from seeing the individual papers 
beforehand. 

The Journal of the Franklin Institute is one of 
the oldest scientific publications in the United 
States, but few of its 1,500 issues can have 
contained material of so much general interest or 
of such wide appeal. Provided that scientists are 
permitted to devote their energies to constructive 
ends, the outlook is promising enough to warrant a 
justifiable optimism concerning the contents of a 
similar symposium in the same journal 25 years 
hence. 





NOTES. 


PowER STATION CONSTRUCTION IN GREAT BRITAIN. 


THERE is no topic of more concern to British 
industry and to the general public, at the present 
time, than the inadequacy of the supply of elec- 
tricity. That there is a shortage of generating 
plant is admitted, but for this state of affairs neither 
the British Electricity Authority nor the plant 
manufacturers are to blame, for since 1948 about 
3,152 MW have been brought into commission in 
the areas under the Authority’s control, and the 
aggregate installed capacity now amounts to 
14,573 MW. The shortage is partly due to the 
delays, both avoidable and unavoidable, which have 
occurred in the construction of the necessary plant 
and, at least as much, to the rising demand, which 
resulted in the output in 1950 reaching the record 
figure of over 50,700 million kWh, or double that 
of 1938-39. To deal with this situation the Author- 
ity have in hand a programme providing for the 
installation of a further 8,585 MW by 1955; and 
now have under construction 43 new power stations, 
with a total initial capacity of 5,669 MW. In 
addition, extensions amounting to 1,678 MW are 
being made to 25 existing stations, bringing the 
total additional capacity to 7,347 MW. A number 
of these new stations are already in partial operation 
and others will soon be started. We intend, with 
the collaboration of the British Electricity Authority, 
to illustrate the progress that has been made with 
these new stations and thus provide a record of the 
steps that are being taken to overcome a difficult 
problem. We begin the series this week by repro- 
ducing, on page 256, photographs of the new B 
station at Croydon, the ultimate capacity of which 
will be 315 MW. These illustrations are accom- 
panied by a short description of the present state 
of the work, with some details of the principal 
items of the plant. It is hoped that it will be 
possible to publish fuller descriptions of the more 
important stations at a later date. 


Tue InstrTuTION OF MECHANICAL ENGINEERS. 


At @ meeting of the Institution of Mechanical 
Engineers on February 23, with Professor O. A. 
Saunders in the chair, two papers were presented : 

The Size Effect in Fatigue of Plain and Notched 
Steel Specimens Loaded Under Reversed Direct 
Stress,” by Mr. C. E. Phillips, Wh.Sc., and Dr. R. B. 
Heywood, BSc. (Eng.); and ‘‘ Some Fatigue Tests 
on Aluminium-Alloy and Mild-Steel Sheet, with and 
~ mata Drilled Holes,” by Mr. Phillips and Mr. A. J. 
omen B.Sc. (Eng.). In the work described in the 
paper, the authors had concentrated on the 
; Crough investigation of a few materials subjected 
tego direct stress, They found that the 
= _ Strength of unnotched test pieces of a 
— mild steel and of a nickel-chromium steel 
b independent of the size of the test piece for 

ameters from 0-19 to 1-3 in., but that, for the 
‘ame materials, the fatigue strength of geometrically 


similar test pieces from 0-19 to 2-4 in. in diameter, 
containing a transverse hole of one-sixth the dia- 
meter, was greater for the smaller sizes of specimens, 
though the size effect for the alloy steel was much 
less. In the second paper, the authors described 
fatigue tests, under pulsating direct stress, of 
aluminium-alloy and mild-steel panels, with and 
without central holes, about 0-1 in. thick and up 
to 12 in. in maximum width. They found that, 
with panels of different sizes but similar shapes, the 
larger panels were relatively weaker. In the 
ensuing discussion, Professor J. A. Pope, Ph.D., 
D.Se., Wh.Sc., examined the first paper from the 
point of view of the paper he had presented to the 
Britisn Association on ‘‘The Apparent Yield 
Strength of Plain Carbon Steel”; this paper was 
published in ENGINEERING, vol. 164, page 284 (1947). 


PRIZES AND AWARDS OF THE INSTITUTION OF 
MECHANICAL ENGINEERS. 


The prizes and awards made by the Council of 
the Institution of Mechanical Engineers are an- 
nounced in the February issue of the Journal. 
These awards were made at the meeting on Friday, 
February 16, when the Council nomination and 
retiring lists were read, as recorded in these columns 
last week. The Thomas Hawksley Gold Medal has 
been awarded to Dr. A. T. Bowden, B.Sc. (Eng.), 
and Mr. J. L. Jefferson, B.A., for their paper ‘‘ The 
Design and Operation of the Parsons Experimental 
Gas Turbine.” A George Stephenson Prize, to 
the value of 301. (accompanied by a bronze plaque), 





has been awarded to Mr. I. M. Waller, B.A., for his 
paper “Internal Expanding Shoe Brakes for Road 
Vehicles,” and a Dugald Clerk Prize, to the value 
of 15l., to Mr. R. Barrington, M.Sc., and Mr. E. W. 
Downing, for their paper ‘‘ An Application of Petrol 
Injection to Automobile Engines.” Mr. C. I. 
Rutherford, M.A., received the Water Arbitration 
Prize, to the value of 271., for his paper “‘ The 
Practical Application of Frequency Response 
Analysis to Automatic Process Control,” and Mr. 
C. S. Steadman, B.Sc., the Starley Premium, to the 
value of 23/., for his paper “‘ Air Condition Control 
for Automobiles.” The Herbert Akroyd Stuart 
Prize, to the value of 30/., has been awarded to Mr. 
A. Towle, M.Sc. (Eng.), for his paper ‘‘ Some Factors 
Governing the Performance of Crankcase Lubri- 
cating Oils,” and the Thomas Lowe Gray Prize, 
to the value of 22/., to Dr. T. W. F. Brown, for his 
paper ‘“‘ Some Factors in the Use of High Tempera- 
tures in Gas Turbines.” Mr. S. P. Hutton, M.Eng., 
has received the T. Bernard Hall Prize, to the 
value of 18/., for his paper “‘ Thin Aerofoil Theory 
and the Application of Analagous Methods to the 
Design of Kaplan Turbine Blades.” The Joseph 
Whitworth Prize, to the value of 25/., has been 
awarded to Mr. J. 8S. Turnbull, for his paper “‘ The 
‘Lost Wax’ Process of Precision Casting,” and 
the Ludwig Mond Prize, to the value of 301., to 
Mr. C. H. Bosanquet, M.A., Mr. W. F. Carey, 
M.Eng., and Mr. E. M. Halton, B.Sc., for their paper 
“Dust Deposition from Chimney Stacks.” Five 
Institution Prizes, to the value of 151. each, have 
been awarded to Mr. L. H. Dawtrey (“‘ Automobile 
Test Rigs”); Mr. J. F. Field, B.Sc. (“The Appli- 
cation of Gas-Turbine Technique to Steam Power ”’) ; 
Mr. H. Sammons (“‘ A Single-Cycle Test Apparatus 
for Studying ‘ Loop Scavenging’ in a Two-Stroke 
Engine”); Mr. K. W. Todd, M.Eng. (‘‘ Some 
Developments in Instrumentation for Air-Flow 
Analysis”); and Dr. W. A. Tuplin (“ Gear-Tooth 
Stresses at High Speed ”’). 


Tue INsTITUTION OF ELECTRICAL ENGINEERS. 

Sir Archibald Gill presided over about 850 mem- 
bers and guests who attended the annual dinner 
of the Institution of Electrical Engineers at Gros-, 
venor House, London, W.1, on Thursday, February 
22. Proposing the toast of “The Institution of 
Electrical Engineers,” the President of the Royal 
Society (Professor E. D. Adrian, O.M.) said that 
the physiologist owed to electrical engineers the 
provision of instruments which would halve his 
labours, if he could afford them and knew how to 
use them. It almost seemed that human skill 
might be largely replaced by electrical equipment, 
which would only require a few experts to look 
after its valves. The world would then be peopled 





by machines and would not differ greatly from the 


communistic ideal. The Institution must shoulder 
its responsibilities in this respect and ensure that 
we did not fall behind in the search for knowledge. 
Sir Archibald Gill, in reply, referred to the Institu- 
tion’s need for more accommodation. The present 
building would not serve their needs until the 
lease expired in 1984, as the membership was 
growing at the rate of 1,500 a year and their activi- 
ties were increasing even more rapidly. They 
must ensure that electrical engineers were as well 
trained and competent as those in any other 
country. At the present time the supply of graduate 
engineers fell short of the demand by about 10 
per cent., and there was also a shortage of well- 
trained technicians. Replying to the toast of ‘Our 
Guests,” which was proposed by Professor E. B. 
Moullin, Mr. Hugh Lyon, director of the Public 
Schools Appointments Bureau, said that he was a 
convert to the idea of directing a large proportion of 
our best young men into industry and commerce. 
It was desirable, however, that they should stay 
at school until the age of 18 or 18}, as during the 
last year they learnt so many valuable lessons with 
regard to human relations and the assumption of 
responsibility. Employers must, therefore, devise 
means of meeting this requirement. It must also 
be remembered that the present 15-to-18 age group 
was less numerous than it was five years ago; and 
the engineering industry must, therefore, be pre- 
pared to make room for a proportion of honest 
plodders as well as the most brilliant boys. Sir 
Henry Self also replied. 


THE MarKeET FOR AGRICULTURAL MACHINERY. 


On page 260 of this issue we print a letter from 
Mr. Noél Newsome, of Messrs. Harry Ferguson, 
Limited, in which he disagrees with various of our 
conclusions on the future prospects for the sale of 
agricultural tractors, at home and abroad. He 
supports his arguments with an impressive array 
of figures of orders received. Admittedly, inter- 
pretations of marketing statistics and the extra- 
polation of market trends are apt to be somewhat 
less than precise, since they depend greatly on 
opinion; but we still maintain that the opinions 
we expressed, in the “‘ Engineering Outlook ” article 
to which Mr. Newsome refers, were reasonable deduc- 
tions from the available data. Mr. Newsome con- 
tends that demand for tractors is not declining. 
This view appears to be based entirely on a resur- 
gence of demand in the latter part of 1950, i.e., 
when the effects of the Korean war began to be felt 
everywhere. The demand for tractors did little 
more than follow the same trend as the shipping 
index of freight rates, the price of second-hand 
cars, the price of clothing, and of endless other 
semi-durable and durable goods, which moved 
rapidly upwards as soon as the public in the United 
States and this country began to realise that re- 
armament was a reality and would be followed by 
scarcity and inflation. In the first three quarters 
of 1950, the output of tractors was 26,500, compared 
with 27,400 in the same period of 1949—about 
3 per cent. lower; therefore, the change must have 
taken place in the latter part of 1950 and during the 
first six weeks of 1951. It would be interesting to 
see Messrs, Ferguson’s monthly production figures 
from 1948 onwards; we suspect that they would 
reveal a slow decline in demand until late in 
1950. The year 1949 was one of incipient recession 
in practically every country, and trends of demand 
for capital goods and raw materials were pointing 
very definitely downwards, despite the correcting 
influence brought to bear by American “ stock- 
piling.”” We disagree with Mr. Newsome where he 
states that, when a farmer becomes poorer, he lays 
out money on labour-saving machinery. We do 
not believe that this is true, even of the majority of 
manufacturing companies. The evidence available 
from the inter-war depression years certainly sug- 
gests that, however admirable in theory, it is often 
very difficult in practice to find the money to invest 
in capital equipment in such times, desirable as this 
course may appear to the people concerned. 
No Government, so far, has lent in time on a 
sufficient scale to make it possible. This is not 
to say that we do not agree with Mr. Newsome 
that it is desirable that this should happen. Much 





the same considerations apply to the export markets. 
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During 1949, there was a steady fall in demand. 
Mr. Newsome may argue that this was entirely due 
to import restrictions, but, as we know in this 
country, import restrictions are normally based on 
a country’s ability to purchase goods. There can 
be ill-considered restrictions, of course, such as 
those which would permit no import of tractors, but 
large imports of luxury goods. On the whole, 
however, we do not think that the principal coun- 
tries which buy British tractors were guilty of these 
misjudgments. When remarking on the behaviour 
of overseas countries, we took into consideration the 
possibility of foreign investment, such as President 
Truman’s “ Point 4” programme, but, at the same 
time, considered the likely economic trends if 
inflation should be abated. It may be that we 
should not have done that, but rather should have 
put the view that inflation would increase further. 
We are still optimistic enough to consider deflation 
as the long-term trend and, in writing the article, we 
regarded the present re-armament period as an 
abnormal circumstance which should disappear in 
due course. We should not be surprised, therefore, 
if the overseas demand were to drop sharply, 
together with base-metal prices and the price of 
other materials and manufactures, as soon as a 
definite move is made towards a peaceful settlement. 
We cannot, at present, consider in detail all the 
figures quoted in Mr. Newsome’s letter, which, in 
any case, refer to his own company, of which 
naturally we have only limited knowledge ; but we 
would say that the last sentence in our article 
(‘“‘ abroad, higher earnings from the farming com- 
munity should mean larger purchases of British 
tractors and farm machinery ”’) suggests that we 
did not overlook the effect of inflation on the demand 
for tractors in the immediate future. One of the 
strongest points made by Mr. Newsome was the 
suitability of his particular type of tractor. We 
do not wish to argue about this; but we find it 
difficult to believe that Messrs. Harry Ferguson, 
Limited, would sell 18,000 tractors in France 
immediately import restrictions were removed, unless 
their price were substantially lower than that of 
Renault. It is most unlikely, however, that the 
French will remove the duty payable on British 
tractors, 





LETTERS TO THE EDITOR. 


THE AGRICULTURAL MACHINERY 
INDUSTRY. 
To THE EpiTor oF ENGINEERING. 

Smr,—Since, in the article on the agricultural 
machinery industry in your issue of January 26, 
on page 91, ante, you several times challenge 
views which I expressed in the Financial Times last 
March, I should be grateful for the opportunity both 
to vindicate myself and, in turn, to question some 
of your assumptions. 

First, your statement that ‘it is clear that the 
demand for tractors in the United Kingdom is 
declining ” is not borne out by the facts. Neither 
last year’s sales, nor orders so far received this year, 
nor dealers’ estimates of future orders in 1951, 
support your contention. My own company’s 
experience strongly suggests the contrary. Last 
year, our deliveries to the home market, just 
under 20,000, were more than 23 per cent. higher 
than in 1949; and this by no means represented 
the real demand, since the home market had to be 
severely rationed in the attempt to meet export 
obligations. But for this, sales in the United 
Kingdom would have been very much higher. No 
doubt the obligation to export a high percentage 
of their output applies to other firms also ; otherwise, 
the total home market deliveries would have been 
far above the figure of 34,000, which, nevertheless, 
was more than 2 per cent. higher than that of 1949. 

In the first six weeks of 1951, my company 
received orders from dealers for 7,000 tractors for 
British farms, but could supply little more than a 
third of that number, since, though output in the 
six weeks was 9,000, about 6,600 had to be exported. 
At the time of writing, our supply deficiency 
relative to orders already in hand is approaching 
five figures. 

It is significant that, of the 1,692 tractors which 





we delivered in the United Kingdom in the four 
weeks of January, 621 were replacements and 1,071 
were additional or substitutes for horses. Assuming 
that the proportion would have been about the same 
had we been able to supply the 7,000 tractors ordered 
in the first six weeks of the year, the figures would 
have been, roughly, 2,500 replacements and 4,500 
additional—approximately 416 and 750 a week, 
respectively. If that rate were to continue for the 
twelve months, it would mean about 20,000 replace- 
ments and 37,500 additional tractor sales in one 
year, and by one firm alone. Even allowing for 
the rate to slow down very considerably, the 
indications are that, since my company’s share 
of the British market is still under 60 per cent., my 
estimates for all makes of a replacement demand 
of 35,000 a year, and a potential untapped market 
of 70,000 to 100,000, were not exaggerated. The 
limiting factor on tractor sales in the United 
Kingdom at present—at least, so far as my company 
are concerned—is not a restricted market, but 
insufficient production due to material supply 
difficulties, 

I would join issue with you very strongly when 
you suggest that sales are likely to be adversely 
affected by the shrinking of farmers’ incomes. This 
not only is not true, as the present situation shows, 
but betrays a complete misconception of the real 
purpose of mechanisation. This is not to indulge 
a fad when money is free, but to reduce production 
costs by securing better yields through more 
thorough and timely cultivation, sowing and clean- 
ing ; by avoiding waste in harvesting ; and by doing 
all these and many more jobs more quickly and 
efficiently. 

That being so, it is when the economic shoe begins 
to pinch that the farmer intensifies his mechanisa- 
tion. Many a horse-lover has been compelled by 
economic force majeure to go over to tractors because 
he can no longer afford to indulge his sentiment. 
Similarly, many a devotee of mass and weight in 
machinery has been forced to replace his crawler 
by two or three light tractors. There can be no 
doubt that, as farmers’ purses shorten, the demand 
for tractors of the right type will grow. To that 
extent, I naturally agree with you when you say that 
mechanisation must be selective, that farmers must 
choose better machines, and that manufacturers 
must provide them. The reason why I put the 
replacement potential so high is that there are so 
many machines which ought to be replaced—as, 
indeed, they evidently are being. You suggest 
that there are not many farmers, with small capital, 
and no tractor, left to create a large secondhand 
market. Where, then, are all the replaced tractors 
going and why are dealers prepared to allow such 
high prices for them in part-exchange? The 
answer is certainly not to be found on the scrap-heap. 

If, as I believe, you have very much under- 
estimated home demand for tractors, I can prove 
that you are still wider of the mark about exports. 
My company, with export sales in 1950 totalling 
34,000, ended the year badly in arrears with deli- 
veries. Already this year we have more than 
10,000 orders which cannot be met, and distri- 
butors’ estimates indicate that this figure will be 
greatly exceeded by the end of the year. Referring 
to Scandinavia, you say that ‘‘there cannot be 
much scope for further expansion”; yet our 
distributors in Denmark, have asked us to supply 
5,000 tractors in 1951 (the figure you give for the 
total United Kingdom export of all makes) ; Sweden 
wants 3,500 from us, Norway 3,300, and Finland 
1,650. These demands are considerably above 
those of 1950. You mention the figure of 6,000 as 
Australia’s requirements of wheeled tractors from 
Britain in 1951, but suggest that manufacture in 
Australia, and competition from the United States, 
are likely to reduce this. My company’s distributors 
in Australia have asked for 10,000 tractors in 1951, 

Your interpretation of the situation in France 
does not at all correspond with ourexperience. You 
suggest that French farmers are unable or unwilling 
to buy even the full output of French tractors, let 
alone British ones. It is true that they will not 
buy the Renault, which has been over-produced, 
but the reason is not that they cannot afford to 
mechanise. They recognise that, as I have said, 
when things are difficult, they cannot afford not to 





mechanise, provided that they can get the right 
equipment. That is why our French distributors 
have about 18,000 orders on their books now, while 
French-made tractors are held in stock. It is the 
Protectionist Government and not the farmer who 
has kept down British tractor sales in France. Even 
so, we shall send more than 3,000 there this year, 

You doubt my estimate that, in the near future, 
the underdeveloped countries will require increased 
British tractor exports. Again, the figures belie 
you. Here are some of the orders for 1951 received 
from our distributors in those territories: India, 
4,568; Turkey, 2,174; Tunisia, 360; Algeria, 350; 
Egypt, 275 ; Israel, 250 ; Ceylon, 120; Malaya, 28; 
Nova Goa, 14 ; Cyprus, 30 ; Iceland, 70 ; Iran, 175; 
Morocco, 135; Syria, 100; Jordan, 100; Greece, 
300; Pakistan, 300; Fiji, 28; Spain, 356; Portu- 
gal, 110; East Africa, 300; West Africa, 25, 
This adds up to over 10,000 tractors—a very big 
increase on 1950. Then there is an entirely new 
market in Germany, where we have been asked to 
send 1,600 this year. 

In short, as far as my company are concerned— 
and our share of British tractor exports as a whole 
was only about 40 per cent. last year—the restrict- 
ing factor is not markets, but materials. We should 
at once and with great confidence put production 
up from its present level of 300 a day to 400 were 
it not for that. 

I have dealt only with tractors. What I have 
said also applies to the whole range of implements 
which goes to make up our system. For your 
statement that ‘‘the increase in the aggregate 
quantity of agricultural machinery purchased is 
not likely to be striking ” to be correct, it would be 
necessary to reach a conclusion highly flattering 
to my company, but unnecessarily gloomy for the 
rest of the British agricultural machinery industry. 

Yours faithfully, 
For Harry Frereuson, Limirep, 
Nort Newsome, 
Coventry. Public Relations Manager. 
February 23, 1951. 

[We comment editorially on Mr. Newsome’s letter on 

page 259.—Eb., E.] 





ELECTRICALLY-INTERLOCKED 
GUARDS ON MACHINES. 


To THE Eprror oF ENGINEERING. 


Smr,—Mr. W. Fordham Cooper, whose paper on 
“* Electrically-Interlocked Guards on Machines” 
was reprinted in your issue of February 9, on page 
171, ante, gives the impression that photo-electric 
guards are either unsatisfactory or must be very 
complex to overcome the four objections which he 
enumerates. His first and second objections are 
hypothetical, however—assuming that he has in 
mind photo-electric equipment of reliable manufac- 
ture. If he is considering badly designed apparatus 
and a low standard of workmanship, it must be 
agreed that any form of guard, whether mechanical 
or electrical, will be unsatisfactory. 

With reputable photo-electric equipment, changes 
in operational sensitivity due to variations in back- 
ground illumination, and attempts at evasion with an 
electric torch, are eliminated by a directional optical 
system comprising a lens and pin-hole aperture 
mounted in front of the photo-electric cell ; a simple 
yet effective arrangement. Further, well-designed 
circuits revert to the “‘ safe ” condition if an expend- 
able item, for instance, a thermionic valve or pro- 
jector lamp, should fail or if a mechanical defect in 
the equipment develops; also, the positioning of 
components is such that the” possibility of electrical 
leakage in the only part of the circuit where such 
an occurrence might affect operation is so remote 4s 
to be ruled out by the authorities on safety. 

Mr. Cooper’s fourth observation—* that a definite 
and by no means negligible interval is necessary, 
before the moving parts are brought to rest —'* 
of course, partly correct. A definite interval is 
required for bringing the moving parts to rest, hon 
high-speed photography has shown that the ligh 
curtain may be positioned so that the press 18 
stopped in a time less than that in which an ae" 
can move his hand into a dangerous position. -“T- 
Cooper should have mentioned at least one out- 
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standing advantage of photo-electric systems over 
mechanical and interlocking guards: they do not 
hinder the movement of the operator, who, therefore, 
has no desire to cheat—even if he could. 

It is not my intention to give the impression that 
photo-electric systems are always applicable, but 
in many instances photo-electric guards offer 
advantages over other methods, and at times 
provide reliable protection where other methods fail. 

Yours faithfully, 
RaDIOVIsOR PARENT LIMITED, 
G. A. G.- Ive, 
1, Stanhope-street, Technical Director. 
London, N.W.1. 
February 23, 1951. 





COUPLING OF ELECTRIC POWER 
STATIONS. 


To THE EpiItor OF ENGINEERING. 

Sm,—In reply to Mr. C. H. Smith’s letter pub- 
lished in your issue of February 23, on page 229, 
I think the following further explanation of the 
simple three-phase commutator phase advancer 
will make its action clear. The simplest form of the 
alternating-current commutator machine which is 
used in practice as a phase advancer was shown in 
Fig. 7, on page 95, ante. This appliance comprises 
a laminated iron core in which a simple ring- 
winding is embedded. This winding is connected 
to a commutator, and three equi-spaced brushes are 
arranged as shown. In order to simplify the treat- 
ment as much as possible, it will be assumed, in 
what follows, that a three-phase pressure of constant 
frequency fy cycles per second is applied to the 
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brushes, and that a three-phase current of constant 
magnitude I, is maintained. These conditions 
simply mean that the supply pressure is to be 
adjusted as found necessary to maintain the current 
constant. It will also be assumed that the resistance 
of the circuit is negligibly small. 

As stated on page 96, ante, the basic principle 
Which defines the performance of this appliance is 
that, since the current is fed to the winding at 
fixed points in space, the speed in space of the 
Totating-field will be independent of the mechanical 
speed of the armature. 

Suppose that the armature is at rest and that the 
supply pressure is V volts per phase. The armature 
Winding will then act as an inductive reactance 
and the vector diagram will be as shown in Fig. 1, 
the current lagging by 90 deg. on the pressure. 
The three-phase current will produce a rotating 
field, the speed in space of which will be 

N = fy revolutions per second 


for a two-pole winding. 

Next, suppose that the armature is driven by 
Some mechanical means so that the armature 
rotates in the same direction as the rotating field, 
but at a lower speed of nm, revs. per second. The 
relative speed of the armature and field will now 
be m— ns, and this will be the speed at which 
the magnetic field will cut across the windings. 
Consequently, the reactance of the winding will be 
Teduced so that the magnitude of the applied 
Pressure which is n to maintain the current 
constant at the value I, will also be reduced and 
the vector diagram will then be as shown in Fig. 2. 

Now suppose that the armature is driven at the 


same speed and in the same direction as the rotating 
magnetic field. This condition implies that the 
winding is stationary relatively to the rotating field 
and consequently the reactance is zero, and there- 
fore the applied pressure which is necessary to 
mantain the current constant is also zero. The 
corresponding vector diagram is then as shown in 


Finally, it will be assumed that the armature is 
driven in the same direction as that of the rotating 
field, but at a greater speed than the rotating field. 
In this case, the speed of the rotating field will 
rotate in the opposite direction relatively to the 
speed of the armature and consequently, the applied 
pressure will have to be of the opposite sign to that 
of the previous vector diagrams. That is to say, 
the vector diagram for this case will be as shown 
in Fig. 4. The current vector will now lead by 
90 deg. on the pressure vector and the appliance 
will now act as a condenser. In all the vector dia- 
grams, the arrow-heads show the direction of the 
rotating field. 

Yours faithfully, 

Jersey, C.I. T. F. WALL. 

February 25, 1951. 





THE REMOTER CONSEQUENCES 
OF NATIONALISATION. 


To THE EDITOR OF ENGINEERING. 


Sm,—Of the large proportion of the population 

affected by the policy of nationalisation, it may well 
be that the majority are only remotely concerned ; 
but there are others who are affected either as 
individuals or as members of a class or section of the 
community. The individual who holds shares in 
some concern which is taken over by the State 
receives something by way of compensation. For 
the shares which he formerly held, he now holds 
stock of some kind. But what of a class of persons 
like the ratepayers of a district ? Ifthe undertaking 
of a local authority is taken over by the State, what 
is done for the ratepayers, who, after all, are the 
real owners of the undertaking ? 
Consider the effect of the Gas Act, 1948. It 
provided, inter alia, for the transfer of the gas 
undertaking of any local authority to the Gas 
Board, who took over all assets and liabilities. 
The only reference to compensation of any kind 
is to be found in one section of the Act, which 
provides that a sum of 24/. millions is to be set apart 
for payment of loss caused by the “severance ” 
of its gas undertaking from the other undertakings 
of the local authority. This is a global sum upon 
which, one supposes, all local authorities will be 
entitled to draw, pro rata. Apart from this, the 
whole undertaking is annexed by the State. The 
ratepayer receives no compensation for being 
deprived of his property. 

The startling effect of this act of the legislature 
was emphasised in the recent case of Hinckley Urban 
District Council v. West Midland Gas Board [(1951) 1 
Times Law Reports, page 146]. The facts were 
simple enough. The Hinckley Council, for many 
years, had carried on a gas undertaking under the 
provisions of a local Act. They were authorised 
to apply surplus revenue—after making provision 
for a reserve and a working balance—to the relief 
of the general rate fund or to the reduction, of the 
price of gas. On May 1, 1949, there had accrued 
a profit balance for the previous thirteen months’ 
working of no less than 50,178/., which would repre- 
sent 3s. 4d. in the £ on the property in the area. 
This balance, however, was not ascertained until 
October, 1949, when the accounts were completed 
and adopted by the Council. Had they been allowed 
to carry on, as usual, the ratepayers or gas consumers 
in their district might reasonably have expected 
to have the rates or the price of gas materially 
reduced. But something happened in May, 1949. 
The property, rights, obligations and liabilities 
of the undertaking having vested in the West 
Midlands Gas Board, by virtue of the Gas Act, 
1948, that body annexed the sum of 50,1781., 
which the Hinckley Council brought an action to 
recover. The defendants referred to 8.19 of the 
Act of 1948, which provides, in effect, that, where 
any part of the profits had been appropriated to the 





relief of rates or the reduction of the price of gas 


prior to the date when the undertaking vested n 
the Board, such funds must be so applied. They 
took the point that, as there had been no such appro- 
priation, they could not be called upon to make a 
refund. Mr. Justice Lloyd Jacob held that this 
was a good defence. But the plaintiffs took the 
further point that, though the Acts which originally 
enabled them to supply gas were, for the most 
part, repealed, there was a proviso (in s. 56 of the 
Gas Board Act, 1948) to the effect that “no special 
provision for the protection of any person or class 
of persons” should be repealed unless it was 
rendered redundant by the provision of this Act. 
The learned judge, however, felt constrained to hold 
that this had referred merely to the relief of a 
person or class of persons from liability or default, 
and not to the administration in the prescribed 
manner of the funds of the gas undertaking for the 
benefit of the gas users or ratepayers. 

In the result, a large sum which had been (or 
might have been) set apart by the Hinckley Council 
for the benefit of the ratepayers and gas consumers 
in their district has been annexed by another body, 
who can use it for any purpose they think proper. 

There was a time—many years ago—when the 
present writer wrote articles, which appeared. in 
ENGINEERING, on the subject of municipal trading. 
He inveighed against it, anticipating all sorts of 
appalling consequences. But enough has here 
come to light relating to the Hinckley gas under- 
taking to show that the Urban District Council had 
managed their affairs with considerable success, 
and in a manner which enured for the benefit of 
ratepayers and consumers alike. Let us hope— 
possibly against hope—that those of us (and we are 
many) who anticipate that “ nationalisation ” will 
prove disastrous may find—if we live long enough— 
that our fears were groundless. 

Yours faithfully, 
18, Holland-street, W. VALENTINE Batt. 
London, W.8. 
February 24, 1951. 





OBITUARY. 


SIR JAMES PRINGLE, K.C.B. 


WE regret to record the death of Sir James 
Pringle, formerly Director of Electrical Engineering 
at the Admiralty, which occurred in London on 
February 27. He was 74 years of age. 

James Scott Pringle was born at Oxford on 
July 21, 1876, and was educated at Watford Gram- 
mar School and at the Central Technical College, 
London. After leaving college, be held positions 
with Evershed and Vignoles, Limited, Chiswick, 
R. W. Blackwell and Company, London, and 
Crompton and Company, Chelmsford. In 1903, he 
was appointed deputy borough electrical engineer 
at Salford, but shortly afterwards entered the 
Admiralty service as engineer in charge of the 
electrical department of H.M. Dockyard, Malta, 
at a time when these establishments were being 
fully equipped with electrical plant. He subse- 
quently served in a similar capacity at the Gibraltar 
and Rosyth dockyards during the 1914-18 war, 
until in 1919 he was appointed Assistant Director 
of Dockyards at the Admiralty, where he was also 
engaged in electrical work. 

He occupied the position of Assistant until 1937, 
when he was promoted to be Director of Electrical 
Engineering. In this post he was responsible for 
the design and execution of a number of schemes for 
modernising the dockyard electrical systems, as 
well as the installation at Singapore, and a wide 
range of electrical equipment in H.M. ships. On 
his retirement in 1945, he became consulting engineer 
to the Metropolitan-Vickers Electrical Company. 
He received the O.B.E. for his services during the 
1914-18 war, was made a Companion of the Order 
of the Bath in 1941 and was promoted to be a 
Knight Commander of the same Order two years 
later. He was elected an associate of the Institution 
of Electrical Engineers in 1901 and was transferred 
to the class of associate member in 1902, becoming 
a member in 1912, and subsequently serving on 
the Council. He was also a Fellow of the City and 
Guilds Institute and an Honorary Fellow of the 





Imperial College of Science and Technology. y:>)¥ 
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PLANNING FOR PRODUCTION 
EFFICIENCY.* 
By Sm Cuiaupe D. Gis, C.B.E., F.R.S. 


(Concluded from page 239.) 


TURNING now to questions other than those of human 
relations—the first stage in achieving maximum pro- 
duction efficiency occurs in the design and drawin 
office; but, without an adequate flow of advan 
information coming from research and development 
teams feeding into the design office, it will not be long 
before stagnation begins. Without research, and 

velopment consequent upon that research, there can 
be no future for a company or for an industry. 

On the subject of research, development and design, 
I hold some very strong views. Research, aimed at 
the improvement pear yp he sonal of an article in 
current production, which is carried out divorced from 
the every-day designers, is often money and effort 
wasted. The commercial designers must always be 
able to place their problems before the research team 
and be given the highest priority in the research pro- 
gramme in finding the answers to those questions. 
Even plots «on separation of the research team 
from the design team is sufficient to break the close 
tie which must exist between them. Unless the com- 
mercial designer has been in touch with the progress of 
the research or the development of the article for 
which ultimately he must accept full responsibility, he 
will not have the faith to apply at once the results o' 
experimental work undertaken on his behalf. Where 
the research team is working upon the solution of 
fundamental laws or is developing some entirely new 
technique, or attempting something never previously 
done, a case may be made for almost complete isolation ; 
but in the case of applied research, which is probably 
over 70 per cent. of the total research effort in industry 
to-day, I believe that the effort should be made jointly 
with the design team who must interpret the results. 

There must be an equally close relation between 
current design and the production department which 
must convert it to ‘“‘ironmongery.” In some cases, 
design teams have been separated entirely from the 
production team and that separation has brought 
about so many difficulties in interpretation as ulti- 
mately to have been abandoned and the two teams 
brought together. The production engineer must 
always be able to criticise and make suggestions to 
the design and drawing office, because he alone knows 
80 intimately what plant is available for production 
and can visualise the various processes demanded. 

Considering now the actual job of production, one 
of the first things to be studied, if costs are to be a 
minimum, is the number of non-producers in the 
factory. Few things are so insidious as the tendency 
of the number of non-producers in any works to increase 
almost inperceptibly, and almost always with an 
apparently very good reason for the increase. A 
regular and almost monthly survey is poner if 
these non-producers are to be kept to an absolute 
minimum. This is not, of course, to say that a skilled 
man should be called upon to do labouring or the 
running of errands to stores, toolroom and the like, 
to obtain the necessary equipment required for his 
job. The serving of the most highly skilled craftsmen 
should be a matter of good planning and good store- 
keeping, but there is an overwhelming tendency to 
press the claims for that extra boy or that extra man, 
and only by rigid examination will that tendency be 
kept in check. 

t is seldom realised just how much transport, both 
internal and external, can add to production costs. 
It has been demonstrated recently that internal trans- 
port costs may amount to anything from 5 to 55 per 
cent. of the total labour costs of an article. Even if 
they are as low as 5 per cent., if they are capable of 
being still further reduced, the amount of that reduc- 
tion will be a direct reduction in the total manufacturing 
costs, since materials handling adds nothing to the 
value of the product. By careful study of component 
movements between one operation and the next, or 
by going into an inter-operational store for inspection, 
the amount of labour and handling equipment called 
for to deal with transport can be seen to reach quite 
staggering figures. 

he recent visits to the United States of the Materials 
Handling Team brougnt out the striking extent to 
which materials handling is studied and catered for 
in that country. In the coreplate shop of one works, 
there is a double conveyor belt, one on the top taking 
completed workpieces and traversing them from east 
to west, with below it a deeply concave belt, just below 
floor level, taking scrap a waste material from west 
to east and returning it to the store for subsequent 
disposal. In this shop, the labour costs of the produc- 


* The Sixth Manchester Association of Engineers 
Lecture, delivered in Manchester on Friday, February 2, 
1951. Abridged. 








tion of transformer and alternator stator coreplate 
stampings were reduced to almost exactly one half of 
that ruling in the original o> and yet the men have 
less effort to perform their daily tasks than previously. 

In planning the layout of plant and equipment, 
never lose - of the cost per square foot of floor 
space. For light industry, the cost of factory floor 
space, including roads and services, may be as low 
as 21. per square foot, but as high as 71. where very 
heavy equipment has to be handled, involving cranes 
with lifting capacities of up to 200 tons. The cost of 
even a single gangway down the centre of one bay 
may amount to several thousand pounds. In the case 
of an average-size radial drill, the purchase price of 
which may be 1,2001., the cost of the floor space to 
install it may amount to 2,000/. or even more. 

There must be a very carefully ascertained balance 
between efficiency of operations and the additional 
overhead charge which results from wasted floor 
space. If there is a surplus of floor space, it will be 
filled up by material stored between operations; that 
has a very bad effect, in that it means that the volume 
of work in flow for a given total output will be higher 
than necessary, with more money tied up in work in 
progress, and total costs increased as a result. 

To give an example from my own experience in the 
past five years : in two bays of one works, in which the 
heaviest machine tools were installed, 19 machines 
were removed one by one and scrapped, being replaced 
by 17 modern machine tools, designed specially for the 


f | type of production to be undertaken. No additional 


floor space was given to the shop, but from those 
smaller number of machine tools, an increase in output 
of some 60 per cent. was obtained. By means of an 
extended shift system of working, increasing the 
number of hours of machine operation by about 20 per 
cent., the total throughput of the shop has been built 
up to more than Gal that which obtained before the 
re-equipment was carried out. The men in those heavy 
machine bays to-day are earning about 40 per cent. 
more than they did before the change, and they are 
not one whit more tired at the end of their shift than 
they were under the old conditions. 

One of the first things an industrial company should 
do is to train its own works engineering staff in their 
own type of | prerenen and to give that staff the 
opportunity of studying other companies in similar 
lines of business, not only in this country, but overseas. 
That staff should have the opportunity of visiting 
the manufacturers of machinery, whether it be machine 
tools, textiles or any other line, and with those manufac- 
turers of equipment, to work out joint ideas on the 
designing of the required equipment. Given encourage- 
ment, and regarded as the works production research 
staff with a reasonably free hand to experiment, they 
will quickly build up experience and produce savings 
which can be staggering in their ameunt. 

The creation, training and encouragement of the 
works engineering staff, the opportunity of production 
engineers to study and make recommendations upon 
internal transport, the regular study of the number of 
non-producers on the payroll, can only be effective 
and of value if the atmosphere of the works from top to 
bottom is one of receptiveness and of mutual trust, and 
that atmosphere can only be built from the top. I 
want to stress this responsibility of the senior executives 
with the greatest force I can command. I regard it as 
pure defeatism to say that it is not worth while to 
make an all-out effort because of the effects of taxation 
and the many other irritations and even frustrations 
which management suffers to-day. This great country 
can only recover from its very grave economic diffi- 
culties (which are not solely due to the aftermath of 
war) by the greatest efforts from every individual in 
industry. 

I refuse to accept that a conglomerate nation, such 
as is the United States, necessarily has more brains, 
more enthusiasm or a greater zest for living than we 
have in this country, and yet it is instructive to study 
trends, not only of productivity but of many other 
phases of American life in relation to our own. It is 
not just a coincidence that the amount of electricity 
used per person employed in industry is twice in the 
United States what it is in this country, that the output 
of steel per head of population is twice that in Great 
Britain, and that the annual productivity increase is 
3 per cent., against our 14 per cent. 

Sir Ewart Smith, in his admirable address to the 
British Association at Birmingham in August last,* 
gave a number of figures and showed a series of graphs 
which are so striking as to demand the closest possible 


study. In a recent address to shareholders, Sir 
Geo a Heyworth, of Lever Brothers and Unilever, 
Limited, gave figures for a number of factories in 


different parts of the world, showing what has been 
done in increasing productivity and in reducing man- 
hours for individual operations, by changing the 





* See ENGINEERING, vol. 170, page 562 (December 29, 
1950). 





atmosphere in factories, by making time studies of 
individual operations, and by re-equipping. It is well 
known that if the output of all factories in a particular 
industry could be brought up to the av of the top 
few in that industry, the problems confronting this 
nation would largely disappear. This attack must 
come from senior management, and I would urge that 
everyone should, with an entirely fresh mind, examine 
the question of his own works production efficiency. 

The more efficient we become in industry, the more 
is it ne to have a much higher level of general 
and technical education in the staff which must manage 
our factories. The universities and technical colleges 
have performed a magnificent task in doubling the 
output of applied science graduates since the war, but 
industry is still working under difficult conditions 
because of a shortage of trained technologists. That 
shortage is accentuated by the present military service 
demands, and the effect of university graduates or 
technical college men spending two years in the Forces 
immediately after completing their studies is so serious 
as to constitute a major problem. But it is likely 
that world conditions will demand a period of military 
service for many years, and, though it can be argued 
that military service merely delays for two years those 
graduates entering or returning to industry, it is essen- 
tial that we continue the increase in trained techno- 
logists if there is to be a continuing improvement in 
industrial productivity consequent upon higher stan- 
dards of production efficiency. 

Professor J. M. Juran, Professor of Administrative 
Engineering in the University of New York, in a 
lecture to the Institution of Production Engineers in 
March, 1950, gave a concept of management which, I 
feel, expresses the vague thoughts of most senior 
executives to-day. Professor Juran gave a biological 
parallel to modern industry in saying that a modern 
enterprise is a living organism and that the owners, 
the employees, the customers, etc., are all separate 

et vital parts of that organism. The management is 
Shoots a separate and vital part of the organism and 
constitutes the brain centre, which must achieve the 
balance among the various vital organs so that no 
single organ can wax fat at the expense of the others. 
When, as in factories in the United States, a trade 
union puts up posters reading “‘ The greatest crime a 
company can commit against its employees is not to 
make profits,” it is evident that that biological con- 
ception of modern enterprise is accepted. 

There is no conflict of loyalties in this idea. The last 
thing the owners want is for the enterprise to die, and 
this is true whatever form the ownership takes. If 
the owner takes too much from the enterprise the 
organism will soon die, and the same will happen if 
the employees or the customer get too big a share. 
Few will challenge seriously that there have been 
sufficient instances in the past of owners getting too 
big a share and thereby killing the enterprise. It is 
not yet generally accepted that the enterprise will be 
just as dead if killed by the employees taking too 
large a slice. 

But the brain centre, in addition to maintaining a 
balance in the broader sense mentioned, must also keep 
a balance within its own body between the demands of 
research, design, purchasing, production, accounting, 
sales, welfare and the many other phases of modern 
industry. I know of one works where production 
planning ran riot, with the result that output fell 
drastically instead of rising; and of another where 
accountancy and costing was so detailed and expensive 
as to increase overheads to the point that the final 
product ceased to be competitive in selling price. Only 
the top management brain centre in its most experi- 
enced Ron and at its greatest activity can cope success- 
fully and efficiently with these many, difficult, and 
diverse problems. I believe the finest training for that 
top management in industry to be basically engineering 
and largely in production, though actual experience in 
the other phases of the industries’ activities are essential 
also. 





EXTENSION OF ST, ALBANS GASWORKS.—The Eastern 
Gas Board have been notified that the Minister of Fuel 
and Power (Mr. P. J. Noel-Baker) and the Minister of 
Local Government and Planning (Dr. Hugh Dalton) are 
not prepared to agree to the full scheme for an extension 
of St. Albans gasworks, but that they propose to approve 
a@ reduced scheme to meet immediate needs. The plant 
and buildings to be erected will consist of one carbonising 
unit with a capacity of 4 million cub. ft. daily—a third 
of the additional capacity for which the full scheme ws 
designed ; one unit of carburetted water-gas plant, with 
a daily capacity of 2% million cub. ft.; a gasholder of 
1 million cub. ft. capacity; and the necessary tower 
purifiers. The existing horizontal retort house is to be 
closed down, and removed as soon as possible. The 
objection to the original scheme was on grounds of 
amenity, and special steps are to be taken to ensure, “Ss 
far as possible, that the new structures do not offend in 
this respect. 
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DETERMINATION OF ELASTIC 
CONSTANTS BY ULTRASONICS. 


In the course of a lecture on ‘ Scientific Problems 
in the Department of Scientific and Industrial Re- 
search,” delivered before the Scottish branch of the 
Institute of Physics on February 13, Sir Ben Lock- 
speiser, K.C.B., F.R.S., secretary of the Department, 
referred at some length to the use of ultrasonics in 
the determination of the elastic constants and elastic 
moduli of metals. He said that the literature on the 
elastic constants of single crystals showed not only 
large discrepancies in the values obtained by different 
mvestigators, but many gaps as well. One of the 
reasons for this was to be found in the difficulty of 
measuring directly the stress-strain relationship, in 
the limited elastic region, particularly in the case of 
small crystals. Mr. G. Bradfield, working in the 
National Physical Laboratory, had developed an 
indirect method of measuring elastic constants, based 
on the measurement of the velocity of ultrasonic 
pulses in metals, which enabled a much greater accuracy 
to be obtained. The basis of the method consisted in 
converting an electrical pulse wave-form into an 
ultrasonic mechanical pulse by a quartz-crystal 
transducer. The specimen under test was clamped 
between this and a similar transducer where the 
pulse, having travelled through the specimen, was con- 
verted back into an electrical wave-form, which after 
amplification was displayed on a cathode-ray tube. 
The time base of this was synchronised to the pulse 
repetition frequency. 

Travel time measurements were then made by 
war tg the trace with calibration marks, 

rstly with the transducers together, and secondly with 
the specimen in position. The accuracy of these 
measurements was of the order of 0-005 microseconds, 
and the total scatter of values of velocity through 
specimens of varying lengths had a range of 1 part in 
3,000. The elastic constants could then be computed 
from velocities of longitudinal or transverse waves, 
according to the type of transducer used, and trans- 
mitted along known crystallographic axes, provided the 
density was known. 

The resonant frequencies of induced oscillations in a 
body were directly related to the elastic moduli, and 
the accurate measurement of resonant frequencies pro- 
vided a convenient method, capable of high accuracy, 
in the measurement of elastic moduli. Vibrations, 
longitudinal or torsional, of continuously variable 
frequency, were excited in specimens preferably 
cylindrical in shape. A convenient method of excita- 
tion made use of the magneto-strictive effect of nickel. 
Two thin nickel rods were placed in contact with the 
ends of the specimen; one was surrounded by a coil 
connected to a variable-frequency oscillator and excited 
vibrations in the specimen, while the other was sur- 
rounded by a coil connected to an amplifier which was 
used to indicate the resonances set up. The elastic 
moduli of the material could be computed from the 
resonant frequencies and from the density, bearing in 
mind the necessity to apply a correction to the lateral 
expansion of specimens in the form of rods, and of 
the deviation, in general, from the true harmonic law 
of the higher order modes. Torsional vibrations could 
be excited by a similar method and the rigidity moduli 
computed from the torsional resonant modes. 

Whneche had proved to be a very useful tool for 
increasing the accuracy of the measurement of the 
elastic properties of metals, especially when the dimen- 
sions of the available material were small. The pulse 
and resonant methods each provided a check on the 
other, and the fact that two basic methods existed had 
an important effect on the precision of the measure- 
ments. Although the results had yet to be analysed in 
detail, work on the rarer metals had shown that very 
much less than | per cent. of an alloying element could 
give rise to large changes in the elastic constants. 

This work was of considerable fundamental import- 
ance since the magnitude of the elasticity gave directly 
valuable information concerning the atomic forces 
themselves and their dependence on the electronic 
constitution of the atoms. The importance of this 
knowledge had been enhanced by the work of Debye in 
relating the elastic properties of matter to specific 
heat or internal energy as a function of temperature. 
A from the fundamental aspect of the evaluation 
of elastic constants, the application of the techniques 
already described was of considerable promise as an 
engineering test of a non-destructive type. Some 
interesting results had already been obtained. For 
instance, the heat-treatment hardening of 1 per cent. 
carbon steel was accompanied by a change of 1-1 per 
cent. in the velocity of longitudinal waves and a change 
of 1-8 per cent. for shear waves. Cold-worked copper 
was also 0-7 per cent. lower in elastic modulus than 
annealed copper. Since steps of 0-1 per cent. in the 
measurement of these quantities could readily be dis- 
tinguished, it might be possible to follow the various 
stages in hardening by extending these methods, and 
thus to gain a clearer insight into the physical processes. 





LABOUR NOTES. 


Success attended the efforts of the three principal 
railway unions to obtain wage improvements for their 
members, additional to those offered by the Railway 
Executive. The recent railway court of inquiry had 
Suggested increases in wages, which were estimated to 
cost the Executive 7,000,000. a year, these representing 
“ the maximum amount which it is within the capacity 
of British Railways to pay without imposing intolerable 
financial burdens upon them.” After negotiations 
lasting for some days, the Executive made an improved 
offer on February 21, estimated to amount to 9,250,000/. 
a year, but the unions intimated that further increases, 
costing about 12,000,000/. annually, were the least 
that they could accept. On February 23, after five 
days of continual meetings, during which the final 
result was'in doubt until the last moment, agreement 
was reached between the parties, by which the wages 
of some 465,000 railwaymen will be increased, as from 
January | last, at a total cost of 12,000,0001. annually. 


i 


Most railway grades will receive about 7} per cent- 
more pay as a result of the agreement. This compares 
with the 5 per cent. increases proposed by the court 
of inquiry. The minimum rate for the lowest-paid 
employees will be increased by 6s. 6d., to 51. 2s. 6d. in 
the provinces, and to 5. 5s. 6d. in London. It is the 
intention of the Executive, apparently, that almost the 
whole of the cost of the increases shall be met by 
higher passenger fares and freight charges, and that 
these shall come into operation as soon as practicable. 
That the higher charges may be considerable is indi- 
cated in a statement issued by the British Transport 
Commission on February 24. This refers to “ the 
whole consequences of the railway-wage agreement and 
other wage concessions in the different branches of 
transport, as well as other serious increases in the cost 
of coal, steel, tyres, fuel oil, and other materials,” and 
states that the Commission are closely considering the 
position. 








Some concessions ‘‘in the elimination of waste of 
man-power, in increasing efficiency, and in improving 
productivity” were made by the unions in the new 
agreement. As a result, callers-up may be abolished 
and more lodging turns worked. Although the railway 
services were normal in most areas during last week- 
end, token strikes occurred in a few districts, mainly 
among locomotivemen on the Western Region. _ These 
men are, for the most part, members of the Associated 
Society of Locomotive Engineers and Firemen and 
appear to be unhappy about the new agreement, which 
gives them increases of 74 per cent., against the 15 per 
cent. claimed by the Society. Some members of the 
National Union of Railwaymen also took part in 
unofficial week-end strikes, but the Railway Clerks’ 
Association was not affected. A conference of officials 
of the A.S.L.E.F. and the N.U.R. with representatives 
of the Executive took place last Monday, with a view 
to preventing any repetition of these strikes. In 
several cases, the men taking part in the stoppages 
declared that they had not heard of last Friday’s 
agreement in time. 





Saturday working in the coal mines reached a new 
high level on February 24, when voluntary extra shifts 
were worked at 820 collieries out of a possible total of 
950. That was the highest number of pits to be 
opened on any one Saturday since the introduction of 
the five day week agreement in May, 1947. It was an 
improvement on the previous record, set up on Feb- 
ruary 10, when 815 pits were open, and was a good 
advance on the pre-Christmas record, established on 
December 16, 1950, when voluntary shifts were worked 
at 779 collieries. A county record was broken in the 
Durham coalfield last Saturday, when 115 collieries in 
the division were at work. Of these pits, eleven had 
worked an extra half-hour at the close of each of the 
preceding five week-day shifts as well. A further 


| eleven pits in the division had worked overtime during 


the previous week. 





Speaking at Derby last Saturday, Mr. Philip Noel- 
Baker, the Minister of Fuel and Power, stated that 
over 700,000 tons more coal had been mined during 
the previous six weeks than had been produced during 
the corresponding period twelve months ago. This 
fine improvement in production had been made, Mr. 
Noel-Baker emphasised, in spite of the average number 
of miners on colliery books having declined by over 
14,000 during the interval. It was vitally important, 
however, that the present efforts should be continued 
during March and April. He also found encourage- 
ment, he declared, in the rise in output per man-shift. 
So far this year, output per man-shift had averaged 
1-24 tons, against one of only 1-20 tons for the corre- 
sponding weeks of 1950. That represented an overall 
increase of about 3} per cent. in twelve months. It 
was also cheering to notice that, since November last, 





miners on colliery books had increased in number by 
11,500, but it was essential that this increase should 
continue if more coal were to be obtained during the 
current year. 





Engineering operatives employed in the civil air- 
transport industry had their wage rates increased by 
1$d. an hour under the terms of an award by an indus- 
trial court, published on February 24. The men 
applied some time ago for an increase of 20s. a week in 
their wages, but this demand was rejected by the 
employers’ side of the engineering and maintenance 
national sectional panel of the Joint Council for Civil 
Air Transport. A claim for a wage increase for the 
men was later brought before the industrial court by the 
workpeople’s side of the national sectional panel. 





Some 1,100 engineering operatives employed at the 
Liverpool works of Messrs. D. Napier and Son, Limited, 
and the English Electric Company, Limited, met in 
Liverpool on February 25 to consider their attitude 
towards piecework rates. They passed a resolution 
which instructed the firms’ joint shop stewards to 
negotiate for an increase of 17} per cent. on existing 
piecework prices. Alternatively, the stewards were 
asked to claim that the wage increases granted in the 
engineering industry, by the agreement signed in 
November last, should be applied in full to employees 
engaged on piecework. These increases provided for 
weekly advances of up to 11s. for craftsmen, of up to 
8s. for unskilled men, and of up to*8s. 6d. for women 
operatives. By a further clause in the resolution 
passed at the meeting at Liverpool, the executive of 
the Confederation of Shipbuilding and Engineering 
Unions was requested to open negotiations for an 
increase of 20s. a week for employees in the engineering 
industry. 





Some additional support was given on Monday last 
to the unofficial strike of electricians engaged on elec- 
trical-contracting work in the London area, when 
about 250 operatives, employed by the London 
Electricity Board on wiring and similar electrical 
work, joined the strikers, thereby bringing the number 
of men idle to nearly 840. The strike commenced at 
a Bethnal Green establishment on February 12, 
following the appointment, as an electrician’s mate, of 
a member of the Transport and General Workers’ 
Union. It was claimed by the strikers that the man 
concerned should transfer his union membership to the 
Electrical Trades Union, which, it is understood, he 
declined to do. 





The need for the continued existence of compulsory 
arbitration, as a means of settling industrial difficulties, 
was investigated at some length by the Trades Union 
Congress General Council at its monthly meeting in 
London on Wednesday. Suggestions that the law 
relating to strikes and lock-outs, as set forth by the 
Conditions of Employment and National Arbitration 
Order, No. 1805, is in need of amendment were laid 
before the General Council. The Order comprises three 
main sections. These provide for the establishment of 
the National Arbitration Tribunal; prohibit strikes 
and lock-outs, except when 21 days’ notice of the 
disputes have been given to the Minister of Labour 
and he has failed to take action to effect a settlement ; 
and compel all employers to observe terms and condi- 
tions of employment not less favourable than the 
“recognised ” terms and conditions. The clauses of 
the Order and their administration are reviewed by 
the General Council each year. They have also been 
discussed at every Trades Union Congress since 1943. 
At each Congress, the continuation of the Order has 
been opposed, but only at the Congress held at Brighton 
in September last was a vote taken on the issue, and 
then a proposal for the repeal of the Order was rejected. 
The General Council decided to seek the revocation of 
the Order and its replacement by one without penalties 
for strikes or lock-outs. 





The advantages conferred upon the trade-union 
movement by those provisions of the Order which 
establish the National Arbitration Tribunal and impose 
obligations on employers to observe recognised condi- 
tions of employment are not denied by the unions. 
Their opposition has been confined to the second part 
of the Order, which makes strikes (and lock-outs) 
illegal unless the Minister of Labour has been given 
21 days’ notice beforehand. A number of difficulties 
which have arisen in the administration of the Order 
were discussed at a meeting of the joint consultative 
committee of the Ministry of Labour, especially sum- 
moned for the purpose at the suggestion of the Ministry, 
at the end of January. It was decided then that these 
difficulties should be considered by representatives of 
the two sides of industry separately, and that the joint 
committee should resume its discussion on the subject 
when these views became known. 
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THE TESTING OF MOTIVE POWER 
MACHINERY.* 
By T. W. F. Brown, D.Sc. 
(Concluded from page 203.) 


THE heavy oil engine has been made in its greatest 
sizes for marine propulsion. It is now usually em- 
ployed as propelling machinery for powers between 
2,000 and 10,000 brake horse-power. One of the 
modern forms which is deservedly popular in this 
country is the Doxford opposed-piston oil engine. A 
few results during the past 50 years, including trials of 
this engine, are given in Table Ia, on page 138, ante.t 

Shore trials of marine propelling machinery have 
been carried out with heavy-oil engines from the first 





at the foot of this page.* 

The marine steam turbine is used for all high- 
powered ships, both naval and mercantile, and for 
many cargo liners with powers from 4,000 shaft horse- 
power upwards. Single-screw turbine machinery, in 
powers up to 16,000 shaft horse-power, is now commonly 
used. Turbo-electric machinery has been installed in 
a number of vessels, but the vast majority of turbine 
propulsion sets consist of geared-turbine machinery. 
For both naval and merchant-ship turbines, double- 
reduction gearing is fitted. Some trial results are given 
in Table VI, herewith. With the increase in steam 
pressure and temperature, and the improvement 
in materials, smaller and faster-running turbines are 
used. As propeller speeds have not changed greatly, 


TABLE VI.—MARINE STEAM TURBINES. 


7. 26 5 


turbines of this type were developed by Brown Boveri 
as an auxiliary to oil refinery work—the Houdry process. 
The second approach was the development of gas 
turbines for the propulsion of aircraft, by Sir Frank 
Whittle. New alloys with good mechanical properties 
have been the main factor in enabling gas turbines to 
be produced. The essential arrangements of a gas 
turbine were mentioned in a patent by Barbour, one 
of Watt’s contemporaries, in 1791. Many years of 
work on axial compressors and turbines were also 
required, as the net output of gas turbines is essentially 
controlled by the efficiency of the components. Table 
VII gives the results of tests on gas turbines which have 
already been made public. Particular attention is 
directed to the operation of Motor Gunboat 1001 at 
sea in 1947—the first gas-turbine propelled vessel in the 






























































—-— Merchant Ships. Naval Ships. 
Year of Test “ oe es ae —_ oe 1897. | 1910. 1921. 1926. 1946. 1948. 1931. 
Ship . “ Turbinia.”’ | ** Vespasian.”’ Vessel “C.”’ |** King George V.”"| “‘ Beaverglen.”’ | Merchant Ship. * Acheron "’ (Destroyer). 
Speed, knots 323 0-7 | 13 — 164 
i ! 
Type of Machinery Three-Cylinder Two-Cylinder Three-Cylinder Three-Cylinder Two-Cylinder Two-Cylinder Three-Cylinder Single- 
Direct Drive. with Single- Double-Reduction| Double-Reduction| Tandem, Electric | Double-Reduction Reduction Gearing, 
| Reduction (H.P. and I1.P. Gearing. Transmission. Gearing. Twin Screw. 
| Gearing. in Tandem). 
! ' 
Authority Ewing.* Parsons.t Potts.t Parsons, Walker Davis.|| Walker.¢ 
and Cook.§ 
60 per cent, Full 
Power. Power. 
Shaft horse-power . . 2,100 1,095 2,933 3,489 9,010 7,000 20,400 34,000 
- (approx.) 
Revolutions per minute .. = sind ae ..| ( H.P. and L.P. 
{ 2390 | 73°3 76-2 569 112 105 -- 
L.P. 2,000 
Steam pressure at boiler, Ib. per sq. in., gauge . . 210 145 200 520 820 455 500 
Steam temperature, deg. F. ae =e a Saturated Saturated 200 deg. F. 815 850 850 750 
Superheat Reheat to 
: - 850 deg. F. 
Vacuum (30 in. barometer), in. mercury. . a te — 28-5 27-9 28-8 29-0 29-2 28-94 in. 28 -67 in. 
Steam rate{ Main engines, lb. per S.H.P./hr. .. ox + 14-3 9-12 8-01 6-05 7:46 7-08 6°85 
All purposes, Ib. per S.H.P./hr. .. oe 143 14-95 10-66 9-67 6-50 = 7°92 7°78 
approx. (Diesel (Diesel 
generators) generators) 
Fuel rate (all purposes), lb. per S.H.P./hr. oe on — 1-66 1-15 1-085 -520 0-541 0-676 0-620 
(approx.) (propulsion only) | (propulsion only) 
Coaloroil .. a ae ae ee a i Coal Coal Coal Coal Oil Oil Oil 
Gross cal. value of fuel, B.Th.U. per Ib. si 13,000 13,000 13,880 19,000 19,000 19,000 
(assumed) (assumed) 
Overall thermal efficiency, per cent. = os | “= 11-8 17-0 16-9 25-8 24-2 19-8 21-6 








* Parsons, 1903 (Appendix), Trans. I.N.A. 


t Parsons, 1910, Trans. I.N.A 


Trans. N.E.C. Inst. Walker, 1935, Trans. N.E.C. In 


TABLE VII.—Gas TURBINEs. 








YearofTest .. <7 oe a “ 1945. 











1947. , 1947. 1950. 
Unit “ eg me os _ on 2,000-kW 2,500-h.p. 10,000-kW Peak- 3,500-h.p. 
Experimental Engine for Load Unit for Experimental 
Unit. Motor Gun Boat. Power Station. Unit. 
Cycle. = ia es Ee .-| Closed Cycle with | Open Cycle: no | Open Cycle with | Open Cycle with 


Intercooling and 
Heat Exchange ; 





Heat Exchange ; 


Intercooling and 
no Intercooling 


Reheat ; no 


Heat Exchange, 
Intercooling or 








r. 


no Reheat, Reheat. Heat Exchange. or Reheat, 
Authority Quilby. Metropolitan- Meyer. Skortz and 
Vickers. Gessner. 
Net output cy, bs — 2,044 kW 2,550 h.p. ¢ 12,020 kW 3,000 h.p. 
Turbine inlet temperature, deg.F. .. 1,269 = LP: turbine 1062 |} 1520 
Air inlet temperature, deg. F. .. a 7” 61-4 =i r. 56 ne 1,002 80 
> ssure ratio of compressor... i ae 3-77 Las 11-26 4 
x pay ioe = power at turbine coupling, 
» per 5.H.P./hr. or " 
Gross cal. value of fuel, B.Th.U. per Ib. 2 toed “— sx ae 
Therma! efficiency, per cent. me . x — Js os 17-6 


Fuel rate based on net output < 
Thermal: ficiency 


oc 


a 32-6 
--| 0-59 1b. per kW/h 
P 31-6 





0-816 lb. per kW/hr. => 
23-3 














engines used in sea-going ships in 1910. It became 
ws to try such engines by means of a hydraulic 
_ on shore, to obtain the best balance of power 
— n the cylinders, and to have an endurance run 

fore installation on board the ship. Many experi- 
menta! oil engines have also been subjected to tests of 
semance, Specific output and specific fuel consump- 
— {n this general statement, the tests of the 
- rine Oil Engine Trials Committee can only be referred 
in t Passing. One result from these trials is included 
a able la, mentioned above. Six types of oil engine 

te fully tested, on shore and at sea, between 1924 


_— 





* . 
James Watt Anniversary Lecture, delivered to the 


Greenovk Philosophi i 
k ical -iety 5 
Abridged, Phical Society on January 19, 1951. 


t Thi 
- This Table was incorrectly numbered “‘1” on page 





larger reduction ratios in gearing between turbine and 


propeller shafting are required. Pitch-line speeds of 


the primary pinions now approach 300 ft. per second, 
with loads up to 1,200 lb. per inch of tooth face. 
Accuracy of tooth formation, helix angle and pitch-to- 
pitch errors has, in consequence, been extremely high, 
measured in units of 0-0001 in. 

From about 1938, considerable developments have 
taken place in the construction of gas-turbine machin- 
ery. Two lines of approach are now converging in 


the production of gas turbines for land power and for 


marine propulsion machinery. The first approach 
began with the work of Sir Charles Parsons on axial 
compressors and multi-stage turbines. The first 





* Proc, I. Mech. E., 1924, page 863 ; 1925, page 439 ; 
1926, page 99; 1926, page 523; 1926, page 1059; 


“1931, vol. 121, page 183. 


t Potts, 1923, Trans. N.E.C. Inst. § Parsons, Walker and Cook, 1927, Trans. N.E.C. Inst. || Davis, 1947, 
st. 


world. Development work on gas turbines is now 
involving elaborate full-scale testing in many countries, 

Apart from hydraulic dynamometers, which have 
been greatly increased in sensitivity by controlling 
power absorption at the water outlet, the chief develop- 
ment in power measurement has been the use of eddy- 
current dynamometers, which are now used for applica- 
tions combining high power with high speed. The 
Pametrada research station, with which the author 
is connected, has one to absorb 4,000 shaft horse-power 
at between 2,000 and 9,000 r.p.m. They can be 
controlled electronically to give a number of speed- 
power relationships, examples being (a) constant torque, 
or (b) constant speed, and (c) torque varying as (r.p.m.)?, 
the latter being usually known as the “ propeller law ” 
characteristic. 

Many attempts have also been made to develop 
reliable and accurate torsionmeters. The Hopkinson- 
Thring torsionmeter (1908) consisted of two clamped 
rings on a shaft, with a sleeve connected to one brought 
near to the other. The relative motion between the 
sleeve and the second ring tilted a pivoted double 
mirror. A light source was reflected from a fixed 
mirror past a transparent scale to show the zero 
setting, and the pivoted mirror gave a deflection to 
the light beam, proportional to the relative movements 
of the clamped ring and the sleeve. The difference 
between the light beams from the fixed and moving 
mirrors was proportional to the torque, which was 
only indicated in one angular position of the shaft in 
relation to the scale. This torque was not necessarily 
the mean torque if there was any cyclical variation. 
Later models have enabled the angular position at 
which measurements are taken to be varied. 

In 1909, Denny and Johnson introduced a torsion- 
meter depending on induction. The torsional deflection 
of a length of shaft altered the air gap in a magnetic 
circuit, which changed the inductance of a coil wound 
on cores. The ends of the coil were taken through 
slip rings and connected to an alternating-current 
generator. An ammeter in the circuit was calibrated 
to indicate the torque. 

A hydraulic torsionmeter was used by Amsler in 
1911. The torque was transmitted through cylinders 














Fig, 8, 


and pistons, and was measured by a pressure gauge 
and recording mechanism. The same principle as the 
Denny-Johnson torsionmeter was used by Moullin in 
1924, but the magnetic circuit was nearly closed, to 
give great sensitivity. Two such circuits were 
employed, on opposite sides of the shaft. With a 
sufficiently high-frequency cyclical torque, fluctuations 
could be determined with a cathode-ray oscillograph. 

The Ford torsionmeter, introduced in 1920, used an 
H-form core between two rectangular cores, thus 
obtaining two magnetic circuits. Primary and secon- 
dary coils were wound on each rectangular core. The 
primary coils were connected in series and the secondary 
coils in opposition, so that no current flowed in the 
secondary circuit when the H-core was in its central 
position. Twist in the shaft moved the H-core rela- 
tively to the two rectangular cores and caused a 
current to flow in the secondary circuit. This current 
was neutralised by a separate stationary magnetic 
system, in which a similar H-core was moved by a 
micrometer. This “null” method made the unit 
independent of contact resistance at the slip rings, 
since, when balance was obtained, no current flowed 
in the secondary circuit when the reading was taken. 
The Ford torsionmeter is the one usually employed at 
sea. One of the inherent difficulties in such measure- 
ments is the hysteresis in the shaft, which alters the 
zero for ahead running after the machinery has been 
reversed to run astern for some time. This may be a 
false hysteresis, due to yield at the clamps. 

Many other instruments for full-scale testing have also 
been developed in the period 1900-1950. For example, 
strain-gauge equipment for the measurement of static 
and transient stresses in machinery parts, including 
vibrational stresses, is now common. The means of 
fastening such gauges to the parts of machinery has 
now been so perfected that strain gauges can be used 
for temperatures up to 1,200 deg. F. 

Control instruments consisting of capacitance 
gauges enable rotor movements and the shuttling of 
gear elements to be ascertained. Such movements 
can be recorded or photographed by suitable electronic 
circuits. The measurement of axial and _ torsional 
vibration, originally measured mechanically by instru- 
ments of the Geiger type, is now performed electronic- 
ally by suitable pick-ups and cathode-ray oscillographs. 

The measurement of machinery vibration and noise 
is of increasing importance, particularly in turbine 
machinery. To measure this noise level, meters and 
analysers are available. 

Most land motive-power engines are tested when 


PREPARING MARINE TURBINE MACHINERY FOR TESTING. 

















erected on site. A very full description of the testing 
of the Essex turbine is given in the paper by Renton 
and Neal, “ Heat Rate Test Results of the 100,000-kW 
Essex Turbine Generator,” in the T'ransactions of the 
American Society of Mechanical Engineers, 1950. All 
important temperatures were measured with chromel 
P-copnic thermocouples, inserted in wells. Pipe-wall 
temperatures were measured with copper-copnic 
thermocouples peened into pipe walls. The correspond- 
ing thermo-electromotive forces were measured with 
precision potentiometers, mercury-in-glass thermo- 
meters being used for condensate temperatures at the 
generator coolers. Temperatures were read at ten- 
minute intervals, except for the throttle temperature 
and the maximum feed temperature, which were 
read at five-minute intervals. All thermocouples and 
thermometers were calibrated before and after use. 

Pressures above 25 Ib. per square inch absolute were 
measured by means of deadweight gauges. From 
5 lb. to 25 lb. per square inch absolute, mercury mano- 
meters were used. Condenser pressures were measured 
with mercury-filled absolute gauges. The connections 
for the latter two groups were maintained free of 
water by bleeding a small amount of air into each pipe. 
Condensate flow was measured by a calibrated nozzle, 
and the pressure difference read on a mercury mano- 
meter, at one-minute intervals. Condensate flows to 
the gland-seal tank and from the high-pressure turbine 
packings were measured by displacement+type inte- 
grating flow meters, and the flow recorded every 15 
minutes. The flow to the attemperator was measured 
by nozzle, and the pressure difference by a manometer 
containing dibromo-ethane, readings being taken every 
five minutes. Slag-tap and boiler access-door cooling 
flow was measured by flow nozzle and mercury mano- 
meter; the flow of condensate through the generator 
coolers by thin-plate orifices and mercury mano- 
meters;and the leakage from the second section 
of the high-pressure gland by a thin-plate orifice and 
mercury manometer. Leakage from the third section 
of the high-pressure gland was measured by an impact 
tube at the pipe axis and by wall static tapping. The 
pressure difference was indicated on a draught gauge. 
Water levels in the hot-well and the feed heaters were 
read on calibrated sight glasses. 

The pipe system was checked before each test for 
isolation of the unit. Isolation was ensured by inserting 
blind gaskets between the flanges or by closing two 
valves in series and opening a “ tell-tale” drain valve 
between them. It was usually possible to hold the 
steam temperature constant to within + 10 deg. F., 
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and the throttle pressure to within + 10 lb. per square 
inch. The condenser pressure was adjusted by bleeding 
air into the condenser, and was held within 0-01 in. Hg. 
The majority of the tests were carried out at a valve 
intercept point, i.e., just prior to the opening of the 
next higher valve. Setting was done by opening the 
governor until all lost motion was taken up in a cam- 
and-roller assembly on the next higher valve, and 
checked by testing the force on the roller with a pinch 
bar. This method was considered better than measuring 
valve lifts, since lift measurements were affected by 
differential expansion. Tests at 14 in. Hg exhaust 
pressure were continued for 2 hours, and those at other 
exhaust pressures, for 1 hour. To ensure constant condi- 
tions, the load was set and held steady for 1 hour before 
the test period. 

Brakes are used in the smaller sets, which are not 
coupled to electrical generators. In marine work, 
however, a new feature, namely, shore testing of 
propulsion machinery, has been instituted. In the 
United States, the Engineering Experiment Station at 
Annapolis tests gas-turbine units, Diesel propulsion 
units and similar machinery, and the Naval Boiler and 
Turbine Laboratory at Philadelphia carries out full- 
scale tests on boilers, turbines, gears and auxiliaries. 
In the case of gears, many of the tests are carried out 
to destruction. In this country, the Admiralty 
Engineering Laboratory tests Diesel machinery for 
naval use. A Naval Wing is being constructed at the 
National Gas Turbine Establishment to test gas-turbine 
propulsion machinery developing powers up to 10,000 
horse-power. : 

In the case of heavy-oil propulsion machinery, the 
various manufacturers have facilities to test the engines 
on their erecting beds; but, for high-powered turbine 
machinery, facilities for full-scale tests have only 
been available in Britain since 1947. The building 
of the Pametrada Research Station commenced in 
1945. It was designed to meet the maximum require 
ments for both naval and merchant ships, and provision 
was made for dealing with powers up to 60,000 h.p. per 
shaft. For a considerable time, the need had been 
felt for a testing station in this country at which full- 
scale tests could be carried out on such machinery. 
Consumption trials of marine machinery for both naval 
and merchant ships have, of course, been carried out 
at sea on many occasions, but their value has been 
limited by the difficulties inherent in sea trials, na: aely- 
the difficulties of making accurate measurements 0 
power output, except for vessels with electrical trans 
mission; of separating the auxiliary steam (‘0 
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that taken by the main turbines; and of making long 
Tuns under uniform conditions. 

In turbine machinery trials on shore, there has 
rarely been sufficient boiler and condensing capacity to 
carry out load trials in the maker’s works, and the usual 
steaming trial prior to installation has been a light-load 
overspeed test. To obtain the accurate performance 
data which are essential for the development of high- 
efficiency machinery, it is necessary, therefore, to 
test the sets at full load on shore, where the fluctuations 
— by marine conditions are eliminated and where 
tk gare can be accurately controlled and mea- 
re : . A full description of the station is given in the 
: nsactions of the North East Coast Institution of 

ngineers and Shipbuilders, vol. 64 (1947).* 

PP 7 —— and Froude dynamometer used will 
160 4 us power of 60,000 at revolutions between 

an 360 per minute. It is completely stable at 
ng as low ag 2,700 h.p. at 125r.p.m. The dynamo- 
lied torque Teactions are absorbed in hydraulic 
ag ‘ pulsator pump is also fitted, to prevent 
— and the whole operation of the dynamometer 

€mote-controlled. The hydraulic loading devices 


i iteiieecs 


>. 
See also ENGINEERIN 
NGINEERING of June 2, b 
Dage 621) et seq. . 1950 (vol. 169, 
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can be checked at any time by a readily applied torque 
arm loaded with weights. 

It has been decided that all important data should 
be obtained by direct measurement as far as possible. 
The hydraulic dynamometer is calibrated by length 
and weight measurements, and condensate quantities 
are obtained by direct weighing instead of by using 
tanks or meters with density corrections. To weigh 
the condensate, two 20-ton tanks are mounted on 
weighbridges. The condensate from the main turbine 
set is switched to the tanks and emptied from them by 
quick-acting valves, the inlets being actuated by a 
lever to ensure quick action and a certain cut-off. 
There are, in addition, a number of portable weigh- 
tanks for auxiliary condensate quantities and fuel oil. 
Such equipment, incidentally, enables boiler efficiency 
trials to be accurately carried out simultaneously with 
the main turbine machinery tests. 

In addition to the research equipment already 
described, which is installed for carrying out full-scale 
tests on prototype sets of machinery, which may be 
brought into and removed from the turbine test bay, 
a number of pieces of full-scale apparatus have been 
provided to examine the special features of turbine 
machinery. 

It is now the policy of the Admiralty to test the 


prototype of all new steam-turbine machinery, as it 
has been found that defects which might give trouble 
at sea can be eliminated by means of suitable testing 
on shore. It is also clear that the marine-turbine 
building industry in Britain has in the Pametrada 
Research Station a great asset which can be similarly 
used for the development of turbine machinery for 
merchant ships, such facilities not being available in 
any other country in the world. Turbine machinery 
to operate at stéam conditions up to 1,100 lb. per 
square inch and 1,200 deg. F., can be dealt with, as a 
high-pressure boiler and a second-stage superheater 
are already installed; a prototype high-pressure 
turbine to operate under these conditions is under 
construction. Though the Pametrada Research Station 
has been operating for only five years from its start, 
already the fourth full-scale test of high-powered 
marine turbine machinery is being completed. Some 
examination of such tests may give an idea of the 
instruments used and the accuracy obtained. 

The following description of full-scale machinery 
trials is issued by permission of the Admiralty, for 
whom and under whose supervision the trials were 
carried out. The complexity of the instrumentation 
may be judged by the fact that, during many of the 
runs, no fewer than 525 separate quantities were 
measured. Apart from the measurement of tempera- 
tures by thermometers, 112 thermocouples were fitted 
to various points in the installation, and continuous 
records were made during transient operating condi- 
tions by means of automatic multi-point recording 
instruments. Many other readings were also taken, 
using thermocouples and potentiometers and direct- 
indicating instruments to carry out the required tests, 
which involved 407 hours of running; of this time, 
23 hours, aggregated from various trials, were devoted 
to running under astern conditions. Figs. 8 and 9, 
opposite, give general views of the machinery being 
prepared for and under test, using the large brake 
already referred to. The tests fall into two main cate- 
gories, namely, calibrating trials, mainly concerned 
with efficiency and performance of the machinery, 
and associated researches, which were carried out 
simultaneously with the other trials. 

Performance trials of the machinery included the 
accurate measurement (mostly by weighing) of fuel, 
main condensate, and auxiliary condensate; brake 
load and revolutions per minute; and the. recording 
of all steam pressures and temperatures at entry to, 
and in the various stages of, the turbine. Gland 
steam was measured by means of orifices at each point, 
and in total by condensing and weighing the conden- 
sate. Air removed from the condenser by the air 
ejectors was passed through a calibrated gasmeter to 
the atmosphere. 

After preliminary trials to clean the lubricating oil 
system, and overspeed trials to show up any tendency 
in the bearings to overheat, the main consumption 
trials were commenced. These trials cover the power 
range from 5 per cent. power to overload at different 
vacua, steam conditions and revolutions, both above 
and below those corresponding to the propeller law. 
During such runs, readings of the noise level, includin 
the recording of the components of noise, and torsiona’ 
and axial vibration records, were taken. 

Maneeuvring trials followed, in which the distortions 
and temperatures in every part of the machinery, 
including temperatures in the rotor bores at selected 
axial positions, were measured, starting with the 
machinery cold and bringing it up to full power rapidly. 
The instruments fitted enabled the speed to be deter- 
mined at which this could be effected without damage 
to the machinery. 

Acceleration trials, and “crash stop” trials were 
also carried out. Astern trials for consumption, and 
to measure the rise in temperature in the ahead blading, 
were carried out at various inlet-steam conditions and 
vacua. The astern trials were specially severe ; after 
hours of such running, the machinery was set to run 
ahead as rapidly as the nozzle control valves could be 
operated. It will be clear that, after such trials are 
successfully completed, confidence can be felt in the 
machinery when it is installed in the ship. 

To assess the distribution of torque between each 
pair of quill shafts, and also to give some idea of power 
distribution between the turbines, strain gauges were 
affixed to the quill shafts and connected through slip- 
rings to a specially developed indicating instrument. 
Electronic capacitance gauges were fitted to various 
points on the gearing and turbine shafts, to indicate 
vibrations and movements of the gearwheels and 
turbine rotors. 

Measurements were made of pressure drops along 
the main steam piping, and across the boiler stop 
valve and the main steam strainer. These measure- 
ments were made by mercury column in a steel tube, 
the mercury level being determined by means of X-rays 
and a suitable pick-up instrument. A series of Pitot 
tubes and thermocouples were inserted in the tubes 
of the main condenser to ascertain the distribution of 











heat transfer over the condenser heating surface, with 
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TABLE VIII.—DATES OF INSTRUMENTS DEVELOPED FOR TESTING MOTIVE-POWER MACHINERY. 





Date. } Power. 


Fuel Consumption. 


Steam Consumption. ee — —— 
Pressure. 








1794. Watt's engine indicator. 


1800 c. 1800. Coal consumption 
usually measured in 


bushels. 


1821. Friction brake devised 
by Piobert and Hardy; ap- 
lied to engine-testing by 

rony. Many later modifica- 
tions. Powers usually small 
(10-20 h.p.), but has been used 
for 600 h.p. (1908). 


1841. First mechanical torsion- 
meter (Morin). 


1850 c. 1850. Coal consumption 
usually obtained by weigh-| 1854. Kennedy water meter! 1854. Bourdon gauge com- 
ing. Calorific values not 
measured; usual to use 
standard coal, 
hand-picked.’”’ 


1854. Hirn’'s torsionmeter. 

1858. Froude’s belt dynamo- 
meter; used for powers of 
10-20 h.p. 


1877. Hydraulic brake invented 
by Froude; first brake de- 
signed to absorb about 2,000 
h.p. 

1881. Balanced electric genera- 


tor first used on small scale by 
Rev. F. J. Smith. 


1888-92. 


1900 


1908. Hopkinson-Thring optical 
torsionmeter. 

1911. Amsler hydraulic torsion- 
meter, 


1920. Ford 


Induction-type 
1924. Moullin 


torsionmeters. 








Calorific values 
measured in trials carried 
out by Marine Engines trials carried out by 
Trials Committee. 


1924-31. Fuel consumption 
of oil engines measured on 
shore trials by weigh- 
tank and on sea trials by 
volumetric tank, in trials 
carried out by Marine Oil 1948. Deadweight gauges 

_ used for measurement of 

high pressures in some 
American turbine trials. 


Engine Trials Committee. 


1776-1780. Watt's mea- 
surements by means of 
change in boiler water 
level. 


of an air column. 


introduced and used for ing into use. 
measurement of boiler 


“ Welsh feed-water. 


1888-92, Volumetric mea- 
suring tanks used in sea 


Marine Engines Trials 
Committee. 
Weigh-tanks used :— 
1902. Neptune Bank 
Power Station. 
1904. Westinghouse 
testing department. 
1905. | King’s College, 
London (for small- 
scale steam-engine re- 
search). 








ec. 1800. (a) Mercury mano- 
meters; (b) gauges de- 
pending on compression 1700s. 


Steam Conditions. 





Temperature. Vacuum. 


ec. 1800. Mercury gauges of 


Mercury-in-glass thermo- 
various types. 


meters in use since early 


1821. Seebeck thermo-elec- 
tric effect discovered ; 
thermocouples not applied 
to engine-testing for al- 
most 100 years. 


1852. Wilson suggested 
calorimetric method of | c. 1854. Bourdon gauge. 
measuring high tempera- 
tures. 


1871. Siemens invented 
platinum resistance 
thermometer ; not suffici- 
ently accurate until im- 
proved by Callendar, 
c. 1887. 


1900-1904. Resistance 
thermometers used in 
trials by Admiralty Boiler 
Committee. 


1924-31. | Thermocouples 
used for measurement of 
high temperatures in 
trials by Oil Engine Trials 
Committee. 











the ultimate view of effecting an improved design of 
condenser. Thermocouples were fitted at strategic 
points in both the high-pressure cylinder and the low- 
pressure inner and outer casings. 

Three methods of ascertaining the axial position of 
the aft end of the high-pressure rotor, relative to the 
casing, while running, were tried. Brackets were fitted 
at many points on the high-pressure and low-pressure 
turbines, with reference points on the gearcase and 
on the test bed for the use of Taylor, Taylor and 
Hobson alignment telescopes. Rotating thermocouple 
assemblies were inserted in the bores of both high- 
pressure and low-pressure turbines, the leads being 
led to sliprings at the forward ends of the rotors. 

All instruments, including the hydraulic brake, were 
calibrated before and after every series of tests, usually 
by reference to a standard; for example, deadweight 
for pressure gauges, and melting points of pure materials 
for thermocouples. 

Fig. 10, on page 267, shows the instrument platform 
for the steam-turbine tests. This platform is arranged 
about 10 ft. above the machinery level, so that all 
gauge pipes are self-draining. The platform also 
enables the number of observers to be kept to a mini- 
mum during trials, and keeps the test instruments and 
observers clear of the gauges at the control position ; 
this is important when rapid mancuvring trials are 
in progress. Some of the recording thermographs, the 
Kenotometers and the temperature-indicating points 
can be seen in the illustration. The accuracy of such 
trials has been shown to be + } per cent., and the 
results are reproducible within this figure on repeat trials. 

Before completing this rapid survey, a new type 
of test on gearing should be referred to, by means of 
back-to-back tests at increasing torques until destruc- 
tion of the gearing is effected. Fig. 11, on page 267, 
shows a set of gears set up for test, one box being 
torqued against the other by means of a hydraulic 
torque loader. The gears are rotated by means of a 
steam turbine, which supplies the power corresponding 
to the gear losses. At each level of load, an examina- 
tion of the gear is carried out to determine wear, pitting 
and possible cracking of the teeth, and load is then 
increased and the gears run again until tooth breakage 
occurs. In this way, the real factor of safety and the 
mechanism of failure are determined for each combina- 
tion of material or gear-generating proces: employed. 





It is hoped that this review, limited to an examination 
of machinery and testing at 50-year intervals from 1800 
to 1950, will show the great advance which has been 
made by the accumulated work of scientists and engin- 
eers over this period. A chronology of the introduction 
of various instruments and apparatus used in the testing 
of motive-power machinery is given in Table VIII, 
above. When Watt produced his fundamental 
improvements in the steam engine of a separate 
condenser, he was able to make a four-fold improve- 
ment on contemporary machinery. No such spec- 
tacular change is now possible, as, within the period 
reviewed, machinery has been perfected from thermal 
efficiencies of less than unity to a maximum of about 
40 per cent. In this present day, with established 
motive-power machinery, we are working in the 
region of diminishing gains. It is only when we 
consider the potentialities of the cooled gas turbine. 
operating at high temperatures, which may be 
developed as a result of such testing as described, that 
further improvements in the region from 40 to 50 per 
cent. thermal efficiency may be possible. 





FLYING BOATS IN WAR. 


THE role of the flying boat in military operations was 
discussed in a lecture entitled “‘ Flying Boats in War,” 
given by Air Vice-Marshal P. H. Mackworth, C.B., 
C.B.E., D.F.C., to the Royal United Service Institution 
on Wednesday, February 7. During the first World 
War, he said, anti-submarine operations carried out by 
aircraft were performed almost solely by flying boats, 
the landplanes of that period not having the requisite 
range; although the number of “ kills” was small, 
the moral effect of air attacks on the submarine crews 
was considerable. In the second World War, about 
50 per cent. of the submarines sunk were destroyed 
by shore-based aircraft ; the submarine attacks were 
no longer confined to coastal areas, as in the first World 
War and, owing to their higher performance and lower 
vulnerability, landplanes gradually out-numbered 
flying boats. Most of the boats were transferred to 
Africa or India during the later part of the war, where 
their ability to land on lakes, in areas where landing 
strips were not practicable, was very valuable. Had 
the war with Japan continued, the jet-propelled 





single-seat Saunders-Roe SRA-1 fighter aircraft, 
developed since the war and intended for operation from 
sheltered bays in advance areas before landplane 
bases were available, might have been a great asset. 

In future wars, it was vital to concentrate as many 
search aircraft as possible in areas threatened by 
submarine attack ; it was therefore necessary to limit 
the size of aircraft in order to produce them in the 
required numbers. Air Vice-Marshal Mackworth 
thought an all-up weight of about 100,000 lb. was 
about as high as it was desirable to go, to give a reason- 
ably long range and endurance. For extreme range, 
flight refuelling might be used. Below a weight of 
about 150,000 Ib., the landplane had, generally, a 
better performance and load-carrying capacity than 
the flying boat, and, moreover, was more easily designed 
for carrying and dropping sonobuoys, markers, etc. 
Nevertheless, there should be a number of flying-boat 
squadrons, based mainly overseas, for their ability to 
operate quickly from primitive bases was a great advan- 
tage, particularly in a war where the enemy could 
quickly switch operations from one part of the world 
to another. Such flying boats should be as simple as 
possible ; the size should be kept down, say, to 75,000- 
80,000 Ib., and electrical equipment should be protected 
from damp. ‘The boat should be able to cruise at 150 
knots or less, with endurance of about 15 hours, pro- 
longed when necessary by refuelling in flight. A spacious 
flight deck, comfortable rest stations, and means for 
preparing hot meals on long flights should be provided. 
Stowage and reloading facilities for sonobuoys, markers, 
etc., were required. The main bases, the lecturer 
suggested, should be at widely separated strategic 
points ; advance bases would be served by depot ships 
with moorings, fuel, spares, stores, etc. The flying 
boat might also be very useful as a war transport 
machine, because of the ease with which operating 
bases could be improvised ; boats such as the Saunders- 
Roe Princess would have been invaluable on many 
occasions in the recent war. 
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BRITISH AND AMERICAN 
IRON-FOUNDRY PRACTICE. 


(Concluded from page 220). 

We conclude below the report of the conference 
which was held last October, under the auspices of the 
British Cast Iron Research Association, to discuss the 
findings of the productivity team on grey-iron founding. 


MovuLpING OPERATIONS AND Founpry Layout. 

The subject of ‘‘ Moulding Operations and Foundry 
Layout ” was introduced by Mr. E. J. Ross, of Messrs. 
G. and J. Weir, Limited, Glasgow. He stated that the 
elimination of excessive production time was the 
business of the foundry executive officer in the United 
States, and he was concerned with this continuously. 
The moulding equipment and services were under 
constant survey. ‘The high-quality of the patterns 
used in American foundries was one of the main 
factors contributing to the high rate of production. 
There was usually a shortage of skilled moulders, and 
the simplification of operations and methods was a 
dire necessity if the production required was to be 
obtained. Even very large patterns and core boxes 
were of solid construction. The value of a good pattern 
was fully realised by all associated with the foundry 
and all patterns were very carefully handled. A factor 
of importance was the plentiful supply of wood. In 
general moulding practice in America, the use of 
thoroughly-prepared facing sand was common, except, 
of course, for small moulding, and sometimes for 
medium moulding. The final appearance of the 
castings was of very great importance and, towards 
this end, sand selection and conditioning were under 
constant supervision in almost all the foundries visited. 

Hand moulding was considered too expensive, and 
full use of sand slingers was made on jobbing work. 
In the large foundries, the progressive arrangements 
for production were obviously the result of intensive 
study by the foundry engineers. In the medium and 
small foundries, and especially on small-quantity work, 
where moulds were hand-rammed or rammed by pneu- 
matic rammer, the work was closed and cast where 
it was moulded. Where a slinger was employed 
intensively, the moulds were transferred to a closing 
and casting station. The installation of machinery in 
American general and jobbing foundries had made 
great strides in recent years, but it had been only in 
the last three or four years that the complete mech- 
anisation of the small-casting section of a very large 
foundry had been carried through. Foundries pro- 
ducing castings for motor cars, however, had been 
fully mechanised for many years, and the jobbing 
foundries had adopted the most suitable methods and 
machines on the basis of the experience of the repetition 
foundries. 

Mr. G. W. Nicholls, of Modern Foundries, Limited, 
Halifax, who also spoke on the subject of ‘‘ Moulding 
Operations and Foundry Layout,” said that, in general, 
moulding practice in the United States did not differ 
in any way from moulding practice in this country, 
whether it was in the production of turbine castings, 
motor-car castings or Diesel-engine castings. The 
main differences lay in the quality of the patterns, the 
nature of the layout and the utilisation of every 
possible mechanical means. Various types of slag and 
dirt traps were seen incorporated in runner systems. 
These included the usual filter cores, specially-shaped 
runner bars and whirl gates, or a dam across the runner 
bush. Riser patterns of predetermined size were 
provided in many instances, and top and side risers 
were used on medium and heavy castings. To facilitate 
the removal of heavy feeders, thin section cores across 
the junction of the riser and the casting were some- 
times adopted to reduce the section of the metal at 
that point. 

COREMAKING. 

The subject of ‘* Coremaking’’ was dealt with by 
Mr. M. Martin, of Markham and Company, Limited, 
Chesterfield. He stated that corebox equipment in 
the United States appeared to be stouter and had a 
better finish than that in British foundries. This 
was probably because good timber was plentiful and 
the greater quantities of castings required warranted 
the cost. The methods of production were very similar 
to those in Britain and it would seem that we, in this 
country, had very little to learn from the Americans. 
Nevertheless, the output from American coremakers 
was somewhat higher than that in Great Britain. This 
was due mainly to the application of mechanical aids, 
the eflicient servicing of the coremakers and. the efforts 
of the employees themselves. In one foundry, a 
sand-slinger unit, consisting of three machines, was 
used for the production of large oil-sand cores. Metal 
tubes approximately 11} in. in diameter were fitted 
to the impeller heads and sand was directed into the 
corebox with very little spillage. The unit was served 
by an overhead cab crane which lifted the rammed 
coreboxes to a roll-over cage and returned the empty 
boxes to the coremakers. This crane was very rarely 





still. It was observed that the coremakers were never 
required to leave their stations, all necessary materials 
being close at hand. When the team visited the 
foundry, one coremaker was producing 17 cores a 
day from a corebox 6 ft. long by 3 ft. 6 in. wide by 
10 in. deep. Numerous air hoists were seen in most 
of the core-shops making medium and heavy cores. 
Core-drying ovens varied in type and size, but those 
heated by gas or oil, whether continuous or of the 
batch type, were the most popular. Solid fuel was 
seldom used. Some foundries employed natural gas, 
piped from Texas. A number of gas-fired ovens were 
also fitted with emergency oil firing, which was used 
if the gas failed. The most common method of core 
distribution to the moulder was by lift truck, but 
gravity and pendulum conveyors were frequently used 
in production practice. All waiting time of the core- 
makers was cut down to a minimum, and the reason 
for the high production was that coremakers were 
kept at coremaking all the time. 


PLANNING OF OPERATIONS. 

Mr. H. B. Farmer, of Rice and Company (Northamp- 
ton), Limited, introduced the subject of ** The Planning 
of Operations—The Saving of Time.’’ He said that 
American management placed more reliance on prompt 
executive action on the spot than on theoretical 
planning and remote control. It was not possible to 
give reliable figures of office staff and floor executives 
and the proportion which they bore to producers, but 
the small number of office staff was a subject of com- 
ment by the team at most of the foundries visited. 
It was also noticeable that there were more floor 
executives than were usually met with in Britain. 
The work in large plants was broken down into units, 
and then into operations under executives who had a 
pride in efficiency and who realised that co-operation 
with other units was essential if the production target 
was to be achieved. If to this were added the em- 
ployees’ enthusiasm for production, the real and live 
factors which materially assisted in the planning of 
operations became evident. There was a large market 
for castings in the United States, much larger than in 
Britain, and it was possible for most foundries across 
the Atlantic to limit their production to a given range 
or type, mostly based on size. 

Usually the production plan was the result of con- 
sultations among all the executives, linked by “ staff 
work” and checked by a progress officer, whose task 
compared with that of his counterpart in Britain was 
simplicity itself. He was not called on—as he was in 
this country—to make good the deficiencies of others, 
but was able to concentrate on the recording of the 
work as planned, and on the supply of information to 
each unit in order to maintain all of them in phase. 

Mr. H. Hendy, of the Davy and United Engineering 
Company, Limited, Sheffield, who also dealt with 
“The Planning of Operations—The Saving of Time.” 
emphasised the question of servicing. He said that 
it was a very important factor in accounting for the 
difference between the tonnage produced in this 
country and that attained in the United States. Here, 
at home, it was often found that skilled men spent a 
good deal of their time each day in doing some un- 
skilled work, such as shovelling sand into their boxes, 
instead of using some mechanical aid. In one instance 
in a large American jobbing shop making very large 
castings, a skilled moulder was assisted by six appren- 
tices. There were foundries in the United States 
which established standards that, rendered easy the 
fixing of a rate for a job, but it required perseverance 
and patience to establish these standards. Moreover, 
American foundries were not always satisfied with a 
first timing. If they thought that by a slight altera- 
tion in their plant they could reduce fatigue and 
imvrove the methods of getting what was wanted to 
the point where it was wanted, they were prepared 
to make this alteration. The job would then be 
timed again and if a better time than previously were 
obtained, it was considered that something had been 
accomplished. In one plant, for every 48 minutes 
of scheduled time, 12 minutes were allowed for rest 
periods ; this 12 minutes per hour rest time seemed, 
at first sight, rather generous. There was, however, 
no recognised stopping time throughout an eight-hour 
shift other than the lunch break. This period of 
12 minutes had been introduced in connection with 
the fixing of the piecework minimum ; it was added 
to the schedule time, in cases where time and motion 
studies were conducted. 





HEATING AND VENTILATION. 

Mr. N. Charlton, of C. A. Parsons and Company, 
Limited, Newcastle-upon-Tyne, who dealt with the 
subject of ‘‘ Heating and Ventilation,” said that in a 
country where the extremes of temperature between 
summer and winter were very great, and where the 
efficiency of central heating in homes and in hotels 
and public buildings generally had reached a very 
high standard, it was very surprising to find that an 
appreciable number of foundries had no means of 








heating other than open coke braziers. In foundries 
operating continuous casting systems throughout the 
day it was occasionally more necessary to provide 
adequate ventilation than to provide a heating system, 
and sometimes portable fans were disposed at strategic 
points, throughout the foundry, to reduce the tem- 
perature. The majority of the mechanical sand- 
preparation and handling plants were adequately 
equipped with dust extractors. The type of mill 
almost universally used in America was totally en- 
closed and this lent itself admirably to the fitting of a 
really efficient extraction system. Cleaning and 
dressing shops were usually adequately ventilated by 
the provision of extraction fans on all equipment, and, 
in cleaning shops in heavy foundries particularly, 
the greatest contribution to the maintenance of a 
clean atmosphere lay in the use of high-pressure water- 
blast systems for the removal of cores. 


STATISTICAL INFORMATION. 

“Comments on Statistical Information” were 
presented by Mr. G. B. Judd, of Mann, Judd and 
Company, London. Unfortunately, it was not at all 
easy, he said, to measure productivity. One had 
to try to measure output and there were only two 
methods of accomplishing this in the iron-founding 
industry ; one was by weight and the other by value. 
Figures based on value were not satisfactory. The 
output of the grey-iron founding industry in the 
United States in 1947, which was not the peak of 
a boom period but a good year, was 11 million long 
tons. Dividing that by the number of men employed, 
after excluding clerical employees and supervisory 
staff, it was found that the production per employee, 
per annum, was about 46 tons. In Britain, in 1949, 
also a good year, the corresponding figure was only 
24 tons per man per annum, again excluding clerical 
and supervisory grades. Figures relating to a number 
of sample British jobbing foundries and to firms 
visited in America indicated that, for the United States 
firms, the figures were 44 tons per man per annum 
and for the British firms 20 tons per man per annum. 
Hence there was justification for saying that, on a 
weight basis, the American iron founder was twice as 
productive as the British. The total number of iron 
foundries in America was about 2,600, and in Britain 
a little under 2,000, so that the average production 
per foundry in the United States was about 3,800 tons. 
and, in Britain, 1,500 tons. There were further 
indications of comparative size. One was that, in 
America, 54 per cent. of the total number of the 
foundries employed less than 50 persons, while, in 
Britain, 63 per cent. employed less than 50. The 
average number of persons employed per foundry in the 
United States was over 90, and in Britain about 70. 

During a closing general discussion it was emphasised 
that many of the difficulties and much of the difference 
in production standards between British and American 
foundries lay not in mechanisation or in the men or 
the foremen, but in the restrictive practices to which 
they were subjected, whether these arose from the 
Factory Acts, from various union agreements or from 
some other source. If some of these restrictive prac- 
tices could be eliminated it was felt that the output 
of the foundries in this country would not be far 
behind that of the United States. 





132-KV LINE CONSTRUCTION 
IN SCOTLAND. 


THE erection for the North of Scotland Hydro- 
Electric Board of 74 miles of 132-kV line between 
Grudie Bridge station in Inverness-shire and Boat of 
Garten has necessitated the use of an unusually large 
number of different types of tower, owing to the wild 
and rugged terrain that had to be traversed. For the 
same reason, the contractors, Messrs. W. T. Henley’s 
Telegraph Works Company, Limited, 51, Hatton- 
garden, London, E.C.1, were obliged to use a number 
of different forms of transport, including Fordson and 
D4-type Caterpillar tractors, power winches, mules, 
aerial ropeways and even a funicular railway, while at 
the most inaccessible sites the materials had to be 
man-handled. In addition, air compressors, concrete 
mixers, pumps and other heavy plant had to be 
manceuvred into position for sinking the foundations 
in the solid rock, peat or running sand. Owing to the 
predominance of hillside slopes, many of these founda- 
tions were of special design. 

Between Grudie Bridge and Beauly substation, a 
distance of about 16 miles, twin single-circuit lines, 
placed about 150 ft. apart, are run in parallel in order to 
minimise the effect of interference by lightning, which 
is particularly prevalent in the district. From Beauly 
to Boat of Garten, however, double-circuit construction 
with steel-cored aluminium conductors, the equivalent 
copper cross-section of which is 0-175 sq. in., are used. 
At Beauly the line is joined by a second line from 
Fasnakyle, which is 16 miles long, while at Boat of 
Garten there is a connection to Keith and Errochty. 








270 


ENGINEERING. 





_MaRCH 2, 1951. 








AERODYNAMIC OSCILLATIONS OF 
SUSPENSION BRIDGES.* 


By R. A. Frazer, D.Sc., F.R.S., F.R.Ae.S. 


In the past, many bridges have been damaged or 
wrecked by wind. The destruction of the Chester 
Bridge over the Mississippi River, in 1944, provides 
an example of static action. It was not a suspension 
bridge, but its failure has been attributed by some 
authorities to inadequate allowances for the static 
overturning moments on the structure due to wind. 
An early example of dynamic action was provided by 
Telford’s original suspension bridge over the Menai 
Straits, which sometimes undulated in waves 16 ft. high. 
Its timber floor was damaged by torsional oscillations 
in wind in 1826, and again in 1836 and 1839. The old 
Chain Pier at Brighton, containing four spans, was 
broken in a similar way in 1836. The reconstructed 
pier was finally washed away by a gale in 1896, and 
replaced later by the present Palace Pier. Perhaps the 
most spectacular example, however, was the destruction 
in 1940 of the original bridge over the Tacoma Narrows 
in the United States. This bridge, with a main span 
of 2,800 ft., was unusually slender. During the four 
months it was in service it “galloped” in certain 
winds, i.e., it oscillated by bending up and down. 
These movements were never dangerously large 
(never exceeding a total throw of about 5 ft.), but 
they were a great nuisance to traffic. The bridge was 
finally broken within one hour by violent twisting 
oscillations which developed suddenly in a wind of 
only 43 m.p.h. This disaster, though costly, was of 
great scientific interest ; valuable cinematograph film 
records were obtained of the oscillations and collapse. 
In America an intensive study of dynamic wind action 
was begun, and a special wind-tunnel 100 ft. wide was 
built at Washington University for testing model 
bridges. The first model was made dynamically 
similar to the bridge which had collapsed, and to a 
linear scale of 1:50. When tested in the wind-tunnel 
it satisfactorily reproduced the galloping and twisting 
oscillations of the full-size bridge. As a result of many 
further wind-tunnel tests, a bridge to a completely new 
design has now been built over the Tacoma Narrows. 

When the construction of the Severn Bridge was 
proposed, the National Physical Laboratory of the 
Department of Scientific and Industrial Research was 
asked by the Ministry of Transport to make an aero- 
dynamic investigation to guide the consulting engineers, 
+ am Mott, Hay and Anderson, and Messrs. Freeman, 
Fox, and Partners. The Severn Bridge, with a total 
span of nearly a mile, is to provide a crossing between 
Beachley and Aust and will replace the existing motor 
ferry. A design had to be developed which would be 
free from objectionable or dangerous oscillations, and 
at the same time be economical; and, also, reliable 
data on the static loading due to wind had to be provided 
to help in the calculation of stresses. The aerodynamic 
investigation, and the work of structural design, 
have been proceeding since early in 1946, though actual 
construction of the bridge has been postponed. 

Long suspension bridges vary greatly in design. 
There may be several distinct roadway tracks separated 
by gaps extending along the whole length of the 
Span, and these gaps may be either completely open 
and railed off, or may be covered by mesh gratings. 
The stiffening girders may consist of open triangulated 
trusses; bridges of this type will be referred to as 
“ truss-stiffened ” or ‘ open-sided.” Sometimes the 
stiffening girders are walled in by solid plate webs, and 
such bridges may be described as “ solid-sided.” The 
two types of stiffening truss produce different types of 
airflow. It is believed that the only bridges which are 
liable to “ galloping” are those which are solid-sided 
and which have a web depth of at least 0-2 of the 
bridge width. The original Tacoma Narrows bridge 
provided an example. 

Since a bridge is symmetrical about the vertical 
plane through its roadway centre-line, its deck can 
oscillate freely either by bending up and down, or by 
twisting about its centre-line. Since, also, the two half- 
spans of the bridge are alike, these halves can oscillate 
equally—but their movements may either be in the 
same phase (symmetri*), or in opposite phases (anti- 
symmetric). The deck oscillations will be accompanied 
by oscillations of the cables, and in some cases of the 
side-spans and towers, too. Since the cables can 
stretch only slightly, they have to displace not only 
vertically but also Sosteeetulie in the direction of the 
span, to remain approximately constant in length. 
With antisymmetric oscillations the span-wise cable 
movements are marked at the centre of the span; 
so the short suspenders there are tugged to and fro 
and become heavily stressed. If the cables are bonded 





* Abstract of a lecture given with the permission of 
the Director of the National Physical Laboratory to the 
Bristol Branch of the Royal Aeronautical Society on 
January 30, 1951. 


to the tops of the stiffening trusses at mid-span this 
action is prevented and the natural frequency is raised. 
Such bonding was applied to the original Tacoma 
Narrows bridge, but was unreliable. When a bridge is 
exposed to wind, its oscillations have the same general 
properties, and it is possible for one or more of them to 
become steadily maintained or to grow for certain 
ranges of the wind speed and for certain wind directions. 
The disposition of these ranges becomes clearer if the 
reduced velocity Vaz is introduced in place of the 
wind speed V. With suspension bridges Vr is most 
simply defined as the non-dimensional ratio ~ 
where B denotes the width of the bridge and N denotes 
a typical natural frequency. For winds having a 
specified direction, the ranges of Vp leading to 
maintained bending oscillations then all agree, while 
those leading to twisting oscillations also all agree. 
In the case of open-sided bridges, the ranges for active 
bending oscillations will be absent, since bridges of 
that type do not gallop. 

The behaviour of the bridge in wind will be influenced 
by the wind direction, the form of the structure, and 
the frictional damping. Wind-tunnel experiments have 
indicated that open-sided bridges are most prone to 
oscillate in winds blowing normally to the span. In 
comparative tests between different designs, therefore, 
it is safe to disregard the effects of yaw. Incidence, 
however, can have a marked influence. The lowest 
wind speed at which oscillations will occur on a bridge 
will be that corresponding to the lowest critical value of 
the reduced velocity Vz which can be obtained for any 
wind inclination, and to the relevant lowest natural 
frequency. With a safe design this speed must be well 
above any wind speed likely to be encountered in 
practice. 

One difficulty in suspension-bridge research is the 
lack of information on the behaviour of natural winds. 
The strongest wind which will be experienced at any 
given bridge site is uncertain, and it is not known 
whether large incidences are possible over any great 
length of span, or for how long such angles can be 
maintained. A suspension bridge has enormous 
inertia and would not respond noticeably unless an 
incidence were maintained for at least several minutes 
and over a considerable span length. It seems improb- 
able that such conditions can arise for large angles, 
otherwise some bridges which have been quite satis- 
factory would have been in trouble before now. Distant- 
recording anemometers are being installed at the site 
of the Severn Bridge and on the bridge at Sharpness 
by the designers, in collaboration with the Meteoro- 
logical Office, which will give continuous daily charts of 
the wind speed and of the horizontal and vertical inclin- 
ations of the wind at five separate stations. A study of 
the wind structure across the entire span of an existing 
suspension bridge has never been attempted. It 
would be a valuable project, but costly. With normal 
wind-tunnel tests of model bridges, natural winds 
have to be represented by the tunnel air-stream, and 
are therefore treated as steady and uniform over the 
span. The tests are therefore almost certainly pessi- 
mistic. Angles of incidence are usually assumed to 
range from + 15 to — 15 deg. 

The wind-t 1 investigations by the National 
Physical Laboratory for the Severn Bridge are con- 
ducted by two methods. The simpler method is to 
use a rigid sectional model, representing a sample 
length of several hundred feet of the suspended struc- 
ture only. The model is mounted on springs in the 
wind-tunnel, with its span horizontal and its deck at 
various angles of incidence and at zero yaw, and the 
wind-speed ranges over which sustained pitching 
oscillations or vertical translational oscillations occur 
are observed. These motions are the two-dimensional 
equivalents of the twisting and bending oscillations on 
the complete bridge. The critical values of the reduced 
velocity Vz, corresponding to different incidences and 
different values of the model’s damping, are recorded. 
Structural damping has an important influence on 
oscillations, but the values of the damping for long-span 
bridges are very uncertain. American authorities quote 











figures ranging from 0-1 to 0-02 for the logarithmic 
decrement. Recent measurements on_ short-span 
bridges in Norway have given values from 0-15 to 
0-05. 

Many sectional models to a linear scale of 1: 100 
have been tested in a 4-ft. square wind-tunnel at the 
National Physical Laboratory. Open-sided designs 
only have been considered. The earliest models 
represented wide bridges with stiffening trusses over 
100 ft. apart, and with the roadways level with the 
mid-depth of the stiffening trusses. These mid-deck 
designs were tested first with two separate roadways, 
and later with four tracks—the two inner ones serving 
as carriageways, and the two narrower outer ones as 
combined cycle tracks and footpaths. A narrower 
bridge was tried next, with trusses only 80 ft. apart 
and with the outer tracks overhung on brackets 
outside the trusses. Lastly, the roadway level was 





moved up to the tops of the stiffening trusses. This 
top-deck arrangement was the design finally preferred ; 
it offered several advantages. The reduced width 
means a saving in the cost of construction of the piers 
and towers, and a top-deck bridge not only gives a more 
open view, but can be cross-braced horizontally at 
two widely separated levels. without any overhead 
obstruction of the roadways. It is, therefore, more 
efficient as a box structure and more resistant to twist. 
ing than a mid-deck or bottom-deck design. Any 
increase of the torsional natural frequencies that can be 
realised in this way helps to raise the critical speeds for 
torsional oscillations in wind. Increased stiffening of 
the bridge is not, however, always advantageous against 
oscillations ; weight additions alone can stiffen a 
bridge, but may even lower the natural frequencies. 


_ The earlier tests on sectional models were reviewed 
in 1948 by Mr. C. Scruton in a paper to the Third Con. 
gress of the International Association for Bridge and 
Structural Engineers. All the truss-stiffened sections 
he tested were stable in vertical motion. Features 
tending to inhibit pitching oscillations included the 
separation of the roadway tracks by open slots or 
gratings, the mounting of the side-tracks outside the 
stiffening trusses, and the use of castellated patterns 
on handrails to break up large eddies. Some measures 
shown to improve stability may not, however, be accept- 
able to the architect or the designer of a bridge. Cas. 
tellated handrails, for example, would be rejected as 
they would be unsightly, waste material and irritate 
motorists and pedestrians. 

A more elaborate experimental method is to test a 
full model bridge, with its dimensions, masses and stiff- 
nesses scaled in such a way that it oscillates similarly 
to the full-scale bridge. A strict model copy of the 


actual bridge, made in steel and ~ full-size would be 
n 


satisfactory as regards its shape and its distribution of 
weight and mass, but it would be too stiff. Whenever the 
model and the bridge itself were similarly deformed (and 
therefore similarly strained), the gravitational forces 


acting on the model would be to the scale i whereas 
n 


the elastic forces in structural members would vary 
(for the same material) as the cross-sectional areas, 


and would therefore be to the scale > To correct this 


disagreement of scales, the elastic stiffnesses (measured 
as loads per unit strain) must be brought down to the 


1 
scale zi To achieve this, some ingenuity in model 


= 
design is usually needed. When viscosity effects are 
secondary, the wind forces arise mainly from pressure 
difference, and vary as the surface area times the 
square of the wind speed V. They will therefore also 


1 1 

be to scale = provided V? is varied as the linear scale "4 

All the acting forces will then be consistently to the 

same scale “ With systems such as suspension bridges 

moving under the influence of gravity, a dynamic 

model ; full-size will show oscillation frequencies to the 
n 


= 1 
scale 4/n, and velocities and times to scale w iG 


Accelerations will be the same as for full-scale. 

For the Severn Bridge tests, only one such full model, 
based on an early design for the bridge, was made. Its 
construction was time-consuming and costly, but the 
tests were essential in order to determine the influence 
of yaw, and also to confirm whether the behaviour of & 
complete bridge could be predicted satisfactorily by the 
simpler method of sectional models. The linear scale 
adopted was 1/100, giving model wind speeds 1/10 of 
those for full-scale and model frequencies ten times 
those for full-scale. The Reynolds number had only 
one thousandth of its full-scale value, but the American 
comparisons for the Tacoma Narrows bridge provide good 
evidence that the viscosity correction is unimportant 
with oscillating bridge structures. The model was 
over 50 ft. long, and a special tunnel, follow ng an 
aerodynamic design supplied by the National Physical 
Laboratory, was built for the tests by the Ministry of 
Transport in a disused hangar at Thurleigh Airfield 
in Bedfordshire. The tunnel had a top speed of 21 it. 
per second (corresponding to 143 miles per hour full- 
scale), and a working chamber, 60 ft. square in plan 
and 7 ft. high, provided with a turn-table in its floor 
for the tests in yawed winds. To simulate winds 
inclined at upward or downward angles of incidence, 
the model was tilted bodily about a span-wise axis 
passing through the base of the towers. This inclina- 
tion reduced the forces acting perpendicularly to the 
deck platform due to gravity, and also introduced @ 
lateral component ; both of these effects were corrected 
by means of spring-tensioned cords attached to the 
model at several points along the span and incline<| to 
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the horizontal at the appropriate angle. The additional 
elastic stiffnesses so contributed were rendered small 
by the use of long cords and very weak springs. The 
attachment of similar cords to the cables was unneces- 
sary since the cables maintained satisfactory alignment 
without them for all the inclinations used in the tests. 

An instructive demonstration of galloping and 
twisting oscillations similar to those observed on the 
Tacoma Narrows Bridge was provided when the model 
was converted from the open-sided to a solid-sided 
design by covering the sides of the stiffening trusses 
with paper. 

The wind-tunnel is now being used for tests of a large 
sectional model representing ten full bays of the latest 
bridge design, as shown in Figs. 1 and 2. An increase 
of the linear scale from 1 :.100 to 1 : 32 has allowed a 
closer reproduction of fine structural details such as 
hand-rails and roadway stringers. Special spring 
mountings with variable artificial damping have been 
devised to allow pitching oscillations and translational 
oscillations both vertically and horizontally. The 
stability will be studied with these freedoms taken 
separately and also coupled in pairs. Some repeat tests 
will be carried out for ten bays and five bays to obtain 
information on the effects of aspect ratio. For static 
tests, which will be carried out in a wind tunnel at 
Teddington, a 1:32 scale model has been constructed 
in brass. Force and moments for various angles of 
yaw and incidence will be measured on the three central 
bays, and the outer bays will be mounted separately 
and will ensure the correct interferences. 

Although the investigations have been mainly 
experimental, some theoretical research has been done 
on the purely structural side to aid the design of full- 
Size and model bridges. This work has been concerned 
Specifically with the stiffness and frequency properties 
of the suspended structure. With long-span bridges, 
t is usval to treat the structure as a continuous uniform 
beam, but a method has been developed which takes 


into account the discrete bays. It assumes that the 
important displacements are those occurring at the 
cross-girders, and that the structural masses can be 
‘lumped ” at those positions. The displacements at 
joints within the bays are treated as secondary, and 
are only taken into account in order to specify the 
stiffnesses of a typical isolated bay. The stiffnesses 
and frequencies of the complete connected structure 
are then deduced by the solution of simultaneous 
recurrence equations connecting the displacements of 
consecutive cross-girders. Relatively simple and direct 
formule are obtained from which the influence of 
structural components such as web members or hori- 
zontal cross-bracing can be assessed. The treatment is 
believed to provide a much more coherent account of 
the parts played by cross-girder twist and warp in the 
torsion of a connected bridge box structure than that 
given by the usual engineering application of St. 
Venant’s theory. 

If steady oscillations having a natural frequency and 
natural wave form were imposed on a bridge in wind, 
the aerodynamic forces set up due to the motion would 
have the same frequency as the motion, but they would, 
in general, be out of step with the motion. For certain 
ranges of wind speed, however, the phasing would be 
such that oscillations could be maintained freely at the 
appropriate amplitude. The precise phase relation 
needed would depend on the structural damping present. 
Small oscillations are, of course, constantly being 
initiated by impulses due to gusts or traffic, and their 
effects normally die away, but for the particular 
ranges of wind speed just referred to they will build 
up to a steady amplitude. At the present state of 
knowledge, a satisfying physical picture of the causes 
of the oscillations cannot be offered. It has been 
suggested that excitation from rest at a critical speed is 
due to the forcing action of eddies shed by the struc- 
ture, but this explanation involves difficulties. When 





the structure is at rest the predominant frequency of 





the eddies and of the forces they produce will be propor- 
tional to the wind speed: so, at a certain speed, the 
frequency will agree with, for example, the lowest 
natural frequency of the structure. The corresponding 
natural oscillation mode. will thus be excited by 
resonance. The same mode can also be excited with 
the same frequency at still higher critical speeds when 
eddies are being shed at a faster rate. Excitation in 
this case would have to be in the nature of a sub- 
harmonic resonance. These are fundamental questions 
which require much further clarification, but suspension 
bridges are not suitable media for such a research. The 
most promising approach would be a detailed study of 
the aerodynamic oscillations of uniform bars having 
rectangular and other simple bluff sections, along the 
lines of wind-tunnel tests of sectional bridge models. 
Some experimental work in this direction has already 
been carried out in America and elsewhere. 





THE INSTITUTE OF METALS. 


a> 

THE annual general meeting of the Institute of 
Metals will be held in London on Tuesday, Wednesday 
and Thursday, March 13, 14 and 15. The technical 
sessions, on the first two days, will be held at the Park 
Lane Hotel, Piccadilly, W.1, and the concluding 
session of the meeting, on the morning of Thursday, 
March 15, will be at the Institute’s headquarters, 
4, Grosvenor-gardens, S.W.1. 

The meeting opens at 10.30 a.m., on Tuesday, 
March 13, at the Park Lane Hotel. The reports of the 
Council, of the honorary treasurer and on the election 
of officers for 1951-52, will be presented, after which 
the new President, Professor A. J. Murphy, will be 
inducted and will deliver his presidential address. 
At a luncheon to be held at 1 p.m., the presentation 
of the W. H. A. Robertson Medal, to Mr. Christopher 
Smith, and of the Walter Rosenhain Medal to Professor 
G. V. Raynor, will be made. It is hoped to present the 
Inst tute of Metals Platinum Medal for 1951 to Dr. 
R. W. Diamond, of the Consolidated Mining and 
Smelting Company of Canada, Limited, at a later 
meeting. 

The afternoon session on March 13 will commence 
at 3 p.m., when two papers will be discussed, namely, 
“The Influence of Oxide on the Pressing and § ntering 
of Copper Compacts,” by Dr. T. P. Hoar.and Mr. J. M. 
Butler, and “‘ Stress-Ageing Treatment and its Effects 
on the Physical Properties of Copper-, Iron- and Alu- 
minium-Base Alloys,” by Mr. R. F. Gill, Mr. E. A. 
Smith and Dr. R. H. Harrington. 

The whole of the second day of the meeting, on 
Wednesday, March 14, from 10 a.m. until 12.45 p.m., 
and from 2.30 p.m. until 5 p.m., at the Park Lane Hotel, 
will be devoted to a general discussion of a Symposium 
on “ Metallurgical Aspects of the Cold-Working of 
Non-Ferrous Metals and Alloys.’’ This will be based 
on the following five papers: ‘‘ Fundamental Aspects 
of the Cold-Working of Metals,” by Dr. M. Cook and 
Dr. T. L. Richards ; ‘‘ Lubricants for the Cold-Working 
of Non-Ferrous Metals,” by Mr. 8. F. Chisholm ; “ The 
Cold-Rolling of Non-Ferrous Metals in Sheet and Strip 
Form,” by Mr. C. E. Davies; ‘‘ Wiredrawing Tech- 
nique and Equipment,” by Mr. F. T. Cleaver and Mr. 
H. J. Miller; and “ The Deep Drawing and Pressing 
of Non-Ferrous Metals and Alloys,” by Dr. J. D. 
Jevons. 

The last technical session of the meeting will be held 
at 4, Grosvenor-gardens, on Thursday, March 15, 
from 10 a.m. until 12.30 p.m. Four papers will be 
presented, the first two and the last two being taken 
together for the purpose of discussion. The first wo 
papers comprise: “‘ Modification in Aluminium-Silicon 
Alloys,” by Dr. B. M. Thall and Professor B. Chalmers, 
and “ The Solubility Relationships in the Aluminium- 
Sodium and Aluminium-Silicon-Sodium Systems,” by 
Dr. C. E. Ransley and Mr. H. Neufeld. The last two 
papers comprise “ Shearing of Metal Bars,” by Dr. 
T. M. Chang and Professor H. W. Swift, and “ Shearing 
of Metal Blanks,” by Dr. T. M. Chang. 





WEEK-END CONFERENCE FOR DIRECTORS AND MANA- 
GERS.—The Council of the London Centre of the Institute 
of Industrial Administration is arranging a week-end 
conference from March 9 to 11, to provide an oppor- 
tunity for directors and managers of firms employing 
less than 250 persons to discuss the problems confronting 
them at present. It will be held at the St. Ermin’s 
Hotel, Westminster, London, 8.W.1, is inter ded to be 
residential, and is limited by reserved accommodation 
for 50 persons, It may be possible, however, to admit a 
few non-residential members to the ,co1ference at a 
reduced fee, namely, 3 guineas, as compared with 
44 guineas for a residential member. Further particulars 
may be obtained from the honorary secretary of the 
Conference Committee, 72, Chester-road, London, 
N.17. 
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ENGINEERING. 





ANNUALS AND REFERENCE BOOKS. 


Mechanical World Year Book.—The 1951 edition of 
this small reference book contains a new chapter on 
the engineering aspects of productivity by Dr. D. F. 
Galloway, Wh.Sc., in addition to the regular features. 
Dr. Galloway, as director of the Production Engineer- 
ing Research Association of Great Britain, is well 
qualified to review this subject. He treats primarily 
of machine-shop matters and related design-office 
considerations, such as the selection of materials from 
the point of view of machinability, surface finish, etc. ; 
the selection and use of machine tools and cutting tools, 
with notes on errors in machine tools ; cutting fluids 
and drawing lubricants; and the general principles 
of research into these factors. The chapter on the 
continuous-flow gas turbine, by Mr. W. R. Thomson, 
B.Sc.Tech., which was introduced last year, is retained ; 
it covers the basic theory of the subject, with brief 
particulars of a few Swiss designs. The remaining 
20 chapters deal with various branches of mechanical 
engineering, and there are numerous tables of equiva- 
lents, properties of steam, trigonometrical functions, 
etc., as well as a classified buyer’s guide with English, 
French and Spanish headings. The book is small— 
but not in relation to its price, which is 3s. 6d. net. 
The publishers are Messrs. Emmott and Company, 
Limited, 31, King-street West, Manchester, 3. 

F.B.1. Register of British Manufacturers, 1950-51.— 
The Federation of British Industries have now issued 
the 23rd edition of their Register of British Manufac- 
turers. In addition to sections on the aims and acti- 
vities, regional organisation, staff organisation, and 
principal officers of the Federation, the book contains 
a detailed alphabetical directory of the 6,000-odd 
member firms and a products section in which member 
firms are classified according to their products or 
services. ‘These two are the longest sections in the 
book, and the information they contain is supplemented 
by publicity matter supplied by member firms. Lists 
of brand and trade names, trade marks, trade direc- 
tories and trade associations, constitute further useful 
sections. Strongly bound in dark blue cloth, the 
Register is published for the Federation, 21, Tothill- 
street, London, S.W.1, by Kelly’s Directories, Limited, 
186, Strand, London, W.C.2, and Messrs. Iliffe and Sons, 
Ltd., Dorset House, Stamford-street, London, 8.E.1. 
The price is 42s., postage included. 

Annuaire pour V An 1951.—This well-known annual, 
which has appeared without a break since 1796, still 

reserves its traditional form and conserves its estab- 
ished features. The first part contains information 
concerning the Calendar and gives the times of the 
rising and setting of the sun, moon and planets at 
Paris, a list of eclipses and other astronomical predic- 
tions. New sections relate to the duration of twilight 
and the Calendars of the Far East. The article on 
tides has been rewritten. The section on geodesy, 
which has been brought up to date, contains a revised 
list of French observatories, with their location and 
altitude. The section on terrestrial magnetism has 
been reduced to a table of the magnetic declinations 
at the principal towns in France. Among the chief 
changes in the chapter on astronomy are additional 
notes on galactic co-ordinates and on the units of length 
employed in astronomy, a paragraph dealing with 
fluctuations in the period of rotation of the earth, and 
an article on the translation of the solar system. The 
former article on stellar spectra has been replaced by 
one on stellar parallaxes. As the present issue relates 
to an odd year, the second part is occupied with 
geographical data, population statistics for France 
(based on the census returns of 1946) and, for the first 
time since 1939. for other countries; together with 
tables of mortality and fertility for the population of 
France. The supplement, containing the customary 
summary of data for 1952, is followed by an interesting 
account, by General Hurault, of the laboug and skill 
that has been, and is being, expended by the Institut 
Géographique National to ensure that the current 
project for the mapping of France shall meet the most 
exacting modern demands. There is also an obituary 
notice of Raymond Jouaust, contributed by Professor | 
Cotton. The very complete contents lists and index, | 
which include references to the principal articles in the 
issues between 1947 ard 1950 that are not reproduced 
in the present annual, materially increase the usefulness 
of this authoritative work of reference, which is pub- 
lished for the Bureau des Longitudes by Messrs. 
Gauthier-Villars, 55, Quai des Grands Augustins, 
Paris, VIe. The price is not stated. 





CALENDAR.—The Parolle Electrical Plant Company, 
Limited, Princes Buildings, 2, King-street, Newcastle- 
upon-Tyne, 1, have sent us a large-size wall calendar 


SOLDERING BY ELECTRIC 
INDUCTION HEATING. 


CERTAIN types of gas water-heaters are provided with 
a copper base to which a ring of the same material is 
soldered for carrying the weight of the assembly and 
the outer casing. It is found that when the hand 
torch method of soldering is used for joining these parts 
a large area of the base is heated and softened, and 
cleanliness is hard to secure, the result being that 
during the subse quent nickel-chromium plating process it 
is necessary to exercise vigilance to prevent contamina- 
tion of the solutions by flux and soluble metal. The 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, have therefore devised a 
system of electric induction heating for this job, 





in which the heat is localised so that the finished part 
is stronger and can be more easily polished. The 
apparatus consists of a 5-kW high-frequency generator, 
which supplies the heating coil shown in the accom- 


panying illustration. This coil is coated with alkathene 
to keep it clean and to protect it from the corrosive 
atmosphere,gand is covered with a Paxolin plate, shown 
removed in the illustration, to prevent it from being 
contaminated by the flux. The resin flux, which is 
contained in the solder, flows before the latter melts 
so that waste of material is avoided. The parts are 
first assembled with a pre-formed ring of solder and 
placed within the heating coil, a jig being used to 
exert a slight pressure on the joint. The door of the 
screening enclosure is then shut and high-frequency 
power switched on. An unskilled operator can deal 
with over 250 units an hour without employing special 
handling gear. 





BOOKS RECEIVED. 


Matériaux de Construction Mécanique. By Dr. H. WIE- 
GAND. Dunod, 92, Rue Bonaparte, Paris (6e), France. 
[Price 1,320 francs.] 

Welded Deck Highway Bridges. Edited by PROFESSOR 
JAMES G. CLARK. The James F. Lincoln Are Welding 
Foundation, Cleveland I, Ohio, U.S.A. [Price 2-50 
dols. post free (2 dols. in U.S.A.).] 

Plane and Geodetic Surveying for Engineers. By PrRo- 
FESSOR DAVID CLARK. Volume ll. Higher Surveying. 
Fourth edition, revised and enlarged by JAMES 
GLENDINNING. Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 32s. 6d. net.] 

Electricité. By PRoressorR Y. Rocarp. Masson et 
Compagnie, 120, Boulevard Saint-Germain, Paris (6e), 
France. [Price 1,800 francs in paper covers, 2,200 
francs bound.] 

Ministry of Works. Codes of Practice for Buildings Con- 
struction and Engineering Services. Fourth Report of 
the Codes of Practice Council. ist January, 1947, to 
3lst December, 1949. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 1s. nét.] 





Engineering Mechanics. By PROFESSOR S. TIMOSHENKO 
and PROFESSOR D. H. YounG. Third edition. Me- 
Graw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 5-50 dols.)} 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 47s.] 

The History of Johnson and Phillips: .4 Romance of 
Seventy-Five Years. By COLLIN BROOKS. Johnson 
and Phillips, Limited, Victoria Works, Charlton, 
London, 8S.E.7. 

Department of Scientific and Industrial Research. « Forest 
Products Research. Bulletin No. 24. The Protection 
of Buildings and Timber Against Termites. By W. D. 
MacGrReGor. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 9d. net.} 

Ministry of Civil Aviation. Landing and Taking-Off 
of Aircraft in Bad Weather. H.M. Stationery Office, 





with detachable sheets, each of which covers a period of 
two months and illustrates a famous Tyneside song. The 


words and music of each song are given and the calendar 
is current until the end of February, 1952. 





Kingsway, London, W.C.2. [Price 9d. net.] 
The Industrial Gas Turbine. By Dr. E. C. ROBERSON. 
| Temple Press Limited, Bowling Green-lane, London, 
| E.C.1. [Price 8s. 6d. net.] 
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BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 

Electrically-Driven Point-Operating Machines for 
Railways.—A revised edition of B.S. No. 581, covering 
electrically-driven point-operating machines for rail. 
ways and first issued in 1934, has now been published. 
It applies to machines for the operation of railway 
points, derailers, movable diamonds, and facing point 
or fouling bars. The main amendments in the present 
revision are as follows. In the first place, hand- 
generator machines are now recognised, while the low- 
speed low-voltage machine has been omitted. Secondly, 
the specification has been enlarged to cover different 
performance characteristics for identical machines 
required for use with both bull-head and flat-bottom 
switches. For the latter condition the voltage rating 
for low-voltage machines is increased from 30 to 40 
volts. Finally, an insulation resistance test is now 
specified as a routine test. The specification stipulates 
the sequence of operations and the standard voltages 
and contains clauses relating to general construction 
and protection from weather, to the motor and wiring, 
and to operation and performance. The information 
to be supplied by the purchaser and by the manufac. 
turer is set out in appendices. [Price 2s., postage 
included. } 


Assessment of Surface Texture.—A new specification, 
B.S. No. 1134, covering the assessment of surface 
texture by the centre-line-average method, has been 
issued. It refers primarily to the measurement of the 
irregularities of metal surfaces machine-finished by 
various methods. The subject matter covers termino- 
logy, the instruments and methods to be employed in 
assessing British Standard index numbers for surface 
texture, preferred limits for the grading of surface 
texture by means of index numbers, and the symbols 
to be employed in stating surface-texture requirements 
on drawings. Several diagrams illustrative of various 
types of surfaces are included, and taken as a whole, 
the specification constitutes a useful addition to the 
literature on the subject, as it brings together much 
that, hitherto, has been scattered throughout various 
publications. [Price 6s., postage included.] 





TRADE PUBLICATIONS. 


Electrical Wiring Accessories and Switchgear.—<A price 
list of their electrical wiring accessories, switch and 
fuse gear and automatic-control gear has been received 
from J. A. Crabtree & Co., Ltd., Lincoln Works, Walsall, 
Staffordshire. 


Waste-Fuel Producer-Gas Plant.—Drawings and tech- 
nical data regarding waste-fuel producer-gas plant, 
utilising such ‘soft’? fuels as wood, sawdust, olive 
refuse and cotton-seed husk, are contained in a publica- 
tion issued by the Power-Gas Corporation, Ltd., Stockton- 
on-Tees. 


Pneumatic Gates for Collieries.—A pamphlet received 
from the Westinghouse Brake and Signal Co., Ltd., 82, 
York-way, Kings Cross, London, N.1, describes the 
pneumatically-operated gates which they manufacture 
for use at the bank level of pit shafts. These gates, 
which are of all-steel construction, open automatically 
when the cage arrives at the pit top and close im- 
mediately it begins to descend. 

Alternating- and Direct-Current Solenoids.—Leafiets 
recently issued by Westool, Ltd., St. Helen’s Auckland, 
Co. Durham, deal with the various types of alternating- 
and direct-current solenoids manufactured by them. 
The former have a maximum pull of 10 1b. on continuous 
rating and of 20 Ib. on a quarter hour rating, and the 
latter a maximum pullor thrust of 1,200 Ib., depending on 
the stroke and rating. 

Panel Heating Systems.—A booklet entitled ** Invisible 
Panel Warming,’’ has been published by the Invisible 
Panel Warming Association, 136, Grand Buildings. 
Trafalgar-square, London, W.C.2, a non-profit-making 
organiss.tion supported by contributions from member 
firms, who have had extensive experience in the practice 
of heating by means of pipe coils concealed in the ceilings. 
walls or floors of buildings. The Association offer 
several technical services to architects and consulting 
engineers, to ensure that the advantages of the system 
are fully exploited. The saving of fuel, as compared with 
heating by radiators or convectors, is considered to Ix 
not less than 15 per cent.; maintenance costs are ‘ess - 
design from the architectural point of view is enhanced ; 
the diffusion of warmth is improved ; and cleanliness and 
hygiene are better. The applications of the system to 
various types of construction are illustrated, and a list J+ 
given of a large number of post-war buildings which 
embody panel heating. 
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STOURPORT ‘“‘B’’ STATION 
OF THE BRITISH 
ELECTRICITY AUTHORITY. 


(Continued from page 244.) 

Tuer turbine at Stourport ‘“ B”’ station, which is 
described in detail later, exhausts into a twin 
condenser with a cooling surface of 48,600 sq. ft. 
and designed to operate at a vacuum of 28-75 in. 
of mercury with cooling water at a temperature 
of 65 deg. F. This condenser was constructed 
by Messrs. Hick Hargreaves and Company, Limited, 
Bolton, and is arranged so that one shell can 
be shut down for cleaning while the machine is 
running at reduced load. The tubes, which have 
an external diameter of 1 in., are of Admiralty 
mixture and are arranged in “‘ ribbon ” formation 





to the temperature of the water, by a regulator in 
the coupling circuit which is adjustable by switches 
on the control board. The weight of the rotor 
and coupling is carried on a water-cooled thrust 
bearing. The circulating system is syphonic and 
an Aquair pump is used to give maximum assistance. 

The condensate is withdrawn by two extraction 
pumps, which are illustrated in Fig. 19 on Plate 
XII. These pumps, which were also constructed ‘by 
Messrs. Drysdale and Company, are capable of 
100 per cent. duty under normal working condi- 
tions, and of dealing with an increased quantity of 
condensate should the heater drains be by-passed 
or the direct-contact feed heaters be out of com- 
mission. There are also three independent ‘sets of 
two-stage steam-jet air ejectors. Two of these sets 
are capable of 60 per cent. duty and one of 40 per 








cent. duty, so that any two sets can deal continu- 
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80 as to ensure efficient stream distribution over 
the whole surface with the minimum resistance. 
They are expanded into tube plates at both ends, no 
tube packings being used ; and are slightly bowed 
to provide complete drainage when emptying the 
waterways, An expansion piece is formed in 
the shell at the return end to take up any differential 
expansion in a position where movement is not 
restrained by the circulating-water pipes. To 
prevent this expansion piece being deformed by the 
Weight of the return-end waterway the latter is 
Supported on a bracket formed on the neck of the 
condenser. Cooling water is drawn from the 
River Severn by two axial-flow vertical-spindle 
pumps, which were constructed by Messrs. Drysdale 
and Company, Limited, Glasgow. These pumps, 
which are illustrated in Fig. 17, Plate XII, have a 
Capacity of 2,520,000 gallons per hour, which is 
50 per cent. of the load. Each pump is driven by 
@ 315-h.p. English Electric Company squirrel-cage 
motor through a magnetic coupling and can be 
run at any speed from 720 to 424 r.p.m., according 





ously with all the entrained air and can maintain 
the designed vacuum in the condensers at full load. 
In @ddition, there is a quick-starting ejector for 
rapidly evacuating the system at starting. 

The feed water is heated to a temperature of 
460 deg. F. in five stages, consisting of two low- 
pressure direct-contact heaters on the suction side 
of the feed pumps and three high-pressure surface- 
type heaters on the discharge side. The low- 
pressure heaters, which are of Messrs. Hick Har- 
greaves’ manufacture, operate on the recirculating 
principle, the amount of condensate admitted being 
governed by a series of spray nozzles and being 
heated by bled steam fed directly into the heater 
body. As the nozzles, like the extraction pumps, 
are designed to handle quantities in excess of normal 
requirements, it is possible to build up a reserve 
of de-aerated water to meet slight increases in the 
feed-pump demand. Normally, this excess water is 
recirculated to the heater inlet, Should the heater 
pump fail, however, the heater is automatically 
by-passed through the recirculation connection, 


flooding being prevented by a float-operated valve or, 
should that fail, by an emergency drain trap. 
Excess water can also be passed to, or supplemen- 
tary water drawn from, two surge tanks, each with 
a capacity of 20,000 gallons, These tanks are con- 
nected to the condensate line between the two low- 
pressure heaters. 

Owing to the steam conditions, the methods used 
for excluding oxygen from the feed water, especially 
when the load is varying, had to be carefully con- 
sidered. As a result, a tank with a capacity of 
8,500 gallons has been included in the connection 
from the surge tanks. This tank stores excess 
de-aerated water from the condenser and the first 
low-pressure heater, and delivers it when the demand 
for feed water is higher than the supply of conden- 
sate. To assist in maintaining the water in the 
storage tank in a de-aerated state, both surge tanks 
are provided with floating lids which cover practic- 
ally the whole surface of the water and are bound 
with rubber strips which form seals against the 
sides. These lids are also provided with vents to 
prevent either a pressure or vacuum being set up 
when the water level alters. 

When the water in the surge tanks falls below a 
pre-determined level, raw water is admitted to 
them by a float-operated valve. As this water 
is cold, and therefore contains oxygen, it is cir- 
culated through the first low-pressure heater and 
back to the de-aerated water tank. To protect 
the boilers during off-load periods, and to provide 
a supply of de-aerated water during starting up, a 
smal] spray-type de-aerator is shunted across the 
de-aerated water tank. Water is drawn into this 
de-aerator from the top and discharged into the 
bottom of the storage tank by a small pump. 

There are two single-effeet bled-steam evapora- 
tors, each of which is capable of producing water 
equivalent to about 2} per cent. of the steam con- 
sumption at the maximum continuous rating of the 
turbine. They are supplied with steam from a pipe 
branched off from No. 2 low-pressure heater, and 
the vapour produced is condensed in No. 1 low- 
pressure heater. They can also be supplied from 
the pipe between the turbine and the first high- 
pressure heater and thus enable the make-up to be 
increased during periods of light load. 

The outlet of the second low-pressure heater is 
connected to the suction side of the three feed 
pumps. Two of these pumps, each of which has a 
capacity of 650,000 Ib. of water per hour against 
the full boiler pressure. were constructed by Messrs. 
G. and J. Weir, Limited, Cathcart, Glasgow, and 
consist of a low-pressure and a high-pressure unit, 
operating in tandem. The low-pressure pumps are 
driven by 940-h.p. alternating-current commutator 
motors, the speed of which can be varied between 
500 and 1,150 r.p.m. by induction regulators. The 
high-pressure pumps are driven by 1,100-h.p. 
induction motors at a speed of 980 r.p.m. The 
pumps are capable of pumping 525,000 lb. of water 
per hour, that is, the rated capacity of the boiler, 
against the full blow-off pressure. The third pump, 
which was also constructed by Messrs. Weir, is 
driven by a steam turbine and operates against 
pressures equivalent to thore generated by the pair 
of pumps comprising the electrically-driven units. 








To ensure that the correct amount of feed water 
is supplied to the boiler, an automatic control 
system, provided by Bailey Meters and Controls, 
Limited, is employed. This measures the flow of 
steam from the boiler, the rate at which the feed 
water is being supplied, and the water level in the 
boiler drum. The average of these values is then 
determined, and the result is used to operate a feed- 
regulating valve pneumatically and to adjust the 
speed of the motor driving the low-pressure feed 
pump so that the amount of water being supplied 
is altered. The steam-driven feed pump is started 
automatically when the water level in the boiler 
drum falls below a certain level and, while running, 
is controlled by a valve in the steam line to the 
turbine. All the feed pumps are protected from 
damage by measuring the water supplied to the 
suctions by a flow meter, which closes a contact 
should the flow fall below a pre-determined level. 
The reduction in flow actuates a quick-opening valve 
and a pre-determined quantity of water is re-circu- 
lated through a throttling orifice to the feed tank. 
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The feed pumps discharge into the three high- 
pressure heaters, which are designed to work at a 
pressure of 2,270 lb. per square inch on the water 
side. They are of the vertical inverted U-tube type, 
with forged steel water heads, as will be clear from 
Fig. 20, and are fitted with internal manhole covers. 
One end of the water head forms the plate into 
which the cupro-nickel tubes are roller-expanded. 
Special handling gear is provided for removing the 
internal covers of the water heads. The drains 
from the high-pressure heaters are cascaded from 
one to the other and the whole amount is returned 
to the second low-pressure heater, from which it is 
pumped forward by the heater drain pump. Alter- 
natively, the high-pressure heater drains can be 
bye-passed to the first low-pressure heater or into 
the main condenser. 
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The steam pipes from the turbine to the high- 
pressure heaters are provided with motor-operated | 
isolating valves and forced-closing non-return valves. | 
Each heater is also fitted with electrically-operated | 
inlet, outlet and by-pass valves. To isolate a| 
heater on the steam side and to by-pass the feed- 
water side, in the event of the body flooding, a 
float-operated switch is provided, which is tripped 
by the rising water level. As a result, the bled-| 
steam, the non-return and the isolating valves are | 
closed, the feed by-pass valve is opened, and the | 
feed inlet and outlet valves are closed, in that order. | 
Audible and visual alarms that the float switch 
has tripped are also given. As a further precaution, 
arrangements are provided so that the non-return 
and isolating valves in the connections from the | 
turbines to the high-pressure heaters are auto- | 
matically closed, if the turbine emergency trip gear 
operates. If the load is suddenly removed, any 
steam stored in the heaters and pipe work is thus 





prevented from flowing back into the turbine and 
causing the machine to overspeed: The steam pipes | 
to the two low-pressure heaters are fitted with| 
automatic forced-closing non-return valves. These | 
valves are operated by the hydraulic pressure in| 
the float chambers or the heater bodies, so that, if| 
the latter floods, the heater is isolated from the | 
turbine. 

The turbine, which was constructed by the 
English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2, is shown in section in 
Fig. 16, Plate XII, and its appearance will be clear 
from Figs. 14 and 15. As will be seen, it is of the | 
three-cylinder type with twin low-pressure cylinders. 
It has been designed for an output of 60 MW when} 
supplied with steam at a pressure of 1,250 Ib. per 
square inch and a temperature of 950 deg. F., and 
when exhausting into a vacuum of 28-75 in. of 
mercury. As already mentioned, steam is extracted 
at five points for raising the feed-water temperature 
to 460 deg. F. The set runs at 3,000 r.p.m. and drives 
a 55°5-MW main alternator and a 4-5-MW house 
alternator in tandem. 

The high-pressure and intermediate-pressure tur- 
bines are of the impulse type, the rotors being 
machined from solid forgings and the steel dia- 
phragms being built up. The low-pressure turbine 
is provided with reaction blading, except at the 
inlet, where a double-flow impulse stage is employed 
to enable a considerable heat drop to be utilised 
without leakage losses. The low-pressure rotor 
consists of forged steel dises, which are shrunk on 
to the shaft. Except for the last two rows, where 
chromium-plated high-tensile manganese-nickel steel 
is used, the blading is of stainless iron. The blades 
were all machined out of bars and have integral 
roots, while the fixings are of various types depend- 
ing on the stresses that are likely to be encountered 
in service ; for instance, the long blades forming 
the last two rows of the low-pressure turbine are 
of the ‘‘side-entry ” type, in which each root is 
secured in a separate groove in the disc head. These 
grooves are cut across the head in an approximately 
axial direction, so that bending stresses are virtually 
eliminated, both in the blade root and the disc 
head. 

All the glands are of the steam-packed labyrinth 
type, and are so arranged that the leakage from the 
high-pressure glands is led to the lower-pressure 
stages of the turbine, where it does useful work. 
The vacuum glands on the low-pressure turbine are 
packed with steam drawn from the intermediate 
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cylinder at a moderate temperature. The system is 
also arranged so that, during starting and stopping, 
the glands are supplied with steam at a temperature 
corresponding to their own temperature. 

The cylinders are connected by flexible couplings 
with a generous axial float and, as each has its own 
tbrust block, differential expansion is limited. The 
high-pressure and _ intermediate-pressure thrust 
blocks can be moved a short distance axially while 
the turbine is running, thus minimising the effect 
of differential expansion when starting up and 
shutting down. The flanges of the high-pressure 
cylinder are provided with steam heating for the 
same purpose. + 

Steam is supplied to the turbine through two 
centre pressure stop valves and two forged steel 
steam chests, which are arranged symmetrically on 
either side of the machine. The two chests are 
operated in parallel, and each is provided with a 
governing valve and an emergency trip valve. They 
are connected to the high-pressure cylinder by two 
pipes, one of which leads to the top and the other 
to the bottom of the casing. The pipe thrusts are 
therefore largely compensated. During the early 
part of its life, the existing turbine will act as a 
base-load machine. The most economical and 
maximum continuous loads therefore coincide and 
it has only been necessary to provide throttle 
governing. As a result, it has been possible to 
simplify the casting which forms the high-pressure 
casing and to reduce the stresses on the diaphragms. 

Oil for governing and lubrication is supplied by 
a main pump, which is housed in the intermediate- 
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FROM ALTERNATOR END. 


pressure pedestal of the turbine and is driven 
through gearing from the main shaft. There are 
also three electrically-driven gear-type auxiliary 
pumps. The first of these, which is driven by a 
50 h.p. alternating-current motor, is used during 
starting up and shutting down. It also comes into 
action automatically when the oil pressure in the 
main relay system falls below a pre-determined 
pressure. The second pump is driven by a 25 h.p. 
direct-current motor, which is fed from the station 
battery. It supplies oil solely for lubrication and 
also comes automatically into action when the 
pressure falls below a certain value. The third 
pump is driven by a 25-h.p. alternating-current 
motor and supplies oil for lubrication during 
barring periods. All three pumps draw oil from 
the same tank and deliver it through a non-retum 
valve to a distribution box, from which it is supplied 
to the governor relay gear. This box is fitted 
with a relief valve, set at 60 Ib. per square inch, 
through which surplus oil is returned to the tank. 
Oil for lubricating purposes is passed through @ 
reducing valve to coolers and thence to the bearings 
at a pressure of about 15 Ib. per square inch. It 
then flows through sight boxes to the "bus return 
pipe and back to the oil tank through strainers. 
Should the temperature of the return oil from any 
bearing rise to an excessive value, an alarm signal 
is transmitted to the main control board. 

To reduce any risk of rotor distortion, due to 
uneven heating or cooling, when starting up °F 
shutting down, the turbine is equipped with elee- 
trically-driven barring gear, which is put into 
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Fie. 17. Crrcutatina Water Pumps. 
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Fie. 19. Main ConpENSATE Extraction Pumps. 
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Fie. 20. Hiau-PressuRE HEATERS. 


operation by hand and is thrown out automatically 
when the speed of the set exceeds a certain value. 
High-pressure jacks are provided on the low-pressure 


| turbine and alternator bearings so that the journals 


may be lifted and a continuous oil film formed before 
barring begins. This support continues until the 
speed is sufficient to maintain the film generated 


| by the auxiliary pump. 


To ensure that close control is maintained while 
starting and stopping, the set has a mechanical 
tachometer and an electrical speed indicator, the 
latter recording the speeds from 100 r.p.m. upwards. 
An expansion meter in the high-pressure pedestal 
indicates and records the cumulative axial expan- 
sion and contraction between this point and the 


| anchorage at the low-pressure pedestal, thus show- 


ing whether the machine is responding normally to 


} the changes in temperature which occur as the 


} also indicated and recorded electronically. 


load varies. The transverse vibrations at the high- 
pressure and intermediate-pressure pedestals are 
In 


} addition, any shaft eccentricity on the high-pressure 


rotor and the relative expansion between the high- 
pressure casing and the rotor are indicated and 
recorded, and the positions of the two throttle 
valves are also indicated. 

Governing and load regulation are effected by 
a small high-speed centrifugal governor, which 
actuates relays and thus varies the oil pressure in 
the main servo motors of the steam-control valves. 
The arrangement used is shown diagrammatically 
in Fig. 18, Plate XII, from which it will be seen 
that any movement of the governor occasioned by a 
change in load causes a corresponding movement 
in the valve a, thus opening or closing the leak-off 
ports b in the bellows sleeve c. The result is that 
the oil pressure in the primary and secondary relays 
d and e, which are supplied with oil under pressure 





through the valve f, is varied. The variation in 
the oil pressure in the secondary relay e causes a 
movement of the bellows, which work in conjunc- 
tion with the springs, thus opening or closing the 
throttle valves A through the distribution valves, J, 
and the relay pistons, k. Changes in speed or 
load adjustments are effected by turning the spindle 
of the valve a by a nut on the end of the lever m, 
either by the hand wheel n or the motor o. 

The emergency governor gear can be actuated by 
two mechanical overspeed governors of the un- 
balanced ring type, by an electrical overspeed 
governor, by a hand trip on the turbine or by an 
electrical trip from the control room. Whatever 
the method of operation, the emergency valves, 
governing valves and non-return valves on the high- 
pressure bled-stream lines are closed electrically. 

The machine is also fitted with anticipatory 
gear, which operates if a drop in load exceeding a 
certain value occurs suddenly. The overspeeding, 
which might take place owing to the energy stored 
in the rotor and to the delay in the governor valves 
closing, is thus prevented. This gear consists of a 
solenoid, which releases the oil pressure in the 
governor hydraulic system and thus closes the 
throttle valve. The circuit of this solenoid is 
completed by contacts on a steam-pressure relay 
which closes when a pressure corresponding to about 
50 per cent. load is exceeded. It is also completed 
by the contacts of a group of wattmeter relays, 
which close at about 10 per cent. load. The result 
is that, if a load above 50 per cent. is suddenly 
and completely removed, the wattmeter relays will 
close and, as the contacts on the steam-pressure 
relay are already closed, the solenoid will cut off 
the steam. If, however, a load of less than 50 per 
cent. is lost, the solenoid will not operate, as the 
contacts on the steam-pressure relay will be open. 


Neither will it operate if the load is less than 10 per 
cent., since the wattmeter contacts will be open. 
When the governor valve has been operated by the 
solenoid, it is held open by a spring-loaded plunger. 
This enables the speeder gear to be operated and 
the governor valves to be brought to their no-load 
positions. When the fault has been cleared, there 
|is thus no risk of the original load being thrown on 
| to the set. 

A load-limiting device, which is shown at p in 
Fig. 18, is provided on the condenser. This begins 
to remove the load on the set when the vacuum falls 
to about 23 in. and continues to do so until all 
the load has been removed at a vacuum of 17 in. 
Any further increase in pressure to about 10 lb. to 
12 lb. absolute causes the emergency gear to trip 
and the emergency and governing valves to close. 
The condenser is thus automatically protected 
against excessive temperature and internal pressure. 
Further protection is afforded by an explosion 
door on the top of each exhaust hood. These doors 
consist of a sheet-lead diaphragm, which is carried 
by a grid-supported plate on the vacuum side. 
During normal operation, the plate and grip support 
the atmospheric load, but should excessive pressure 
develop in the exhaust space the diaphragm will 
be ruptured and the space will be opened to the 
atmosphere. After moving upwards a sufficient 
distance, the diaphragm and support plate are 
retained by cross-pieces within the guard, which 
directs the escaping steam upwards. 

The turbine is provided with connections so that 
it can be supplied with dry saturated steam for 
washing away any deposit that may be formed. 
This operation is carried out at no load and at 
reduced speed. 





(To be continued.) 





LITERATURE, 


Metal Spectroscopy. 

By F. TwyMAN, F.R.S. Charles Giffin and Company, 

Limited, 42, Drury-lane, London, W.C.2. [Price 50s. 

net.] 

Ir has been known for well over a century that the 
chemical elements have characteristic emission 
spectra which enable their presence in small quanti- 
ties, and even in an inaccessible body such as a star, 
to be determined with certainty. The determina- 
tion of the proportions of the elements present in 
a compound, or in a mixture such as an alloy, is 
of more recent introduction, and, though effective 
apparatus and convenient methods have been 
devised and extensively employed for metal spectro- 
scopy, development is still proceeding. The advan- 
tages of spectroscopic analysis, in comparison with 
chemical analysis, are that the former is more 
rapid and convenient, and that, once the equipment 
and technique have been perfected, their use in 
routine industrial work does not necessitate excep- 
tionally high skill. As was the case in many other 
branches of physical science, the application of 
spectrochemical analysis was greatly extended dur- 
ing the course of the second World War, the method 
having been employed, among other things, in con- 
nection with the production of light alloys, the 
chemical analysis of which is a long process; 
spectroscopic methods were employed largely 
because of their rapidity. Many problems were 
encountered in this work and much knowledge was 
accumulated while the stimulus of war conditions 
continued, and the author of ‘the present volume, 
Mr. Frank Twyman, F.R.S., duly acknowledges the 
information he has received from specialists who 
acquired it in various branches of the metallurgical 
industry, both during and after the war. The 
author’s own interest in spectroscopy has continued 
for over half a century, during the greater part of 
which time he was managing director of Messrs. 
Adam Hilger, Limited; a circumstance which 
doubtless influenced the world-wide reputation the 
firm have achieved for the excellence of their 
spectroscopic apparatus, 

The present work deals first with the develop- 
ment of spectrochemical analysis from the days of 
Sir Isaac Newton to the work of W. N. Hartley 
and A. de Gramont in comparatively modern times, 
carried out, incidentally, with spectrographs de- 
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signed by Twyman. The elementary theory of 
atomic spectra is next explained and the basic 
types of apparatus, including spectrographs, con- 
densers and electrode holders, are then described. 
Representative spectrographs of the principal manu- 
facturers in Great Britain, France, Germany and 
the United States are described in a separate 
chapter. Microphotometers, for measuring the 
intensity of the lines in photographs of spectra, are 
then dealt with, and the use of this instrument in 
quantitative analysis is discussed. An interesting 
chapter is devoted to electronic methods in spectro- 
scopic work, It is mentioned in this that it is 
now possible to compare the relative intensity of 
two spectral lines directly by means of photo- 
electric cells without the intervention of photo- 
graphy. Many types of electronic apparatus for 
use in emission and absorption spectroscopy are 
illustrated and their application to spectrochemical 
analysis is explained. A chapter on light sources. 
covering flames, arcs and sparks, is contributed by 
Mr, A. Walch, M.Sc. (Tech.), formerly spectroscopist 
to the Britis h Ncen-Ferrous Metals Research Associa- 
tion, and this is followed by a chapter on the 
preparation and behaviour of metallic electrodes. 
written by Mr. M. Milbourne, of the Metals Division 
of Imperial Chemical Industries. 

More than half the volume is devoted to practical 
instructicn on procedure, the technique of spectro- 
chemical analysis, and spectrochemical analysis in 
works practice, the latter part including sections 
on aluminium and its alloys, cadmium, copper and 
its alloys, gold and silver, iron and steel, alloy 
steels, cast ircn, lead, magnesium and its alloys, 
nickel, platinum, tin, etc. Most of these sections 
are written by research workers who have made 
special spectroscopic studies of the metals on which 
they write, so that the information given will be 
of the greatest value to less experienced workers in 
the same fields. In several cases, plans showing 
laboratory lay-outs are included. The remaining 
chapters deal with X-ray spectrochemical analysis 
and the present trend of development ; and there 
are two appendixes, dealing, respectively, with 
extracticn analysis and units and definitions, and 
a third giving an extensive bibliography of the 
subject. Name and subject indexes are included 
to facilitate reference. The book is well printed, 
effectively illustrated and its price is moderate, so 
that its production is a credit to all concerned. It 
will serve as a work of reference and a practical 
guide to all interested in metal spectroscopy. 


The Industrial Applications of Gasfilled Triodes 

(Thyratrons). 

By R. C. WALKER. Chapman and Hall, Limited, 37, 

Essex-street, London, W.C.2. [Price 40s. net.) 
Tue ordinary hard valve contains within a highly 
evacuated envelope a source of electrons (a hot 
cathode), a collecting electrode (the anode) and 
one or more control electrodes (grids). In such a 
device the current is always relatively small and the 
presence of even a few positive ions would spoil the 
space charge limiting repulsion, upon which its whole 
action depends. The introduction of a trace of 
inert gas into the envelope profoundly modifies 
its action. A gas pressure so low as to give a neglig- 
ible positive-ion current may result in the presence, 
within the cathode-anode interspace, of as many 
ions as electrons, in virtue of the fact that these ions 
move several hundred times more slowly than the 
electrons. This virtual cancellation of the space 
charge enables the gas-filled tube to carry larger 
currents—amperes instead of milliamperes—with 
a lower voltage drop between anode and cathode— 
tens instead of hundreds of volts. The second 
fundamental difference between the gas-filled triode, 
or thyratron, and the vacuum triode, is that the 
grid of the former is only competent to determine 
the starting of the current. Once the discharge has 
been initiated, the grid is incapable either of con- 
trolling the magnitude of the current or of stopping 
it. Not until the anode voltage is reduced below a 
certain critical value can the grid regain control. 
These essential points of distinction between the 
two types of valve are clearly stated in the intro- 
ductory chapter of this book, together with such 
practical details characterising typical thyratrons as 
maximum forward and reverse voltage and current, 





grid control] ratio and deionisation time. This is 
followed by a short account of the properties of the 
gas-filled tetrode. 

The remainder of the book is concerned with 
industrial applications and opens with a general 
description of basic thyratron circuits suitable for 
direct-current and alternating-current operation. 
The versatility of the gas-filled triode is amply illus- 
trated by its use as a simple switching device and 
in relay circuits, in indicating, controlling and mea- 
suring devices, and its employment for voltage and 
current regulation and for commutation. All these 
are comprehensively treated, with clear circuit 
diagrams and references to original papers. The 
concluding chapter deals with other types of grid- 
controlled gas-filled tubes, including the ignitron 
and stroboscopic flashing tubes such as the neostron 
and Kodatron. The references to Fig. 3. 2 (b) are 
incorrectly numbered in the text on page 58; 
“* generalised ” should read ‘“‘ generated ” on page 
136; and the “of” between “ parallel” and 
‘operation ’’ should be deleted at the bottom of 
page 224. All the chief applications of gas-filled 
triodes are covered by Mr. Walker in this book, 
which fills a gap in the literature relating to ther- 
mionic devices and fills it admirably. 





Contemporary Structure in Architecture. 

By LEONARD MICHAELS, M.A., A.R.I.B.A. Reinhold 

Publishing Corporation, 330, West 42nd-street, New 

York. [Price 8-50 dols.J}: Chupmin and Hall, 

Limited, 37, Essex-street, Strand, London, W.C.2. 

[Price 68s. net.) 

Tuis is an important book, as it treats in a manner 
both interesting and informative an aspect of con- 
struction too often neglected by architects and 
structural engineers alike ; namely, the ways open 
to the present-day designer to combine elegance of 
form and economy of material in a stable structure 
which can be fabricated and erected at a cost 
reasonably comparable with that of a more pedes- 
trian design in which experience has not been 
vitalised by imagination. 

Lack of facility in mathematics makes the study 
of structural theory a bugbear to many architects, 
whereas a too-exclusive concentration on mathe- 
matics and mechanics leads many structural engi- 
neers to ignore considerations of aesthetics. Prac- 
titioners in two professions whose members should 
collaborate intimately in the design of any impor- 
tant structure thus meet, too often, as men who 
speak different languages. Mr. Michaels thinks 
lucidly in both languages, and in this book offers his 
services as a sympathetic interpreter; for he 
entered the University of Cambridge with an open 
scholarship in mathematics and subsequently 
studied architecture in both Paris and Cambridge. 
No mathematics are introduced into this book, which 
deals with the philosophy rather than with the 
technique of structural design. 

An outstanding feature of the book is the excel- 
lence of the illustrations, of which there are 232 
in the main body of the work and 15 in the appendix. 
Most of them are reproductions of photographs, 
collected from many countries; a few are line 
diagrams and plans. The text is divided into two 
main parts. The first part, under the title of 
“*Contemporary Structure,” deals with the skeleton 
frame, its jointing for transportability, and its 
ultimate rigidity. Much attention is given to 
arches and portals, fully fixed, partly fixed and 
three-pinned. Consideration is given also to floor 
systems, box-frame and shell construction, and 
other forms. The second part of the book, entitled 
“Structure in Architectural Design,” discusses 
how the functional requirements of a building—for 
instance, day-lighting and the demand for un- 
obstructed floor space—indicate the most suitable 
system of structure to adopt. A few revolutionary 
designs shown are just projects, but they are 
included only because they extend ideas sufficiently 
remarkable and already embodied in actual struc- 
tures. An appendix on “‘ Contemporary Structural 
Materials ” gives useful information on the use of 
cold-formed sheet steel, composite members of 
structural steel and concrete, vibrated and pre- 
stressed concrete, laminated timber, ring con- 
nectors and aluminium alloys. The book concludes 
with a bibliography. 





HANS CHRISTIAN OERSTED 
(1777-1851). 


By Enaineer Caprain Epear C. Sairz, 
0.B.E., R.N. 


In the records of scientific progress there are 
various instances of important discoveries being 
either entirely overlooked or tardily recognised, 
and other cases where discoveries were immediately 
and enthusiastically welcomed, the fate of a dis- 
covery depending sometimes on the position of the 
discoverer, sometimes on the way it has been 
announced, and sometimes on the state of scientific 
opinion at the moment. Of all discoveries made in 
the Nineteenth Century, however, none received 
more instant recognition, met with more applause, 
nor led to more fruitful results, than the simple 
observations of the Danish physicist, Hans Christian 
Oersted, on the influence of an electric current along 
a wire on a magnetic needle placed above or below 
it, or to the west or the east. 

Electricity and magnetism had been studied as 
separate sciences for a very long time, and many 
landmarks had been set up, such as Gilbert’s famous 
book De Magnete, the invention of the friction 
machine, Franklin’s experiments with kites, the 
introduction of the Leyden jar, and the invention 
of Volta’s pile. Scores of experimenters had added 
to the accumulation of facts; many theories had 
been advanced; but no one had succeeded in 
joining the two sciences by even the flimsiest 
thread until, in the latter part of 1819, during a 
private lecture at Copenhagen, Oersted, then the 
professor of physics, somewhat casually held a 
conducting wire near a magnetic needle and saw 
the needle move first to one side and then to the 
other. His discovery has sometimes been described 
as accidental, but this does him less than justice, 
for he had long been seeking a connection between 
electric and magnetic forces. It is probable that, 
at first, he himself did not realise the full significance 
of what he saw, but later, with improved apparatus 
and the assistance of friends, he repeated and 
extended his experiments ; and, on July 21, 1820, 
he gave to the world his famous circular Latin 
letter Experimenta cirea Effectione Conflictus Electrici 
in Acum Magneticam; a letter which he distri- 
buted extensively and which was immediately 
translated into English, French, German, Italian 
and Danish. Everywhere the ideas that he set 
forth were seized on and, in the hands of Ampére, 
Arago, Davy, Schweigger, Seebeck, Sturgeon, 
Faraday and others, currents and magnets were 
made to divulge a hundred secrets. 

Such were the auspices under which the great 
science of electro-magnetism was born and nurtured. 
Fame came to Oersted from many quarters and 
never did our own Royal Society act with greater 
promptitude in its acknowledgment of a great 
discovery. Sir Joseph Banks, so long the President 
of the Royal Society, had died just a month before 
Oersted’s letter appeared, and Wollaston had been 
chosen to fill his place for the time. No choice 
could have been happier as far as Oersted was con- 
cerned, for Wollaston was in the forefront of British 
investigators. At the 1820 anniversary meeting 
of the Royal Society, Wollaston had the honour 
of stating that the Society had awarded Oersted 
the Copley Medal. His address on that occasion 
contained many interesting observations, and he 
remarked “It will remain on record, that in this 
year we first learn that the North Magnetic pole 
has been passed; that in this year, the super- 
ficiality of magnetic attraction appears first to have 
been observed; that in this year, by the very 
important researches of Professor Oersted, a very 
intimate relation is established between electricity 
and magnetism.” 

‘* Let us hope,” he continued, “‘ that the gleam of 
light which thus beams upon us may be the dawn of 
a new day, in which the clouds which have hitherto 
veiled from our sight the hidden mysteries of light 
and heat, of electricity and magnetism, may be 
dispelled, that the real nature of these imponderable 
agents may be revealed to us, that truths most 
important to the advancement of natural knowledge 
may burst forth in public splendour and complete 
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the series of wonders that we have lived to witness 
...” Wollaston gave only the one address, for 
he willingly relinquished the president’s chair to 
Davy; but he lived to see many truths revealed 
through the work of Oersted. 

When he published his letter, Oersted was just 
on 43 years of age and he continued to teach, experi- 
ment and write for another 30 years ; but his fame 
to-day rests chiefly on his single great discovery. 
He was born on August 14, 1777, at Rudkjébing in 
the small island of Langeland, where his father 
had a pharmacy in which Hans Christian and a 
younger brother assisted as boys. Though their 
education was somewhat desultory—a German wig 
maker taught them to read and speak German—in 
1794 the brothers were able to go to Copenhagen 
and there, in 1800, Hans Christian took his degree 
as doctor of philosophy. He had attended courses 
m mathematics, chemistry, physics and astronomy, 
had listened to lectures on philosophy and was 
always as much a philosopher as a scientist. With 
4 travelling scholarship in 1801—the year in which 
Nelson bombarded Copenhagen—he set out on two 
years travel to Weimar, Géttingen, Berlin and Paris, 
and published a book dealing with the common 
origin of chemical and physical forces. 

Back in Copenhagen, he continued his experi- 
menting and in 1806 was made a professor extra- 
ordinarius, being raised to the status of a full 
Professor in 1817, when appointed to the chair of 
Physics. He was in Berlin and Paris again in 
1812-13 and became well known to the many 
‘mineni men of science which made Paris the 
centre of the scientific world; later, his travels 
twice brought him to England. Altogether, he 
Published some 200 memoirs. Not the least of 

Services were his efforts to popularise science. 
wn for his genial manner, he was greatly 
tsteemed, and the jubilee of his doctorate was 
elebrated with enthusiasm. A few months later, 
he fell iil with inflammation of the lungs and died 
on Merch 9, 1851, a century ago, regretted by all. 
enty years later, in the presence of the Royal 
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family, his statue in the old fortifications of Copen- 
hagen was unveiled, and next year the centenary of 
his birth was commemorated. Ancther statue of 
him was erected in the Copenhagen Polytechnic. 
A further tribute was paid to his memory when. 
to mark the centenary of his discovery, the Danish 
Royal Society of Sciences published his scientific 
memoirs in three handsome volumes, which included 
a biographical sketch in English by Mrs. Kristine 
Meyer. In the same year, 1920, Absolon Larsen 
published a facsimile reprint of Oersted’s Latin 
letter, together with the translations referred to 
above. Thus Denmark has honoured one whom the 
country ranks with Tycho Brake and Roemer, 
Hansen and Thomsen. 





REGULATION DIAGRAMS 
FOR TRANSMISSION LINES 
AND TRANSFORMERS. 


By Proressor R. O. Kapp. 


Some problems in electrical engineering are solved 


graphical method serves only if all the vectors are 
of comparable length: if some are much longer 
than others, graphical methods are inaccurate. 
This applies to the well known regulation diagram 
for a transmission line or a transformer, as shown 
in Fig. 1. In this, OI is the current, OA the 
receiving-end voltage and OB the sending-end 
voltage. AC is equal to I R, the resistance drop 
in the line or transformer. C B is equal to I X, 
the reactance drop; and A Bis I Z, the impedance 
drop. AC is parallel to O I and C B at right angles 
to OI. The regulation is represented by the scalar 
difference O B — O A, OA being the receiving-end 
voltage and OB the sending-end voltage. ¢ is 
the angle AO TI. It is the phase angle of the load. 

In practice, the regulation triangle A BC may be 
even smaller than the one shown in Fig. 1; hence 
the uselessness of the diagram for accurate work. 
The purpose of this article is to describe a regula- 





tion diagram that can be drawn to a convenient 


| 


most conveniently by drawing vectors, but the} = 





scale and yet gives a high degree of accuracy. 
Though this diagram is a rather obvious develop- 
ment from well known facts the author has not been 
able to find anyone who has heard of it : so it may 
be new. It will be easier to make it clear if we 
first go over some ground with which most electrical 
engineers are quite familiar. 

In Fig. 2, the regulation triangle is greatly exag- 
gerated. D is on a circle through A about O. So 
the regulation, O B — O A, is represented by D B, 
which is made up of DE and EB. C Eis parallel 
to AD. So long as angle AOD is small, ADO 
and C EO are very nearly right angles. C E’O is 
also nearly a right angle and A EK’ is nearly equal 
to DE. Hence DE = AE’ nearly, = 1 R cos ¢ 
nearly. Also angle EC B equals ¢ nearly: so 
E Bequals I X sin ¢ nearly. Hence the regulation, 
O B — OA, is to a close approximation I (R.cos ¢ + 
X sin ¢). 

Suppose the scalar value of the receiving-end 
voltage O A is kept constant while ¢ varies. A lies 
on a circle round O. The magnitude and direction 
of the vector I remains constant. So the line AC, 
which is parallel to [ and proportional to it in 
length, also remains constant in length and direc- 
tion: and so does C B. In other words, a change 
in ¢ does not alter the size or position of the regula- 
tion triangle. Hence B is always displaced from A 
by the same distance IZ and the locus of B is a 
circle with radius O A and centre O’, where O O° is 
IZ. This is shown in Fig. 3. This diagram was 
first propounded by my late father and is known as 
the Kapp regulation diagram. On this diagram a 
line from O drawn to make an angle ¢ with OI 
cuts the circle round O at A.and the circle round O’ 
at B’. A B’ is approximately the scalar difference 
O B — OA and is thus a measure of the regulation. 

It will be noticed that there are two phase angles 
for which the regulation is zero. The approximate 
formula given above shows that these occur when 


R cos ¢=X sin ¢, cot $= = tan ¢ and ¢= 


+ (90 deg. — #) where y is angle C A B in Fig. 2. 
This angle is called the phase angle of the line. It 
will also be seen that the maximum regulation 
occurs when the vectors O A and OB are in line 
with each other, for which condition ¢ = + ¥. 
The crescent in the lower part of Fig. 3 represents 
the condition when the regulation is negative. The 
receiving-end voltage is then higher than the sending- 
end voltage. 

When, as is always the case in practice, O O’ is 
small in comparison with the radius of the circles, 
the two crescents are very thin; and as their thick- 
ness measures the regulation we must either be 
content with a low accuracy or draw the diagram 
to so large a scale that there is no room for it on 
an ordinary drawing board. This is because most 
of the space in the diagram is not used. Every- 
thing inside the two crescents is wasted space. I 
propose to show that an alternative diagram is 
possible in which the two crescents are replaced by 
circles. These circles can be drawn by compasses 
as large as may be convenient; and they can be 
drawn without using points O and O’. 

Let the approximate formula given above be 


rewritten asO B—OA=I1Z (F cos ¢+ * sin 6). 
= is cos % and ; is sin ¥, so 


O B— OA = IZ (cosy cos¢ + sing sin ¢) 
= 1Z cos (% — 4). 


This expression is represented graphically in Fig. 4. 
A B’ = IZ cos (% — ¢) and is, therefore, a measure 
of the regulation. By construction, the angle 
BB’/A is a right angle and so B’ lies on a circle 
with diameter AB. A suitable name for it is 
regulation circle. A B’ is a chord of this circle ; 
it makes an angle ¢ with AC. 

The point O is not needed for the construction of 
the regulation circle shown in Fig. 4. The pro- 
cedure for its construction is as follows. Through a 
point A draw a horizontal line, and let this represent 
the current vector. From A measure off along 
this a distance proportional to IR. From the 
point C thus obtained measure a distance propor- 
tional to I X and pointing upwards at right angles 
to AC. Join the point B thus obtained to A 
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REGULATION DIAGRAMS FOR TRANSMISSION LINES. 
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Draw a circle with A B as diameter. This is the 
regulation circle for positive regulation. 

The lower crescent shown in Fig. 3 can be replaced 
by another circle. It is the negative-regulation 
circle and is obtained by measuring off — I R and 
—IX from A. This circle has the same size as 
the positive one and touches it at A. Both circles 
are shown in Fig. 5. With the help of this diagram 
the regulation of a given line can be found for all 
phase angles from 0 to 360 deg. The diagram is 
drawn for a line having an impedance 

Z = 8+ 712 ohms. 

It gives the regulation for one ampere. So the 
regulation per ampere measured on it must be 
multiplied by the current in the line to obtain 
the actual regulation. To use the diagram a line 
is ruled from A to the point on the outer circle on 
which the phase angle or the power factor is marked. 
This cuts one of the regulation circles. The chord 
that this line makes in the circle measures the 
regulation to the scale attached to the diagram. 

The complete diagram including both circles is 
useful for an understanding of the relation between 
power factor and regulation ; but for most practical 
purposes we are interested in the performance of a 
line Over a comparatively limited range of power 
factors. So it is only necessary to construct that 
part of the diagram that contains the information 
required. This limitation allows the scale of the 
diagram to be larger and, therefore, the accuracy 
to be greater. 

Fig. 6 reproduces to a larger scale a part of Fig. 5. 
It is drawn for a range of power factor between 
0-60 lagging and 0-95 leading. For convenience, 
the radius of the circle on which power factors are 
marked has been xept relatively smaller. The 
scale of regulation is marked off on the diameter of 
the regulation circle. This makes the diagram 
easier to use than the one on Fig. 5. It is shown in 
the diagram how to obtain the regulation for a 
power factor of 0-99 leading. Rule a line from A 
to the point marked 0-99 leading. This line cuts 
the regulation circle at the point P. With A as 
centre draw a cigele through P. This cuts the scale 
of regulation at the required value. It is found 
that if the line in question is worked at a power 
factor of 0-99 leading the regulation per ampere 
is 6-1 volts. By a similar construction it will be 
found that when the power factor is 0-70 lagging 
the regulation 1» 14-2 volts per ampere. 
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OUTLOOK. 


XI.—Tue Rattway Routine Stock Inpustrtizs. 


“THE industries making railway rolling stock had 
a good year in 1950, though their global output 
was probably less than in 1949, when, as in most 
other sections of engineering, output probably 
reached its post-war peak. Only 14 fewer steam 
locomotives were built by both the railways and 
private companies during the first three-quarters 
of 1950 than in the corresponding period in 1949. 
The output of wagons was down by 6,000 during 
the first 11 months of 1950, but this fall was offset 
by a rise in the output of coaches from 1,900 to 
3,000. The limiting factor was the restriction on 
capitalinvestment. British Railways’ programme for 
new rolling stock in 1950 was to be 400 locomotives, 
3,080 coaches, and 20,000 wagons; that is, the 
same number of locomotives as in 1949, but 1,265 
more coaches and 1,100 fewer wagons. This pro- 
gramme was fairly strictly adhered to, and, since 
it was known at the outset to be inadequate as far 
as wagons and coaches were concerned, British 
Railways have had to keep in service a large quan- 
tity of worn-out rolling stock, at the expense of 
heavy outlays on maintenance. The need to 
restrict capital investment at the beginning of 
1951 is as acute as at the beginning of 1950, but 
the need to replace old wagons is so pressing that 
British Railways intend to buy or build in 1951 
10,000 more than in 1950. The programme for 
locomotives remains unchanged at 400, and 2,440 
coaches are to be acquired. 

Exports of all classes of rolling stock in 1950 were 
slightly below the level of 1949, and are likely to 
continue downwards in future, since local manu- 
facture in the main markets is growing and foreign 
competition is increasing. For the private manu- 
facturers of rolling stock this means difficult times 
ahead, because, at the present level of require- 
ments, the railway workshops can cope with most 
of the new building required for British Railways. 
Without the backing of a substantial home market, 
the private builders are, therefore, forced into 
greater dependence on a diminishing export market. 
For the moment, however, they have sufficient 
orders in hand to keep them busy for at least two 











ENGINEERING” 


years. The only immediate threat to full employ- 
ment is the shortage of steel and other materials, 
as is the case in other branches of the engineering 
industry. 

The production of locomotives is shown in Table i, 
opposite, taken from the Trade and Navigation 
Accounts. It will be seen that British Railways 
have still very little demand for Diesel or Diesel- 
electric engines; they purchased even fewer of 
these in 1950 than in 1949. At the end of 1950, 
British Railways owned approximately 19,700 loco- 
motives, of which total 125 were Diesel or Diesel- 
electric. Only three of the Diesel-electric locomo- 
tives are used for main-line work. Under the 
programme for 1951, 55 out of the 400 engines 
scheduled are to be Diesel or Diesel-electric, but none 
is for main-line work. In other countries, however, 
the trend away from steam traction has been most 
marked, and private locomotive builders in the 
United Kingdom, working in close association with 
makers of electrical machinery, are building more 
and more Diesel and Diesel-electric locomotives. 
In the United States, 2,500 new Diesel locomotives 
were put into service in 1949, compared with only 
57 steam ones and, of 1,387 locomotives on order 
in August, 1950, only 21 were steam. 

The case of Diesel and Diesel-electric traction 
versus steam has of late been given fairly extensive 
publicity. Here it is only possible to mention 
briefly some of the more important considerations. 
In a report to the International Railway Congress 
at Rome,* Mr. A. W. Olivier, the chief engineer of 
the Netherlands Railways traction department, 
cited some statistics supplied by the Pennsylvania 
Railroad, which showed that Diesel traction can 
offer a substantial saving in running costs. ope 
ating costs of very large passenger steam om 
motives two to three years old in 1948 were 1-4762 
dols. per locomotive mile and of large freight t — 
2-0169 dols. These figures include the costs . 
fuel, lubricants, water, other supplies, repairs 7“ 
engine-house expenses. The corres ponding ee ri 
for triple-unit passenger Diesel-electric locomotives. 


of March 2, oP 





* Summarised in ENGINEERING 
page 249, ante. 
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of 6,000 brake horse-power, were 0-9781 dols. per 
locomotive mile, or 34 per cent. less than steam; 
and for quadruple-unit freight Diesels of the same 
horse-power, 1-1136 dols., or 45 per cent. less 
than steam. Moreover, it was possible to make far 
more effective use of Diesel than steam locomotives. 
Qn the basis of average monthly mileage and 
average speed while at work, it was calculated that 
the utilisation of passenger steam locomotives was 
only 12 per cent. of the maximum, and of freight 
steam locomotives, 17-7 per cent. Comparable 
figures for Diesel locomotives were 54-8 per cent. 
and 66 per cent., respectively. 

The above results were obtained in a country 
where trains are required to operate over very long 
distances, but experience in small countries, such as 
Denmark and Ireland, has also shown very low run- 
ning costs for Diesel traction. (Dr.-Ing. M. Diegoli’s 
report to the International Railway Congress, sum- 
marised on page 293, gives evidence on this point). 
In Ireland, for instance, according to the general man- 
ager of Coras Iompair Eirean, the running costs of 
Dieselelectric railcars are about 11d. per mile, com- 
pared with 3s. 9d. per mile forsteam units. In Britain, 
where coal is relatively cheap and water is abundant, 
the difference between the running costs of the two 
types of locomotive is smaller than in most coun- 
tries, but the Diesel locomotive has always the 


building locomotives which have been designed to 
the individual requirements of railways in all parts 
of the world, and, therefore, are better able to meet 
exacting demands, such as high power in conjunc- 
tion with limited axle loadings. They can offer 
a range of designs of Diesel-electric locomotives 
from 20 h.p. to 2,250 h.p., but so far, both at home 
and in competition with the Americans overseas, 
their greatest success has been with locomotives in 
the 300-h.p. to 400-h.p. class. The English Electric 
Company have an order for 45 350-h.p. Diesel- 
electric locomotives from British Railways, and an 
order for four more from Imperial Chemical Indus- 
tries. The same company have already supplied 
ten of an order for 25 400-h.p. locomotives for the 
Netherlands Railways, and 14 out of an order for 
32 660-h.p. locomotives from the Tasmanian 
Government Railways. The Hunslet Engine Com- 
pany delivered Diesel locomotives to a dozen 
countries in 1950, as well as two of 300 h.p. for a 
steel works in Co. Durham. They also completed 
the first of four 500-h.p. locomotives—the largest 
direct Diesel locomotives in the world—three of 
which are to be shipped to South America. Orders 
for main-line Diesel-electric locomotives of high 
horse-power have been comparatively rare, though 
21 of 1,600 brake horse-power each have been built 
for the Egyptian State Railways, and ten of the 





important advantage of greater availability. Both 
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* By British Railways, Royal Ordnance Factories and private manufacturers. 
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political and economic reasons make it desirable 
that Britain should have a large exportable surplus 
of coal; reduced consumption by the railways 
would help to achieve it, for they consume about 
one out of every 13 tons produced in the country. 
It is true that Britain is wholly dependent on 
imported supplies of oil, but, because of the exten- 
sion of refining capacity, more of this is being 
imported in a crude state. As a result, there is a 
considerable balance of advantage in terms of 
foreign exchange in exporting coal and importing 
fuel oil. Of course, economic arguments must often 
be set aside for strategic reasons, and this may be 
a case in point. 

In the latest report of the British Transport 
‘ommission, that for the year 1949, the advantages 
of the 350-h.p. Diesel-electric shunter are admitted ; 
from the point of view of British Railways, however, 
where the financial position demands the strictest 
economy in capital outlay, initial costs are probably 
of more importance than running costs, This may 
be another reason for the failure to make more 
extensive use of Diesel locomotives, which cost 
about four times as much as comparable steam types. 
In the United States, however, where the large home 
market has made quantity production possible, 
initial costs are much lower. Corresponding reduc- 
tons would be possible in the United Kingdom only 
if British Railways placed larger orders. The scope 
for quantity production in the United Kingdom, 
however, is much smaller than in the United States, 
Where one large plant alone produces 2,000 main- 
ine locomotives a year, including power units and 
main electrical parts—more than twice as many 
a8 the entire locomotive output, including all types, 
in the United Kingdom. British builders, however, 
have the advantage that they are accustomed to 
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Towards the end of 1950, however, it was announced 
that the Metropolitan-Vickers Electrical Company 
had received the largest order for Diesel-traction 
equipment ever placed with a British company. 
This is for 48 main-line locomotives, valued at 2-25l. 
millions, for the Western Australian Government. 

How far American methods of quantity produc- 
tion are applicable in this country is debatable, but 
the report of the Productivity Team on Diesel- 
electric Locomotives, who visited the United States 
in 1950, comments at length on this. The team 
found that simplification of methods and plant 
organisation gave higher productivity in the United 
States than in the United Kingdom. They recom- 
mended that selected young British engineers should 
be sent to study American methods, and that design 
staffs in the United Kingdom should aim at the 
principles of unit construction, or the division of 
the locomotive into sections to be designed and 
constructed as separate units. In the United States, 
the standard working week is only 40 hours, over- 
time is uncommon and piecework exceptional. The 
team recommended the abolition of piecework in 
the United Kingdom and the substitution of hourly 
rates with a time set for every operation, as in the 
United States. Even more revolutionary is the 
recommendation ‘‘ That, if the simplification of 
methods recommended in this report is achieved, 
craft trades and trade apprenticeship as at present 
known in Britain be abolished.” 

This is not the first time that this conclusion has 
been reached by British visitors to the United 
States. There is a world trend towards a reduction 
in the value of skill, made inevitable by develop- 
ments in control gear and special-purpose machinery. 
The high cost of the plant required has for long 





ing, but even now skilled mechanics can bé found in 
British factories performing one operation on an 
assembly line. There is absolutely no question that, 
where sufficient volume exists, this is the most 
efficient method of production in terms of physical 
output per man and, in most cases, in terms of 
unit cost also. So long as the cost of labour is 
relatively low in this country, as it is compared 
with the United States, skilled men will be preferred 
to the intricate machinery ; at any rate, the cost 
ei the change-over is unlikely to be warranted. 
The effect of the probable elimination of skill in 
engineering, particularly in light and medium pro- 
duction, is hard to predict. It will be regretted by 
many, but none can afford to oppose it. The 
material gains will certainly be great, but the social 
consequences more doubtful. 

The report draws attention to the part which 
market research and sales policy have to play in 
furthering production planning in the United States. 
The basic requirements of railways and industry 
for locomotives are not subject to rapid change ; 
many users publish their requirements, and informa- 
tion about the number and ages of locomotives in 
service can generally be obtained. American loco- 
motive companies therefore find it worth while to 
maintain a staff of suitably qualified persons to 
accumulate basic marketing data and forecast 
future demand. On this information, design depart- 
ments work out a series of basic designs with the 
maximum of common features, and detailed pro- 
grammes are produced as far as five years ahead, 
In practice, these programmes have proved 90 per 
cent. accurate for a year ahead and 50 per cent. 
accurate for five years ahead; and, as a result, 
managements have been able to equip their plant 
and to train key personnel confidently, according to 
a clear plan. The sales department also have an 
important part to play in production planning, for 
they have to obtain acceptance for standard designs 
and this demands aggressive selling. Success is 
claimed to be such that normally no more than 
small modifications are called for by the railways. 
Heavy premiums are charged for modifications 
entailing major variations. 

On the other hand, the policy of British 
builders (of both steam and Diesel locomotives) 
is to meet the special needs of overseas rail- 
ways; and a large measure of standardisation and 
quantity production could only be achieved at 
the expense of this policy. The Team admit that, 
in America, where no building is done by the 
railways themselves, locomotive manufacturers have 
an overwhelming advantage in the “‘ large ripe home 
market ” and a single standard gauge of 4 ft. 8} in. ; 
whereas the markets of British manufacturers 
** fluctuate with every vicissitude of world trade 
and extend to the four corners of the earth.” They 
consider, however, that British manufacturers would 
benefit from a study of the methods of the American 
makers of Diese] locomotives, whose success in 
supplanting the steam locomotive on American 
railways speaks for itself. 

In Britain, the issue is not the simple one of 
Diesel or Diesel-electric versus steam. British 
Railways, by undertaking large-scale electrification 
of the main lines, could change completely the 
pattern of locomotive building in the United 
Kingdom. Sir Eustace Missenden, speaking in a 
private capacity and not as chairman of the Railway 
Executive, as he then was, has referred favourably 
to the progressive extension of electrification for 
main-line passenger services. Lord Hurcomb, 
chairman of the Transport Commission, has stated 
his view that gains in efficiency and convenience 
accrue from the electrification of suburban services. 
On the other hand, he thought that, before con- 
sidering the investment of hundreds of millions of 
pounds, four guarantees should be sought: first, 
the lowest possible costs for equipment ; second, 
agreement with the unions about manning electric 
locomotives; third, cheap and abundant elec- 
tricity ; and fourth, a sound system for co-ordinating 
transport as a whole. In present circumstances, 
however—even supposing that these guarantees 
were forthcoming—large-scale electrification is out 
of the question. The heavy capital outlays involved 
are not in the interests of the nation and could not 








slowed down this development in British engineer- 


lightly be undertaken by British Railways, which 
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must economise to reduce their heavy and persistent 
losses. There is, however, a fairly considerable 
export demand for electric locomotives. The 
Australian General Electric Company have placed 
an order valued at 2-51. millions with Metropolitan- 
Vickers for 40 electric locomotives for the New 
South Wales State Railways. The Spanish National 
Railways have placed an order to the value of 
2-71. millions with the English Electric Export and 
Trading Company, for 3,600-h.p. 300-volt main-line 
electric locomotives. In the first phase of the 
contract, 20 locomotives will be built by the English 
Electric Company, with the Vulcan Foundry as 
sub-contractors for the mechanical parts. The 
same company have an order on hand for 17 2,400- 
h.p. locomotives, and have delivered 15 of 3,000 h.p. 
to Brazil under a comprehensive contract for the 
electrification of a 64-km. section of the line between 
Mooca and Jundiai, in Sao Paulo. 

The extensive use of gas-turbine traction is still 
remote, though there are interesting possibilities. 
The 2,500-h.p. gas-turbine locomotive supplied to 
British Railways by Brown Boveri and Company 
has already done service in the Western Region, 
and considerable progress has been made with the 
construction for British Railways of a 3,500-h.p. 
gas-turbine locomotive, weighing 120 tons, by 
Metropolitan-Vickers and Beyer, Peacock, Limited. 

On the evidence available from the intensive 
research and development work that has been 
going on since the war in the United States, Switzer- 
land and this country, an influential body of expert 
opinion is arguing that this is the locomotive of the 
future for all types of main-line traffic, with marked 
advantages over all other types except the electric. 
The relative merits of the various types of rail 
traction were discussed by Mr. Julian 8. Tritton in 
his presidential address to the Institution of Loco- 
motive Engineers in December, 1947, when he 
predicted that steam locomotives would survive for 
many years yet, but pointed out that a change to 
coal-burning gas-turbines would make possible a 
saving of 5 million tons of coal or more a year. 
The British Railways Executive were invited by 
the Transport Commission, early in 1948, to appoint 
a special body to report as quickly as possible on 
the estimated future balance of advantage in the 
various types of traction. No report has been 
submitted so far, and, meanwhile, the Executive 
have been pushing forward with a programme based 
mainly on steam locomotives. Of the 345 new steam 
locomotives to be built in 1951, 159, all of which 
will come from the railways’ workshops, will be of 
the new standard types and the remainder of the 
same types as at present in service. The first loco- 
motive, belonging to the largest of the 12 types 
which are to replace the 400 types now to be found 
on the railways, is already on trial with service 
trains. Others are scheduled to leave Crewe works 
at the rate of one a week, and it is hoped that, by 
the end of the year, the number planned will have 
been supplied from this and other workshops, All 
of the 12 new designs, six of which are represented 
in the 1951 programme, are for mixed-traffic purposes, 

The private section of the industry is being forced 
into increasing dependence upon exports. In 1935, 
only 19 per cent. of all the steam locomotives built 
in Britain were exported ; in 1948, the proportion 
was 40 per cent., and in 1949 and the first three 
quarters of 1950, 46 per cent. The private manu- 
facturers export upwards of 70 per cent. of their 
output, and the proportion of orders on hand for 
Overseas customers is even higher. Conditions in 
the export markets, however, are becoming steadily 
more difficult. As will be seen from Table II, 
herewith, taken from the T'rade and Navigation 
Accounts, only 318 steam locomotives were exported 
in 1950, 44 fewer than in 1949, The number exported 
to India, the largest single market in 1950, was 137, 
65 more than in 1949 and 40 per cent. of all loco- 
motives exported. British locomotive builders are 
assisting India to set up a locomotive industry 
intended to supply most of the Indian needs within 
four years. In return for this, they have been 
promised orders for all components and steam loco- 
motives which cannot be made locally, guaranteeing 
minimum orders for 40 locomotives a year until the 
Indian industry is in a position to take over. 

During 1950, however, Indian requirements have 





exceeded the British builders’ capacity to supply 
and several orders have been placed outside Britain. 
One for 50 locomotives, of which 100 are being built 
by the North British Locomotive Manufacturing 
Company, was placed with Krauss-Mafei, of Munich, 
last November. Another 37 were ordered from 
French manufacturers. The agreement does not, 
therefore, protect British builders from all com- 
petition (mainly German and Japanese), though 
they can reasonably expect regular orders provided 
the building up of the Indian locomotive industry 
progresses smoothly, and provided their prices are 
reasonably competitive. Diesel and Diesel-electric 





before placing the order, which is understood to be 
valued at 1-751. millions. The South African 
Minister for Transport explained that the German 
tender was 250,000/. lower than that of North 
British Locomotive Company for building the loco- 
motives in Scotland, and 470,0001. lower than that 
for building the locomotives in South Africa. The 
Minister explained that the Government were 
anxious to encourage South African industries and 
would allow a 10 per cent. preference to any com- 
pany making “wholly or mainly South African 
products,” but there was no justification for paying 
nearly 500,000/. more. 


TABLE II.—Un?ITeEp KINGDOM: EXPORTS OF LOCOMOTIVES AND PARTS. 





























Number. Value (£1,000). 
1948. 1949. 1950. 1948. 1949. 1950. 
Main-line Locomotives ; 
British West Africa .. oe 32 48 20 462 840 351 
Union of South Africa ‘a 93 106 8 2,444 2,289 103 
Southern Rhodesia ; 1 20 29 30 600 900 
British East Africa -- 33 7 — 1,043 121 
India .. “ “ td 9 72 137 106 1,094 3,025 
Australia os ‘2 ee 2 11 89 17 186 1,807 
Other Commonwealth coun- 
tries and Irish Republic .. 43 5 6 685 48 40 
Burma oa mie ou 51 28 -- 618 356 _ 
Argentine Republic .. ns 29 36 8 602 750 312 
Other foreign countries ont 91 35 52 1,635 1,002 1,400 
Steam .. os = 280 362 318 5,163 7,529 7,218 
Other .. we o— 71 32 38 1,436 679 841 
Total main-line locomotives .. 351 394 356 6,599 8,208 8,059 
Contractors’ and light locomo- 
tives .. os os — 674 672 574 1,196 1,084 1,324 
Parts, except azles, tyres and 
wheels ; 
Boilers a ‘a — — oa 480 517 464 
Other .. oe os “ — — — 2,005 2,840 3,081 
Total, Locomotives and 
3 os ‘ _— - | - 10,280 12,649 12,928 














TABLE III.—Unirep KINGDOM: PRODUCTION OF RAILWAY ROLLING STOCK AND OTHER EQUIPMENT. 



































Coaching Vehicles Railway Brakes, and 
(including Rail | Wagons.* Signalling, Telegraph 
Motor Vehicles).* | and Track Equipment.t 
| 
Total. For Export. Total. | For Export. Total. For Export 
Number. Value (£1,000). 
Annual Totals : 
1935 2,043 _ 29,328 _ —_ ae 
1947... as on oa 1,348 124 38,115 5,848 4,169 1,836 
1948... ei a ae 1,516 179 45,520 4,079 5,307 2,446 
1949. ip: - im 2,089 262 38,379 6,333 6,079 2,619 
Monthly : cae 
1949-—October os << 168 30 2,912 574 478 202 
November... <a 190 27 3,183 609 498 196 
December a oa 181 22 2,761 515 506 233 
1950-—January MG wd 228 21 2,434 434 475 
February 7 ond 276 24 2,437 395 497 203 
March .. 5 me 360 19 3,032 399 521 231 
April .. od 280 25 2,055 291 450 195 
May .. = wi 330 38 2,406 311 490 245 
a ae 292 41 2,559 413 530 303 
July .. a a 224 34 2,326 348 459 239 
August i ad 199 25 2,271 394 377 173 
September... * 236 35 3,029 486 488 ao 
October ‘. es 300 36 3,502 367 502 278 
November... a 325 45 3,931 442 
December | 











t Deliveries by private manufacturers only 


locomotives are not covered by the agreement, but 
the remoteness of oil supplies makes their adoption 
extremely unlikely. 

In South Africa, the full wieght of foreign compe- 
tition has been felt. In 1950, only eight locomotives 
were exported there, compared with 106 in 1949; 
and though South Africa invited tenders in 1950 
for 100 lecomotives, the order went to Germany. 
The North British Locomotive Company submitted 
alternative tenders for the construction of the 
locomotives in Scotland or in South Africa. Had 
the latter tender been accepted, it was intended 
to erect workshops at Springs, Witwatersrand, 
which, once established, would be favourably placed 
to supply the future requirements of South Africa 
and the adjoining territories, where the only manu- 
facturing facilities, those of the South African 
Railways, have very limited capacity. The South 
African Railways Tender Board examined 24 tenders 
from Germany, the United States, the Netherlands 
and other countries, as well as the United Kingdom, 





* Production by British Railways, Royal Ordnance Factories and private manufacturers. 


British export prospects are better in Australia. 
and in East and West Africa ; particularly in East 
Africa, where important railway development 
schemes are on hand. Sixteen locomotives have 
been ordered lately by the Crown Agents for the 
Colonies for the Kenya section of the East African 
Railways. The engines, to be built by Beyer. 
Peacock, Limited, will be of the “56 class ” Beyer- 
Garratt type, and are to be in service by 1954. In 
Argentine, however, the outlook is most unsatis- 
factory. This might have been one of the best 
British markets, but, as a result of a misunder- 
standing in 1948, Argentine cancelled an order for 
30 locomotives and refused to pay for several large 
consignments of rolling stock, made for the railways 
there when they were British-owned. The total 
sum involved is thought to be 2. millions, much 
of which is owed to the Vulcan Foundry, Limited. 
Mr. F. S. Whalley, chairman of that company, — 
at the annual general meeting in May that the 
British Government were being urged to assume 
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financial responsibility on behalf of the manufac- 
turers, as the matter has passed from a commercial 
to a political basis ; and because the company had 
been pressed to take these orders, in accordance 
with the Government trade policy, at a time when 
there was plenty of other satisfactory business to be 
obtained. 

Competition is increasing from Japan as well as 
from Germany. In Japan, in addition to 25 Govern- 
ment railway workshops, there are nine large 

rivate manufacturers of rolling stock, who, at the 
end of 1949, had an annual productive capacity of 
440 steam locomotives, 114 electric locomotives, 





TABLE IV. a KINGDOM : 








fairly plentiful, the real reason was probably 
declining freights. In 1950, the national need for 
economy brought a further reduction in the wagon- 
building programme, to 30,500. In 1951, building 
for British Raiways is to be increased to the 1948 
level of 40,000 wagons, but it is not clear whether 
the Railway Executive, in making this decision, 
have been influenced more by the fact that large 
numbers of wagons need replacement or by the 
assurance of a heavy volume of freights which the 
re-armament programme has brought. Of the new 
wagons to be built, many are special-purpose types. 
To provide for the expected increase in steel pro- 
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| 
| Weight, Tons. Value (£1,000). 
1948 | 1949. | 1950 1948 | 1949. | 1950 
a , | 55 nos » one ‘ | 2 | ‘ 
British West Africa an ae 2,665 10,573 7,275 234 1,112 903 
Union of South Africa .. of 7,157 21,730 12,183 491 1,408 802 
Southern Rhodesia al 4,247 20,381 10,419 351 | 1,733 947 
India oe we om 2,076 4,621 6,576 140 | 353 668 
Malaya ‘ a 8,915 1,371 972 836 | 158 | 103 
New Zealand. 10,163 211 2,481 830 23 238 
Other Commonw éalth countries S, | | 
including Lrish Re — 2,753 7,383 26,537 202 632 2,735 
Netherlands a 462 271 90 167 | 101 69 
Egypt... on ao ja 1,620 7,443 | 439 121 530 41 
Burma a “e - 6,900 1,343 | 497 568 136 67 
Brazil. ‘| 784 47858 769 99 | 443 82 
Argentine Re public ci 5,815 10,105 7,964 555 970 832 
Other foreign countries 3,579 | 2,502 | 8,330 | 286 310 848 
Exceeding 3 ft. gauge : | 5 
Complete oi 26,284 45,824 48,939 | 2,206 4,100 5,117 
Parts, e xcept ‘axles, "tyres, | | 
wheels a 24,177 38,935 27,343 2,174 | 3,172 | 2,517 
~— exceeding 3 ft. gauge : | 
Complete : re 4,890 | 6,275 7,455 357 } 466 | 611 
Parts e ‘mead axles, tyres, 
wheels ~ : ; 1,785 1,758 930 | 143 171 90 
Total wagons and parts 3 57,136 | 92,792 84,632 4,880 7,909 | 8,335 
Axles, tyres and wheels for 
wagon erie and loco- } | 
motives F 83,244 | 92,942 | 90,872 | 4,022 4,986 | 4,715 
Grand Total 140,380 | 185,734 | 175,504 | 8,902 | 12,895 | 13,050 
TABLE V.—UNITED KINGDOM: EXPORTS OF RAILWAY CARRIAGES AND PARTS. 
Weight, Tons. | Value (£1,000). 
1948, | 1949, | 1950 | 1948. | 1949, | 1950 
| wi ! 
British West Africa ee 11 | 1,635 961 3 | 271 280 
Union of South Africa .. ‘ 2,505 5,285 6,101 356 1,826 2,335 
New Zealand... 10 1,102 1,055 7 452 | 433 
Other Commonwealth countries 4 
and Irish Re one aa 783 | 1, 452 2,102 176 | 254 580 
Egypt .. ren 56 769 } 1,239 1,203 154 | 275 | 303 
e ~ 1,333 "492 211 563 206 | 136 
Other foreign countries 2,395 | 1,552 1,020 565 404 300 
Complete carriages .. 2,927 | 7,048 8,215 | 979 2,283 2,730 
Parts except axles, tyres and | 
wheels = 4,379 | 5,709 4,538 845 ¢ 1,406 1,637 
Totals 7,806 12,757 12,753 | 1,824 3,688 4,367 











1,600 coaches and 7,700 wagons. In 1949, the 
output was 79 steam and 26 electric locomotives, 
199 carriages and 1,828 wagons, but it was expected 
to be rather higher in 1950. From the end of the 
war to June, 1950, Japan exported 80 steam and 
three electric locomotives, 206 carriages and 854 
wagons. Moreover, an order from Siam for 50 
steam locomotives, 70 carriages and 50 wagons was 
due for shipment late in 1950. In present circum- 
stances, where British manufacturers are protected 
by agreement in India and many of the other 
Eastern markets are disorganised, competition from 
Japan is not so formidable as it might have been. 
Many of the Japanese locomotive-building facilities 
are obsolete and worn out, and, without modernisa- 
tion, Japanese builders are unlikely to sell very 
much outside the Far East; nevertheless, British 
builders have already lost valuable orders through 
Japanese competition, and cannot ignore it. 

The production of railway carriages and wagons 
is shown in Table III, opposite, taken from the 
Monthly Digest of Statistics. Wagon production 
was scverely cut in 1949 and 1950, though successive 
Economic Surveys have stressed that the stock of 
Wagons on the railways includes many which are 
in frequent need of repair and are uneconomic to 
Tun. The reason for cutting the building programme 
from 40,800 wagons in 1949 to 31,600 in 1949 was 
Officially stated to be the need to make materials, 
notably steel, available for other expanding invest- 
Ment programmes. As, however, steel was then 


duction, for instance, 2,005 steel-carrying wagons 
are to be built, and 1,500 27-ton iron-ore wagons, 
designed for discharge by tipper. Wherever possible, 
components, under-frames and running gear will be 
standardised, and a high percentage of the wagons 
will be fitted with vacuum brakes — of the 
programme for extending express g services. 
British Railways, in their own workshops, were 
reported to be producing wagons at the rate of 
19,000 per annum in the middle of 1950, and will 
be able to cope with a large part of home require- 
ments. As will be seen from Table IV, herewith, 
taken from the T'rade and Navigation Accounts, the 
private builders exported 84,600 tons of wagons in 
1950, 8,100 tons fewer than in 1949, and, like the 
engine builders, are likely to find conditions increas- 
ingly difficult in the export markets. There is a 
large potential market for wagons in Europe; in 12 
countries, including Western Germany, there were 
175,000 wagons under or awaiting repair, or 14 per 
cent. of the total wagon stock of these countries. 
In some of the countries concerned, the proportion 
was much higher; in Italy and Germany, for 
example, 24-2 per cent. and 19-9 per cent., respec- 
tively, of the rolling stock was under repair. So far, 
however, these countries have imported compara- 
tively few wagons from the United Kingdom; in 
many cases, the only imports which have been 
possible are those obtained under Marshall Aid. 
By far the largest markets for British wagon 
builders are the Commonwealth countries, but the 





| compared with the 3,080 planned for 1950. 


two which Iately have been the most important, 
South Africa and Southern Rhodesia, imported 
considerably fewer wagons in 1950 than in 1949. 
New Zealand, however, once one of the largest 
markets, but which purchased very few set “ 
1949, imported them to the value of 238,0001. ; ; 

it has been announced lately that six British com- 
panies are to share the largest order for steel railway 
wagons ever placed by the New Zealand Govern- 


ment. It involves 3,850, at a contract price of 
2-181. million. Deliveries will start in November, 
1951. 


Passenger stock, hitherto, has apparently been 
given greater priority than wagons, for the number 
of coaches building for British Railways has in- 
creased in each year since the war. In 1951, how- 
ever, British Railways intend to build only 2,440, 
Of the 
coaches to be built in 1951, 1,189 will be of the new 
standard design and 826 of them will be built by the 
railway workshops, which were reported to be 
turning out coaches at the rate of 1,500 per annum 
in the middle of 1950. Some of the new standard 
coaches, which have all-steel bodies and Pullman- 
type gangways, are to be ready for the Festival of 
Britain. Exports of railway coaches are shown in 
Table V, herewith, taken from the Trade and 
Navigation Accounts. The high level of exports 
achieved in 1949 was maintained in 1950, but, as 
in the case of wagons and locomotives, local manu- 
facture and foreign competition are likely to make 
for more difficult conditions in the future. 

During 1951, the rolling-stock industries will have 
to contend with shortages of steel and other 
materials, Their prospects will be vitally affected 
by Government policy; they may, for example, 
be granted high priorities in the allocation of 
materials for locomotives and wagons, if these are 
considered essential for re-armament purposes, or 
they may be asked to use some of their capacity 
for tank production, as in the last war. There is 
no doubt that the threat of war, if increased, will 
swell the need for rolling stock. If international 
tension should lessen, however, private builders will 
be faced with serious problems. At home, the 
demand will be met largely from the Railway 
Executive’s own production. Abroad, the private 
firms will have to contend with increased compe- 
tition, particularly from Germany, Japan, and the 
United States. The root of the matter is that the 
private builders are at a great disadvantage, 
because, unlike all their other competitors, they 
have little or no home market. This will handicap 
them greatly, as it has during the inter-war period, 
in their quest for increased exports. It is difficult 
to see how long a solution to this problem may be 
postponed ; a solution must certainly be found if 
war is averted. With this problem unsolved, the 
country cannot continue to export rolling stock 
successfully. 





MINIMUM GUARANTEES FOR ELECTRICITY SuPPLY.— 
In a written answer to Mr. J. M. C. Higgs in the House of 
Commons on Monday, February 26, the Minister of 
Fuel and Power (Mr. P. Noel-Baker) said that the Area 
Electricity Boards were giving sympathetic consideration 
to any application for a guarantee to consume or pay for 
a minimum quantity of electricity to be suspended during 
the present fuel economy campaign. 





PLANS OF ABANDONED MINES.—Arrangements have 
been made by the Minister of Fuel and Power with the 
National Coal Board for the Board to act as his agents, 
under Section 21 of the Coal Mines Act, 1911, to preserve 
the plans of abandoned mines and seams of coal. The 
transfer of the plans from the Mining Records Office at 
Buxton is now completed, and, so that they may be 
consulted readily, each Division of the National Coal 
Board will be responsible for holding the plans of that 
Division. The addresses of the plan stores, and of the 
Officers to whom application should be made to inspect 
them, may be obtained from the divisional offices of the 
Board, from H.M. Inspectors of Mines, or from the head- 
quarters of the National Coal Board or the Ministry of 
Fuel and Power. Plans of abandoned mines, or of 
seams of other minerals than coal, and plans deposited 
under Section 14 of the Metalliferous Mines Regulation 
Act, 1872, have been transferred from Buxton to London. 
Applications to consult them should be addressed to the 
officer in charge, Mining Record Office, Ministry of Fuel 
and Power, King’s-buildings, Dean Stanley-street, 
London, 8.W.1. 
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HIGH-TEMPERATURE 
MATERIALS FOR GAS 
TURBINES. 


As stated on page 227, ante, the “‘ Symposium 
on High-Temperature Steels and Alloys for Gas 
Turbines,” organised by the Iron and Steel Institute, 
was held in London on Wednesday and Thursday, 
February 21 and 22. The symposium was opened 
by Sir Andrew McCance, D.Sc., F.R.S., past- 
president of the Institute, and Mr. D. A. Oliver, 
chairman of the Symposium Organising Com- 
mittee, conducted the remainder of the proceedings. 

After the presentation of an _ introductory 
“Survey of the Development of Creep-Resisting 
Alloys,” by Dr. N. P. Allen, which will be found on 
page 235, ante, the meeting discussed the nine 
papers in Group III of the symposium, representing 
“Supplier Aspects.’’ These were ‘‘ Nickel-Chrom- 
ium-Titanium Alloys of the Nimonic 80 Type,” by 
Dr. L. B. Pfeil, Dr. N. P. Allen and Mr. C. G. Con- 
way; ‘Some Proven Gas-Turbine Steels and 
Related Developments” by Mr. D. A. Oliver and 
Mr. G. T. Harris; ‘ Effect of Warm-Working on 
an Austenitic Steel (G18B),” by Mr. G. T. Harris 
and Mr. W. H. Bailey ; ‘“‘ Development of a High- 
Temperature Alloy for Gas-Turbine Rotor Blades,” 
by Mr. G. T. Harris and Mr. H. C. Child ; ‘* Proper- 
ties of Materials for Gas Turbines,” by Mr. H. W. 
Kirkby and Dr. C. Sykes, F.R.S.; ‘‘ Study of the 
Properties of a Chromium-Nickel-Niobium Austeni- 
tic Steel,” by Mr. H. W. Kirkby and Dr. C. Sykes, 
F.R.S.; ‘‘ Creep-Resisting Ferritic Steels,” by Mr. 
E. W. Colbeck and Dr. J. R. Rait ; “* Ferritic Steels 
for Gas Turbines,” by Mr. H. H. Burton, Mr. J. E. 
Russell and Mr. D. V. Walker, and “‘ Special Steels 
for Gas Turbines,” by Mr. W. E. Bardgett and Mr. 
G. R. Bolsover. 

Dr. H. Sutton, the rapporteur for the papers on 
“Supplier Aspects ” said that Dr. Pfeil, Dr. Allen 
and Mr. Conway had given, in their paper, an account 
of the “early youth and coming of age ”’ of alloys 
of the Nimonic-80 type. They had studied the 
effects of additions of titanium and aluminium to- 
gether on forgeability and heat-treatability and had 
then passed on to creep tests and investigations on 
machinability. Messrs. Harris and Child had 
furnished a clear account of their study of the effect 
of carbide-forming elements in _nickel-cobalt- 
chromium alloys. They had explored the effects 
of progressive additions of carbide formers and the 
effect of variations of carbon content and also the 
effect of several carbide formers present at the same 
time. The results gave interesting indications of 
the carbide-forming power of the various elements 
and on the complex carbides present in the various 
alloys. The authors expressed the view that 
the most suitable precipitating phases for high- 
temperature strength were generally those which 
had suitable ageing characteristics over the whole 
service-temperature range and were resistant to 
over-ageing. 

Mr. Kirkby and Dr. Sykes, in the first of their 
two papers, gave a useful summary of an extensive 
experience in the fields of alloys and forgings in the 
ferritic materials and on several austenitic alloys. 
A particularly valuable feature of the paper was the 
data on the properties obtainable on forgings of 
various sizes and on bar stock. They discussed the 
practical problems of producing large forgings in 
relation to the properties in the forging. In their 
second paper, Mr. Kirkby and Dr. Sykes gave a 
detailed description of their research and develop- 
ment work on the 18:10 chromium-nickel steel 
stabilised with niobium, known as F.C.B.(T.) steel. 
They discussed the creep performance in the light 
of mechanical and metallographic investigations and 
with special reference to increasing creep rate in 
material air cooled from 1,050 deg. C. They reached 
the interesting conclusion that heat-treatment was 
‘the major factor, rather than grain size per se, 
that affected the creep performance after heat- 
treatment. 

Messrs. Bardgett and Bolsover described their 
investigations of the multi-alloy type of steel and 
work done on a 25 per cent. chromium, 15-20 per 
cent. nickel steel and a 20 per cent. chromium, 
30 per cent. nickel and 1-2 per cent. titanium stee] 





used for flame tubes and for which they gave creep 
data and mechanical properties at normal and 
various other temperatures. Interesting data on 
the titanium-bearing steel in the paper were the 
performance in relation to embrittlement during 
re-heating, in the absence of stress and while under 
stress, and on the dimensional stability of the alloy 
in the absence of stress at various temperatures. 
These results indicated the importance of the initial 
condition of the steel, and suggested that other 
types of material should be examined in a similar 
manner, 

Messrs, Oliver and Harris, in their paper, gave the 
essential features of the austenitic alloy G18B, 
which was used extensively for discs in aero-turbine 
engines. They dealt briefiy with a simpler 
austenitic steel containing 14 per cent. of nickel, 
19 per cent. of chromium and 1-7 per cent. of 
niobium, which was intended for use at slightly lower 
temperatures, namely about 600 deg. C. The same 
two authors had recorded their studies of the effect 
of “ warm-working ” on G18B steel discs. (This 
took the form of a second low-temperature forging 
operation carried out mainly at 700 deg. C., to 
distinguish it from both “ hot-working” and 
“* cold-working,”’ which were conducted above and 
below the precipitation range respectively.) In 
their studies of the creep properties of warm-worked 
material the authors had carried out tests of up to 
10,000 hours’ duration. Warm working not only 
enabled attractive tensile properties to be obtained 
in discs but also gave improved creep properties 
at temperatures likely to be attained at the rim of 
dises in service. 

Messrs. Burton, Russell and Walker described 
their studies of three types of ferritic steel for discs, 
one of. which, a 3-per cent. chromium-vanadium- 
tungsten steel had been used extensively for the 
discs of aero-turbines, and another, a molybdenum- 
vanadium steel for parts of steam turbines. Mr. 
Colbeck and Dr. Rait discussed the leading features 
of a number of low-alloy steels in relation to turbine 
applications, including a l-per cent. chromium- 
molybdenum steel which had been extensively used 
in practice for discs of aero-turbines. Of particular 
technical and scientific interest were the analytical 
treatments of the effect of composition and treat- 
ment on their 3-per cent. chromium-molybdenum- 
vanadium-tungsten steel and their observations on 
the important and predominating effect of vana- 
dium carbide in relation to the creep properties up 
to 650 deg. C. 

Sir William Griffiths, who opened the discussion, 
said that the authors had found considerable diffi- 
culties in writing their papers. Although secrecy 
bans had been lifted, there were still matters which 
could not be discussed fully at the present time. 
Moreover, although the subject had been under 
active examination by a large number of people 
for over ten years, it was still a very new subject 
which was developing rapidly all the time, and the 
problem was that by the time a paper was published 
it had already been rendered out of date by subse- 
quent information. It seemed clear that so-called 
precipitation hardening would be an important 
factor in this type of work. In simple alloys, only 
one precipitant was involved, but there were other 
instances in which a large number of precipitants 
had to be balanced one against the other. Dr. 
W. Siegfried, who spoke next, said that in gas- 
turbine and boiler design the most important 
problems in the former were blade-root connections, 
and, in the latter, the cold-bending of tubes in 
boiler construction. 

Dr. R. W. Powell said that the thermal con- 
ductivity governed the temperature which the 
constituent parts of the engine reached. Investi- 
gation had shown that the thermal conductivity 
could be predicted to a fair extent from the much 
simpler measurement of the electrical conductivity 
of the conductor concerned. The next speaker, 
Mr. J. Mowat, stated that over a period of years a 
considerable volume of work had been done, at the 
Parkhead Works of Messrs. William Beardmore and 
Company, Limited, on the development of large 
ferritic rotor forgings for high-temperature use. For 
service temperatures of up to 500 deg. C., the addi- 
tion of small percentages of vanadium, say, 0-15 
per cent., to the nickel-chromium-molybdenum and 





3 per cent. chromium-molybdenum types, resulte:{ 


in useful improvements in creep properties. Their 


work on the 3 per cent. chromium-molybdenuni- 
vanadium-tungsten class of steel tended to show that 
the essential feature for high creep strength was its 
high vanadium content, and that the tungsten 
could be omitted for many applications. Dr. W. 
Betteridge, who spoke next, stated that it would 
seem that a coarse grain size in a material was 
advantageous only when the grains themselves were 
sufficiently rigid for grain deformation to proceed 
slowly, and that, given such rigid grains, the creep 
rate was largely controlled by the rate of flow of 
the boundaries, namely, by their viscosity. Little 
was known of the factors which controlled grain- 
boundary viscosity, and it was a field in which much 
investigation was required. 

Mr. J. Glen said that most of the authors had 
pointed out the danger of using short-time tests to 
assess the relative behaviour of steels in long-time 
service. The problem of ascertaining the best and 
most economical steels for this service, without 
using a creep machine, must be faced, however, 
and there was no reason to believe that a solution 
of it was impossible. It would appear that for 
long-time service, a simple ferritic steel could have 
properties comparable with a much more highly- 
alloyed austenitic stainless steel. A molybdenum- 
vanadium-titanium steel which had been investi- 
gated possessed good creep-resisting properties, 
but it was not scale-resistant. It had been de- 
veloped, however, so that its surface could be 
protected by a chromising treatment. Much more 
attention would need to be given to such processes 
in future, since it was not very probable that the 
best alloys for creep resistance would also happen 
to have good scaling resistance. 

Mr. G. T. Harrison, who closed the discussion, 
said that a large number of materials were detailed 
in the papers, some of them well known and others 
quite new. Ferritic steels like R.ex 448, a 10 to 12 
per cent. chromium steel, and the revised 486, 
represented a real achievement, as they could be 
used at temperatures up to 650 deg. C. for parts 
which, until recently, would inevitably have had 
to be made in austenitic steels. Of the older alloys, 
the pride of place must go to the Nimonic series. 
Since their inception, they had dominated and 
continued to dominate the materials used in the 
British aero gas turbine. 

At this stage of the proceedings the meeting was 
adjourned for luncheon. 

Specrat CastinGc TECHNIQUES. 

The first portion of the afternoon of Wednesday, 
February 21, was devoted to a discussion of the 
papers in Group V of the symposium, dealing with 
** Special Casting Technique.’’ These papers com- 
prised ‘‘Centrispun High-Alloy-Steel Aero-Engine 
Components. Part I.—The Centrispinning Pro- 
cess. Part I1.—Physical and Mechanical Proper- 
ties of Centrispun Die Castings,” by Mr. A. E. 
Thornton and Mr. J. I. Morley; ‘‘ Centrifugal 
Steel Castings for Gas Turbines,” by Mr. J. Taylor 
and Mr. D. H. Armitage; ‘‘ Investment Castings 
of Nozzle Guide Vanes,” by Mr. H. E. Gresham and 
Mr. A. Dunlop; and “ Precision Casting of Turbine 
Blades,”’ by Mr. E. R. Gadd. 

Dr. T. A. Taylor, of the National Gas Turbine 
Establishment, who acted as rapporteur for Group 
V, stated that the papers in the Group divided them- 
selves conveniently into three types; two of them 
were on the production of centrifugal castings, one 
(Part II of the first paper) dealt with the metallur- 
gical and other aspects of the steels, and two were 
on investment casting. Messrs. Thornton and 
Morley had demonstrated the advantages of the 
centrispinning process ; these included freedom from 
porosity resulting in enhanced physical properties 
and reliability; freedom from directional «nd 
centre weakness ; flexibility to accommodate com- 
plex designs ; and the ability to use alloys which 
were difficult to forge. Furthermore, the authors 
pointed out that castings from metal moulds were 
superior to castings from refractory-lined moulds 
on account of their greater freedom from nen- 
metallic inclusions and the smaller grain »:7 
resulting from the more rapid freezing rate. When 
produced under careful control, the mechani al 
properties of the castings were remarkably uniform. 
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In Part II of the first paper the microstructures 
of three steels had been studied and correlated 
with their mechanical properties. The three 
materials were the 18 per cent. chromium, 8-5 per 
cent nickel, and 0-4 per cent titanium F.D.P. 
alloy; the 18 per cent. chromium, 12 per cent. 
nickel and 1-2 per cent Niobium F.C.B. (T.) steel : 
and the 23-6 per cent. chromium, 12 per cent. 
nickel and 2-8 per cent tungsten H.R. Crown Max 
steel. The mechanical properties and other data 
were obtained from 24-in. diameter rings, spun in 
metal moulds. The rings were 8 in. in length and 
3 in. in radial thickness. An appendix gave an 
interesting account of the effect of small changes in 
chemical composition on the structure and properties 
of the H.R. Crown Max steel. 

In their paper, Mr. J. Taylor and Mr. Armitage 
described how the centrifugal-casting method had 
been developed to meet the requirements of the 
gas turbine. Recently the need for large thin- 
walled castings of complex design had arisen. 
The outstanding problem had been to evolve a 
mould material resistant to high temperatures and 
to erosion by molten metal without causing hot 
tearing. Various sands had been tried and an oil- 
bonded silica sand painted with a refractory wash 
had been found finally to give satisfactory results. 
The materials used had been of two types, namely, 
(a) high-tensile steels operating at temperatures 
near to room temperature, in which the high 
strength was used to reduce the weight, and (5) 
steels operating at elevated temperatures up to 
800 deg. C. The high-tensile steels were of the 
low-alloy type, containing up to 1-5 per cent. of 
chromium, 2 per cent. of nickel, 0-5 per cent. of 
molybdenum and 0-3 per cent. of carbon. Sulphur 
was maintained below 0-02 per cent. and phos- 
phorus below 0-025 per cent., to preserve maximum 
toughness and ductility. For use at elevated tem- 
peratures three types of material were employed, 
namely, 18:8:1 chromium-nickel-niobium steel, 
25:12:3 chromium-nickel-tungsten steel and 
an 80:15 nickel-chromium alloy. Free-machining 
varieties of these steels, possessing equally good 
properties, had been developed. 

Mr. Gresham and Mr. Dunlop, in their paper, 
described the use of the lost-wax process for the 
production of nozzle guide vane castings in austeni- 
tic steel, varying from 0-5 oz. to 2 Ib. in weight. 
They pointed out that the dimensional accuracy 
of the castings was affected by wax-pattern shrink- 
age, by expansion of the refractory mould on heating, 
and by metal contraction. The degree of accuracy 
was affected by the shape of the casting, but could 
generally be held within limits of +0-005 in. per 
inch, As a result of using a hot mould, the grain 
size was larger than in sand castings, but the 
mechanical properties were isotropic. Mr. Gadd, 
in his paper, also described the lost-wax process 
and stated that it had been used mainly to produce 
turbine stator blades. A most interesting section 
of the paper dealt with the casting defects most 
likely to be encountered in investment casting. 
Shrinkage cavities were prone to occur, and, the 
author stated, as in other foundry processes could 
be overcome only by adequate and progressive 
feeding. Blow-holes were uncommon, and, for the 
most part, were caused by entrapped air owing to 
turbulence. Cold shuts might be due to cold 
metal or mould, or to lack of air pressure. Surface 
defects gave the most trouble and could arise from 
a variety of causes. The alloys most widely em- 
ployed were Nimonic 80, H. R. Crown Max, and 
D.T.D. 49B. In addition, Nimonic 90, G18B and 
G32 had been used for stator segments. Resistance 
to thermal shock was one of the most essential 
requirements of a turbine-blade material. A method 
of testing this was to subject the blade to two- 
minute cycles of heating to 900 deg. C., followed 
by cooling. The test showed up considerable 
differences in the resistance to cracking of various 
turbine materials, 

The discussion was opened by Mr. P. H. Lawrence, 
who stated that most persons concerned with 
Investment casting had tried out the use of plastics, 
the most popular ones being the polystyrene types. 

18 experience had been that, while the plastics 
Save the advantages of ease of handling and quick 
production, they suffered from a degree of warping 





or distortion which was greater than was obtained 
with a wax. The dimensional stability or accuracy 
from one model to another was not as good as with 
waxes. With regard to the thermal inertia or 
thermal shock tests of the blades, the surface 
condition of the blade had some effect; thus, a 
polished blade gave better thermal shock resistance 
than did the normal surface condition. 

Mr. Z. Z. J. Kosarski said that, with centrifugal 
castings made from metal dies, inspection was very 
simple; all the defects occurred on the outer 
surfaces and not in the bore, and plain machining 
and final visual examination were quite sufficient 
to ascertain whether the casting was satisfactory or 
not. Disastrous results, however, would be obtained 
if the same examination were applied to centrifugal 
castings spun in refractory moulds. In that case, 
there was not one single direction of solidification, 
and the normal types of defects, as produced in 
static sand castings, were to be found. Some short 
and descriptive names should be adopted to differ- 
entiate between the process as conducted with 
refractory moulds and with metal dies. In the 
United States three names were generally recog- 
nised, namely, “‘ true centrifugal castings,”’ “ semi- 
centrifugal castings,”’ and “‘ pressure castings,”’ the 
last name being given to castings produced in 
refractory moulds but not of symmetrical shape, 
namely, components cast in the form of a cluster. 
There was no real need, however, to differentiate 
between “‘semi-centrifugal ’’ and ‘‘ pressure ” cast- 
ings; they were both produced in refractory 
moulds. He would suggest the name foreshadowed 
by one of the authors; “‘ centri-die castings ”’ for 
castings produced in permanent metal moulds, and 
“‘centri-sand castings” for those produced in 
refractory moulds. A subsequent speaker, Mr. H. J. 
Meerkamp van Embden, appealed for much closer 
co-operation between turbine-component designers, 
casters and machine-shop employees. 

In a brief reply, Mr. A. Dunlop said that his 
experience of plastics had been very similar to that 
of Mr. Lawrence. On the few occasions when poly- 
styrene types of patterns had been used, they had 
shown more distortion than wax patterns. Mr. 
A. E. Thornton, who also briefly replied, agreed 
that the question of nomenclature was one to which 
attention would have to be directed. The termi- 
nology of “‘centri-die’’ and ‘‘centri-sand’”’ had 
been used in America for a Jong time. No doubt 
terms on similar lines would be adopted in this 
country sooner or later. The centri-die casting was 
much more reliable than the centri-sand casting 
and, having regard to the conditions to which these 
castings were subjected, the more reliable method 
of manufacture should be employed. 


WELDING AND MacuINaBILITy ASPECTS. 

The second portion of the afternoon of Wednes- 
day, February 21, was devoted to a discussion on 
the papers of Group VI of the symposium, dealing 
with ‘*‘ Welding and Machinability Aspects.”” There 
were three papers in this group, namely, ‘‘ Welding 
of Heat-Resistant Alloys in Sheet Form,” by Mr. 
H. E. Lardge ; ‘‘ Weld-Metal Properties and Weld- 
ing Characteristics of Two Austenitic Steels Used 
for Gas-Turbine Rotors,” by Mr. E. Bishop and 
Mr. W. H. Bailey ; and “‘ Machining Austenitic and 
Ferritic Gas-Turbine Steels,” by Mr. K. J. B. Wolfe 
and Mr. P. Spear. 

Dr. E. C. Rollason, who acted as rapporteur for 
the papers in this group, said that in gas-turbine 
work sheet metal was frequently welded to flanges 
of heavy section which were finally machined after 
welding. As more powerful engines were being 
developed, thicker materials were being introduced 
and fusion welding was being increasingly adopted. 
The greatest difficulty was distortion; hence 
the predominance of arc welding over flame weld- 
ing. The high-temperature alloys were character- 
ised by high electrical resistance and low thermal 
conductivity, which allowed alloys to be welded 
with less electrical energy than was required for 
mild steel. Throughout Mr. Lardge’s paper refer- 
ence was mdde to the reduction of distortion by 
welding under water. The paper by Mr. Bishop 
and Mr. Bailey dealt with the welding of heavy 
sections. In manufacturing large gas turbines for 
marine and land installations, the rotors were 
usually too large to be produced as a single forging. 





Consequently, they had been fabricated by welding 
from several smaller forgings. On the debatable 
subject of pre-heat, the authors suggested that the 
lower the interpass temperature, the better the 
results. Some users claimed that a pre-heat of 
600 deg. C. was useful, but the authors stated that 
such a pre-heat rendered the welding operation 
difficult and uncontrollable. They were also of 
the opinion that welding assemblies should nor- 
mally be ‘‘ stress-relieved ” at 650 deg. C. 

The third paper of the group was concerned with 
the fundamental problems associated with the 
machining of heat- and creep-resisting alloys, with 
special emphasis on the correct selection of condi- 
tions for maximum machining efficiency. Essenti- 
ally, they were work-hardening alloys and cutting 
must be continuous, The swarf was hard and the 
spaces through which it was removed must be kept 
under control, There was a good deal of friction 
and, therefore, heat was developed so that cooling 
liquid must be in copious supply. Improvements in 
the machinability of the alloys were discussed along 
two lines, firstly, in regard to the addition of 
molybdenum, selenium, zirconium and sulphur to 
produce inclusions which would give friable chips, 
and secondly, in connection with the heat-treatment 
of the material. For example, Nimonic 80 was 
easier to machine in the fully-aged condition than 
when only solution-treated, when it was softer. 

The discussion was opened by Dr. H. E. Taylor, 
who stated that ‘hot-spot machining” had 
been very briefly and somewhat inadequately 
mentioned in one of the papers. Some five or six 
years ago this method of heating up the metal, by 
means of an arc-welding plant, prior to its passing 
to the tool in a lathe-cutting operation had been 
carried out on mild steel at the British Welding 
Research Association and the conclusion arrived at 
had been that there was a good deal to be said for 
it. It had been felt, however, that as the Research 
Association was concerned with welding, it was not 
the right body to pursue the work and the matter, 
eventually, had been dropped. Work in the United 
States had shown that the method possessed advan- 
tages for dealing with the difficult high-alloy 
materials under discussion, which, apparently, could 
be cut very satisfactorily at high temperatures. 
There were problems involved in playing an arc 
within a few inches of a tool, but this was a question 
of manipulation. Messrs. Bishop and Bailey had 
been able to show that the creep strength of a 
welded joint in an austenitic steel, in many cases, 
was as high as that of the parent metal and this was 
very encouraging to designers. 

Mr. R. R. Roberts stated that Mr. Bishop and Mr. 
Bailey had confined themselves to the fully austenitic 
types of weld metals. A duplex weld metal con- 
taining § ferrite had been used by the British 
Thomson-Houston Company for welding the rotor 
of a marine gas turbine which was now running 
quite satisfactorily on the test bed. A subse- 
quent speaker, Mr. W. Huber, stated that from 
the materials standpoint, the welded rotor had 
advantages over the solid rotor. The material 
to be welded could be more thoroughly forged and 
the single discs better tested. The ultrasonic test 
could generally be carried out and reliable results 
obtained, whereas, with solid rotors, and especially 
those of large dimensions, this test was not always 
possible. A further advantage of the welded 
design was that the rotor could be built up from 
different types of steel according to the temperature- 
exposure variation. 

In the course of his reply, Mr. H. E. Lardge said 
that it did not seem to be appreciated that the 
gas-turbine combustion equipment was an integral 
part of the engine, just as much as a cylinder block 
was on a normal engine, and the sheet-metal work 
had to be very well made to withstand all the 
design requirements. It was precision sheet-metal 
work and the time had come when some of the 
research associations and other investigators should 
begin to look into some of the factors concerned. 
For example, very little indeed was known regarding 
the fatigue strength of the resistance welds, or, 
for that matter, of the fusion welds, on thin sheet- 
metal work at elevated temperatures, and that was 
of importance to designers. 

(T'o be continued.) 
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HYDRAULICALLY-CONTROLLED 
COPYING LATHES. 


A RANGE of high-speed copying lathes with hydraulic- 
ally-controlled copying mechanism has been produced 
by the French firm of H. Ernault-Batignolles, whose 
agents in this country are H.E.B. Machine Tools, 
Limited, 79, Portland Place, London, W.1. These 
machines have been designed to take full advantage of 
the deep cuts and high cutting speeds obtainable with 
carbide and diamond-tipped tools, so as to speed-up the 
mass-production of similarly-shaped components such 
as those used in the automobile industries. The 
machines, one of which is illustrated in Figs. 1 and 2, 
herewith, can also be employed as ordinary high-speed 
centre lathes, and are usually provided with centrifugal 
chucks to reduce loading times; they have foot and 
hand controls for stopping, and are fitted with front 
and rear cutting tools. Spindle speeds from 50 r.p.m. 
to 3,600 r.p.m. are quickly selected by interchanging 
two pick-off gears on the end of a fixed-ratio gearbox, 
and work of only } in. diameter can be machined at a 
cutting speed of approximately 700 ft. per minute. 

The copying lathes have a maximum swing rang- 
ing from 13} in. to 17} in. diameter over the bed, 
and from 5}, in. to 94 in., respectively, over the 
saddle. There are 20 spindle speeds between 50 r.p.m. 
and 3,600 r.p.m., and a total of 22 feeds ranging from 
0-0008 in. to 0-0354 in. of longitudinal travel per 
revolution of the work spindle, and from 0-0004 in. to 
0-0177 in. of traverse per revolution of the surfacing 
spindle. Distances between the lathe centres are 
16 in., 28 in. and 40 in. The total weight, including 
the driving motor and all accessories, is about 45 to 
55 ewt., depending on the size of machine. The 
feed shaft is driven through simple gears and a spring- 
held friction clutch at the headstock end ; the clutch 
forms part of the copying mechanism and is disengaged 
electrically by means of a solenoid and another spring 
at the tailstock end of the feed shaft. The solenoid 
is normally energised but its circuit is broken, thereby 
causing the clutch to slip, when a 90-deg. shoulder ora 
groove has to be formed by the copying mechanism. 

Pick-off gears behind a cover plate at the front of 
the machine, to the left of the operator, enable the 
required feed to be selected, and an adjacent lever 
reduces the feed in the ratio of 3-5 to 1, so that very 
fine finishes can be applied without stopping the 
machine ; concentric with this lever is a feed-reversing 
control which can be operated at spindle speeds up 
to 2,000 r.p.m. The lathe is driven by either an 
8, 12, 15 or 20-h.p. induction motor, controlled by a 
star-delta starter, both motor and starter being housed 
in the main body of the machine. The drive from the 
motor is taken to the fixed-ratio gearbox through a 
multi-dise clutch which allows the spindle to be started 
rapidly or slowly and is engaged by a lever projecting 
from the machine close to the operator. Movement of 
the lever in the opposite direction engages a second 
multi-disc clutch which is used as a brake to bring the 
spindle to rest in under 2 seconds, even from the highest 
speeds. This brake can also be operated by a treadle 
at the front of the machine. 

Special precautions have been taken to minimise 
vibration. The driving motor and its fixed-ratio 
gearbox are mounted on rubber bushes, and the bed 
of the lathe consists of a heavy cross-braced section 
which is rigidly fixed to a one-piece base casting to 
provide a firm foundation. The front cutting tool is 
clamped vertically throughout its length against a 
shoulder on the toolpost to avoid overhang or chatter. 
The bed is of the sloping type to reduce deflection, and 
the slides as well as the space between them are covered 
by telescopic guards to direct the swarf into a large tray 
behind the bed. ‘The main spindle is mounted on 
double taper-roller bearings at the front and a single 
taper-roller bearing at the back, and, at speeds from 500 
to 3,600 r.p.m., is directly driven from the gearbox by 
seven parallel V-belts to reduce any vibration or snatch 
in the gears themselves ; speeds under 500 r.p.m. are 
obtained by back gearing. Altogether there are three 
large openings at the headstock end of the base casting 
to give easy access to the driving motor and the gear- 
box; they are normally closed by ventilated cover 
plates. At the tailstock end there are two openings for 
access to the starter ana the electrical control gear 
which are fixed to the backs of the cover plate and of a 
hinged door, respectively. 

Long guides are fitted to reduce the amplitude of 
any vibration or unwanted movement between the 
sliding surfaces of the saddle, and there are only two 
— motions between the lathe bed and the cutting 
tool, longitudinal and transverse. The saddle incor- 
porates drilled oilways to avoid the use of flexible 
pipes and is of deep section to match the sloping sides 
of the bed. Four transverse stops enable the toolpost 
to be fed in previously adjusted positions, either by 
hand or by means of the hydraulic system controlling 
the copying mechanism, and there is also an adjustable 
stop at the front of the toolslide for use with the rear 
cutting tool and the hydraulic cross-feed. This stop 
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Fig. 2. 


has a micrometer adjustment which, it is claimed, 
enables parallel diameters to be turned to a tolerance 
of + 0-0002 in. A hinged guard with an inspection 
window completely covers the top of the work and 
also serves to deflect the coolant. 

Most of the copying mechanism, including a hydraulic 
gear pump and a I-h.p. electric motor for driving the 
pump, is mounted on the saddle, though the copying 
system as a whole embodies four main parts: a 
carrier for supporting the template or pattern to 
be copied, a tracer or detector unit for following the 
surface of the pattern, hydraulic control gear for 
imparting motion to a piston controlling the cross 
transverse of the cutting tool, and electrical equipment 
for actuating the feed clutch which regulates the longi- 
tudinal travel. The carrier comprises a flat table or 
plate for securing turned or flat specimens, as well as 
two sliding centres for supporting turned patterns ; 


it is bolted to two rigid brackets at the rear of the 
machine, as shown in Fig. 2, and is designed so that the 
centres can be used without removing the table, or 
vice-versa. At the tailstock end there is a micrometer 
|adjustment to enable the carrier to be set parallel,to 
| the axis of the lathe spindle. i 
| The tracer itself consists of a small stylus with a 
carbide-insert point which is shaped so that it can 
remain in contact with the surface of the pattern over 
sharp shoulders or into deep grooves. It is kept in 
contact with the pattern by a spring pressure of 
about 3 lb., and is carried in a hinged body which 
is free to swing through a small arc about either 
horizontal or a vertical axis. Thus when the saddle 
brings the tracer against a gently sloping taper on the 
master pattern, one end of the body moves outwards 
or inwards about a horizontal axis, and so alters the 
opening of a valve in the hydraulic circuit to cause 
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the cutting tool to move in the appropriate direction 
across the saddle ; the tool is traversed by a movement 
of the toolpost and its actuating screw as a whole. 
When the tracer meets a square shoulder, however, 
the hinged body tilts back about a vertical axis also, 
and thereby operates a micro-switch to de-energise the 
solenoid controlling the clutch at the end of the feed 
shaft ; the longitudinal feed therefore stops while the 
tool makes the required cross traverse. Only a small 
angular tilt is needed to actuate the switch, and square 
shoulders can be accurately copied. It is claimed that 
this arrangement enables distances between shoulders 
to be maintained to within 0-0015 in. at feeds up to 
16 in. per minute, and to within 0-002 in. up to 27 in. 
per minute. 

The hydraulic system is designed to eliminate any 
time lag between the traversing motion of the tracer 
and the corresponding movements of the piston, and 
for this reason the oil is kept in continuous circulation 
in a closed circuit through the valve in the tracer unit ; 
this arrangement avoids the delays inherent in systems 
in which the oil flow is completely stopped and where it 
is only started by the closing and opening of a valve. 
The piston has unequal areas on opposite sides, and oil 
is pumped to both sides so that in practice equilibrium is 
obtained only when the respective pressures are about 
200 Ib. and 100 lb. per square inch ; the lower pressure 
on the larger side is obtained by allowing oil to escape 
through the tracer valve so that the piston and tool 
move in the appropriate direction as the setting of 
the valve is altered by the tracer. 





960-H.P. DIESEL-ELECTRIC 
LOCOMOTIVES FOR THE SIAMESE 
RAILWAYS. 


THREE 960-h.p. Diesel-electric locomotives, one of 
which is shown in the accompanying illustration, are 
being delivered from Messrs. Sulzer Brothers, Winter- 
thur, Switzerland, to the Royal State Railways of 
Siam for long-distance passenger service on the metre- 
gauge line from Bangkok to the Malayan frontier 
and back, a total distance of 1,250 miles. The steepest 
gradients on this line are 1 in 50, but trains are also 
to be hauled on the 465-mile north-eastern route 
from Bangkok to Chiengmai, where gradients of 1 in 42 
and 1 in 37 are encountered. The load on this route, 
however, is limited to 250 tons, whereas 420 tons is the 
maximum load on the other route. The maximum 
Speed allowed on the Siamese Railways is 65 km. (40} 
miles) an hour, and the axle load is 12 tonnes. 
The tractive effort of the locomotives is 14,000 kg. 
(30,900 lb.) at starting; 5,800 kg. at 31 km. an hour 
(12,800 Ib. at 19} miles an hour) continuous rating ; 
8,000 kg. at 22 km. an hour (17,600 Ib. at 133 miles an 
hour) one hour rating; and 3,000 kg. at 65 km. an hour 
(6,600 Ib. at 40 miles an hour) at full power and speed. 














The locomotives have been designed by Messrs. 
Sulzer Brothers, who are the main contractors, but the 
mechanical portion is being built by Messrs. Henschel 
and Son, and the electrical transmission by Oerlikon. 
The AlA-AlA wheel arrangement was found to be 
preferable to other arrangements with the same axle 
load, from the point of view of ensuring the minimum 
deflection of bridges. Many of the locomotive com- 
ponents are standard with those of the railway’s 735-h.p. 
B,-B, locomotives ; in particular, the pistons, connect- 
ing rods, main and big-end bearings, cylinder heads, 
valves and valve gear, fuel-injection pumps and nozzles, 
governor, etc., are the similar, though the Diesel engine 
has eight cylinders whereas that of the earlier loco- 
motives have only six. The electrical control-equip- 
ment details, driving controls, wheel centres, tyres, 
axleboxes, springs, brake blocks and other mechanical 
parts are also the same in both types, and the general 
constructional arrangement is similar. 

The bogie frames are completely welded, and are 
supported on 8.K.F. roller-bearing axleboxes by over- 
hung laminated springs. The springs of the outer and 
centre axles on each bogie are compensated on each 
side. Automatic vacuum brakes apply two blocks 
on each driving wheel through compensated rigging 
to the extent of about 74 per cent. of the weight on the 
braked axles. Accessibility of the engine, auxiliary 
and electrical equipment has been ensured. There is 
ample room to work around the engine and main 
generator, and the electrical contactor and control gear 
is grouped in cabinets adjacent to the vertical fuel tank, 
and can be inspected and adjusted in a normal standing 
position. Access to the rear of the control cabinet is 
gained from the cab. 

The oil engine is of Sulzer’s pressure-charged 
8LDA25 type, similar to those now being made by 
Messrs. Vickers-Armstrongs Limited, Barrow, for 
Messrs. Sulzer Brothers (London), Limited, and is set 
to give 960 brake horse-power at 850 r.p.m. (one-hour 
rating) and 860 brake horse-power at 800 r.p.m. 
(continuous rating). The cylinders are 250 mm. by 
320 mm. (9-85 in. by 12-6 in.). The engine is one of 
Sulzer’s railway range, embodying welded construction 
of the cylinder block, crankcase and bedplate. This 
construction gives a robust engine, very rigid laterally, 
with a dry weight of 19 lb. per brake horse-power on 
the one-hour rating. Charging air is delivered by a 
Sulzer exhaust-gas turbo-blower, which has plain bear- 
ings for the shaft—a feature which is stated to give 
better performance than roller bearings in this applica- 
tion. The Oerlikon main generator is mounted on 
the common bedplate. It has continuous ratings of 
800 r.p.m., 1,000 volts, 550 amperes; and 800 r.p.m., 
630 volts and 860 amperes. The one-hour rating is 
800 r.p.m., 497 volts, and 1,070 amperes, and the 
maximum load is 850 r.p.m., 1,060 volts and 1,680 
amperes. A 33-7-kW auxiliary generator, of the 
overhung type, supplies the main-generator excita- 























tion current, the motors for the cooling-water pump, 
radiator fan, exhauster, air compressor and rotary 
voltage converter, and also charges the battery. Four 
self-ventilated nose-suspended traction motors are 
grouped in parallel, and the ventilating air is drawn in 
through ducts leading from the driver’s cabs, this 
arrangement ensuring clean air, free from track dust 
and water, and also continuous ventilation of the 
driving compartments. Automatic field-regulator con- 
trol permits the driving controller to influence the 
oil-engine governor so as to set the engine speed to 
certain predetermined values ; and eight speed-torque 
loadings from 470 to 850 r.p.m., and from idling to 
960 brake horse-power, are provided. 

Trials runs on the Rhaetian Railway were made 
first between Landquart and Ilanz, a distance of 42 km. 
(26 miles) with an average gradient of 0-5 per cent. 
(1 in 200), and with a ruling gradient of 1 in 100 for 
8 km., the track here being curved almost throughout. 
Trailing loads up to 302 tonnes, made up of 16 bogie 
coaches, were handled, and with this load, a speed of 
43 km. (263 miles) an hour was sustained up a gradient 
of 1 in 100, with curves of 80 to 300 m. (262 to 985 ft.) 
radius, the engine working on its one-hour output. 
Further trials conducted between Landquart and 
Kublis, a distance of 214 km. (13} miles), rising all 
the way at an average of 1-45 per cent. (1 in 69) and 
with a ruling grade of 4 per cent. (1 in 25), were carried 
out with trains of up to 155 tonnes trailing load. 

The principal weights and dimensions are as follows : 
weight empty, 55-0 tonnes; weight in working order, 
with 2,700 litres of fuel, 59-2 tonnes ; minimum adhe- 
sion weight, 44-6 tonnes; maximum axle load, 12-0 
tonnes ; wheel diameter, 914 mm. (36 in.) ; bogie wheel- 
base, 3-00 m. (9 ft. 10 in.); distance between bogie 
pivots, 7-80 m. (25 ft. 7 in.) ; length over buffer beams, 
12-80 m. (42 ft.); maximum width, 2-786 m. (9 ft. 2 in.) ; 
and maximum height, 3-815 m. (12 ft. 64 in.). 





RoyaL AERONAUTICAL SOCIETY SCHOLARSHIPS.— 
Scholarships awarded annually by the Royal Aero- 
nautical Society are available for students with qualifi- 
cations acceptable to the Council of the Society wishing 
to undertake advanced work or study in aeronautics. 
The Royal Aeronautical Society Charter Scholarship, 
up to the value of 3001. a year, and the Geoffrey de 
Havilland Memorial Scholarship, up to approximately 
1201. a year, are normally awarded for a period of one 
year, but may be extended for a second year if the 
Council of the Society feel that the student and the work 
would benefit by such an arrangement. Normally, it is 
expected that the work should lead to some higher degree 
or post-graduate diploma, Applications, which should 
state the age and qualifications of the candidate, and the 
course he intends to follow, should be made before June 1, 
to the secretary of the Society, 4, Hamilton-place, 
London, W.1. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


NATURAL PHILOSOPHY AT GLASGOW UNIVERSITY.— 
Professor P. I. Dee, of the Natural Philosophy Depart- 
ment, in the course of a commemoration lecture in 
Glasgow University, on February 27, in connection with 
the fifth centenary celebrations of the University, said 
that at the present time there was considerable activity 
both in the teaching of all branches of physics and in 
research in the field of nuclear physics and the physics 
of elementary particles. For that work the whole- 
hearted support of the University had been supplemented 
by generous financial help from the Nuffield Foundation 
and, later, by the Department of Scientific and Industrial 
Research, in the provision of large-scale and expensive 
apparatus which was necessary for research in that 
modern field. In the course of his address he traced the 
growth of the Department and referred to Lord Kelvin 
and other famous holders of the chair of natural philo- 
sophy. 

CARNEGIE RESEARCH SCHOLARSHIPS.—The Carnegie 
Trust have now increased their post-graduate research 
scholarships from 2501. to 3001. This was announced by 
Sir John Falconer, the chairman, when presenting the 
annual report of the trustees in Edinburgh on February 
26. At the same time, he continued, as not every young 
graduate was certain to turn out a good research worker, 
it had been decided to introduce an “ apprentice ” 
scheme, under which nominators to these scholarships 
would be asked privately to state whether, for a year, 
they considered it best for the young researcher to 
work on a 2001. award under the supervision of his 
professor or lecturer in his department of study. The 
senior scholarships had been increased from 4001. to 4501. 
and the fellowships from 7001. to 8001. 

NorTu-East SCOTLAND AS A DEVELOPMENT AREA.— 
The Ministry of Labour are considering the case for 
scheduling the north-east coast of Scotland as a develop- 
ment area under the Distribution of Industry Act, 1945. 
This was announced at a meeting, on February 26, of the 
Peterhead and Fraserburgh Local Employment Com- 
mittee, who have been urging this move. 





GENERATING STATION AT STORNOWAY.—A scheme for 
the construction of a generating station at Stornoway, 
premoted by the North of Scotland Hydro-electric 
Board, has been approved by the Secretary of State for 
Scotland (Mr. Hector McNeil, M.P.) and laid before 
Parliament. It provides for a Diesel-driven plant with 
a capacity of 6,000 kW and is estimated to cost 336,0001. 
Particulars are given in a White Paper which is published 
by H.M. Stationery Office at the price of 2d. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


SHORTAGE OF MATERIALS.—Among the outstanding 
problems of the North-East Coast iron and steel industry 
is the unavoidable cut in the output of commodities 
urgently needed both for home purposes and for export. 
All classes of steel are wanted in much larger quantities 
than are obtainable and the shortage of supplies occasions 
much more concern than do the recent price advances. 
The shrinkage in steel output is directly attributable to 
the continued scarcity of raw material and scrap. 





TEES TRADING FacI.iries.—Following extensive dis- 
cussion and a thorough investigation, four years ago, 
Parliament approved the plans of the Tees Conservancy 
Commission for the provision of big new docks at 
Lackenby, near the mouth of the river, but the under- 
taking has not been proceeded with. Since the scheme 
was mooted industrial developments on Tees-side have 
been important and extensive, and an increase of 300,000 
tons a year in the trade of the port of Middlesbrough, 
foreshadowed in 1947, has been fulfilled. There is a 
strong local feeling that, if the delay continues in 
bringing the loading and discharging facilities on the 
Tees to a much higher standard of efficiency, than at 
present exists, the spread of trade will be seriously 
jeopardised. On the other hand, progress with much- 
needed improvements in ccnditions well up the river has 
been receiving satisfactory attention. Stockton Cor- 
poration have just opened their big quay and warehouse 
extensions, carried out at an estimated cost of 116,0001. 


LANCASHIRE AND SOUTH 
YORKSHIRE, 


TRAINING IN THE ENGINEERING INDUSTRY.—The 
labour shortage in Sheffield is not yet relieved, and firms 
likely to be affected by the development of the rearma- 
ment programme are perturbed by the scarcity of skilled 
men. In the engineering industry offers have been made 





to give training to men of suitable type willing to accept 
employment. It is believed that there is redundancy on 
the railways now that train services have been curtailed 
and that there is scope for displaced railwaymen in engi- 
neering works at higher rates than railway pay. In 
Sheffield, there are 3,000 notified vacancies in industry. 





COMMERCE WITH CANADA.—More British firms manu- 
facturing engineers’ cutting tools and hand tools will be 
exhibiting at the Canadian International Fair this year 
than last year, when very good business was done. 
Again there is to be a joint display by about 30 firms, 
many from Sheffield, arranged by the National Federa- 
tion of Engineers’ Tool Manufacturers and the Federation 
of British Hand Tool Manufacturers, the headquarters 
of which are in Sheffield. About 50 British tool firms 
will be exhibiting. 

MILLsPAUGH, LTp.—Mr. J. B. Thomas, who retired 

from the offices of deputy chairman and managing 
director of Hadfields Ltd., shortly before the nationalisa- 
tion of the iron and steel industry, is the chairman of 
Millspaugh Ltd., makers of paper-making machinery, of 
which firm Hadfields are the proprietors. Mr. Thomas 
is now in Canada, and it is announced that Had-Mil 
(Canada), Ltd., a company in the Millspaugh group, 
have acquired the heavy engineering firm of William 
Kennedy and Sons, Ltd., Owen Sound, Ontario. The 
change in ownership was made possible by an authorised 
transfer of British capital and substantial backing from 
the Royal Bank of Canada. 
DORMAN AND SMITH; LTD., MANCHESTER.—The 70th 
anniversary of the foundation of the electrical-engineering 
firm of Dorman and Smith, Ltd., Manchester, was 
marked by the holding of a dinner-dance at the Midland 
Hotel, Manchester, on Saturday, February 17, under 
the chairmanship of Mr. Thomas Atherton. The business 
was founded in 1881 by J. S. Raworth (brother of Mr. B. 
Alfred Raworth, a former Editor of ENGINEERING) and, 
three years later, was bought from him by Charles 
Mark Dorman and Reginald Arthur Smith, both mecha- 
nical engineers by training, who were members of his 
Staff; Dorman was then 23 years old and Smith was 27. 
They were probably the first firm to manufacture electric- 
light fittings and lampholders; and, according to Mr. 
Atherton, Dorman was the first engineer to enclose 
switchgear in iron cases and Smith was the first to use 
porcelain as an insulator, himself designing the necessary 
tools for the potteries. Mr. H. G. Baggs (chairman of 
the company from 1930 to 1937) designed and produced 
the first British automatic circuit-breaker. 





NEw Factory FOR BROOK Morors, LTp.—Work has 
begun on the construction of a new factory for Brook 
Motors, Ltd., of Empress Works, Huddersfield, on a 
ten-acre site at Barugh Green, near Barnsley. It will 
include a winding department for motors from } h.p. 
to 50 h.p., and the firm’s “‘ Z ”’ range of control gear will 
probably be made there also. The existing works at 
Barnsley (formerly a flax mill) now employs a personnel 
of more than 400, and it is expected that a further 600 
will be required for the new factory, which it is hoped 
to complete by the end of this year. 


a 

THE LATE Mr. F. A. FROsT.—We regret to learn from 
Messrs. Peter Stubs Ltd., of Warrington, of the death 
on February 24 of Mr. Francis Aylmer Frost, a former 
director, at the age of 90. Mr. Frost was the last direct 
descendant of the original Stubs family who founded the 
business—wire-drawing and the manufacture of smal) 
tools—in 1773. He joined the firm in 1878, at the age 
of 18, and had been with them for 71 years when he 
resigned from the board of directors in 1949. 


THE MIDLANDS, 


LoapD SHEDDING.—Electrical load shedding has been 
infrequent in the West Midlands recently, but Mr. J. D. 
Findlay, of the British Electricity Authority, has stated 
that it may be necessary to re-introduce it in mid-April. 
Plant will then have to be withdrawn from service for 
overhaul, and the consequent electricity supply position 
will be largely dependent on the weather. 

Raw MATERIAL DIFFICULTIES.—An unexpected short- 
age—that of zinc dust—caused notice terminating their 
employment to be given to 100 employees of the Zinc 
Alloy Rust Proofing Co., Ltd., of Wolverhampton, who 
use the zine dust for sherardising. The recent ban on 
the use of zine for certain purposes does not include zinc 
dust, which is made from scrap metal, but the shortage 
is caused by the virtual disappearance of scrap zinc 
from the market. Just before the notices expired, a 
small supply of zinc dust was received by the firm, and 
thus it became possible to carry on for the time being. 
This experience exemplifies the “hand to mouth” 
position in some parts of the Black Country. From time 
to time a shortage will develop, often unexpectedly, 





and relief will come at the last moment. In the galvan- 





ised hollow-ware trade some manufacturers have placed 
orders with enamelling contractors for the vitreous 
enamelling of certain articles on which the use of zinc is 
prohibited. 





ALUMINIUM-ALLOY RAILWAY CoacH.—The first of an 
order for 90 aluminium-alloy railway coaches for the 
London Transport Executive was completed for dispatch, 
at the end of February, by the Metropolitan-Cammell 
Carriage and Wagon Co., Ltd., Birmingham. This 
coach has been chosen by the Council of Industria} 
Design for exhibition at the Festival of Britain, where 
it will represent the British carriage and wagon industry. 





SMOKELESS ZONE IN COVENTRY.—Section 51 of the 
Coventry Corporation Act of 1948 conferred on the City 
Council the authority to establish a smokeless zone, 
and, with Ministerial approval, to extend the zone to 
other parts of the city. The first step has now been 
taken. As from Thursday, March 1, an area of 30 acres 
in the city centre has been declared a smokeless zone, and 
the Corporation have power to prosecute persons allowing 
the emission of smoke, the term including soot, ash and 
grit. Occupiers of premises in the zone were given 13 
months’ notice of the Corporation’s intention. In 1947, 
it was found that the majority of the premises in the area, 
which are mainly shops and offices, were using smokeless 
fuels. Since then the necessary conversions of heating 
plant or change of fuel have been carried out. The 
Coventry scheme is the first of its kind in this country, 
though several other authorities have, or are seeking, 
similar powers. 

STEAM ROLLER To BE PRESERVED.—A steam roller, 
built by Aveling and Porter, of Rochester, and stated to 
be the first to be registered in Worcestershire, has been 
acquired by the Museum of Science and Industry at 
Birmingham, where it will be preserved to represent a 
class of machine which is fast disappearing. 





SPECIAL MACHINE DISPATCHED BY AIR FREIGHT.— 
The Automatic Weighing and Packing Machine Co., Ltd., 
Birmingham, have despatched to Copenhagen, by a 
British European Airways aircraft, a complete machine 
for handling crystalline penicillin. The machine, which 
is claimed to be the only fully automatic machine for 
its purpose in the world, is capable of charging vials with 
penicillin, in quantities of as little as 12 milligrams, at. 
a rate of 30 a minute. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


WELsH CoaL INDUSTRY.—The output of coal from 
the South Wales mines has maintained its steady 
improvement. In the week ended February 24, the pro- 
duction of saleable coal in South Wales, according to 
returns issued by the National Coal Board, was 492,283 
tons, the highest total recorded since the week before 
Christmas. This compares favourably with the level 
reached in the corresponding week of last year, namely, 
465,381 tons. It is expected that production will be 
maintained at a high level during the next few weeks. in 
view of the approach of the Easter holidays. 





UNEMPLOYMENT IN WALES.—The Welsh Board for 
Industry were told by a representative of the Ministry of 
Labour and National Service, at a meeting in Newport 
on February 26, that the rate of unemployment in Wales 
was twice as high as in the rest of Great Britain. of 
21,000 men now unemployed in Wales, fewer than 
8.700 were registered as disabled and 9,400 were over 
the age of 50. At the same time, there was a long 
waiting list for skilled craftsmen. Sir Percy Thomas, the 
chairman, reported that more than 1,000 skilled craftsmen 
were wanted in the building and civil-engineering indus- 
tries alone. 





OBJECTIONS TO HAVERFORDWEST SEWERAGE SCHEME. 
—The South Wales Sea Fisheries District Committee, 
meeting at Cardiff on February 27, decided to make a 
final attempt to prevent a 16,660]. sewerage scheme being 
carried out in its present form at Dale Bay, Pembroke- 
shire, by Haverfordwest Rural Council. Further repre- 
sentations against the scheme are to be made to the 
Welsh Board of Health by the Fisheries Committee, whose 
objections were recently rejected by the Board after a 
public inquiry. 





FOUNDRY DEVELOPMENTS AT DOWLAIS.—New sand- 
preparation, conditioning and handling equipment is to 
be installed at the Dowlais foundry of Guest Keen 
Baldwins Ltd. at a cost of 19,4501. The improvements 
will enable the company to re-use moulding sand and 
generally to improve the foundry’s efficiency. The 
proposal follows a 72,3501. extension to the foundry, 
started a year ago and now almost completed, which wilt 
increase the output of ingot moulds from 18,200 tons to 
26,050 tons a year. 
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NOTICES OF MEETINGS. 


ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
March 12, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “‘ Electronic Power Control of Motors,” 
opened by Mr. E. W. Forster. Western Centre: Monday, 
March 12, 6 p.m., Electricity House, Colston-avenue, 
Bristol. ‘“‘ Experience with a British Alternating- 
Current: Network Analyser,” by Mr. G. Lyon. WNorth- 
Eastern Centre: Monday, March 12, 6.15 p.m., Neville 
Hall, Neweastle-upon-Tyne. ‘‘ Standardisation and Sim- 
plification in the Electrical Industry,” by Mr. J.T. Moore ; 
and “ An Organisation for Internal Standardisation in a 
Large Manufacturing Company,” by Mr. P. J. Daglish. 
Measurements and Radio Sections: Tuesday, March 13, 
5.30 p.m., Victoria-embankment, W.C.2. ‘“‘ Testing of 
Fine Wires for Telecommunication Apparatus,’ by Mr. 
R. C. Woods and Mr. J. K. Martin; and “ Use of an 
Electrostatic Wattmeter for Magnetic-Loss Measure- 
ments,” by Mr. J. K. Choudhury and Mr, A. Glynne. 
North-Western Centre: Tuesday, March 13, 6.15 p.m., 
Engineers’ Club, Manchester. Report on “ Education 
and Training of Electrical Technicians,” presented by 
Mr. J. W. Thomas. Scottish Centre: Wednesday, March 
14, 7 p.m., Heriot-Watt College, Edinburgh. ‘‘ Compara- 
tive Methods of Testing Alternating-Current Electricity 
Meters,” by Mr. S. F. Musson and Mr. R. E. Mell. London 
Students’ Section: Wednesday, March 14, 7 p.m., 
Victoria-embankment, W.C.2. Problems Night. Utiliz- 
ation Section: Thursday, March 15, 5.30 p.m., Victoria- 
embankment, W.C.2. “‘ Transients in Electric Mine 
Winders and Their Effects on Rope Stresses,” by Mr. 
T. H. Petch. North Midland Centre: Thursday, 
March 15, 6 p.m., 24, Aire-street, Leeds, 1. ‘‘ Organisa- 
tion of Laboratory Work,”’ by Dr. E. C. Walton. 

ROYAL SOCIETY OF ARTS.—Monday, March 12, 6 p.m., 
John Adam-street, W.C.2. Cantor Lecture II. “ The 
Great Exhibition of 1851,” by Mr. K. W. Luckhurst. 
Wednesday, March 14, 2.30 p.m., “1851-1951: A 
Century of British Design,” by Mr. Paul Reilly. Thurs- 
day, March 15, 4.30 p.m., “‘ Physical Science’s Contribu- 
tion to Australian Industrial Development,” by Professor 
A. D. Ross. 


INSTITUTION OF PRODUCTION ENGINEERS.— Sheffield 
Section: Monday, March 12, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Railway Laminated Spring 
Manufacture,” by Mr. R. Fielding. Yorkshire Section: 
Monday, March 12, 7 p.m., Hotel Metropole, King-street, 
Leeds, 1. Annual Meeting. Halifax Section : Monday, 
March 12, 7.15 p.m., White Swan Hotel, Halifax. 
“ Effects of Costs on Production Engineers,” by Mr. 
F. M. W. Hird. Dundee Section: Tuesday, March 13, 
7.30 p.m., Mathers Hotel, Dundee. “ Planning for 
Production Incorporating Cost Control,” by Mr. C. W. 
Higgins. Liverpool Section: Wednesday, March 14, 
7.15 p.m., Radiant House, Bold-street, Liverpool. 
“Laboratory Control in Production Engineering,” by 
Mr. J. Pardoe. Edinburgh Section: Wednesday, March 
14, 7.30 p.m., North British Station Hotel, Edinburgh. 
Annual Meeting. ‘“ Rubber in Engineering,” by Mr. 
G. W. Trobridge. Leicester Section : Thursday, March 
15, 6.30 p.m., College of Art and Technology, Leicester. 
Annual Meeting, Section President’s Address, and 
Film Display. Glasgow Section: Thursday, March 15 
7.30 p.m., 39, Elmbank-crescent, Glasgow, C.2. “ Rubber 
as an Engineering Material,” by Mr. G. W. Trobridge. 

INSTITUTION OF CIVIL ENGINEERS.—Taesday, March 
13, 5.30 p.m., Great George-street, S.W.1. “ Design 
and Construction of the Royal Festival Hall, South 
Bank,” by Mr. E. O. Measor and Mr. D. H. New. Mid- 
lands Association : Wednesday, March 14, 7 p.m. 
Loughboreugh College, Loughborough. Film on “ Asphalt 
Bitumen and Retread,” introduced by Mr. E. B. Jenkins. 
North-Western Association: Thursday, March 15, 
6.30 p.m., Engineers’ Club, Manchester, “ Traffic 
Control,” by Mr. L. P. F. Hubbard. 


; CHEMICAL ENGINEERING GRouP.—Tuesday, March 13, 
— p.m., Geological Society, Burlington House, Picca- 
dilly, W.1.  “ Gas Turbines in the Chemical Industry,” 
by Mr. I. Lubbock. “s 


a OF MARINE ENGINEERS.—Tuesday, March 
3, 5.30 Pp.m., 85, The Minories, E.C.3. ‘“ Gamma 
a in Shipbuilding and Engineering,” by 
“ Jd. D. Hislop. Education Group: Friday, March 16, 
ee 85, The Minories, E.C.3. ‘‘ Future of Higher 
chnological Education,” by Mr. C. W. Tonkin. 
m, NSTITUTE OF PHysics.—Electronics Group : Tuesday. 
. — 13, 5.30 p.m., 47, Belgrave-square, S.W.1. 
nein Oscillations,” by Dr. D. Gabor. Industrial 
pase —_ f. Feiday, March 16, 6.30 p.m., 47, 
ir a “Wh ~~ a Physics of Radiography,” 





ILLUMINATING ENGINEERING Society and Roya 
INSTITUTE OF BRITISH ARCHITECTS.—Tuesday, March 13, 
6 p.m., 66, Portland-place, W.1. “‘ Lighting of Buildings,” 
by Mr. W. A. Allen and Dr. R. G. Hopkinson. 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, March 13, 6 p.m., Westgate 
Hotel, Newport, Monmouthshire. ‘‘ Design and Opera- 
tion of a Large Heat-Transfer Installation,” by Mr. N. 
Brearley. Midland Branch: Thursday, March 15, 
6 p.m., James Watt Memorial Institute, Birmingham. 
** Assembly Processes,’’ by Mr. J. L. Miller. Institution : 
Friday, March 16, 5.3@ p.m., Storey’s-gate, St. James’s 
Park, S.W.1. Meeting in conjunction with Hydraulics 
Group. “Pipe Joints for Hydraulic Power Trans- 
mission,””’ by Mr. B. Cooke. AUTOMOBILE DIVISION. 
Birmingham, Coventry and Derby Centres: Monday, 
March 12, 6.45 p.m., 95, New-street, Birmingham. 
Thomas Hawksley Lecture on ‘“ Internal-Combustion 
Engines,”’ by Sir Harry R. Ricardo, F.R.S., delivered by 
Mr. E. N. Soar. Luton Centre: Monday, March 12, 
7.15 p.m., Town Hall, Luton. ‘“‘ De Havilland Engines 
for Light Aircraft,’’ by Mr. J. L. P. Brodie. Institution : 
Tuesday, March 13, 5.30 p.m., Storey’s-gate, S.W.1. 
“Use of Wire-Resistance Strain-Gauges in Automobile 
Engineering,” by Dr. J. R. Bristow, Mr. P. Metcalf and 
Mr. C. H. G. Mills. 


INCORPORATED PLANT ENGINEERS.—East Lancashire 
Branch : Tuesday, March 13, 7.15 p.m., Engineers’ Club, 
Manchester. ‘“‘ Fluorescent Lighting in Industry,” by 
Mr. F. C. Tyrrell. East Midlands Branch: Wednesday, 
March 14, 7 p.m., Welbeck Hotel, Nottingham. Annual 
Meeting. Liverpool Branch: Thursday, March 15, 
7 p.m., Radiant House, Bold-street, Liverpool. Annual 
Meeting. 


INSTITUTION OF ENGINEERING INSPECTION.—Coventry 
Branch : Tuesday, March 13, 7.30 p.m., Technical College, 
Coventry. ‘‘ Zinc-Alloy Die Castings,’”’ by Mr. R. W. 
Bailey. Sheffield Branch: Thursday, March 15, 7 p.m., 
Grand Hotel, Sheffield. ‘‘ Plastics in Engineering,” 
by Mr. E. M. Elliott. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Last 
Midlands Centre: Tuesday, March 13, 7.30 p.m., Engi- 
neers’ Institute, Nottingham. ‘‘ Springs and Suspensions 
for Road Vehicles,” by Mr. J. A. Birdsell. North- 
Western Centre: Wednesday, March 14, 7 p.m., Adelphi 
Hotel, Liverpool. ‘‘ Brakes and Clutches,” by Mr. I. M. 
Waller. Institute: Thursday, March 15, 6.30 p.m., 
Royal Society of Arts, John Adam-street, W.C.2. ‘“‘ Use 
of Light-Weight Sandwich Materials in Road-Vehicle 
Construction,” by Mr. F. C. Lynam. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—North- 
Eastern Section: Wednesday, March 14, 6 p.m., Neville 
Hall, Neweastle-upon-Tyne. ‘* Acoustics,’’ by Dr. E. G. 
Richardson. 

JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, March 14, 7 p.m., Central Technical 
College, Suffolk-street, Birmingham. ‘‘ Developments 
in Television,” by Mr. J.C. Gilbert. Institution: Friday, 
March 16, 6.30 p.m., 39, Victoria-street, S.W.1. ‘‘ Steam 
Locomotive as a Vehicle,” by Mr. C. R. H. Simpson. 
Sheffield Section: Friday, March 16, 7.30 p.m., Grand 
Hotel, Sheffield. ‘‘ Exploitation of Water Power,” by 
Mr. W. H. Bailey. 


INSTITUTE OF INDUSTRIAL ADMINISTRATION.—London 
Centre : Wednesday, March 14, 7 p.m., School of Hygiene, 
Keppel-street, W.C.1. ‘‘ Facilities Available to Manage- 
ment,” by Mr. H. Briggs. 


DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
March 15, 2.30 p.m., Caxton Hall, Victoria-street, S.W.1. 
“ Operating Experience with a 750-kW Industrial Gas 
Turbine,” by Mr. G. B. R. Feilden. 


RoyaL Soctery.—Thursday, March 15, 4.15 p.m., 
Burlington House, Piccadilly, W.1. ‘“‘ Viscosities of 
Liquids at Constant Volume,” by Mr. A. Jobling and 
Mr, A. 8. C. Lawrence; and “‘ The Aerodynamic Drag 
of a Free Water Surface,” by Mr. J. R. D. Francis. 


Roya InstrrvuTrion.—Thursday, March 15, 5.15 p.m., 
21, Albemarle-street, W.1. Lecture IV. ‘‘ Metal Phy- 
sics,”” by Professor Sir Lawrence Bragg, F.R.S. Friday, 
March 16, 9 p.m., “‘ Crystallographic Research in the 
Cavendish Laboratory,’ by Professor Sir Lawrence 
Bragg. 

INSTITUTE OF FUEL.—Thursday, March 15, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
james’s Park, 8.W.1. ‘“‘ Drying of Pastes, Powders and 
Crystals,” by Mr. L. Clegg and Mr. 8. V. Jackson ; and 
“ Drying of Liquids and Slurries,” by Mr. B. N. Reavell. 

ROYAL AERONAUTICAL SOCIETY.—Thursday, March 15, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘‘ Progress Towards Hydraulic Service- 
ability,” by Mr. H. G. Conway and Mr. R. H. Bound. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
March 16, 6.45 p.m., Engineers’ Club, Manchester. 
Annual Meeting. ‘ Design in Relation to Manufacture,” 
by Mr. C. A. Sparkes. 








PERSONAL. 


COLONEL Sim STANLEY ANGWIN, K.B.E., D.S.O., M.C., 
is to vacate the chairmanship of Cable and Wireless, 
Ltd., to join the Commonwealth Telecommunications 
Board. He will be succeeded by MaJoR-GENERAL L. B. 
NICHOLLS, the present managing director. 

Mr. J. W. WaTKINS, D.S.O., M.C., operating superin- 
tendent, London Midland Region, British Railways, has 
been appointed chief regional officer, London Midland 
Region, in succession to Mr. JOHN ELLIOT, who, as stated 
on page 131, ante, has been appointed chairman of the 
Railway Executive. 

Dr. J. F. THOMPSON, B.S. (Columbia), president of the 
International Nickel Co. of Canada, Ltd., has been 
elected chairman of the board of directors, in succession 
to the late Mr. R.C. STANLEY. He continues as president, 
which office he has held since February 7, 1949. Dr. 
P. D. MERICA, executive vice-president and a director 
of the company, has been elected a member of both the 
executive committee and the advisory committee of the 
company. 

The Council of the Institute of Metals have appcinted 
Dr. F. A. Fox to be their representative on the Advisory 
Committee on Metallurgy of the City and Guilds of Lon- 
don Institute, and Mr. E. A. G. Lipprarp to be their 
representative on the sub-committee of the British 
Standards Institution on the terminology of casting 
defects, in place of the late Mr. R. B. DEELEY. 

Mr. W. P. Dosson, director of research, Hydro-Electric 
Power Commission of Ontario, has been elected an honor- 
ary life member of the Canadian Standards Association, 
in recognition of his long and distinguished services to the 
Association. 

Dr. L. G. WHITEHEAD, of Queen Mary College, has 
been given the title of Reader in Aeronautical Engineering 
in the University of London. 

Mr. E. H. Hurston, F.1.R.1., superintendent of 
technical services at the Speke factory of the Dunlop 
Rubber Co., Ltd., has been appointed the firm’s factory 
technical manager in Manchester. He will be succeeded 
at Speke by MR. W. A. CLARKE, B.Sc., technical manager 
of precision components there. 

Mr. DONALD Morris, B.Com., has been appointed 
secretary of General Refractories Ltd., in succession 
to the late Mr. JAMES WALKER. 

The Sir William J. Larke Medal of the Institute of 
Welding, for 1950, awarded to Mr. I. C. Frrcu, of the 
welding department, Metropolitan-Vickers Electrical Co., 
Ltd., Trafford Park, Manchester, 17, for his paper “* Aro 
Welding Electrodes—Their Uses and Abuses,” was 
presented to him at a meeting of the Institute held in 
London on February 28. 

Mr. D. R. Bates, M.Sc. (Belfast) and Dr. R. A. 
Buckingham, have been appointed to University of 
London Readerships in Physics, tenable at University 
College, London. 

APPLIED HIGH FREQUENCY LTD. have concluded 
agency agreements with JoHn S. Youne & Co., LTD., 
257-261, Eglington-street, Glasgow, C.5, for the sale of 
their high-frequency induction-heating equipment in 
Scotland; and with Hocking & OrcHARD LTD., 90, 
Victoria-street, Bristol, 1, for the sale of this equipment 
in the counties of the south-west of England and in 
South Wales. 

THE BRIGHTSIDE FOUNDRY AND ENGINEERING CoO., 
Lrp. (Heating and Air-Treatment Division), have 
appointed Mr. J. G, JOHNSON, manager of their Man- 
chester office, at Palatine House, 76, Victoria-street, 
Manchester, 3. Mr. H. 8S. Crump is the manager of the 
Liverpool branch of the company. 

The editorial office of RAMWAY ENGINEERING 
ABSTRACTS, at 22, Euston-square, Londen, N.W.1, was 
closed on February 28. All communications should now 
be sent to the Editor, Railway Engineering Abstracts, 
Institution of Civil Engineers, Great George-street, 
London, 8.W.1. 

THE RESEARCH AND DEVELOPMENT DIVISION of the 
BRITISH STEEL FOUNDERS’ ASSOCIATION has been moved 
from its temporary address in Collegiate Crescent, Shef- 
field, to more spacious premises at Broomgrove Lodge, 
Broomgrove-road, Sheffield, 10. 

THE TELEGRAPH CONSTRUCTION AND MAINTENANCE 
Co., LTp. (TELCON), and MULLARD ELECTRONIC PRO- 
pucts LTp., have formed a new company, to be known 
as TELCON TELECOMMUNICATIONS LTD., 22, Old Broad- 
street, London, E.C.2, to promote and co-ordinate the 
development, manufacture and sale of Telcon cables and 
Mullard equipment associated with land-line tele- 
communications. The first directors are Mr. J. N. 
DEAN, B.Sc., A.R.1.C. (chairman), Mr. J. INNES, C.B., 
B.Sc., M.I.E.E. (managing director), and Mr. R. C, 
MILDNER, M.Sc., M.I.E.E., representing Telcon, and Mr, 
J. P. Jerrcock, O.B.E., M.I.E.E. (vice-chairman), 
Mr. C. L. G. Fatrrietp, M.A., A.M.LE.E., 
A.M.I.Mech.E., and Dr. C. F. BAREFORD, M.Se,, 
A.M.1.E.E., representing Mullard. 
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NEW POWER STATIONS FOR THE 
B.E.A.: II.—POOLE. 


THE power station of the British Electricity Authority 
at Poole, Dorset, shown in Figs. 1 to 3, above, will have 
an ultimate installed capacity of 200 MW. It is built 
on 30 acres of the reclaimed mudlands of Holes Bay. 
Two concentric rings of sheet-steel piling were driven 
into the underlying white clay and the enclosed spaces 
were excavated and filled with concrete. The resulting 
raft, 500 ft. long and 248 ft. wide and from 15 to 
30 ft. deep, carries the turbine and boiler houses, 
the rest of the structure, including two 325-ft. rein- 
forced-concrete chimneys, being supported on over 
2,000 40-ft. reinforced-concrete piles. The main civil 
engineering contractors are Sir Robert McAlpine and 
Sons, Limited, 80, Park-lane, London, 8.W.1, the 
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consulting engineers being Messrs. Mott, Hay and 
Anderson. 

Coal will be unloaded by two cranes, each of which 
has a capacity of 200 tons per hour. These were con- 
structed by Stothert and Pitt, Limited, and will dis- 
charge on to a conveyor system, manufactured by 
International Combustion, Limited. The steam-rais- 
ing plant, which is also being built by the latter firm, 
consists of eight pulverised-fuel boilers, each with an 
output of 300,000 Ib. per hour at 950 lb. per square inch 
and a temperature of 940 deg. F. at the superheater 
outlet. The flue dust will be extracted by Lodge- 
Cottrell electrostatic precipitators. The generating 
plant will consist of four 50-MW turbo-alternators, 
three of which are at present being installed. Two of 
these, which are of the impulse type, are being supplied 
by the Metropolitan-Vickers Electrical Company and 
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Fic. 3. CoaLinG CRANES UNDER ERECTION. 


two, of the reaction type, by C. A. Parsons, Limited. Each 
set will generate at 11-8 kV, the output being stepped 
up to 134 kV in four 58-MVA transformers, supplied by 
the Fuller Electrical and Manufacturing Company, 
Limited, Walthamstow, and being transmitted to « 
switching compound on the north side of the site. 
Here it will be controlled by Reyrolle air-blast switch- 
gear. Cooling water will be drawn from the river bj 

four Drysdale pumps, each with a capacity of 38,000 
gallons per minute. The condensate will be heated in 
five stages and delivered to the boilers at a tempera- 
ture of 388 deg. F. by five feed pumps, manufacture 1 
by Mather and Platt, Limited, each with a capacity 
of 525,000 Ib. per hour. The consulting engineers i r 
the power plant are Messrs. Merz and McLellan and the 
Divisional Controller is Mr. R. H. Coates. At th 

present time one boiler and one set are in operation. 








i i de ii 


ges 


eS Begs 


~ 


MARCH 9Q, 1951. 


ENGINEERING. 


289 








ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
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The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under ‘“‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
38) per cent. for fifty-two insertions. 
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on, otherwise it may be impossible to submit 
Proofs for approval. 4 sae 


The Proprietors will not hold themselves nsible 
advertisers’ blocks left in their possession for more 
two years. 





CONTENTS. 
PAGE 
Stourport “ B” Station of the British Electricity 
NT CIN ois 5 ccersessesvancss seasons eosesmonesinnines 273 


Literature.—Metal Spectroscopy. The Industrial 
Applications of Gasfilled Triodes (Thyratrons). 


Contemporary Structure in Architecture ............ 275 
Hans Christian Oersted (1777-1851) ..........::0:0:+:000 276 
Regulation Diagrams for Transmission Lines and 

III oon cs osncststeesniersescsenecsecodene 277 
The Engineering Outlook—XI ................:::0:eeeeeee 278 


High-Temperature Materials for Gas Turbines........ 282 
Hydraulically-Controlled Copying Lathes (JUus.).... 284 
960-H.P. Diesel-Electric Locomotives for the 


Siamese Railways (ZUws.)..................c:csssessseesseneeees 285 
Notes from the Industrial Centres......................000+ 286 
jut ae 287 
REET tn AE EN AI EO eR 287 
New Power Stations for the B.E.A.: II.—Poole 

EERE ES eee reer eee 288 
London’s Water Supply. ................-.0.-csesssrererssenevenes 289 
Electrical and Allied Research.....................:::s+::0+000+ 290 
Eo ee eneree seeren eer eecenereemene oe 291 
Letter to the Editor.—The Institute of Metals............ 292 


Obituary.—Mr. A. H. Peppercorn, O.B.E. (with 
portrait). Mr. F. C. Knowles. Mr. A. J. Ley- 
land. Mr. Edgar Alcock, O.B.E. Mr. David 
ER ATES ORR ERLE CA 


The International Railway Congress at Rome........ 293 
Institution of Naval Architects ..............:.:::se:0 294 
Vehicle Counter for Road-Traffic Censuses (Jllus.) 295 
The Power, Weight and Speed of Aircraft................. 295 
European Iron and Steel Production Statistics........ 296 
BNI RII << <0-<<cossupbinsovseavneteverisessencaantanenioeivesseresen 296 
The Modern Reflecting Telescope (Illus.) «..........-.... 297 
Turbine Problems in the Development of the 


SPP SIMD isssisvcsse sesscessasconcanesishovncbiasatupioneetetin 298 
Adrian Stephens, Inventor of the Steam Whistle.... 299 
Autographic Method of Checking Micrometer 


I Noose cacenisevnicuednessvenanniareumimnenionte 300 
1851-1951 : A Century of British Engineering........ 301 
British Standard Specifications .................:0:01e0 302 
Portable Picture Transmitter (Illws.)................00-+- 303 
EURO BE THIGI TIIS q...-0ceencencceesesvsovessesevenenee 303 
PI I ccc ecoiesinsveveretcnsnorncosossonevinnrseovsiaeiine 303 
I TE TY TID oo cscs sereocivesmsinssnsvapnivesunesentevenents 304 
Multiple Spot Welder (Zllws.) .............::0scsseceeeseeeceees 304 
NN csc cisdasscase corssescinvacostavenkoeindbolonssieapinnndyptacbe> 304 
Training Scheme for Commonwealth Engineering 


eer ern ee re eau Dane es 304 


One Two-Page Plate—THE STOURPORT “B” 
POWER STATION OF THE BRITISH ELEC- 
TRICITY AUTHORITY. 


ENGINEERING 


FRIDAY, MARCH 9, 1951. 








Vou. 171. No. 4441. 








LONDON’S WATER SUPPLY. 


Last week, on this page, we reviewed some of 
the more serious problems presented by London’s 
traffic. This week, the appearance of the 47th 
annual report of the Metropolitan Water Board 
invites attention to what is potentially an even 
more serious matter—the maintenance, in the 
required quantity and to the necessary high stan- 
dard of purity, of London’s water supply. Like so 
many public services, it is taken very much for 
granted by most of the people who benefit by it. 
Even among those who, by inclination and experi- 
ence, are naturally more thoughtful, there can be 
little realisation of the magnitude and complexity 
of the task of maintaining an ample supply of water 
to a sixth of the population of England and Wales, 
concentrated into less than 1 per cent. of the total 
area—540 square miles, out of rather more than 
58,000. Moreover, London is practically alone 
among the big cities of England and Wales in 
having no natural facilities for the construction of 
large impounding reservoirs. London’s reservoirs 
must be constructed at ground level. London’s road 
traffic, as we recorded a week ago, is suffering much 
from delays caused by congestion at certain points ; 
but it could be retarded much more than at present 
without actually jeopardising the activities, much 
less the existence, of the population of Greater 
Lendon. If, however, the water supply should fail 
seriously, even for a short time, the danger to life 
and property would be acute. 


This situation was emphasised in 1949, because 
that was an unusually dry year. As the report 
points out, the worst possible conjunction of cir- 
cumstances, for a water undertaking, is a dry 
summer following a dry winter. This occurred in 
1949, as it had done previously in 1934 and 1944. 
Between October, 1948, and March, 1949, the rain- 
fall in the Thames Valley was 20 per cent. below the 
standard average of 15-34 in. From April to 
September, 1949, it was 28 per cent. below the stan- 
dard average for those months of 12-87 in. The 
deficiency over the whole year was 6-78 in., or 24 
per cent. In the Lee valley, the position was 
worse, the deficiency for the year being 7-41 in., 
or nearly 30 per cent.; indeed, the average flow 
over the five months, June to October, is stated to 
have been the least ever recorded. Even so, the 
continued dry weather prevented the refilling of 
the Lee valley reservoirs before the summer began, 
and the Board had to apply to the Minister of 
Health, in accordance with the Thames Conservancy 
Act, 1932, for permission to reduce the flow over 
Teddington Weir from the statutory minimum of 
170 million gallons a day to 140 million gallons. 
Record low flows continued, until the Minister used 
his powers under the Defence Regulations to 
authorise a reduction to 50 million gallons a 
day. 

The weather broke soon afterwards, which saved 
the situation ; but, as the Chief Engineer (Mr. H. F. 
Cronin, M.I.C.E.) observed in his report on the 
drought, “‘if withdrawal [of water] had continued 
at the same rate, the available storage might have 
been exhausted by about the end of October.” 
Under the two Orders issued by the Minister of 
Health, the Board had abstracted from the Thames 
an extra quantity of 8,112 million gallons, An 
interesting point is that the calculated average 
daily loss by evaporation from the storage reser- 
voirs, filter beds and other open water surfaces 
(which amount to about five square miles) during the 
month of June, 1949, was about 7 million gallons, 
and in July it rose to 10 million gallons. 

The main conclysion reached as a result of this 
experience was that, with the poor yield from the 
River Lee, increasing importance attaches to the 
storage reservoirs in the Thames valley. These, 
however, have never been adequate since the 
statutory minimum flow over the weir at Tedding- 
ton was established in 1932. To meet the present 
demands, a storage capacity of about 28,000 million 
gallons would be required. The actual capacity is 
only about 17,700 million gallons. The Board have 
powers to construct new reservoirs at Walton, 
Wraysbury and Datchet, with a combined capacity 
of 10,000 to 12,000 million gallons, which would 
bring up the total reserves to the required figure ; 
but, the report states, “‘ at present no work is being 
done in this respect, either to alleviate the present 
unsatisfactory position or to make provision for 
the future.” Evidently, there is justification for the 
statement that, ‘‘ at the present time, the deficiency 
in storage and the inactivity in reservoir construc- 
tion cannot be regarded with equanimity.” 

The circumstances of the 1949 drought may be 
regarded as somewhat abnormal, though, as can be 
seen from the observations of the Chief Engineer, 
what was once abnormal is rapidly becoming the 
normal as the demands upon the Board’s resources 
continue to increase. The area of 540 square miles 
covered by their services does not represent their 
total responsibility, as bulk supplies are provided 
to various other areas, where the water undertakings 
are in private or municipal hands. During 1949, 
such bulk supplies were distributed to the Barnet 
District, Colne Valley, South-West Suburban, Sutton 
District, South Essex, and the Gravesend and Milton 
water companies, to the Croydon and Richmond 
Corporations, and to the Sevenoaks and Hoddesdon 
Rural District Councils, the total amounting to 
approximately 2,857 million gallons. This repre- 
sents a decrease of about 41 million gallons com- 
pared with the previous year, but, nevertheless, is a 
substantial addition to the Board’s direct load, in 
their own area, of 115,289 million gallons ; it is, in 
fact, 2-42 per cent. of the grand total supplied. 
The grand total for the year was 118,147 million 
gallons, giving a daily average of 323,690,000 
| gallons and representing, in weight, 527,400,000 tons 
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of water. The average supply per head per day 
was 48-94 gallons. 

Of the total supply, 70-54 per cent. was obtained 
from the Thames, 10-53 per cent. from the Lee, 
and the remaining 18-93 per cent. from “ wells 
and other sources.” Most of the water from this 
last source was from wells, and it is remarked in 
the report that “‘the Board obtain from their wells 
a greater volume of water than the total quantity 
supplied by any other water authority in the United 
Kingdom with the exception of Glasgow and 
Manchester.” It is estimated that the present 
reliable yield from wells—about 61 million gallons 
daily—can be increased to about 65 million gallons 
by sinking additional wells; but that figure is 
thought to be the maximum possible. The distri- 
bution to the Board’s own area is divided into four 
districts—the Central and Eastern, the Western, 
the Kent, and the Southern; their respective 
proportions of the total supplied were 35-09, 28-81, 
13-66 and 22-44 per cent. These proportions 
remain substantially constant, in spite of the shifts 
of population and industry; in the 43rd Report, 
for instance, covering the twelve months which 
ended on March 31, 1946, the corresponding figures 
were 35-12, 28-01, 13-95 and 22-92 per cent., 
respectively. 

An extensive programme was prepared some 
years ago for the construction of new works, as 
indicated above in the reference to three additional 
reservoirs. The programme was planned to be 
spread over a period of ten to 15 years, at an esti- 
mated expenditure of more than 371. millions— 
which is certain to be considerably exceeded, even 
if present inflationary tendencies can be checked. 
Work is in hand at present on a number of sites, 
among the most important of which are the Ching- 
ford Mill pumping station, where the two new sets 
of electrically-driven pumps are to be installed ; 
and Stoke Newington, where electrically-driven 
pumps, with Diesel-driven stand-by alternators, are 
to replace the whole of the steam plant. The steam 
engines will be scrapped, but it is mentioned that 
‘certain parts’ of a Boulton and Watt engine of 
1856 are to be preserved. 

The amount of steam machinery in service is 
still considerable, and a number of years must 
elapse before the last steam engine goes out of 
service ; the coal consumption in 1949-50 was 
nearly 135,000 tons, which was about 10,500 tons 
less than in the previous year. The fuel-oil con- 
sumption also showed a decrease, of about 3 per 
cent., though this is less significant, as much of the 
Diesel-driven plant is not running continuously ; 
the total of oil consumed was 1,237,284 gallons. 
The consumption of electricity rose by nearly three 
million units, to 38,905,602. Five years before, the 
corresponding figure was rather less than 14} million 
units, which shows how steadily the policy of 
electrification has been pursued. It has been the 
practice of the Board, in their annual reports, to 
reduce all fuels to a ‘‘ coal equivalent,’’ on which 
basis the total of coal, oil and electricity is repre- 
sented as equal to 163,765 tons, a decrease of nearly 
15,000 tons as compared with the previous year. 
In course of time, presumably, it will be found 
preferable to express the dwindling consumption 
of coal and oil in terms of electrical units. 

Of the many interesting items of miscellaneous 
information in the Board’s report, mention may be 
made of two which appear regularly under the 
heading of ‘‘ Interest, etc., Charges.”” Among the 
annuities and other charges which the Board are 
under obligation to pay are 1,500 annuities of 
21. 10s. Od. each in respect of the London Bridge 
Water Works, the annuitants being the heirs of 
those who were shareholders in the water-wheel 
pumps installed by Peter Morice under the arches 
of the old London Bridge in the Sixteenth Century. 
These annuities, which were for 500 years, expire 
in October, 2082. The other item is the mysterious, 
entry, ‘Crown Clog ‘ 4001.”’ It is, in fact, 
the payment made by the Board to the Exchequer 
in respect of the share of King James I in the New 
River Company, founded by Sir Hugh Myddelton. 
James I paid half the cost of the New River, which 
was completed in 1613, on the condition that he 
received half of the profits, and this annual 400I. is 
his dividend. But why “Clog” ? 





ELECTRICAL AND ALLIED 
RESEARCH. 


THERE can be few research organisations whose 
activities range over so wide a field as those of the 
British Electrical and Allied Industries Research 
Association, for there are few industries which 
have no contact with electrical practice. This 
is indicated by the fact that the latest annual 
report of the Association, which covers the year 
ended September 30, 1950, mentions co-operation 
with the British Iron and Steel Research Associa- 
tion, the British Coal Utilisation Research Associa- 
tion, the British Non-Ferrous Metals Research 
Association, the Permanent Magnet Association, 
the Safety in Mines Research and Testing Establish- 
ment and many non-industrial or official bodies 
such as the National Physical Laboratory, the 
Ministry of Supply, the Ministry of Agriculture, 
the British Electricity Authority and the North of 
Scotland Hydro-Electric Board. Close contact, in 
the form of extra-mural] research, is also maintained 
with the Universities of Birmingham, Bristol, Cam- 
bridge, Durham, Liverpool, London, Nottingham 
and Sheffield. 

Tt is natural that the Electrical Research Associa- 
tion should be concerned with some of the non- 
electrical problems of power-station practice. There 
is as much mechanical as electrical engineering in a 
thermal power station—possibly more—and though 
coal-handling plant, for instance, might be con- 
sidered to be outside the electrical sphere, steam- 
turbine sets are so closely connected, both from 
the operational and manufacturing points of 
view, with electrical generation that consideration 
of their problems by the Association is natural. 
It is apparently, however, extending its activities 
to the boiler house and, in conjunction with the 
British Coal Utilisation Research Association and 
the Fuel Research Station, is concerned with tests 
on the grindability of coal which are being carried 
out at Little Barford power station. A cognate 
matter in which the Coal Utilisation Association is 
also concerned is work on the sampling of dust from 
power-station flues. A small portable appliance for 
the extraction of dust from a gas sample, which has 
been developed, has been found to have an efficiency 
approaching 100 per cent. 

The work directly related to turbines is con- 
cerned with the properties of steam, the creep of 
steel at high temperatures, and the corrosion of 
condenser tubes. The investigation on the proper- 
ties of high-pressure high-temperature steam is 
being carried out under Professor D. M. Newitt at 
the Imperial College of Science. The method 
devised by Professor Callendar is to be used, but 
the apparatus has been completely redesigned to 
meet the much higher limits which are to be dealt 
with. Nimonic 80 alloy has been adopted for all 
parts to be subjected to high pressures and tempera- 
tures. The primary pressure standard is expected 
to have an accuracy of 1 part in 25,000 at 1,000 atmo- 
spheres. The work on steel is particularly concerned 
with its use for steam pipes, rotors and superheater 
tubes at temperatures up to 1,100 deg. F. Previous 
work has provided information about the creep 
properties of molybdenum-vanadium steels in the 
form of forged bar, but this is not necessarily 
applicable to rotors and steam pipes. Preliminary 
tests on a molybdenum-vanadium steam pipe made 
in a basic electric furnace have already been carried 
out, but it is considered that tests on pipe produced 
from basic open-hearth steel are also desirable. 
Other investigations concern the scaling resistance 
of steels which may have good creep properties. 
The work on the corrosion resistance of condenser 
tubes covers the effect of the use of higher water 
speeds than have been employed hitherto. Tests 
on 20 different alloys for resistance to impinge- 
ment attack at speeds of 15, 22-5 and 30 ft. per 
second, by sea-water containing 0, 1-5, 3 and 5 per 
cent. of entrained air bubbles, have given promising 
results in some cases. The effect of water speeds 
of 40 ft. per second is now to be tried. 

The report gives brief accounts of the electrical 
researches, some of which, of a fundamental nature, 
connected with the properties of dielectrics, have 
been in progress since the Association was formed. 


Another long-term investigation is concerned with 
magnetic materials. The work on sheet steel, car- 
ried out at Cambridge, is now completed, but its 
continuation in some form is under discussion. 
The work on permanent magnets, conducted at 
Cambridge, Sheffield and Nottingham universities, 
is continuing. Co-operative research with the 
Permanent Magnet Association concerns the com- 
mercial » production of preferred crystal growth 
magnets and the processing of the newer magnets 
into the composite components needed for instru- 
ments. The investigations being made into surge 
phenomena, circuit breaking, insulated cables and 
other matters also deserve mention. 

Further examples of the way in which the work of 
the Association leads it into non-electrical fields 
are provided in connection with research on over- 
head lines, which is concerned with such matters as 
the corrosion of insulator fittings, and the effect 
of salt spray on insulators. Two sections of this 
work can in no sense be described as electrical ; 
they concern the bond between galvanised reinforce- 
ment and concrete, as compared with the bond with 
plain steel. This is of importance in the design of 
footings for steel lattice towers. The other is the 
premature decay of wood distribution-line poles. In 
this same field, the general question of the trans- 
mission of power at high voltages is being studied 
and proposals for a practical trial scheme are being 
drawn up. 

The broad question of rural electrification is one 
to which the Association has given much attention 
in recent years. It is receiving assistance from the 
Ministry of Agriculture and Fisheries in the building 
of a new laboratory at the Shinfield Field Station, 
which is the only station of its kind in existence. 
This is to be provided with a heat-pump installation 
for comparison with a gas-fired boiler and radiator 
system in an adjacent building. The heat-pump 
question has already been studied by means of a 
small plant at the Perivale laboratory. The possi- 
bility of utilising waste water from buildings as a 
source of low-grade heat is being studied. The 
horticultural work includes experiments on the 
drying of hay and grain, the air conditioning of 
poultry houses, the electrical heating of frames and 
the control of pests by high-frequency methods. The 
work on the use of wind power for electricity 
generation has direct relation to horticultural mat- 
ters, and plant has been installed at Shinfield to 
study the operating characteristics of small-power 
wind generators. 

The more spectacular side of the work on wind 
generators is furnished by the 100-kW set now being 
erected on Costa Head, Orkney, by the North 
of Scotland Hydro-Electrie Board. Extensive 
measuring and recording equipment is being 
installed in connection with this set, and long-term 
observations are to be made to correlate output with 
meteorological conditions. A similar wind-power 
generator is to be erected by the Britisb Electricity 
Authority either in Wales or Cornwall. The work 
of the Association on the use of wind power is being 
supported by a financial grant from the Ministry of 
Fuel and Power, and the wind survey is to be 
extended to Northern Ireland and Eire, with 
assistance from the Ministry of Commerce in the 
former case and the Eire Electricity Supply Board 
in the latter. 

It is stated in the report that “the Association 
has always regarded the training for industry and 
elsewhere of young engineers and scientists and the 
provision of experience to trained men as one of its 
serious responsibilities.” The Association has some 
trade apprentices in instrument making, but their 
number is small. There are, however, about 40 
student apprentices, who are given part-time 
release for attendance at technical colleges. Many 
proceed to a degree in physics, engineering, mathe- 
matics or chemistry, and find no difficulty -” 
obtaining ‘‘ very advantageous ” offers of employ- 
ment. Arrangements are also in operation for 
exchange of trained staff with other organisations, 
but this activity has been greatly impeded by the 
shortage of trained men since the war. Vacation 
students are also received for periods varying from 
six weeks to six months. They are usually under- 
graduates ; some have come from France, Switzer 





land, Holland, Denmark and Sweden. 
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NOTES. 


ENDOWMENT OF CHAIR OF ELECTRICAL 
ENGINEERING AT CAMBRIDGE. 


In May, 1944, the Council of the Institution of 
Electrical Engineers decided to offer the University 
of Cambridge a sum of money for the establishment 
of a professorship of electrical engineering for a 
limited period, pending the completion of arrange- 
ments for a permanent endowment. This offer was 
gratefully accepted by the Senate, and in Novem- 
ber, 1944, Dr. E. B. Moullin, at that time Donald 
Pollock Reader in Engineering Science at Oxford 
University, was elected to the newly established 
chair. On the expiry of the five years period 
stipulated by the Institution, the Council of the 
British Electrical and Allied Manufacturers Asso- 
ciation, recognising the important benefits that the 
electrical engineering profession and industry 
had derived from the chair, undertook to raise the 
money necessary for its permanent endowment. 
As a result, 71,0007. has been subscribed by over 
150 member-firms, and, after the Council of the 
Senate had recommended the acceptance of this 
sum, on Monday, March 5, the Vice-Chancellor 
(Mr. 8. C. Roberts) formally conveyed the Senate’s 
acceptance and thanks to representatives of the 
British Electrical and Allied Manufacturers’ Asso- 
ciation and the Institution of Electrical Engineers 
at a meeting on the following day. At this meeting, 
which was attended by the President of the Asso- 
ciation (Sir George Nelson) and the President of 
the Institution of Electrical Engineers (Sir Archi- 
bald Gill), as well as by officials of both bodies and 
members of the engineering faculty of the university, 
Mr. G. L. Wates, chairman of the Association, 
expressed gratification that the chair of electrical 
engineering would now be permanently endowed 
and hoped that it would make full and lasting 
contributions to the advancement of engineering 
science. We fully endorse this hope and trust, too, 
that as a result the ties between the university and 
the industry will be greatly strengthened. 


THe INSTITUTION OF MECHANICAL ENGINEERS. 


At a mecting of the Institution of Mechanical 
Engineers held on Friday, March 2, a paper entitled 
“Mechanical Engineers in the Process Industries,” 
by Mr. W. F. Carey, M.Eng., led to a useful dis- 
cussion On ways and means of breaking in the 
young engineer, fresh from graduating or the 
Higher National Certificate, to become an asset to 
a non-engineering firm. There are many firms of 
this type, especially in the chemical industry, which 
require engineers with a technical knowledge not 
necessarily of a high order, but of a different cate- 
gory than that which is the common lot of engineer- 
ing students. Mr. Carey said that Imperial Chemical 
Industries, Limited, had recently tried the effect 
of a month’s course of instruction, comprising ten 
simple experiments designed to bring out the 
principles underlying the design and operation of 
the more important machines and plant used by 
the firm. These experiments, which required only 
simple apparatus and the minimum of tuition, 
included, for example, one in which the pressure 
drop across a valve was measured and the student 
required to consider the cause of the loss ; one in 
Which the heat-transfer coefficient in forced con- 
vection was determined ; one with a grid-packed 
Water-cooling tower; and others relating to the 
sie distribution of a powder, the sampling of a 
dust in a gas, ete. Mr. Carey suggested that such a 
course could profitably be taken by all engineers, 
from first-class honours graduates to the Higher 
National Certificate men. Mr. G. J. Williamson, 
B.A., who opened the discussion, at the invitation 
of the chairman, Dr. H. E. Merritt, M.B.E., said 
that members of the Institution had tended to 
shirk their responsibility to some extent by failing 
to define more clearly their attitude to the question 
of Process engineering. Professor D. M. Newitt, 
MC., F.R.S., thought that the author expected too 
much from the course. The method adopted in 
this country—of employing a mechanical engineer 
~~ & chemist for designing and erecting a large 
— Was inadequate, because a chemical engineer 
; va lacking. Mr. J. E, Braham said that, whereas 

author had referred to expensive “‘ over-design,” 


there were in fact many cases of ‘“‘ under-design.” 
Several speakers suggested other experiments which 
could be arranged, and the general feeling of the 
meeting was that much could be done, along these 
lines, to bridge the gap between the formalised 
training of engineers and the time when they 
become profitable members of a firm’s staff. 


EXHIBITION OF BRITISH SCIENTIFIC INSTRUMENTS 
IN Paris. 


In February, 1950, an exhibition of French 
scientific instruments was held in London, at the 
Science Museum, South Kensington, and was the 
subject of two articles in ENGINEERING (vol. 169, 
pages 159 and 186). At this exhibition, leading 
French scientific bodies and manufacturers of 
scientific instruments displayed scientific equipment 
which had been developed in France within recent 
years, and the proceedings included lectures by 
leading French scientists on topics of general 
scientific interest. A return exhibition of a similar 
nature, devoted to British scientific instruments, is 
being organised by the British Council and, by 
invitation of the French Government, will be held 
in Paris, at the Sorbonne, from May 11 to May 17, 
1951, concurrently with the annual exhibition of 
the French Physical Society. The British exhibition 
will consist of some 40 exhibits which have been 
selected by an advisory committee under the chair- 
manship of Professor G. I. Finch, F.R.S., as. best 
illustrating recent British achievements in the 
development of scientific instruments. The exhibits 
are being lent for the occasion by various industrial 
organisations, universities and government estab- 
lishments. Space does not permit that all should 
be mentioned, but the industrial exhibits include an 
electron-diffraction camera for studying the struc- 
ture and chemical composition of surfaces, an inter- 
ferometer microscope, a vibrating-reed electrometer, 
a spectro-photometer and a micro-manipulator. The 
university exhibits are mainly from the London 
colleges, but Bristol and Manchester are sending 
photographs illustrating their researches into cosmic 
rays. Exhibits by Government departments will 
include automatic digital computing equipment 
from the National Physical Laboratory, an auto- 
matic ionosphere recorder from the Radio Research 
Station, a millimetre wave spectrometer from the 
Telecommunications Research Establishment, and 
various exhibits from the Atomic Energy Research 
Establishment and the Royal Aircraft Establish- 
ment. The British Iron and Steel Research 
Association and the British Electrical and Allied 
Industries Research Association are also exhibiting. 
The exhibition will be opened on May 11 by Professor 
E. N. da C. Andrade, F.R.S. 


WorRKMEN’S COMPENSATION. 


When the Industrial Injuries Act became law, 
some years ago, employers had reason to believe 
that the burden of paying compensation to injured 
workmen was to be permanently shifted from their 
shoulders. No doubt, most employers were insured 
against the heavy liabilities imposed upon them 
by a whole series of Acts of Parliament, dating as 
far back as 1897. It is possible that, when the 
liability was shifted, many a policy was allowed to 
run out; but, having regard to the Workmen’s 
Compensation (Supplementation) Bill, recently 
introduced in the House of Commons, it seems that 
the employer may once more be called upon to pay 
compensation directly to an injured workman. 
According to a summary of the Bill, and an explana- 
tory memorandum, which appeared in the Law 
Times on February 23, provision is to be made for 
the payment of allowances out of the Industrial 
Injuries Fund, with a view to supplementing work- 
men’s compensation where the accident happened 
before 1924. The reason for making the supple- 
mental allowance is that persons receiving work- 
men’s compensation in respect of an accident 
suffered, or a disease contracted, before 1924, did 
not get the benefit of amendments to compensation 
law made after 1943. In particular, they had no 
right to a review of compensation if the wage rates 
of the grade or class of employee to which they 
belonged were increased. The Bill is to enable the 
Minister, with the consent of the Treasury, to make 
a scheme to be submitted in draft to both Houses 





of Parliament and approved by them before it can 





become effective. Claims are to be submitted to a 
Board whose decisions will be final, subject to a 
power of review in appropriate circumstances. 
If all claims were to be satisfied out of the Industrial 
Injuries Fund, well and good ; but the Bill provides 
that contravention of, or failure to comply with, 
any provision of a scheme for the payment of a 
supplementary allowance will subject the offender 
to penalties not exceeding 10/. for each offence, 
with a further 10]. for each day on which it is 
continued. This clearly suggests the possibility 
that an employer may now be subjected to a further 
claim by a workman who was injured in his service 
more than 26 years ago. The employer who met a 
claim based upon an accident which occurred in 
1923 may not only have ceased to be insured. He 
may have retired from business long since ; yet, by 
virtue of this Act—if it becomes an Act—and the 
scheme made under it, he may be met by a further 
claim. Is any limit to be set to “ retrospective 
class legislation”? ? What of the numerous claims 
which might have been made in years gone by in 
respect of injuries for which the law provided no 
redress ? Not long since, an Act was passed which 
rendered the Crown liable in certain actions for 
negligence. Previously, the sufferer had no redress, 
because it was a maxim of the constitution that 
“the King can do no wrong.” It did not occur to 
the present administration to make the Crown 
Proceedings Act retrospective. Was this merely 
because it affected the community as a whole ? 
Tue Ipeat Home EXursirtion. 

To pay tribute to the forthcoming Festival of 
Britain and to recall the Great Exhibition of 1851, 
the main architectural feature of the 28th Daily 
Mail Ideal Home Exhibition at Olympia is a 
“‘replica in spirit” of the Crystal Palace. The 
present ‘‘ Crystal Palace ” is a two-storey structure, 
with two side wings either side of a 50-ft. high 
central arch; the total frontage is 104 ft. and the 
depth is 33 ft. It is of some technical interest in 
that it is constructed in magnesium alloy and weighs 
between three and four tons only. The main struc- 
tural members are 2-in. diameter tubes, with cast 
joints and ornamental fretted panels ; 3-in. diameter 
tubes form the side members of the central arch, 
and also support the muslin ceiling covering. The 
Ideal Home Exhibition, which was opened on 
Tuesday, will be held until March 31, and is open 
from 9.30 a.m. to 9.30 p.m., except on Sundays. It 
will be closed on Good Friday. Those sections of the 
exhibition which contain displays of engineering 
interest are, mainly, the household services and the 
domestic labour-saving sections. In the former, a 
number of well-known electrical, heating, and refri- 
gerating-engineering firms and manufacturers of 
water-softening plant, have stands. Ways of 
achieving fuel economy are demonstrated by the 
Coal Utilisation Joint Council, who are showing 
modern methods of using solid fuel for domestic 
use, and the Gas Council, who are exhibiting a boiler 
grate with a finned back to increase the heating sur- 
face. In the winter, coke is burnt in the grate, which 
provides space heating for the room in which it is 
installed as well as furnishing the hot-water system ; 
a 20 per cent. saving in fuel is claimed for this 
arrangement, compared with a domestic hot-water 
boiler and an open grate in the living room. In the 
summer, when heating is not required, a gas attach - 
ment provides for the hot water system. The grow- 
ing popularity of domestic washing machines is 
evident in the number of exhibits in the labour- 
saving section, and there is a trend towards providing 
the electric vacuum cleaner with equipment for 
converting it to a floor polisher. This section also 
contains food-mixing machines and a rotary ironer, 
and the first sewing machine is on view at the stand 
of the Singer Sewing Machine Company, Limited. 
Other exhibits which may be mentioned are the 
demonstration of an automatic sugar-packaging 
machine on the stand of Messrs. Tate and Lyle, 
Limited, and the exhibition of inventions by 
members of the Institute of Patentees, which 
include a complete home laundry, with a drying 
cabinet, an independently-sprung chassis for a 
perambulator, a simple arrangement for converting 
a standard gramophone-record player (78 r.p.m.) 
to suit long-playing records (33} r.p.m.), and a 
specimen of light-weight metallic concrete. 
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LETTER TO THE EDITOR. 


THE INSTITUTE OF METALS. 


To THE Epitor oF ENGINEERING. 

Str,—I should like to refer to the letters which 
have appeared over my name, in recent issues of 
your journal, expressing certain views regarding 
the organisation of metallurgical institutions in this 
‘country. I desire to make it clear that the views 
and opinions which I have expressed are entirely 
personal, and are not indicative of any official 
opinion of the company with which I am associated. 

Yours faithfully, 

Elmhurst, F. H. Keatina. 

Preston-terrace, 

Eaglescliffe, Co. Durham. 

March 5, 1951. 

[The above reference to Mr. Keating’s letters affords 
us an opportunity to correct a typographical error 
which appeared in one of them, in our issue of February 
9, on page 166, ante. The fifth line from the bottom of 
ithe first paragraph had to be reset, which was done ; 
but the reset line was inadvertently inserted in place 
of the fifth line from the bottom of the second para- 
graph, while leaving the original line in the first para- 
graph. The affected sentences in the second paragraph 
should have read: ‘The matter of taxation, based on 
functions, is admittedly a thorny one. It is quite 
certain, however, that... .'. .—Epb., E.] 
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MR, A, H, PEPPERCORN, O.B.E. 

WE note with regret the death of Mr. A. H. 
Peppercorn, O.B.E., M.I.Mech.E. the last chief 
mechanical engineer of the former London and 
North Eastern Railway. He died at Doncaster on 
Saturday, March 3, at the age of 62. 

Arthur Henry Peppercorn was born on January 29, 
1889, and was educated at a private school and at 
Hereford Cathedral School. In 1905, he entered 
the Doncaster locomotive works of the Great 
Northern Railway, where he served a premium 
apprenticeship in the machine, fitting and erecting 
shops, and in the drawing office, under H. A. Ivatt, 
the locomotive superintendent. On reaching his 
majority he spent six years as assistant to the 
district superintendent at three locomotive running 
sheds in turn, namely, Colwick, Ardsley and Peter- 
borough, and from 1917 to 1919 he served in the 
Army, latterly as technical assistant to the chief 
mechanical engineer, Royal Engineers, in France, 
with the rank of Captain. Returning to civil life, 
and to the running department of the Great Northern 
Railway, he was district locomotive superintendent 
at Retford from 1919 to 1921. In the latter year, 
Mr. Peppercorn was appointed assistant to the 
carriage and wagon superintendent at Doncaster, 
in charge of the wagon shops, and in 1923, the new 
London and North Eastern Railway having absorbed 
the Great Northern Railway, he became carriage 
and wagon works manager at Doncaster. In 1927, 
he was moved to York in a similar post, which he 
filled until he was appointed, in 1933, assistant 
mechanical engineer at Stratford. After a brief 
period, from 1937 to 1938, as locomotive running 
superintendent of the London and North Eastern 
Railway southern area, he became mechanical 
engineer, north-eastern area, with his headquarters 
at Darlington. 

He was still in this post at the outbreak of war 
in 1939, and thereafter he became increasingly 
responsible for the maintenance of the L.N.E.R. 
rolling stock under difficult conditions. While the 
load on the four main-line railway companies was 
multiplied by the incidence of war traffic and the 
dislocation due to the “ black-out”’ and enemy 
action, and much of the resources of railway work- 
shops was devoted to armament work, the com- 
pany’s rolling stock had to be kept at a high state 
of efficiency. When Sir Nigel Gresley, who had 
been chief mechanical engineer of the L.N.E.R. 
since its formation in 1923, died in April, 1941, 
Mr. Edward Thompson succeeded him, and Mr. 
Peppercorn was appointed to the dual post of 
assistant chief mechanical engineer of the L.N.E.R., 
and mechanical engineer, Doncaster. Four years 
later he relinquished the latter post in order to 


give closer attention to his work with Mr. Thompson, 
who was then fully occupied in the rehabilitation 
of the company’s rolling stock. On July 1, 1946, 
Mr. Peppercorn became chief mechanical engineer 
in succession to Mr. Thompson, who had retired. 
When the railways of this country were nationalised 
in 1948, his jurisdiction as chief mechanical engineer 
was confined to the Eastern and North Eastern 
Regions, the Scottish section of the former L.N.E.R. 
having become part of the new Scottish Region. 
On December 31, 1949, he retired. 

Mr. Peppercorn served under two famous chief 
mechanical engineers—H. A. Ivatt and Sir Nigel 
Gresley—and gained wide experience of the loco- 
motive, carriage and wagon, and running depart- 
ments of two famous railways—the Great Northern 
and the London and North Eastern, but the demise 
of railway chief mechanical engineers was fast 
approaching when, in 1946, he became a C.M.E. 
himself. Mr. Thompson had already sought to 








Tue Late Mr. A. H. PEpPERcoRN. 


overcome the difficulties of efficient maintenance of 
the conjugate valve gear which Sir Nigel Gresley 
had applied to three-cylinder locomotives, by fitting 
a separate set of Walschaerts valve gear to the 
inside cylinder, and Mr. Peppercorn continued this 
policy. During his term of office, the A2-class 
express mixed-traffic locomotive—the first of the 
class was the last locomotive to be built by the 
L.N.E.R.—and the Al class, an express passenger 
4-6-2 type, were designed. i 

In 1945, Mr. Peppercorn visited the United States 
to study railway practice and production methods, 
He was a vice-president of the Institution of Loco- 
motive Engineers, and became a member of the 
Institution of Mechanical Engineers in 1943. In 
the 1945 Birthday Honours he was made an O.B.E. 





MR, F. C. KNOWLES. 

We regret to record the death of Mr. F. C. Knowles, 
a director of Messrs. Evershed and Vignoles, Limited, 
which occurred at Chidham, Chichester, on Sunday, 
March 4. He was 69 years of age. 

Frank Clements Knowles was born at Stoke 
Newington, London, on July 8, 1881, and after being 
educated privately, obtained a scholarship at East 
London (now Queen Mary) College, where he studied 
both electrical and mechanical engineering and 
obtained the full technological certificate of the City 
and Guilds Institute with honours in the former 
subject. He subsequently took a specialist course 
in electrical testing at University College, London. 
After holding positions in the cable testing depart- 
ment of Messrs. W. T. Henley’s Telegraph Works 





Company at North Woolwich, and with Messrs. 





Foxcroft and Duncan, in 1900 he joined the firm of 
Messrs, Evershed and Vignoles, Limited, Chiswick, 
as manager of the instrument test department, at a 
time when electrical instruments and industria] 
measurements were beginning to be appreciated at 
their true value. To begin with, he was engaged in 
work connected with the development, manufacture 
and testing of a great variety of instruments, but in 
1911 he became technical assistant to the managing 
director, Mr. E. B. Vignoles. In 1923 he was 
appointed sales manager, a position he held until 
1949, when he then became a director of the firm 
with which he had been associated for nearly 
50 years. ; 

Mr. Knowles was elected an Associate of the 
Institution of Electrical Engineers in 1903 and was 
transferred to the class of associate member ten 
years later. He became a Member in 1932. He had 
served as chairman of the Measurements Section. 
He was also a founder member of the Society of 
Instrument Technology and a member of the 
Association of Mining, Electrical and Mechanical 
Engineers. He had served a term as president of 
the latter body. 





MR, A, J. LEYLAND. 

WE also regret to record the death of Mr. A. J. 
Leyland, chief engineer of the Automatic Telephone 
and Electric Company, which occurred in Liverpool 
on Monday, February 26. He was 52 years of age. 

Arthur James Leyland was born on August 16, 
1898, and was educated at Wigan Grammar School 
and the Manchester College of Technology, but his 
studies at the latter institution were interrupted 
by war service from September, 1917, to January, 
1919. In the latter year he attended a vacation 
course at the works of the Metropolitan-Vickers 
Electrical Company, and gained the Bachelor of 
Science degree ; subsequently, for two years, he 
worked with the Peel Conner Telephone Company, 
Salford, as a student apprentice. In 1923, he joined 
the staff of the Automatic Telephone and Electric 
Company as a telephone engineer and was at first 
engaged in the preparation of contract specifications. 
After acting as resident engineer for the firm in 
Buenos Aires for a short time, he was promoted to 
be engineer-in-charge of the equipment section in 
Liverpool, and was then for two years resident engi- 
neer in Poland and Lithuania, and also carried 
out a number of schemes in Belgium, Denmark, 
Latvia and Russia. In 1934 he became chief 
European manager of the company and, in 1937, 
production manager at the Liverpool works; 
two years later he was made chief engineer, with 
control of all the designs and the research work of 
thecompany. In 1943, while retaining this position, 
he joined the board of directors. 

Mr. Leyland was elected a Graduate of the 
Institution of Electrical Engineers in 1925, was 
transferred to the class of associate member in the 
same year, and became a Member in 1945. 





MR. EDGAR ALCOCK, O.B.E. 

Many of his friends in the locomotive and railway 
world will learn with regret of the death, on Friday, 
March 2, of Mr. Edgar Alcock, O.B.E., M.1.Mech.E., 
chairman and joint managing director of the 
Hunslet Engine Company, Limited, Leeds. He was 
74 years of age. : 

Edgar Alcock was born at Macclesfield on Feb- 
ruary 7, 1877, where in due course he was educated 
at Christ Church School, Old Collegiate School and 
King Edward VI Modern Grammar School. In 
1892, he commenced an apprenticeship at the 
Horwich works of the Lancashire and Yorkshire 
Kailway, and on its termination he was em- 
ployed first by Messrs. J. Holroyd and Company, 
Rochdale. After a short period he was back with 
the Lancashire and Yorkshire Railway, at Bolton 
running shed, and after further experience in various 
shops he served as a draughtsman at Horwich from 
1902 to 1904. Meanwhile, from 1901 to 1%o, he 
undertook part-time study at the Horwich Mechanics 
Institute. In 1904, he made a decisive move, being 
appointed assistant works manager to M ene 
Beyer, Peacock and Company, Limited, Man- 
chester; during his term there the Beyer-Garratt 
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articulated locomotives were being developed. In 
1912, however, he accepted a post as works manager 
to the Hunslet Engine Company, whom he served 
successively as general manager, director, joint 
managing director and chairman. 

From the first days of his long association with 
the Hunslet Engine Company, Mr. Alcock took 
pride in maintaining the works equipment and 
practice up to date. He took an active part in the 
work of the Locomotive Manufacturers Association 
of Great Britain, and his able manner in dealing 
with labour problems earned him respect on all 
sides. The formation of the north-eastern centre 
of the Institution of Locomotive Engineers engaged 
his interest, and he was chairman of the centre in 
1926-27. He was also a member of the Institution 
of Mechanical Engineers, the Manchester Association 
of Engineers, and the Leeds Association of Engi- 
neers. In 1917, he was made an M.B.E., and in 
1944 was promoted to be an Officer of the Order. 





MR. DAVID BROWNLIE. 


Tue death on February 8 of Mr. David Brownlie 
recalls some of the most strenuous controversies 
of the present century on purely technical matters ; 
for Mr. Brownlie was in the forefront among those 
who, rather more than 30 years ago, sought to 
improve the efficiency of industrial steam-raising 
by carefully instrumented testing of boilers—with 
results which were sometimes disagreeably sur- 
prising to the makers and the users of the plants. 
Undoubtedly, however, he did a great deal to 
awaken interest in the advantages of systematic 
boiler-testing, thus preparing the way to some 
extent for the subsequent organised endeavours to 
promote fuel economy, which still continue. 

David Brownlie was born in Manchester on 
February 20, 1880, so was within a few days of 
completing his 71st year when he died. He received 
his general education at the Manchester Commercial 
Schools and at Hulme grammar school, which he 
left in 1897 to become a pupil in the works of 
Messrs. Levinstein, Limited, makers of analine dyes 
and chemicals. He remained with them for four 
years, during which he attended evening courses 
at the Manchester College of Technology and the 
Salford technical school, leading eventually to the 
B.Sc. degree of London University, with honours 
in chemistry. For the next nine years, he was 
engaged in the textile-finishing industry, as a 
process chemist, and, later, works manager, with 
Messrs. W. G. Thompson and Company, of Man- 
chester, analine dye manufacturers ; works manager 
for the United Turkey Red Company, dyers, 
bleachers and calico printers, in the Vale of Leven, 
Dumbartonshire ; and in a similar capacity with 
Manchester Dyers, Limited, for whom he laid out a 
new works in Manchester. 

In 1910, he set up in partnership with another 
chemist, Mr. Harry Green, as Brownlie and Green, 
industrial chemists and engineers, specialising in 
the testing of boiler plants; and, being a man of 
much force of character as well as technical experi- 
ence, he soon built up an extensive connection. The 
fruits of this period were assembled in a paper entitled 
“Exact Data on the Performance of Mechanical 
Stokers as Applied to Lancashire and other Narrow- 
flued Boilers,” delivered to the Institution of 
Mechanical engineers in 1920, and in a number of 
contributions to ENGINEERING and other journals. 
He was also, for about ten years, engineering editor 
of the Manchester Guardian Commercial. Some 
years later, the partnership of Brownlie and Green 
was dissolved, and Brownlie thereafter practised 
alone. It was at about this time that he took up, 
With characteristic vigour, the advocacy of pul- 
verised-fuel firing for boilers. Gradually, he devoted 
more and more of his time to technical writing, 
publishing a number of books, among which Boiler 
Plant Testing and Mechanical Stoking became well 
known. He was a Fellow of the Chemical Society ; 
& member of the American Society of Mechanical 

gmeers and of a number of other professional 
Societies on both sides of the Atlantic ; and one of 
the earliest members of the Newcomen Society, to 
Which he contributed several historical papers, 
Itcluding one on John George Bodmer, the inventor 
of mechanical stoking, 


THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 

(Coneluded from page 249.) 


In concluding this series of articles on the 15th 
Session of the International Railway Congress 
Association, we give a summary of the final part 
of Mr. A. W. Olivier’s report on the change-over 
from steam-locomotive traction to Diesel traction, 
followed by a summary of Dr.-Ing. M. Diegoli’s 
report on the same subject. 

Referring to developments in the United States, 
Mr. Olivier states that, at the Harrisburg Diesel 
depot, completed in January, 1949, the locomotives 
are serviced in an area, equipped for this purpose, 
40 ft. wide and 380 ft. long, with two tracks running 
the length of it. At the receiving end, sand is 
delivered from overhead containers to all sand-boxes, 
while the locomotive remains in one position. At 
the next stage, fuel and cooling water are supplied, 
the fuel being pumped through hosepipes, with 
quick-assembly connections, at the rate of 1,000 
American gallons per minute. Since the capacity 
of the fuel tanks on each locomotive unit is about 
1,200 gallons, and there are several hosepipes, the 
work of refuelling takes only three or four minutes. 
Finally, the locomotive passes through an auto- 
matic washing and rinsing machine in a few 
minutes, 

While the locomotive is being serviced in this 
way, it is inspected visually before being returned 
to traffic ; that is if it is not due for a mileage-basis 
inspection. Some railways take samples of the 
lubricating oil and cooling water from each engine 
when it arrives at the servicing area, and the 
samples are analysed as a guide to the condition 
of the engine. This system has the advantage of 
permitting the extension of the draining period for 
lubricating oil, over and above the normal stipu- 
lated mileage, in cases where a change of oil is not 
necessary. 

The maintenance shop is usually in the same 
building as the heavy repair shop. It is built 
with inspection pits, and between the tracks the 
floor is sunk about 30 to 38 in. below rail level 
to facilitate the inspection of bogies, etc. Above 
the sunken floor there are platforms at engine-room 
level ; these have benches, etc., and from them all 
work in the engine rooms is carried out. Filters 
and defective parts are replaced, and are sent for 
cleaning and reconditioning, after which they are 
passed to the stores. Overhead travelling hoists 
are provided, also a drop pit, a section of which 
can be used for lowering one axle and its traction 
motor, and which communicates transversely with 
the repair shop or with another track. Retractable 
bars to support the frame of the locomotive, while 
a bogie or axle is dropped, are fitted adjacent to the 
drop-pit table. 

The heavy repair shop is equipped with an over- 
head travelling crane for removing Diesel engine 
and generator sets, etc. There is a growing ten- 
dency to send complete Diesel engines, generators, 
and traction motors to the manufacturers for repairs, 
thereby confining shop work to repairs to cylinder 
heads and liners, pistons and gudgeon-pin bushes, 
fuel pumps, injectors, etc. The manufacturers 
advise the railways on mileage-basis schemes for 
maintenance. This work consists largely of the 
replacement of units such as oil and air filters ; 
parts showing signs of wear are replaced by others 
from store. When a traction motor needs repairs, 
a complete truck, or axle assembly, is replaced. 
The motors on the Pennsylvania Railroad are 
replaced after 250,000 miles, but the general over- 
haul for complete locomotives has been set tenta- 
tively at 1,000,000 miles. 

Mr. Olivier enumerates the advantages of Diesel 
traction as follows: greater thermal efficiency and 
lower fuel costs; reduced operating and mainten- 
ance costs; higher availability and utilisation ; 
much longer runs without engine change ; higher 
mileage ; reduced servicing, maintenance and repair 
facilities ; less influence of the weather on perform- 
ance ; reduced effect on the track ; greater accelera- 
tion at the lower speeds ; and cleaner operation. 

Dr.-Ing. Diegoli’s report is based on information 





supplied by railways in Austria, Belgium and 
Colonies, Czechoslovakia, Denmark, France and 
Colonies, Italy, Luxembourg, the Netherlands and 
Colonies, Norway, Portugal and Colonies, Sweden 
and Switzerland. It is divided into three parts : 
locomotives for “‘line working”; shunting loco- 
motives ; and rail-cars. 

The majority of these railways have some Diesel 
locomotives, though only several or, at most, a 
few score, in each case. The numbers are sufficient. 
to enable the railways to form general opinions as 
to the potential advantages of Diesel traction, but 
hardly enough to provide accurate data. The 
following advantages are adduced as significant : 
economy in operation; possibility of providing 
more suitable traffic services; a greater degree of 
utilisation ; abolition of turntables and large sheds ; 
increased power, and consequently speed, for the 
same axle loads; independence of coal supplies, 
which in some countries have to be imported ; 
elimination of the smoke nuisance in tunnels; 
higher speeds on long steep gradients, using two 
Diesel units; suitability for certain traffic on 
electrified lines; locomotive driven by one man 
(though not all railways are able, or necessarily 
find it convenient to do this); maintenance simpli- 
fied and reduced in cost ; saving in labour costs for 
fuel handling ; improvement in the average speed 
of trains (no time required for watering or for clean- 
ing the fire) ; independence of water supplies, which 
in some regions are of poor quality or difficult to 
obtain; and greater regularity in working. Some 
of these factors, of course, are interdependent. 

Two 4,000-h.p. Diesel-electric locomotives put 
into service on the French National Railways in 
1937 had reached a total mileage for the two units 
of 1,061,637 (1,708,493 km.) on October 1, 1949; 
they were not run during the war, owing to lack of 
fuel. They have been used on 600-ton express 
passenger trains on the Paris-Lyons line, and have 
worked with great regularity ; failures affecting the 
train service have been very few. For the period 
April to September, 1949, the availability and 
utilisation of one of these locomotives were esti- 
mated at 90 per cent. and 82 per cent., respectively. 
The average power developed was about half the 
nominal power, and the maximum was three- 
quarters. The maintenance and inspection of each 
locomotive requires about 30 hours per 1,000 km. 
(620 miles). 

On the Danish State Railways, experience with 
500-h.p. and 900-h.p. Diesel locomotives has shown 
increased mileages and hours in service, and re- 
duced times for inspections and repair, as com- 
pared with equivalent steam locomotives. The 
Diesel engines and electrical equipment are given 
a general overhaul every 250,000 to 300,000 km. 
(155,000 to 186,000 miles). Similar figures apply to 
Diesel locomotives of the Swiss Federal Railways ; 
there, however, the engines are also given an inter- 
mediate overhaul every 60,000 to 80,000 km. 
(37,000 to 50,000 miles). Statistics provided by the 
Belgian National Light Railways show that, on a 
hilly railway system, the average cost of traction 
(fuel, oil, engine staff, maintenance and sinking-fund 
charges), during 1947, was 30 ft. per kilometre for 
steam locomotives and 13 fr. per kilometre for 
Diesel locomotives. 

Turning to the outlook for Diesel traction, 
Dr.-Ing. Diegoli reports that the French Railways, 
owing to the fact that the electrification of main 
lines is freeing a number of steam locomotives, do 
not propose to extend the use of powerful Diesel 
locomotives ; Diesel traction will be confined to 
rail-cars, shunting locomotives, and to goods engines 
hauling trains of average tonnage, where this policy 
will make it possible to eliminate steam-locomotive 
sheds entirely. The Danish State Railways are 
considering the problem. The Swiss Federal Rail- 
ways favour locomotives of 1,500 maximum horse- 
power, and, owing to the complete electrification 
of their system, Diesel locomotives will be used only 
for shunting and breakdown services. The Austrian 
Federal Railways anticipate the use of separate 
locomotive units, of about 1,000 h.p., which can be 
coupled together ; this arrangement facilitates the 
standardisation of parts and gives flexibility of 
operation. On the Swedish State Railways, Diesel 





locomotives will be used on lines which it is not 
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possible or convenient to electrify; and on the 
Belgian Light Railways, which are built for a 
maximum axle load of 10 tons, practically all steam 
locomotives will be replaced by Diesel ‘‘ tractors,” 
i.e., locomotives of about 160 h.p. 

The Algerian Railways are using 1,000-h.p. Diesel 
locomotives for light trains on lines where heavier 
axle loads cannot be allowed, and 1,500-h.p. loco- 
motives for main-line trains. Locomotives of 
greater power are not envisaged ; if they are needed, 
it is considered better to couple two units than to 
strengthen the track and buy larger locomotives. 
Future policy in Algeria is definitely in favour of 
Diesel traction ; it is not possible to electrify the 
lines, there is no coal in the country, and the water 
is of poor quality. The Gafsa Railway, which is a 
metre-gauge system with only 25-kg. rails, is con- 
sidering the use of double-unit Diesel-electric loco- 
motives. Separate units, which can be coupled 
together, are also preferred on the Madagascan 
Railways, because better use can be made of the 
motive power, even if there are considerable daily 
variations in traffic. Moreover, on lines where there 
are many curves and double curves, with a minimum 
radius of 50 m. (164 ft.), the second locomotive unit 
can be marshalled in the middle of the train. Diesel 
traction is expected gradually to replace steam 
traction on the Franco-Ethiopian Railway. 

Dr.-Ing. Diegoli concludes that for Diesel loco- 
motives, excluding shunting locomotives, the most 
suitable power ratings are 600 to 800 h.p. on narrow- 
gauge lines, and 1,000 to 1,500 h.p. on standard- 
gauge lines; it is assumed that the units can be 
coupled together to provide greater power. The 
weight-power ratio for Diesel locomotives in running 
order varies appreciably: for American designs 
of 1,000 to 1,500 h.p. it is between 80 and 100 kg. 
(176 to 220 lb.) per horse-power—which is similar 
to the ratio for corresponding steam locomotives— 
but some ot the European designs show that the 
ratio can be kept to within 60 to 70 kg. (132 to 154 lb.) 
per horse-power, and a further reduction in weight 
can be expected in future. The weight-power 
ratio is a particularly important consideration on 
secondary lines. Hydraulic drive, Dr.-Ing. Diegoli 
notes, has generally given way to electric drive, 
but it has the advantage of allowing a large reduction 
in weight. 

Diesel shunting locomotives are divided into three 
groups: 50 h.p. to 100 h.p.; 150 h.p. to 200 h.p. ; 
and 400 h.p. to 700 h.p. The availability and utili- 
sation of such locomotives are generally high, and 
appreciably better than those for steam locomotives ; 
in addition, the operating costs are lower. Diesel 
traction is being used increasingly for shunting 
purposes; on the French National Railways no 
more steam shunting locomotives are to be built. 

Diesel rail-cars are now employed in considerable 
numbers on the Continent, partly owing to the 
effect of the shortage of coaches in the 1939-45 war. 
In France, there are approximately 700 rail-cars ; in 
Italy, 625; in Sweden, 315; on the Belgian Light 
Railways, 200; on the Belgian National Railways, 
108; in Denmark, 92; and in Norway, 64. The 
French National Railways state that the adapt- 
ability of Diesel rail-cars to suit varying traffic is 
the basis for economical working. The following 
principles have been borne in mind in designing 
new rail-cars : high power and weight of the driving 
units so that at least one trailer can be hauled ; 
light-weight trailers; the use of high-speed Diesel 
engines; mechanical fuel injection; the engines 
are installed in the bodies of the vehicles ; mechani- 
cal transmission; tubular framework and com- 
ponents ; bogie suspensions using coiled springs and 
hydraulic shock absorbers ; brakes with large-area 
shoes applied to the tyres; the maximum possible 
standardisation of engines, body components and 
running gear; and a reduction in the number of 
types of rail-cars to five. These are of the following 
nominal power: (1) 600 h.p. to 650 h.p., to haul a 
trailer, and suitable for coupling in pairs for working 
fast services over long distances ; (2) 2 x 300 h.p., 
able to haul one, two or three trailers, according to 
the route, for through or stopping services on lines 
with heavy gradients ; (3) 300 h.p., able to haul a 
trailer, except up heavy gradients, where two rail- 
cars, or two rail-cars and one trailer, will be coupled 
together for stopping trains, especially on cross- 





country lines ; (4) 150 h.p., for secondary lines with 
moderate gradients, and able to haul a trailer; 
(5) 100 h.p., also for secondary lines, with light 
traffic, capable of hauling a trailer. 

During the past 20 years, Dr.-Ing. Diegoli con- 
cludes, Diesel rail-cars have made an invaluable 
contribution to the competition with road motor 
transport. At first, the technique of automobile 
design and construction predominated, but latterly 
the robustness and strength characteristics of rail- 
way design has been apparent. ‘“‘ Solidity, com- 
fort, weight, speed and power’’—these are the 
factors which predominate to-day. Nevertheless, 
light-weight rail-cars have not been neglected, in 
view of the advantages they offer for certain lines. 
There is a tendency to place the Diesel engines in 
the body, rather than on the bogies. For modern 
designs, the maximum speed is between 80 and 
130 km. (50 to 81 miles) per hour; the weight per 
seat varies from 250 to 850 kg. (551 Ib. to 1,874 Ib.) ; 
and the power is about 10 h.p. per ton (under full 
load), so that several trailers can be used. The 
increase in average speed due to Diesel traction, 
compared with steam, is generally 25 to 35 per 
cent., with maximum increases of 50 to 60 per 
cent., or even 100 per cent. Rail-cars are not 
often used on heavy gradients, though the Italian 
Railways report their use on gradients of 75 per cent. 
The most recent designs of rail-cars are estimated 
to have a life of 15 to 25 years, the upper limit 
being ascribed to the body and the lower limit to 
the engines and equipment. The outlook for Diesel 
rail-cars on the railways covered by Dr.-Ing. 
Diegoli’s report, which follows, is particularly bright. 

‘* Diesel train locomotives have already, from the 
technical point of view, been sufficiently perfected 
for use in the normal railway services with a degree 
of safety and regularity comparable in practice to 
that given by the steam locomotive. It is possible 
with Diesel locomotives to use several single units 
coupled together, driven by one man. In practice, 
up to the present time, it has been found preferable 
to employ at least two men per train. 

“For standard-gauge railways the most usual 
size unit is from 1,000 to 2,000 h.p., and on narrow 
gauges from 600 to 1,500 h.p. The most important 
factor to be considered, however, is the economic 
side, which is greatly influenced by the high purchase 
price and higher amortisation charges, which can, 
however, be compensated by a very high utilisation 
coefficient, but above all, by the price of fuel,which 
varies considerably from one country to another. 
This latter reason, and the special characteristics 
of the services to be operated and the countries in 
which they are run, are to-day the fundamental 
factors which can lead to a widely different develop- 
ment of Diesel traction, both as regards its import- 
ance and the constructional types. In the United 
States of America, the construction of steam loco- 
motives has practically been given up in recent 
years in favour of Diesels. In some African and 
Colonial countries, the local conditions are particu- 
larly favourable to the development of this method 
of traction; in other countries, especially in 
Europe, the question has not developed any definite 
tendencies to date. 

‘* Diesel shunting engines can be divided into three 
categories as regards power, according to the work 
for which they are designed: 50 to 100 h.p. for 
shunting vehicles and engines in the sheds, shops 
and small stations; 150 to 300 h.p. for shunting 
in the average-sized stations; and 400 to 700 h.p. 
for heavy shunting operations and for use in the 
large marshalling yards. It would appear that, in 
practice, the tendency is to standardise the use of 
Diesel shunting locomotives on all administrations, 
whatever their importance and nature. For the 
types of the third category, Diesel locomotives 
with electric drive are generally used, though this 
does not exclude the hydraulic drive ; in the case 
of the other two categories mechanical drive seems 
to be most widely used in view of the particularly 
favourable cost price, whereas the electric and 
hydraulic drives are more flexible in service. Below 
500 h.p., the tendency is to adopt mechanical 
transmissions with torque converters. 

“The coefficients of availability and utilisation of 
Diesel shunting engines are higher than those for 
steam traction, while the operating costs are defi- 


nitely lower. The use of light Diesel locomotives jg 
particularly indicated, from the point of view of 
economy, to replace steam locomotives for light or 
intermittent shunting operations. In the case of 
light railways, light Diesel locomotives are normally 
used on goods trains (in which case they carry out 
the associated shunting operations) and on local 
passenger trains. 

“In European countries rail-cars are used for 
passenger services on secondary lines and even for 
fast long-distance services on main lines. In the 
United States, rail-cars seem to be used to a very 
limited extent on secondary lines and their dey elop- 
ment does not appear to be likely. In Europe, it 
should be noted that it is during recent years that 
the use of rail-cars has increased to such a rapid 
extent, and it appears likely that this development 
will continue, owing to the favour it finds with the 
public and the operating advantages obtained, espe- 
cially the flexibility and increase in the average 
speeds—above all on lines with heavy gradients or 
many stops. In non-European countries, the use 
of rail-cars is often justified by reasons similar to 
those already mentioned in connection with Diese] 
train locomotives. 

** According to the type of service, two categories 
of rail-cars can be distinguished, i.e., the light type 
for economic services at moderate speeds, with a 
high degree of ‘user,’ and the other for important 
services at higher speeds, with a greater specific 
power (10 h.p. and even 13 h.p. per ton) and offering 
greater comfort. Mechanised and hydraulic trans- 
missions are adopted most frequently in modern 
practice. 

“The use of trailers, as well as coupling up 
in multiple units, is the general practice, with the 
most recent types. Generally, single control by 
one man is employed, and it is possible to pass from 
one unit to the other ; the use of articulated ‘ rakes ’ 
does not seem likely to develop on the same scale. 
The use of adhesion rail-cars has proved satisfactory 
even on lines with very heavy gradients. 

“The maximum advantages of Diesel traction 
are realised when this form of motive power is intro- 
duced over entire sections of a system, both in the 
case of train locomotives and shunting locomotives, 
and also in the case of rail-cars.”’ 





INSTITUTION OF NAVAL 
ARCHITECTS. 


THE spring meeting of the Institution of Naval 
Architects will be held on board the Wellington, the 
headquarters ship of the Honourable Company of 
Master Mariners, Temple Stairs, Victoria-embankment, 
London, W.C.2, on Wednesday and Thursday, March 
14 and 15. The meeting opens on the first day at 
10.15 a.m., when the annual report of Council will be 
presented and the election of vice-presidents, treasurer, 
auditors and members of Council will be held. Other 
business will include the nomination of scrutineers for 
the ensuing year’s election of members of Council and 
the consideration of an amendment to the by-laws and 
regulations of the Institution. The amendment 1s 
consequent on the introduction, this year, of the new 
examination for the General Certificate of Education, 
which will make it necessary to amend the Appendix to 
the Regulation laying down the standards of education 
required of students applying for admission to the 
Institution. After the presentation of premiums to 
Mr. E. Ower and Mr. C. H. Burge, and of the Wakeham 
Prize to Mr. D. J. Doust, the President, Admiral of the 
Fleet Viscount Cunningham of Hyndhope, K.T., 
G.C.B., O.M., D.S.O., will deliver an address. The 
last item of business will be the election of the 
President, after which Sir Amos L. Ayre, K.B.E., 
D.Se., will present a paper “Some Observations 
Concerning Resistance and Propulsion.” 

At 7.15 for 7.30 p.m., on the evening of Wednesday, 
March 14, the annual dinner of the Institution will be 
held in the Grand Hall and Balmoral Room of the 
Connaught Rooms, Great Queen-street, London, W C.2. 

The second session of the meeting, Thursday, Mar« +h 15, 
will open at 10.15 a.m., when two papers will be pre- 
sented for discussion, namely, ‘‘ The Safety of Sma 
Ships,” by Mr. H. E. Skinner, 0.B.E., R.C.N.C., and 
“Further Ship-Resistance Similarity,” by Proiessor 
E. V. Telfer, D.Sc. The concluding session of the 
meeting will open at 2.30 p.m. on March 15, when two 
papers will be presented for discussion. The first IS 
‘* High-Speed Sailing,” by Mr. H. M. Barkla, and the 
second, ‘Influence of Ship Form on Transverse 
Stability,” by Professor C. W. Prohaska. 
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ROAD-VEHICLE COUNTER. 


W. R. SYKES INTERLOCKING SIGNAL COMPANY, LIMITED, LONDON. 











Fie. 1. 


VEHICLE COUNTER FOR ROAD- 
TRAFFIC CENSUSES, 


Highway authorities frequently amass statistics 
of the nature and density of the traffic on selected 
stretches of roadway. A census of traffic flow is of 
value in road research and provides a useful guide 
to those who have to decide between one form of 
surfacing and another, or on the need, or otherwise, for 
road widening or traffic diversion. To meet the 
requirements of a traffic census, the W. R. Sykes 
Interlocking Signal Company, Limited, 26, Voltaire- 
road, London, 8S.W.4, have produced a compact and 
readily portable vehicle counter which is illustrated 
in the photographs reproduced as Figs. 1 and 2, on 
this page. The development of the instrument was 
undertaken by the firm in conjunction with the Road 
Research Laboratory and the Department of Scientific 
and Industrial Research. 

The counter is housed in a cast-aluminium weather- 
proof case of overall dimensions approximately 7 in. 
by 7 in. by 74 in., and the weight of the unit, complete 
with battery, is approximately 10 lb. The case has a 
carrying handle which folds down flush into a recess 
in the lid and the latter is fitted with a Perspex window 
through which the counter reading can be observed. 
The case, therefore, may be kept closed while the 
instrument is in use and, since it is provided with a 
hasp and staple, it may be padlocked and chained to 
a lamp standard or other convenient fixture by the 
roadside. When in use, the rubber tube seen in Fig. 1 
is connected to the nozzle, visible in the side of the 
case, and is stretched across the road at right angles 
to the direction of the traffic, as in Fig. 2. The tube 
is held in position by stout canvas cleats, which 
are disposed at intervals, generally 3 ft., along its 
length and nailed to the road. The free end of the 
tube is closed except for a small vent approximately 
% in. in diameter, which must be kept free from dirt. 
A nozzle which screws on to a standard motor-tyre 
pump, is provided for use when blowing out the tube. 
The nozzle on the case communicates with a small 
pressure chamber, which is closed at the top by a 
circular diaphragm made of phosphor bronze about 
0-004 in. thick. 

When a vehicle passes over the tube, each pair of 
wheels strikes the tube semi-impulsively and causes a 
pulse of air to travel along the tube into the pressure 
chamber, where it displaces the diaphragm momen- 
tarily. Over the diaphragm is mounted an electrical 
contact consisting of a screw fitted with a knurled 
knob and a dise scale, which are visible in Fig. 1. The 
Contact points on the screw and diaphragm are tipped 
with tungsten and a spark-quenching unit is connected 
across them. The gap between the contacts may be 
adjusted by turning the knob, a positive stop being 
Provided to prevent permanent contact. The rotation 
of the knob is checked every 9 deg., corresponding to an 
opening or closing of the gap by approximately one- 
thousandth of an inch. The making of the contact by 
the displacement of the diaphragm completes the 
electric: circuit, which consists of a 45-volt dry battery 
4 & standard type and an electromagnet in series. 

ver the magnet is mounted a spring-loaded arma- 
ture pi voted at one end. The free end of the armature 
8 furnished with a short spring-steel strip, which 
acts as a pawl and engages in the teeth of a small 
ratchet wheel, this wheel driving a six-figure counter 
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of the non-reset type. Each time contact is made 
and broken, the counter spindle is rotated through 
18 deg. as the armature returns under the influence 
of the spring. A rotation of 36 deg. advances the 
counter by one unit; hence, the normal vehicle, 
having two axles, registers as one vehicle. 

The sensitivity of the instrument depends on the 
gap at the contact and is a maximum when the gap 
is a minimum. There is then liable to be some over- 
counting, however, owing to oscillations of the air in 
the tube. It is to minimise the possibility of this 
trouble that the small aperture is provided at the free 
end of the tube. If this end were closed, or left com- 
pletely open, the decay of the oscillations would not 
be so rapid, and reflected pulses would be liable to close 
the contact. The most suitable dimension for the 
contact gap must be determined by experience, but 
it is generally between 0-008 in. and 0-012 in. At 
this setting, pedal cycles are not recorded, but it is 
customary to disregard them in making traffic surveys. 

Experience has shown that the counter is accurate, 
in general, to within +5 per cent. False counting 
occurs in the case of six-wheeled vehicles, which 
register as 14 vehicles, and it occasionally happens 
that a motor cycle registers as half a vehicle only, 
owing to bounce. Moreover, failure to record a vehicle 
may occur if two vehicles strike the tube practically 
simultaneously. It is important, also, to see that the 
tube is placed normal to the flow of the traffic and is 
not used at corners or crossings where vebicles might 
cross the tube diagonally when travelling relatively 
slowly. In practice, it is usual to make an observa- 
tional census of the traffic over a short period and 
compare it with the recorded total, but, once this has 
been done, the equipment may be left unattended. 
The Sykes Vehicle Computer is marketed by the 
Westinghouse Brake and Signal Company, Limited, 
82, York-way, Kings Cross, London, N.1, to whom all 
inquiries concerning it should be directed. 





Society oF BRITISH AIRCRAFT CONSTRUCTORS’ 
EDUCATIONAL GRANTS.—As described on page 146, 
ante, educational grants awarded by the Society of 
British Aircraft Constructors are available to boys 
between 164 and 18 years, who are unable, for financial 
reasons, to take up a course of training in aircraft engineer- 
ing. Application forms for the grants may be obtained 
from the Royal Aeronautical Society, 4, Hamilton-place, 
London, W.1. 


INCREASED CHARGES FOR BULK SUPPLIES OF ELEC- 
TRIctIry.—The British Electricity Authority have notified 
the Area Boards that the tariff for bulk supplies of elec- 
tricity will be modified from Sunday, April 1. The fixed 
charge will be raised from 31. 15s. 0d. to 4l. 28. 6d. 
per kilowatt of maximum demand, and the running 
charge will be reduced from 0 -335d. to 0-33d. per kilo- 
watt-hour. The running charge is, however, subject 
to a coal-price adjustment of 0-0007d. per 1d. variation 
in the price of fuel from a basic figure of 38s. per ton, 
and will therefore be affected by the recent increase of 
4s, 2d. perton. The maximum demand will be measured 
on working days during the day time. If the figure thus 
reached is exceeded at some other period, the excess will 
be charged at one-third the standard rate to encourage 
the development of night and week-end loads. 





THE POWER, WEIGHT AND SPEED 
OF AIRCRAFT. 


Tue fourth Louis Blériot Lecture was presented to 
the Royal Aeronautical Society on Friday, February 23, 
by M. Maurice Roy, who reviewed the trends in aircraft 
performance, power and wing loadings, and power- 
plant characteristics over the past 40 years. The all- 
round increases in performance were, he said, the 
combined result of improvements in streamlining and 
lightening the airframe and in the “ effectiveness ” 
of the power plant. Comparison of the lift-drag 
curves for the 1910 Blériot XI aircraft (an improved 
version of the “ trans-channel ” aeroplane), the Bréguet 
aircraft which flew successfully 20 years later from 
Paris to New York, and a good transport aircraft of 
1950, revealed immediately the great progress achieved 
in minimum drag, maximum lift and maximum lift/drag 
ratio. In the course of 40 years, the relative structural 
weight of nearly all aircraft had been maintained 
between 0-35 and 0-40 of the all-up weight, about the 
value achieved in the “ trans-channel ” Blériot mono- 
plane, and he thought that the relative structure weight 
of transonic and supersonic aircraft would remain about 
the same ; there was little hope of reducing it appre- 
ciably. 

From data on several hundred aeroplanes, over the 
past 40 years, M. Roy showed that the continuous 
increase in wing loading was tending to decrease for 
high-speed aircraft, as compared with transport types, 
averaging about 45 lb. per square foot for the former 
and 65 Ib. to 75 lb. per square foot for the latter. This 
was mainly because the present-day high-speed aircraft 
had wings with less favourable high-lift characteristics. 
The wing loading of modern aircraft was some ten times 
higher than that of 40 years ago. The ratio of all-up 
weight to power for different aircraft, which varied 
widely before 1914, was now much less variable, but 
was markedly lower for jet-propelled aircraft than for 
propeller-driven machines. The maximum speed of 
high-speed aircraft showed a continuous and accelerat- 
ing increase, without any appreciable change in the 
trend due to the introduction of jet propulsion. In the 
case of transport aircraft, the advance of maximum 
speed, which in general lagged behind that of fighter 
aircraft by some six to eight ne appeared to have 
slowed up, probably because of the uncertainty regard- 
ing the relative merits of the turbo-jet, the propeller 
turbine, or the compound engine for the propulsion of 
strategic bombers and airliners. The differences in 
the minimum speed of various types of aircraft were 
still fairly large, but were steadily diminishing, because 
most military and civil aeroplanes were subjected to 
the limitations of the same landing grounds. A landing 
speed of about 100 m.p.h. was the usual practice 
to-day ; in 1913 it was already 80 m.p.h., for a high- 
speed aeroplane. The enormous increases in the wing 
loadings of modern aircraft were largely counteracted 
by effective high-lift devices. 

Turning to power plant developments, the lecturer 
said that, whereas in 1910 some 4 lb. to 6 lb. weight of 
power plant was required to develop one horse power 
at sea level, to-day the same power could be developed 
at heights of 15,000 ft. to 20,000 ft. with engines of 
one-fourth or one-fifth the weight. The thermal effi- 
ciency of piston engines, however, had improved by 
only about one-third, whereas the efficiency of the pro- 
peller and its effective speed range, by means of reduc- 
tion gearing and variable pitch, had been greatly 
increased. When comparing the turbo-jet with the 
typical piston engine or the _— turbine, the 
criterion must take into account lightness, compact- 
ness and overall efficiency. The “ effectiveness in 
flight ’’ of an engine was defined as the ratio of the 
net thrust of the power unit, streamlined by fairings, 
to the total propulsive weight, i.e., the sum of the 
weight of the engine and its fairings and the weight of 
the fuel and tank required to develop this thrust over 
a specified range in still air, at a constant aircraft speed 
and altitude. Using this criterion, a propulsive system 
could be defined by curves of effectiveness plotted 
against forward speed for given values of the range and 
altitude. For both propeller-driven and jet-propelled 
aircraft, these curves were of hyperbolic form, but with 
very different characteristics. The “ effectiveness ” of 
a propeller-driven aircraft was shown to decrease with 
increasing speed, whereas in jet systems, an increase in 
forward speed was always favourable to the effectiveness 
of the jet. This was true for all values of range and 
altitude. For turbo-jets, the rati*e of the total propul- 
sive weight to the all-up weight, for a given range, was 
considerably improved by increases in altitude. The 
best lift-drag ratio of a high-speed aeroplane, and 
therefore the optimum range-flying conditions, would 
be approached at very high altitudes. 

The lecturer then discussed flight at high supersonic 
speeds. For passing through the transonic speed 
range, the propulsive system might comprise a turbo-jet, 
with or without water injection or reheat, or a ram jet. 
The latter was simple, the only moving part being the 
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injection pump ; and it could withstand a higher burner 
temperature than the turbo-jet since it had no turbine 
blades. It was thus possible to obtain a higher thrust, 
at the cost of a loss in efficiency. It was, however, 
necessary to have some other means of propulsion for 
take-off and up to speeds of 200 m.p.h. It was probable 
that the propulsive = of the ultra high-speed 
aircraft in the near future would be a “ turbo-jet, 
assisted by a ram jet at its highest speed,” rather than 
“a ram-jet, substituted by a turbo-jet at low speeds.” 

The Mach number and the magnitude of the maxi- 
mum specific thrust developed depended appreciably 
on the burner temperature and on the diffuser efficiency 
with normal or oblique shock waves. Burner tempera- 
tures of the order of 1,500 deg. C. were envisaged, 
but there were problems of material, construction, 
external cooling, endurance and reliability still to be 
solved, and temperatures limited to 1,100 deg. to 
1,300 deg. C. wouid be optimistic for some time yet. 
The specific thrust of the ram jet, taking into account 
the external drag of the body, was shown to depart 
considerably from the “speed squared” law and, 
after rising to a maximum, fell rapidly to zero, due to 
“ choking ” at the throat of the exhaust nozzle. The 
internal thrust was appreciably different from the 
kinetic thrust, or change of momentum of mass flow 
through the machine. 

In transonic flight, the light weight of the ram jet 
was soon counteracted by its high specific consumption. 
At a Mach number of 1-5, a turbo-jet with reheat 
would give a lighter installation than a ram jet for 
endurances longer than 10 minutes. It was possible 
that new developments, such as wings with variable 
sweep-back or boundary-layer control for higher lift, 
would be evolved in the drive towards higher speed. 
For each advance in power, in design simplicity, or 
in weight reduction, there was a corresponding penalty. 








EUROPEAN IRON AND STEEL 
PRODUCTION STATISTICS. 


Tue United Nations Economic Commission for 
Europe, usually known as ECE, was established early 
in 1947 to promote the solution, by international co- 
operation, of certain pressing economic problems 
of post-war Europe. The Commission provides 
facilities, at Geneva, where Government and industrial 
delegates from all parts of Europe and the United 
States meet regularly to discuss measures to speed up 
reconstruction, to promote economic recovery and to 
expand the levels of industrial activity in Europe as a 
whole. The Commission’s practical work is largely 
carried on through its technical committees, one of 
which, the ECE Steel Committee, has as its chairman 
Mr. Léon Daum, of France. Mr. C. R. Wheeler, of 
Guest Keen Baldwins Iron and Steel Company Limited, 
is chairman of the Committee’s working party on raw 
materials, and Mr. Paul Boland, of Belgium, is chairman 
of the Committee’s working party on statistics. The 
Commission rightly considers that the iron and steel 
industry holds a central place in modern economy 
and that, in view of its sensitivity to cyclical fluctua- 
tions, it is of the utmost importance to have reliable 
and up-to-date statistical information regarding the 
industry. Statistics of iron and steel production are, 
of course, published by most European countries, but 
the Commission contends that these are inadequate 
for three reasons. In the first place, it is pointed out 
that only the most important countries publish data, 
and, secondly, that these do not always include statis- 
tics regarding the consumption of raw materials in the 
manufacture of pig-iron and steel or on the distribution 
of steel to the various consuming countries. In the 
third place, the classification of the statistics often 
varies from country to country, rendering comparisons 
difficult. 

With a view to meeting these deficiencies, the 
Commission’s Steel Committee, two years ago, com- 
menced to collect data on as comprehensive and 
comparable a basis as possible for all European 
countries. The first issue of a Quarterly Bulletin of Steel 
Statistics for Europe, recently published, and obtainable 
from H.M. Stationery Office, York House, Kingsway, 
London, W.C.2, price 11s., contains the data so far sup- 
plied to the Committee by 17 European Governments 
on the production of iron and steel and the consumption 
of raw materials. The countries concerned are Austria, 
Belgium, Denmark, Finland, France, Germany (Western 
Zones) and the Saar, Greece, Italy, Luxembourg, the 
Netherlands, Norway, Spain, Sweden, Turkey, the 
United Kingdom, Poland, and Yugoslavia. In most 
cases, the statistics go as far as September, 1950, 
and these have been supplemented by data for the 
years 1936 to 1938 and 1946 to 1948, taken mainly 
from the statistical publications of the British Iron and 
Steel Federation, the Comité des Forges de France, 
the Chambre Syndicale de la Sidérurgie Frangaise, 
the German Stahlwerks-Verband A.-G., and the 
Wirtschaftsvereinigung Eisen- und Stahlindustrie. 











LABOUR NOTES. 


DisPuTEs in the engineering industry over piecework 
rates grew in intensity throughout the past week, but, 
in spite of this, there were improvements in some 
quarters. As previously, the agitation in favour of 
advances in pay has been keenest in the Midlands and 
the North-East Coast areas. In these districts and else- 
where, employees have refused to do piecework and 
have placed a ban on all overtime, as a protest against 
the employers’ interpretation of the engineering wage 
agreement concluded in November last between the 
Engineering and Allied Employers’ National Federation 
and the Confederation of Shipbuilding and Engineering 
Unions. This agreement conferred increases of up to 
8s. a week for unskilled men, and of up to 11s. a week 
for craftsmen, but the higher-paid employees engaged 
on piecework received little or no benefit from it. In 
accordance with the usual practice, piecework rates 
were left to be worked out locally between the firms 
concerned and union representatives. Some establish- 
ments are understood to have been willing to apply 
the full increases conferred by the agreement to all 
operatives in their employ, including those engaged on 
piecework. et 

At Newcastle-upon-Tyne, delegates from the Elswick 
works of Messrs. Vickers-Armstrongs Limited decided 
on March 3 to recommend that bans on piecework and 
overtime be imposed immediately. This proposition 
is understood to have been approved, at a meeting 
held early this week, by the works committee, which 
represents some 5,000 engineering employees at Elswick. 
Mid-week negotiations between the management and 
local union officials, however, suggested that an early 
settlement of the dispute might be expected. The 
men’s action in recommending the bans, followed the 
refusal by the Tyne Engineering Employers’ Federation 
to meet a demand for an increase of lls. a week to 
employees engaged on piecework. In this connection, 
it may be recalled that the local committee of the 
Amalgamated Engineering Union suggested, early last 
month, that all piecework should be banned unless an 
increase of 174 per cent. were conceded by the em- 
ployers to those engaged on such work. This recom- 
mendation was later accepted by the local shop stew- 
ards, representing more than 30,000 engineering 
workpeople in the Tyne district, but action was deferred, 
at the request of the executive committee of the A.E.U., 
to enable local negotiations to continue. 





A meeting of some 300 Merseyside shop stewards at 
Liverpool took place on Sunday last, when it was 
decided that the ban on the working of overtime 
should remain in force. The stewards represented 
more than 26,000 employees in the industry in this 
area. The ban, which has been in progress for about 
seven weeks, has resulted in a considerable decline in 
production at Liverpool and Birkenhead. At the end 
of last week, some 260 engineering employees at the 
Broadheath, Altrincham, works of Messrs. H. W. 
Kearns and Company, Limited, were given notice, 
owing to a dispute over piecework, and some 900 
operatives employed by Messrs. Tweedales and Smalley 
(1920), Limited, Rochdale, were informed by the firm 
that, as from next Monday, their works would be open 
only to men willing to work at piece rates. The district 
committee at Rochdale of the A.E.U. are understood 
to have asked the Union’s national executive council 
to declare that a lock-out exists at this firm. 





It was announced on Wednesday that the majority 
of the 260 employees to whom Messrs. Kearns had 
given notice had expressed their willingness to return 
to normal working as from next Monday, and that the 
notices were being withdrawn in those cases. The 
Churchill Machine Tool Company, Limited, another 
firm in the Altrincham area, at which over 500 men 
had declined to do piecework during the preceding nine 
weeks, normal working was resumed on Wednesday. 
A statement issued on behalf of the firm declared that 
no promises had been made by the company and that 
there would be no further negotiations. The problems, 
arising from the interpretation of the November 
engineering wage agreement, in respect of rates for 
piecework, were discussed at length at meetings of the 
executive council of the Confederation, which took 
place at York on Wednesday and yesterday. Officials 
of the Confederation also met representatives of the 
employers’ Federation in London on Wednesday, to 
discuss the same difficulties, especially with reference to 
the situation which had arisen in the London area, but 
the meeting was unsuccessful. 





Manual employees in the gas industry are to have 
their wage rates increased by 1}d. an hour, as the 
result of an agreement reached by the National Joint 
Industrial Council for the Gas Industry at a meeting 
in London on Monday last. It was announced in a 








statement issued subsequently by the Gas CounciP 
that the new rates would take effect from Sur lay 
April 1 next, and that some 115,000 labourers in the- 
industry would benefit. Skilled operatives, however 
will not be affected. The award is based on a 44-hour 
week and no account is taken of overtime or week-end 
employment. It will involve an addition of about 
two million pounds to the annual wage bill for the 
industry. 





There is considerable variation between the rates of 
pay in London and those in force in the provinces, and 
there are differential rates in operation within the 
several divisions into which the gas industry is divided. 
As an example of the effects of the new increase, it 
may be mentioned that the rate for labourers in the 
highest grade in the provinces, which is at present 
2s. 44d. an hour, will be raised to 2s. 6}d. an hour. 
The hourly rates ruling in London for the same grade 
are slightly higher. 





The inter-union conflict respecting employment in 
the electricity industry, referred to on page 264, ante, 
continued during the past week. Support for the 
unofficial strike of maintenance men engaged on elec- 
trical-contracting work in the London area has grown 
steadily since the stoppage began at a Bethnal Green 
establishment in mid-February. It is claimed by the 
strikers that a new electrician’s mate belonging to the 
Transport and General Workers’ Union should resign 
from that Union and join the Electrical Trades’ Union, 
which he appears to be unwilling to do. An announce- 
ment by the London Electricity Board, on Monday 
last, stated that there had been further additions to 
the number of strikers, and that there was, on that 
day, a total of 1,101 men in the industry idle owing to 
the dispute. 





One result of the recent wage agreement between 
the Railway Executive and the three principal railway 
unions was the decision to form immediately a special 
joint committee, to be charged with the task of 
improving productivity within the railway industry, 
eliminating wastages of man-power, and _ increasing 
the efficiency of the railway service generally. The 
Executive stated in an announcement issued on 
March 5 that such a committee, comprising repre- 
sentatives of the Executive, the National Union of 
Railwaymen, the Associated Society of Locomotive 
Engineers and Firemen, and the Railway Clerks’ 
Association, had been formed already, and that its 
first meeting had taken place on that day at the 
Executive’s headquarters in London. It was reported 
that methods of procedure and other preliminary 
business had been discussed. Further meetings were 
expected to take place regularly and at short intervals. 





A settlement was reached last Tuesday in respect of 
the wage claims of engineering employees in railway 
workshops. Their demands for improved pay were 
not covered by the agreement entered into, on Feb- 
ruary 23, between the Railway Executive and the three 
principal railway unions. The new agreement, dealing 
with the claims of the railway shopmen, was concluded. 
at a joint meeting of the Railway Shopmen’s National 
Council, held in London on Tuesday, and affects some 
150,000 railwaymen belonging to unions affiliated to 
the Confederation of Shipbuilding and Engineering 
Unions, and to the National Union of Railwaymen. 





The increases in wages will range between 8s. 6d. 
and 10s. a week and will apply to men engaged on 
piecework as well as to those employed at time rates, 
but to simplify the changing of prices for piecework, 
the increase in respect of shopmen engaged at piece 
rates is to be taken as an improvement to their bonus 
addition, and not as an advance on their basic rates. 
The new minimum weekly basic rate for adult male 
shopmen will be 5/. 2s. 6d., which will bring their wages 
up to the same level as the new scale for other railway 
employees. All skilled men and labourers in the railway 
workshops will receive the full additional 10s. a week. 
The increases will take effect as from January | last 
and are estimated to cost three and a quarter million 
pounds annually. This is in addition to the twelve 
million pounds a year needed to meet the cost of the 
February agreement. 


An offer, by the National Federated Electrical Asso- 
ciation, of increases in the wages of electricians em- 
ployed in the electrical-contracting industry was ac- 
cepted earlier this week by the men’s union, the Electri- 

Trades Union. The increases, which will take effect 
from Monday, April 2, will mean an addition of 14s. 8d. 
in the weekly wages of employees in the London area 
working a 44-hour week. The hourly rates will be 
increased by 4d. in the London area, and by 3¢. else- 
where in England. Electricians employed in the indus- 
try in Wales and Ireland will. receive an extra 3. 
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THE MODERN REFLECTING 
TELESCOPE.* 


By Dr. E. H. Linroor. 


Duxzine the last 50 years, two main trends have 
been predominant in astronomical telescope design. 
The one which has attracted most general attention 
is the great increase in size. The 60-in. Newtonian 
made and used by Common at Ealing in 1890 was 
followed by the 60-in. Hooker telescope, erected 18 
years later at Mount Wilson, by the 100-in. telescope 
which came into operation there in 1917, and by the 
200-in. Hale telescope which last year began its work 
on Mount Palomar with such conspicuous success. 
In such telescopes, the difficulties to be overcome are of 
& practical rather than a theoretical nature. For 


minimised as far as possible by thermal shielding of 
the edges and by designing the support system to 
allow free circulation of air round the mirror. These 
precautions are helpful, but in spite of many efforts, 
no satisfactory cure for the temperature troubles of 
large telescope mirrors has yet been found. 

Newtonian telescopes suffer the serious disadvantage 
that the images deteriorate rapidly as we move away 
from the centre of the field. Only by the addition of 
more optical surfaces can this difficulty be overcome, 
and from what has been said already it will be clear 
that many considerations other than theoretical optical 
performance play a part in deciding whether a given 
telescope design is good or bad. Only a working 
astronomer is really qualified to pass judgment on a 
telescope design, and few astronomers have sufficient 
interest in optics to wish to experiment with new 
ideas in this field. It is only once or twice in a century 
that the average observatory can raise the money to 
invest in a new large telescope, and it is hard to blame a 
director who may have had to conduct years of negotia- 
tion to obtain an endowment if, when the funds 
become available, he prefers to spend them on some- 
thing that he already knows a good deal about. 
Nevertheless, this attitude has had unfortunate conse- 
quences in the past. It resulted, for example, in the 
almost complete neglect of the two-mirror aplanat 
telescopes proposed by K. Schwarzschild in 1905, and 
rediscovered, in a somewhat different form, by Ritchey 
and Chrétien in 1923. These two-mirror systems are 
now more or less superseded by the Schmidt camera 
and its later developments, so that the opportunity 
offered by Schwarzschild to his follow astronomers 
must be regarded as having been lost. Only two of 





¢xample, it is very difficult to cast and anneal the 
large glass discs from which the main mirrors of such 
telescopes are made. Even if such a disc is available, 
the task of working it optically to a parabolic figure 
with an error of about one millionth of an inch is one 
of great difficulty. Only a very few men living at 
the present time are capable of producing a 100-in. 
paraboloidal mirror of this standard of accuracy. 
When the mirror is finished, it has to be mounted with 
extreme care on a large number of specially designed, 
delicately counterpoised supports in order to reduce 
the distortion which would be caused by its own weight. 

fore it can be used, its surface must be coated 
evenly with aluminium, deposited on to it in vacuo, 
and this alone is a considerable technical feat in the 
cage of a 100-in. mirror. Finally, the distorting effects 
om the mirror of temperature variations have to be 





* Paper read at the London Conference on Optical 
ments, July 19 to 26, 1950. Abridged. The 
Proceedings of the Conference will be published shortly by 
8. Chapman & Hall, Ltd., 37, Essex Street, Strand, 


Schwarzschild’s designs appear to have been put into 
practice in actual telescopes: one, of 24 in. aperture, 
at the University of Indiana, and the other, of 12 in. 
aperture, at Brown University. 

A more cheerful history attaches to the brilliantly 
successful optical design conceived, made and put 
into use early in 1930 by Bernhard Schmidt at the 
Bergedorf Observatory, near Hamburg. Schmidt was 
an astronomical mirror maker of superlative skill, 
and after spending some years in making mirrors 
privately for amateur and professional astronomers in 
Germany, he was persuaded by Schorr in 1926 to join 
in the work of the Bergedorf Observatory. From the 
beginning of his residence there, Schmidt was thinking 
about the problem of improving the off-axis images in 
reflecting telescopes. 

In the spring of 1929, Schmidt went with Baade 
on an eclipse —— to the Philippines, and one 
evening in the Indian Ocean told him that he had 
solved the problem of designing a coma-free reflector 
of large aperture and large field. The design was what 
is now known as the Schmidt camera, and the first 
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model was completed by Schmidt and put into opera- 


tion early in 1930. This camera, working at f/1-75, 
had an aperture of 14 in. and a focal length of 24 in. 
It is still in use at Bergedorf and gives beautifully 
sharp photographs over its curved field of 16 deg. 
angular diameter. The design is too well-known to 
need a detailed description here; I will only remind 
you of the basic idea, which is the correction of the 
aberrations of a spherical mirror by means of a thin, 
nearly plane-parallel corrector plate placed in an 
aperture stop at the centre of curvature of the mirror. 

Schmidt died in 1935, and his discovery was neglected 
in Europe, but the Californian astronomers, stimulated 
by Baade, took up the idea with characteristic energy. 
The Mount Palomar Schmidt, an f/2-5 system working 
over a 7 deg. field, is the latest successful result of their 
skill and enterprise in this direction. 

The optical design of the Schmidt camera involves 
the user in certain practical inconveniences. In the 
first place, the overall length of the telescope is twice 
its focal length, or even more if we include the dewcap 
and mirror-cell. Secondly, the focal surface is incon- 
veniently situated midway between the corrector plate 
and the mirror. Thirdly, the focal surface is not flat 
but spherical ; being concentric with the mirror surface 
in Seidal approximation. In the large systems used 
for astronomical research these drawbacks are not as 
serious as might at first appear. That of the curved 
focal surface, for example, can be dealt with by using 
specially thin glass for the photographic plates and 
bending them to the correct curvature against a 
spherical backing plate; on removal from the holder 
the plates spring flat. In the 48-72-in. Palomar 
Schmidt telescope, square plates as large as 14 in. by 
14 in. are successfully treated in this way. Again, the 
position of the focal surface is an inconvenience, but 
there is plenty of room for the observer to reach his arm 
in to get at the plate holder, and only the problem of 
guiding is made more complicated by its rather inacces- 
sible position. In several of the large American 
Schmidt telescopes, mechanical devices bring the plate- 
holder to the side of the tube after the exposure is 
completed. The large overall length is perhaps a more 
serious matter for the astronomer wishing to install a 
large Schmidt telescope, since it greatly increases the 
cost of the dome or turret which the instrument 
requires for efficient working. 

It is therefore natural to ask whether some of these 
drawbacks can be got rid of, without too much loss of 
theoretical performance, by modifying the optical 
design, and in 1940 Dr. J. C. Baker published a paper 
in the Proceedings of the American Philosophical 
Society in which he showed how the field could be 
flattened and the ratio of overall length to focal length 
of the system improved by adding a convex secondary 
mirror to the system. The same idea was suggested 
independently by Dr. Burch in a paper in the Monthly 
Notices of the Royal Astronomical Society in 1942, 
and also, though in a less general form, by H. Slevogt 
in the Zeitschrift fur Instrumentenkunde in the same 
year. Slevogt’s system, in which both mirrors are 
spherical, was one of a family of systems suggested by 
the author in the same year. 

In Baker’s and Burch’s systems, one or both of the 
mirrors are usually aspherical, as well as the corrector 
plate, and Baker, in his otherwise valuable book, 
“Telescopes and Accessories,” written jointly with 
Dimitroff, appears to believe that the use of two 
spherical mirrors involves a big loss in performance ; 
but in fact the off-axis astigmatism which necessarily 
appears when two spherical mirrors are used is 80 
small that it is comparable with the fifth-order aberra- 
tions of the system, and the question whether the 
practical performance is impaired by restricting both 
mirrors to the spherical form will probably have to 
be decided by the experience of astronomers on the 
telescopes now under construction for the St. Andrews 
Observatory and the Armagh-Dunsink-Harvard observ- 
ing station at Bloemfontein. ; 

The St. Andrews telescope project was started in 
1946, when it was decided to equip the observatory 
there with a 30-38-in. Schmidt-Cassegrain telescope, 
to be made in the Observatory workshop as part of a 
research project under the direction of Professor Finlay- 
Freundlich. Because of the novelty of the design, 
we thought it wisest to begin with the construction of 
a half-scale pilot model, and this pilot model has 
recently been mounted and put into operation at the 
Mills Observatory in Dundee. The intention is to use 
this pilot model to gain experience of the good and 
bad qualities of the system under actual observing 
conditions, and also to train observers in its use, while 
the main model is being built. 

The whole of the constructional work, both optical 
and mechanical, is being done under the direction of 
Mr. Robert Waland, whose first task, when he joined 
the Department of Astronomy at St. Andrews Univer- 
sity in 1946, was to build up optical and mechanical 
workshops capable of handling a job of this size. 

As you may know, it has been decided to construct 
a new large telescope in this country, to be located at 
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Herstmonceux, in Sussex, near the new site of Green- 
wich Observatory. The optical design of this telescope 
is in some ways unusual. It is proposed to make it an 
f/3-5 Schmidt camera of 300 in. focal length, which 
can be converted for spectroscopic purposes by remov- 
ing the corrector plate and using a heavily figured 
Gregorian secondary mirror to compensate the spherical 
aberration of the 9-in. spherical primary mirror. The 
light returning from the secondary may then be sent 
up to the north end of the polar axis, by a diagonal 
flat mirror, indicated at d in Fig. 1, on page 297, which 
shows a proposed design to permit coudé spectroscopy 
in a fixed temperature-controlled chamber. One of the 
advantages of this arrangement is that the secondary 
need not be touched when changing over from Schmidt 
photography to spectroscopy, and vice versa. This is 
important, because the centring of the secondary will 
be very critical, and an unusually careful design of its 
supporting system will be necessary to maintain its 
alignment to the needed accuracy. 

The size of the corrector plate is not yet finally 
decided ; if the telescope is to work with 14 in. square 
photographic plates, then a working diameter of 85 in. 
in the corrector plate is what is needed to avoid 
vignetting on the one hand and waste of mirror-apert*ire 
on the other. For low-dispersion spectroscopy at pru. ® 
focus, it will be necessary to work with the corrector 
“oad in position. This is a regrettable necessity, 

cause the corrector plate cuts down the aperture of 
the telescope, and also cuts off the ultraviolet end of 
the spectrum. Nevertheless, I believe that the present 
design, or something very close to it, represents the 
best that can be done with the means at our disposal. 
The construction of such a telescope must necessarily 
be a slow process, but it is gratifying to note that 
Messrs. Grubb, Parsons have already started work on 
the 98-in. mirror disc, so that here, at least, no unneces- 
sary time is being lost. 

The problem of a modern observatory which has to 
decide whether to install one large Newtonian telescope 
or one large Schmidt camera is not an easy one. 
Cambridge Observatory, partly because of the necessity 
of using existing domes to house its new equipment, 
has decided on a 17-24 in. Schmidt camera and a 36-in. 
Newtonian, instead of on a single, larger telescope. 
Most of the less conservatively minded European 
observatories have gone in for the Schmidt camera, 
the great possibilities of which are still not fully 
explored. St. Andrews University and the A-D-H 
triumvirate have decided for Schmidt-Cassegrain 
cameras and the Vatican Observatory for a field- 
flattened Schmidt. Helwan in Egypt is building a 
simple Newtonian, as are Mount Stromlo in Australia 
and Lick in the United States. 

Thus, except where special circumstances exist, 

observatories have felt that they had to make up their 
minds whether to go in for a Schmidt or a Newtonian. 
The harshness of the choice is mitigated by the possi- 
bility of adding field-correctors to paraboloid reflectors, 
but the two-lens correctors originally proposed by 
Ross for the elimination of coma do not give anything 
like the performance of a Schmidt telescope, and later 
more complex designs due to Baker and to Wynne 
have not so far found much favour with astronomers. 
_ One or two observatories are considering having an 
interchangeable pair of mirrors; for example, an {/3 
sphere and an f/5 paraboloid, each in its own cell. 
The sphere is used together with a corrector plate, 
fixed to the top end of the tube; the paraboloid 
together with a diagonal flat or at prime focus. The 
weights can be so proportioned that when the telescope 
18 converted from Newtonian to Schmidt, or vice versa, 
no rebalancing is necessary. Nevertheless, I think 
that the difficulties of operating such a convertible 
system in practice would be rather serious ; for, in the 
first place, the mirrors and their cells are very heavy 
and would probably be dropped once every ten years 
or 80. Secondly, the mutual alignment of the photo- 
graphic plate holder and mirror is a tricky job which 
would need to be done afresh, to an accuracy measured 
in thousandths of an inch, every time the change-over 
was made. Thirdly, a change-over of spiders would 
be needed, as well as of mirrors, if unnecessary diffrac- 
tion effects are to be avoided. 

For these reasons I think that, in practice, such a 
age would not be as flexible as it appears in theory. 

he following alternative design for a convertible 
telescope seems to me to offer some advantages over 
those previously suggested. It consists of an f/4 
paraboloid, mounted in a square tube of length twice 
the focal length of the paraboloid. Immediately in 
front of the mirror is an aspheric plate carried in a 
mounting which can be hinged back against the side 
of the tube, as shown in Fig. 2, on page 297. This plate 
is of such a form that, when in front of the paraboloid, 
it effectively converts it back into a sphere. At the 
front end-of the tube is an ordinary Schmidt corrector 
plate, which can be hinged back against the opposite 
side of the tube from the first plate. 

With both plates hinged out of the light beam, the 


telescope is an ordinary Newtonian, which can be 
equipped with Cassegrain and coudé secondaries in 
the usual way. With both plates in position in the 
beam, it is substantially equivalent in its properties 
to a Schmidt camera. Close to the axis, indeed, the 
images are even better than those of the Schmidt 
camera, because of the nearly perfect colour-com- 
pensation between the two corrector plates, which are 
both made of the same kind of glass. At two degrees 
off axis, the colour properties are not so good as those 
of a Schmidt camera, but are harmless in practice, 
since for no ray does the colour spread exceed twice 
that of an f/4 Schmidt camera. Mr. P. A. Wayman, 
who is at present working with the author in Cambridge, 
is investigating the fifth order aberrations of this ‘“‘ con- 
vertible Schmidt ” system in more detail. 

By making the two corrector-plate assemblies of 
nearly equal mass, it is possible to ensure that the 
system is not thrown out of balance on its mounting 
when the change-over is made. Thus an astronomer 
may begin his night’s work with a Schmidt camera 
exposure of, say, two hours’ duration and then, finding 
that the seeing has deteriorated but that the sky 
remains clear, may change over in a matter of 20 
minutes to spectroscopic work in the ultra-violet. In 
a climate like ours, where rapid atmospheric changes 
are the rule rather than the exception, an easily con- 
vertible telescope of this kind has much to commend it. 





TURBINE PROBLEMS IN THE 
DEVELOPMENT OF THE WHITTLE 
ENGINE, 


Tue fifth Hatfield Memorial Lecture of the Iron and 
Steel Institute was delivered in London on Tuesday, 
February 20, on the eve of the ““ Symposium on High- 
Temperature Steels and Alloys for Gas Turbines,” 
which was organised by the Institute. The lecturer 
was Air-Commodore Sir Frank Whittle, K.B.E., C.B., 
F.R.S., and the subject of his lecture, “ Turbine 
Problems in the Development of the Whittle Engine.” 
The chair was occupieti by Sir Andrew McCance, D.Sc., 
F.R.S., past-president of the Institute. 

At the outset of his lecture, Sir Frank said that he 
had already described in broad terms the development 
of the jet-propulsion gas turbine in the James Clayton 
lecture delivered before the Institution of Mechanical 
Engineers in 1945.* He had to cover some of the 
same ground that evening, but in doing so he would 
attempt to focus attention on the turbine side, because 
that would be appropriate in connection with the 
Symposium which would begin on the morrow. The 
present subject was particularly suitable for a Hat- 
field Memorial Lecture because, throughout the 
pioneer phase from 1935 until the summer of 1941, 
when the first flight trials were completed, all the high- 
temperature materials employed, or nearly all of them, 
were the result of the work of Dr. Hatfield and his team. 
Thus, when the Gloster-Whittle E28 aeroplane carried 
out its flight trials in May, 1941, the turbine wheel 
was made of Firth-Vickers Stayblade material, the 
turbine blades of Firth-Vickers R.ex 78 alloys, and the 
combustion-chamber sheet-metal work of Firth-Vickers 
Staybrite steel. Later on, when the pioneer phase had 
been passed and the development phase entered, the 
chromium-nickel alloys of the Nimonic class made 
possible great improvements in performance, but it 
remained true that Dr. Hatfield’s products had shown 
that the engine would work. 

The first patent covering the Whittle jet engine was 
dated January 16, 1930, and the drawing attached to 
the specification showed the compressor to be of the 
single-stage centrifugal type with two stages of axial 
flow preceding it; there were multiple combustion 
chambers and a two-stage turbine driving the com- 

ressor. The firm of Power Jets, Limited, was 
ormed in 1935, and, in 1936, an order for the manu- 
facture of an experimental engine was placed with the 
British Thomson-Houston Company, Limited. A 
velocity of about 1,600 ft. per second was aimed at, 
giving a thrust of a little over 50 lb. per lb. of air. The 
instrument panel was mounted, with the engine, on a 
four-wheel truck. Mechanically, the arrangement was 
very simple. The turbine simply had to drive the 
compressor, so that the torque of the turbine had to 
equal the torque required to drive the compressor, 
this making calculation fairly easy. Aerodynamically, 
however, matters were not quite so simple, because the 
compressor, combustion chambers and turbine were 
8o very dependent on each other that it was difficult to 
ascertain what was going wrong when something was 
not working properly. For example, there were times 
when a defect in the turbine caused the compressor 
to surge, and other times when bad combustion could 
not be distinguished from poor turbine efficiency. 





* See ENGINEERING, vol. 160. pages 233 and 291 (1945) 





and vol. 161, pages 212, 237 and 261 (1946). 
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The first experimental engine had given a great deal 
of trouble, chiefly through combustion and low- 
pressure efficiency. The second experimental engine 
contained the same rotor, except for the turbine blades, 
while the compressor casing had ten sheet-metal pipes 
instead of the scroll previously adopted. This recon- 
struction did not last very long ; after about five hours, 
there was a disastrous failure of the turbine which 
did a great deal of damage and a fresh reconstruction 
was decided upon. This second reconstruction 
resembled the jet engines which followed it. There 
were ten combustion chambers but the engine still had 
the same turbine wheel, the same shaft and the same 
auxiliaries as its two predecessors. The ten com- 
bustion chambers, however, discharged their gases 
through a normal nozzle ring; ‘‘ normal” in that it 
consisted of a ring with a large number of blades, 
but designed, of course, to give vortex flow. The 
turbine blades were correspondingly designed for 
vortex flow. This engine was installed in what had 
formerly been the core store at the old British Thomson- 
Houston foundry at Lutterworth. Once again it was 
mounted on a four-wheel truck, hooked to a stanchion 
in the floor, with a spring balance for measuring the 
thrust. 

The Air Ministry were convinced by the experimental 
engine, which continued in operation until February, 
1941, giving four years of excellent service during 
which all the major development problems were solved. 
The Ministry ordered a flight engine and an experi- 
mental aeroplane. The flight engine, which was called 
the W.1, was very similar to the experimental engine 
except that it was much lighter in construction. The 
auxiliary drives were very much smaller and more 
compact, and the sheet metal used in the combustion 
chambers was only ,'; in. thick, in place of No. 16 
gauge. Moreover, magnesium castings were used 
instead of aluminium for the blower casing, but the 
water-cooled jackets for the turbine disc were retained. 
Another remarkable engine, the W.1X, was made from 
Spare parts produced for the experimental engine and 
scrap parts from the W.1 engine, but it was a fact that 
the W.1X was the first engine to leave the ground. 
It was put into the E/28 aeroplane for its taxi-ing trials 
and the test pilot left the ground for a 200-yard “ hop ”’ 
with the W.IX engine installed. This engine allowed 
a good deal of development work to be carried out 
in advance of the W.1, and the latter engine went 
on the bench, performed its 25-hour special category 
test, was stripped and reassembled, put through a 
jig test, fitted into the aeroplane, and given the 10-hour 
flight trials all within 46 days. 

The compressor impeller of the W.1 engine had 29 
blades and the turbine wheel had 72 blades, as compared 
with 66 in the experimental engine. These few extra 
blades in the turbine undoubtedly greatly increased its 
efficiency. One characteristic required of a jet engine 
was a very high exhaust velocity, so that one of the 
design principles was to have as high a leaving velocit Vv 
from the turbine as possible. An early engine had 
been designed for a leaving velocity of 1,000 ft. per 
second, while a later engine, the W.1A, had a much 
higher leaving velocity, namely, about 1,250 ft. per 
second. In the W.2 engine, as a result of over- 
confidence, the designed exhaust velocity was 1,450 ft. 
per second, which was much too near the speed of 
sound. Detailed calculations of what was likely to 
happen if the compressor and turbine were not as 
efficient as they were intended to be, were made, and 
it became obvious that the consequences might be very 
serious. It was fortunate that this was ascertained 
before the engine was put to the test, and a modified 
design, the W.2B, was on the way before the W.2 
went on the bench. The W.2B, in point of fact, was 
the engine which the Ministry decided should go into 
production. : 

The experimental engine was designed for a thrust 
of about 1,240 Ib., but, actually, it never gave a thrust 
of more than about 800 Ib. The W.1 engine was also 
designed for a thrust of 1,240 Ib., but was cleared for 
flight at 860 Ib., though, for a short time, it gave 4 
thrust of 1,000 lb. Of subsequent engines, the W.1A 
was designed for a thrust of 1,470 Ib., and gave about 
1,240 Ib.; the W.2 was designed for 1,600 Ib., but 
never gave anything approaching this; the W.2B 
was designed for 1,600 Ib., and eventually gave it. The 
W.2/700 was designed for a thrust of 1,800 Ib. and 
eventually reached 2,000 Ib., and, with modifications, 
2,500 Ib. The size of the engine remained much the 
same throughout and the diameter was about 41 in. 
from the experimental engine right up to the W .2/700 
engine. The axial fir-tree system of fixing the roots 
of the turbine blades in the dise was now virtually 
standard, although, in the past, many arguments had 
been directed against this method before it was finally 
adopted. It had a great deal to be said for it, but 
it had one very important disadvantage, namely, 
that, if one root failed, a great many failed. This was 
not, however, a type of failure which was likely to 





happen in a good fully-developed design. 
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ADRIAN STEPHENS, INVENTOR OF 
THE STEAM WHISTLE.* 


By Cuartess E. Ler. 


Wuey, recently, the Newcomen Society was asked to 
participate in the restoration of the gravestone of “‘ the 
inventor of the steam whistle,”’ it appeared that little 
definite information concerning the origin of the steam 
whistle was available. The invention was not the 
subject of a patent; its introduction appeared to be, 
without any contemporary published account; and 
there was a whole series of discrepancies as to the date, 
the place, the inventor’s name, and the date of his 
death. Inquiries having now resolved many of these 
problems, the suggestion was made that the results 
of investigation into the work of Adrian Stephens should 
be given in a short paper, so that what was authoritative 
should be on record. 

Little is known of Adrian Stephens’s early life. He 
was a Cornishman, born in 1795 and, with his younger 
brother James, went to the Merthyr Tydfil district in 
the early part of the Nineteenth Century. He was 
employed as “chief engineer ’’ (chief engineman) at 
Anthony Hill’s Plymouth Ironworks, assisted by his 
brother James, but remained there only a short time, 
and was succeeded by James. Adrian then joined the 
Dowlais Iron Company, of which John Josiah Guest 
was the head, about 1827. Here he had charge of the 
mill and also the blowing engines, and remained at 
Dowlais for about ten years, according to his own 
statement. He would seem to have left in 1837, and 
then went to the Penydarren works, but, after the death 
of his brother James, in 1856, returned to the Plymouth 
Ironworks in Pentrebach. In a letter to his niece, 
written in June, 1872, Adrian said that, at the time 
he devised the steam whistle he was “ neither in want 
of, nor caring for, money,” and did not think of taking 
a patent. Nevertheless, he appears to have been in 
reduced circumstances in his later years, and a sub- 
scription for his private support is said to have been 
raised in recognition of his work, particularly in connec- 
tion with the steam whistle. He died at Merthyr 
Tydfil on December 25, 1876, aged 81 years, and 
= buried in Cefn Coed Cemetery on December 30, 

876. 

With regard to the actual invention of the steam 
whistle, there seem to be three sources of the story, one 
or more of which have been embroidered and varied by 
later writers. These are Charles Knight’s Cyclopedia 
of Engineering, the writings of Zerah Colburn, and the 
recorded recollections of the inventor in later life. 

Knight’s Cyclopedia (1851) states as follows: “In 
1826 the chief engineer of some works in Plymouth,t} 
Adrian Stephens, fitted a boiler in his charge with a 
whistle to give a clear audible signal of the escape of 
steam from the safety valve. He afterwards equipped 
boilers at Merthyr Tydfil with whistles.” This account 
can be dealt with quickly. It contains no inconsisten- 
cies, as Adrian Stephens appears to have been at the 
Plymouth Ironworks in 1826, and may then have 
devised a primitive whistle or trumpet to give audible 
indication of a rise in steam pressure. No other 
evidence for this date and place has been found, 
and Stephens himself never appears to have claimed 
so early a date for the invention, nor the Plymouth 
Ironworks as the place. 

There can be little doubt that it was Zerah Colburn 
who gave wide publicity in responsible engineering 
circles to what was well known in the locality of 
Merthyr Tydfil, but not apparently. known more 
generally. A brief but circumstantial account with 
two illustrations was published in The Engineer for 
December 20, 1861. We learn from ENGINEERING of 
August 30, 1867, that Colburn was responsible, and 
that the sketch used was based on a tracing, given to 
him by C. F. Beyer, from an original sketch of Thomas 
Turner, made in 1835, and preserved by Beyer, Peacock 
a Company. The account in The Engineer is as 

lows : 


“ Messrs. Beyer, Peacock & Co., of Gorton Foundry, 
Manchester, have a sketch made twenty-six years ago 
by Thomas Turner, now one of their workmen, of a 
steam whistle at the Dowlais Ironworks, South Wales, 
where it was invented and applied by William Stephens, 
in 1833. Turner had been sent down by Messrs. 
Sharp, Brothers, and Co., to put up some shafting, 
and brought back the sketch to Manchester. His 
foreman, Mr. Rose, now engineer at the Crystal Palace, 
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then recently visited Dowlais to write a series of 
articles on the works. It is as follows : 

“THe First Steam Wuistix. So far as is known, 
the first steam whistle was made by a workman at 
Dowlais about 1832, and fitted to one of the boilers 
there as an alarm when the water fell short. Mr. 
Menelaus gives us the workman’s name as Adrian 
Stephens. In 1833 a workman employed at Sharp, 
Roberts, and Co.’s, at Manchester, was sent down to 
Dowlais to put up some shafting, and brought back 
with him a hand sketch and section of the whistle. 
This was shown to Mr. Fyfe, then the locomotive super- 
intendent of the Liverpool and Manchester Railway, 
who very shortly afterwards adopted it for his engines. 
The workman who brought the sketch from Dowlais 
was named Thomas Turner, and was a few years ago 
(and may be yet) employed at Messrs. Beyer, Peacock, 
and Co.’s locomotive works at Gorton, near Manchester. 
Mr. Beyer, some years ago, gave a tracing of the original 
sketch to Mr. Colburn, who was visiting the works, and 
the last-named gentleman published it in The Engineer, 
December 20, 1861.” 

There is the addition of the sentence ‘‘ Mr. Menelaus* 
gives us the workman’s name as Adrian Stephens.” 
Changes in detail are that the date of making the first 
steam whistle is given as “ about 1832” and the visit 
to Dowlais of Thomas Turner from Manchester as 1833. 
These modifications are obviously the result of the 
Dowlais visit, and represent local tradition. By the 
time that Colburn’s monumental volume, Locomotive 
Engineering, was published in 1871, he had reverted 
to 1835 as the date of the Turner visit, and said that 
the cup whistle at Dowlais was “in use in 1833.’ The 
text of this reference is as follows : 

“It will be observed that our illustration of Bury’s 
(or Kennedy’s) engine shows a steam whistle. It is 
uncertain by whom the cup whistle was first made ; 
but it is believed to have been the invention of William 
Stephens, a workman at the Dowlais Iron Works, in 
South Wales, where it was in use in 1833. A steam 
whistle of the form of the sportsman’s whistle was in 
use much earlier. Messrs. Sharp, Roberts, & Co., of 
Manchester, had occasion in 1835 to send one of their 
workmen to Dowlais to put up some shafting. This 
workman (Thomas Turner, now or lately employed at 
Messrs. Beyer, Peacock, & Co.’s, Manchester) brought 
home with him a section of Stephens’ whistle. His 
foreman, Mr. Rose (now engineer to the Crystal Palace, 
Sydenham) showed the section to Mr. ‘Fyfe, then 
locomotive superintendent at the Manchester end of 
the Liverpool and Manchester line. Mr. Fyfe adopted 
it at once, and its use soon became general on all rail- 
ways. Turner’s pencil sketch is still preserved by 
Mr. Beyer, of Manchester ; and from this Fig. 36 has 
been reduced. Fig. 37 shows the form of the whistle 
for stationary boilers as used at Dowlais.” 

In the two later Colburn references there is a differ- 
ence in the title of the firm of Manchester engineers. 
It was established in 1806 as Sharp Brothers, and 
became Sharp, Roberts and Company in 1828, when 
Richard Roberts became a partner; he retired from 
the partnership in 1843, and the firm became Sharp 
Brothers and Company. This title was further 
changed to Sharp, Stewart and Company in 18852. 
Thus, at the time the various accounts were published, 
both titles were obsolete. Sharp, Roberts and Com- 
pany were not building locomotives in 1835 ; although 
in 1834 they built the locomotive “‘ Experiment ” for 
the Liverpool and Manchester Railway, and also three 
of the same type for the Dublin and Kingstown Rail- 
way, there was then an interval of three years before 
they began regular locomotive engineering in 1837. 
This sequence of events lends support to the date 1835 
for the Turner visit, and to the showing of the whistle 
device to a railway man with whom the firm had had 
dealings in the previous year. 

Charles Frederick Beyer (1813-1876) was a native 
of Plauen, Saxony, but came to England in 1834 and 
worked from 1835 as a draughtsman under Richard 
Roberts in the works of Sharp, Roberts and Company. 
He played an important part in the establishment by 
that company of regular locomotive building, and in 
1843 became mechanical head of the works on the 
retirement of Roberts. He left in 1853 to found 
Beyer, Peacock and Company in May, 1854. Fyfe 
was locomotive superintendent at Manchester, on the 
Liverpool and Manchester Railway, until the end of 
February, 1840. Clearly, Colburn did not make fresh 
contact with Thomas Turner for his notes subsequent 
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account is a letter which he wrote to his niece on 
June 28, 1872. Unfortunately, the original has not 
been traced, but there seems to be no reason to doubt 
the substantial accuracy of the text which has survived. 
Stephens was then 77 years old, and I do not think 
that we are justified in taking his remark, that the 
date was ‘‘ somewhere about the year 1835,” as more 
than an approximation. He says clearly that the place 
was Dowlais. 

Another written record of family tradition is con- 
tained in a letter from Adrian’s son (James Adrian 
Stephens) dated June 26, 1921. The original is pre- 
served in the Cyfarthfa Castle Museum, Merthyr 
Tydfil. In my opinion, this has very little evidential 
value as to detail. The inventor said that the incentive 
was the injury to a boiler, “ luckily discovered in time 
to prevent explosion.” The son’s story is of a boiler 
explosion with loss of life. The father said he tried 
Dowlais House organ pipes; the son, that some were 
asked for from London. The father said he worked 
for Guest for about ten years, which agrees with the 
dates 1827-1837 supported by other evidence. The 
son’s story is that his father went from Dowlais to 
Penydarren after Sir John Guest’s death; but Guest 
did not die until November 26, 1852. All the material 
events took place well before the son was born, and 
therefore must have been to him family stories ; 
doubtless these “‘ improved in the telling.” 

It would appear from the available evidence that 
Adrian Stephens certainly devised a steam whistle, 
while employed at the Dowlais Works, either in 1832 
or early in 1833. The adoption of this whistle for 
locomotives in 1835 seems to be fairly well authenti- 
cated. It remains, however, to consider the question 
of priority before attributing to Stephens the title of 
‘the inventor.” Clearly, he was an inventor, but, as 
his whistle was not patented, we must inquire whether 
a similar whistle was devised more or less simultaneously 
by different persons in different places. Here there is 
only negative evidence, but it seems to be strong. 

First, the Stephens claim was advanced as long ago 
as 1861 in The Engineer, and apparently did not 
produce any contradiction, even at a time when the 
matter must. have been within the memory of many 
persons who should have had intimate knowledge of 
the introduction of the steam whistle for various 
purposes. 

Secondly, there is no other claimant whose case had 
been advanced with any great degree of probability. 
There seems reason to believe that the first steam- 
operated warning appliance used on a locomotive was 
a steam trumpet, adopted on the Leicester and Swan- 
nington Railway in 1833 on the suggestion of the 
manager (Ashlin Bagster) to George Stephenson, after 
a level-crossing accident. The unknown “ inventor 
of this is stated to have been a musical instrument 
maker in King-street, Leicester. Nothing further is 
claimed for Bagster than the making of the suggestion, 
and Stephenson’s contribution was limited to giving 
this his blessing. The steam trumpet, however, was 
not a steam whistle, and the fitting of it on locomotives 
seems to have been confined to a very restricted 
number, and limited to a period of about two years. 

Thirdly, so far as concerns the use of the steam 
whistle on locomotives, both the positive and the 
negative evidence is all in favour of the introduction 
in 1835, and at Manchester. Colburn failed to find 
any evidence of a locomotive fitted with a steam 
whistle before 1835, and the many keen students of 
locomotive history since that time have not adduced 
any contrary evidence. The North-East Coast, as the 
birthplace of the practical locomotive and the railway 
industry, might have been expected to have put 
forward a claim, had there been any serious doubt, 
but I have not been able to trace any such claim being 
advanced, even at such times of intensive research 
into local railway history as the jubilee celebrations at 
Darlington in 1875 and the centenary celebrations In 
1925. 

According to Tomlinson,* the sound of the steam 
whistle was heard for the first time along the valley 
of the Tyne on June 28, 1836, at the opening of the 
74-mile section of the Newcastle and Carlisle Railway 
between Hexham and Haydon Bridge. The inaugural 
procession of two trains which started from Blaydon 
was drawn by the locomotives ‘“ Hercules and 
“Samson,” the one manufactured by Robert Stephen- 
son and Company and the other by R. and W. Haw- 
thorn; each was provided with a steam whistle. 
The earliest date quoted for the adoption of the steam 
whistle in France is 1837. In the United States, the 
first application of the steam whistle to a locomotive 
appears to have been made in 1838 by John B. Jervis, 
the famous railway engineer. . 

I submit, therefore, that we may accept the claim of 
Adrian Stephens, but must deplore the many incon- 
sistencies in published statements. 





* The North Eastern Railway: Its Rise and Develop- 
ment, by William Weaver Tomlinson, 1914. 
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AUTOGRAPHIC METHOD OF 
CHECKING MICROMETER SCREWS.* 


By F. H. Rott, O.B.E., B.Sc., M.I.Mech.E. 


THE usual method of checking the accuracy of the 
pitch of a micrometer head is illustrated in Fig. 1. 
The head is mounted in a U-shaped base opposite a 
sensitive indicator graduated to read to 0-0001 in. 
and capable of estimation to about one-tenth of that 
value. The basis of the test is a series of standard 
slip gauges the sizes of which cover the range of the 
micrometer screw, which is usually one inch. The 
micrometer head is set to read zero exactly by bringing 
the “0” line on its thimble precisely over the fiducial 
line on the barrel. (With an eyeglass this line-to-line 
setting can be repeated to an accuracy of 0-001 in., 
which is equivalent to about 0-00002 in. in the axial 
position of the spindle.) A 0-1l-in. slip gauge is 
inserted between the face of the micrometer head and 
the indicator while the zero setting is being made ; 
finally the indicator is also set to read exactly zero 
and locked in position. The slip gauge is changed to 
0-2 in., and the reading of the indicator noted when 
the micrometer reading is reset to 0-1 in. precisely. 
This sequence of operations is repeated at 0-1-in. 
intervals throughout the range of the micrometer, 
using slip gauges of sizes 0-3, 0-4 . . . up to 1-1 in. 
The progressive errors in the readings of the micro- 
meter at the points tested are given directly by the 
series of readings of the indicator. Periodic errors 
can be checked in the same way by taking readings 
at intervals of say 0-005 in. round one or more turns 
of the micrometer spindle. 

It will be appreciated that tests of this character, 
although quite accurate, take a good deal of time and 
involve a fair amount of booking of readings. In 
addition, the number of points tested along the run 
of the micrometer must of necessity be limited. If 
any rather local errors happened to be present they 
might well be missed. From all points of view there- 
fore, it would be an advantage if it were possible to 
obtain an autographic record of the errors of the micro- 





* Communication from the National Physical Labora- 
tory. 
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meter continuously from one end of its travel to the 
other. The method about to be described provides a 
means of obtaining such autographic records. As will 
be seen, it compares the travel of the micrometer 
spindle in a continuous manner with that of a master 
screw and displays the difference as a trace on a moving 
strip of paper. It should be mentioned that the 
method is confined to checking the pitch of the micro- 
meter screw in its nut. Unlike the slip-gauge method, 
referred to above, it takes no cognisance of any inherent 
errors in the graduations of the micrometer, i.e., the 
spacing of the lines round the bevelled edge of the 
thimble or the parallelism of the longitudinal fiducial 
line with the axis of the screw. Nevertheless, the 
method may well appeal to manufacturers of micro- 
meters as a convenient check on the accuracy of the 
micrometer screw and its nut, the accuracy of the 
graduation being taken care of separately. 

The principle underlying the method will be gathered 
from the schematic diagram shown in Fig. 2. The 
micrometer head is clamped to the master screw so 
that its barrel, and. therefore its nut, will rotate 
integrally with the screw. The thimble of the micro- 
meter (to which the spindle is rigidly attached) is 
constrained from rotating by the frame which supports 
the nut of the master screw as well as the measuring 
head. This constraint is such, however, that the 
thimble can, if necessary, still move axially by small 
amounts corresponding to any differences between the 
axial traverse of the master screw and that of the micro- 
meter spindle. These small differential movements of 
the sp‘ndle in the axial direction with respect to the 
frame will be continuously transmitted by the electric 
head to the recorder where they will appear as a wavy 
line traced along the moving paper strip. 

A general arrangement of the apparatus as con- 
structed is shown in Fig. 3. The micrometer head 
under test, the master screw with its driving gear, and 
the electrical head will be easily recognised. The 
gimbal arrangement at the bottom for preventing the 
rotation of the micrometer thimble calls for some 
explanation. It was found from preliminary tests on 
some micrometer heads that if the thimble was pre- 
vented from rotating by constraining it quite rigidly 
in a horizontal plane while still allowing it to “‘ float ” 
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vertically, spurious periodic errors were recorded on 
the chart. These were traced to slight eccentricities 
between the common axis of rotation of the micrometer 
barrel and nut and the axis of the thimble. The 
gimbal arrangement eliminated that trouble by allow- 
ing the thimble to “ float ” in a horizontal plane as well 
as vertically. The arrangement used for obtaining 
this freedom will be understood from Fig. 4. The 
thimble is attached to a forked block a which embraces 
a well-fitting bar b rotatable about two parallel hori- 
zontal axes, one along its own longitudinal axis and 
the other directly below it. Any horizontal displace- 
ments of the micrometer spindle at right angles to the 
plane of the paper are accommodated by slight rotations 
of the bar b about the two axes, and any horizontal 
displacements in the plane of the paper are permitted 
by the block a siding along the bar 6. Rotation of 
the spindle about its own axis is clearly prevented by 
this arrangement and yet the spindle is free to move 
vertically by a sliding movement of the fork on block a 
over the bar b. 

The steel master screw on this experimental appara- 
tus was 2} in. diameter and 2% in. long and was thread 
ground. The nut was of bronze and was tapped with 
a ground-thread tap. No special effort was made to 
obtain perfection of pitch in the master screw and nut 
but this would of course be essential before the appara- 
tus could be put into regular use. The pitch could 
be rectified by lapping, supplemented possibly by the 
fitting of a corrector bar designed to give slight rota- 
tions to the nut to compensate for any residual errors. 
The apparatus was used to experiment with six new 
micrometer heads. Typical diagrams of the records 
obtained are shown in Figs. 5 and 6, opposite. The 
full length of each diagram represents the one-inch 
travel of the heads and the vertical scale shows the 
differences between the travel of the micrometer 
spindle and that of the master screw of the apparatus. 
As mentioned above, the pitch of the master screw 
itself was not exact, so that these records must not be 
taken as representative of the real errors of the two 
micrometer heads concerned. They do indicate, how- 
ever, that the two heads differed by rather more than 
0-0001 in. overall. As a check on this, the two heads 
were calibrated at intervals of 0-2 in. by the slip gauge 
method referred to earlier. The results are shown in 
Fig. 7 to the same scale as in Figs. 5 and 6. It will be 
seen that the difference of 0-0001 in. is substantiated. 

The details of the design of this experimental 
apparatus were carried out by Mr. W. Atkins. It 
was constructed by Mr. J. White and the experimental 
work, including some modifications of details, was 
done by Mr, P. Harrison. 





CONSTRUCTION OF GLOSTER AIRCRAFT IN BELGIUM.— 
It was announced recently by the Gloster Aircraft Com- 
pany, Limited, Hucclecote, Gloucestershire, that arrange- 
ments have been made with Avion Fairey S.A., Gosselics, 
near Charleroi, Belgium, to build Gloster Meteor 8 fighter 
aircraft in Belgium. 
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1851-1951: A CENTURY OF 
BRITISH ENGINEERING.* 
By W. T. O’Dza, B.Sc., M.I.E.E. 


THE main themes of this address are, first, that 
engineering, contrary to popular belief, has increased 
the extent to which skill is required of the worker ; 
secondly, that it has removed much of the unpleasant 
manual labour from industrial processes ; thirdly, that 
the machine has created employment and has raised 
standards of living; and, finally, that failure to use 
machinery to the maximum advantage imperils those 
standards. 

In 1851, the great names such as Boulton and Watt, 
Trevithick, Wilkinson, Maudslay, Bramah, etc., had 
passed or were passing from the British scene. Brunel 
was still active, and Whitworth held practically undis- 
puted pride of place among machine-tool builders. 
Nasmyth had been building steam hammers for 14 
years. The year of the Great Exhibition was at the 
end of one era and at the beginning of another. The 
tools were there, for by 1840 there were engine-driven 
borers, planers, slotters, millers, shapers, drilling 
machines and lathes, all capable of working on iron as 
well as on the softer metals, such as brass. Steam 
engines were necessary to drive the shafting at every 
workshop where power was required; for the great 
convenience of electric power was still between 30 and 
40 years away. There was even mass production. 

_If mass production means producing numbers of 
similar objects, it was achieved by Brunel and Bentham 
m 1804-08. They devised a series of machines that 
produced in a year 130,000 naval pulley blocks when 
operated by ten unskilled men. The same output, 
formerly, would have required 110 skilled blockmakers. 
If, however, by mass production is meant the as- 
sembly of large numbers of any product by use of a 
random selection from interchangeable component 
parts, then the work of Whitney and North in the 
United States on musket production had been pro- 
ceeding for half a century before Colonel Colt brought 
it to an almost modern-looking stage at the Colt 
Armoury, which was nearly finished at the time of the 
1851 Exhibition. It was at this armoury that the 
milling machine was extensively used and the turret 
lathe employed in about 1854. The basic principle of 
ee 





* Paper read at a meeting of the Royal Society of 
Arts, held in London on Wednesday, February 28, 1951. 
Abridged. 
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production was, however, the use of limit gauges to 
control the interchangeability of component parts. 

If, to defend the modern pride in mass production, 
we are to fall back on what is now popularly known in 
engineering circles as ‘‘ flow production,” we must not 
forget that Bodmer, a Swiss who worked in the later 
years of his life in Manchester, had laid out machines 
on a progressive operations system in the 1830s. In 
1815, in Switzerland, he installed what seems to have 
been a conveyor-belt system in a flour mill. 

In the general engineering field, Stephenson’s tubular 
bridge over the Menai Straits had been completed 
in 1850, and the hydraulic jacks used for lifting the 
sections was shown with pride at the Exhibition. The 
bridge contained 10,540 tons of wrought iron. The 
annual output of pig iron at the time was about 
10,000,000 tons. Much of this was required for rail- 
ways, of which, in 1851, there were 6,600 miles of line 
in Britain. 

The Atlantic had been crossed and re-crossed by 
steam power. Brunel, as early as 1843, had built the 
Great Britain, of 3,270 tons and with 1,000 h.p. engines, 
for this increasing trade. The Navy still hesitated 
and, as late as 1854, used steamships at the battle of 
Sebastopol to tow line-of-battle ships into and out of 
action. Nevertheless, Joseph Maudslay, at the Great 
Exhibition, showed a ‘‘ feathering screw propeller ” 
that could be left in the water when sail took over 
from auxiliary steam engines. It was not until 1936 
that the propellers of aircraft were so built that they 
could “ feather.” 

Lighting, to which less than justice is done in most 
social histories, was so primitive that no system was 
available to justify the opening of the Exhibition 
outside daylight hours of 10 a.m. to 6 p.m. Gas was 
still burnt at pierced iron burners that corroded into 
a state of deplorable inefficiency in a very short time. 
Argand burners, without the incandescent mantle of 
the 1890s, were almost as bad. Paraffin lamps were 
still nearly a decade away. The electric arc was known 
in the laboratory sense, but nearly 30 years were to 
elapse before Swan and Edison introduced carbon 
filament lamps for domestic uses. The best and most 
reliable lamps of the time were, in fact, the colza oil 
types, in which a little clockwork pump raised the —— 
vegetable oil up to a circular Argand wick, or in whic 
gravity was used to feed the oil downwards. 

At the Exhibition, in the engineering display, one 
man stood out from the rest. Joseph Whitworth built 
machines to standards of accuracy that put them in 





a class by themselves. He claimed that there were 
“ two great elements in constructive mechanics, namely, 
a true plane and the power of measurement.” By 
hand scraping he obtained true planes and by the end- 
comparator method he obtained power of measurement. 
Whitworth also abandoned the weak “ architectural ” 
style of framing and substituted the rigid hollow box 
frame. He also developed the standard screw thread 
that still bears his name. It should not be imagined 
that the skilled workman found his living imperilled. 
Skilled labour was needed in abundance to produce 
more and more machine tools, and more and more 
steam engines for driving them. 

From this contemporary picture, imagination can 
eonjure a wonderful, but erroneous, idea of an economy 
very similar to what we have to-day. In fact, machine- 
shop work was necessarily restricted to the bare mini- 
mum, and castings in brass or iron were used wherever 
possible. Steel was only available in small quantities, 
by the cementation or crucible processes, at 501. to 601. 
a ton. There were no tool steels of the hard alloy 
types, so that machine-tool feeds and speeds were 
very low by modern standards. While the working 
man to-day regards as commonplace in his home such 
things as sewing machines, vacuum cleaners, radio sets, 
bathrooms and good sanitation, his counterpart of a 
century ago had in the main rarely travelled more 
than ten miles or so from his home, and could only 
regard from afar such wonders as the two-wheeled 
velocipede, which, at a selling price of 10/. to 141., was 
outside the reach of the fitter at 89/. per annum, let 
alone the agricultural worker at 28/. per annum, or 
the female domestic servant at 8/. to 101. 

One of the outstanding developments came in 1855-56, 
when Bessemer discovered that by blowing cold air 
through a charge of molten iron the impurities were 
oxidised, while the heat of oxidation was sufficient to 
maintain the temperature of the charge. Cheap steel, 
which resulted, had an enormous effect on engineering 
developments. 

Three years later, in 1858, Holmes improved the 
Alliance magneto-electric machine and lit an are lamp 
at the South Foreland lighthouse from a 3-h.p. 
generator. The result was an immediate quickening 
of the search for satisfactory means of applying electric 
power. I have selected a few names from those of 
pioneers, and will couple that of Werner von Siemens 
with self-excitation in 1867; that of Jablochkoff with 
the “candle” arc lamp, that turned attention from 
direct-current to alternating-current generation ten 
years later; those of Swan and Edison with the fila- 
ment lamp of 1877-78, that would have been imprac- 
ticable without the vacuum pump of Sprengel, as 
improved by Sir William Crookes; that of Edison 
with the first central station to provide public electric 
supplies, at Pearl-street, New York City, in 1881-82. 
The modern steam power station derives from the 
introduction, in 1884, of the steam turbo-dynamo of 
Sir Charles Parsons. In 1901, due largely to the intro- 
duction of the polyphase motor, for which Dobrowolski 
and C. E. L. Brown were to a great extent responsible, 
three-phase sets had been designed and built, and by 
1912 a set of 25,000 kW was supplied to Chicago. 

Steam engines, from 1851 onwards, gradually became 
bigger and bigger. The high-pressure condensing 
engine of Trevithick, introduced in 1812, economised 
notably in coal consumption compared with those that 
had preceded it. The ‘‘ Cornish” engine had grown 
by 1855 into a giant of 382 pump horse-power with 
11 ft. stroke and a cylinder 100 in. bore. Nasmyth 
invented his steam hammer in 1836. In the 185} 
Exhibition he showed one of 35 h.p. 

It is one of the fallacies that live by constant repeti- 
tion (and for little other reason) to suggest that, in this 
age of mass production, the average level of skill has 
fallen. The “skilled” craftsman of former years 
had to do a far higher proportion of heavy and unskilled 
work than his present-day counterpart, and he needed 
a greater proportion of unskilled labour behind him. 
In computing degrees of skill, it should not be over- 
looked that nearly all the jig and tool draughtsmen, 
progress chasers, planners, time and motion men, etc., 
would have been in boiler suits a few decades ago. 

In 1861, Thomas Mort established the first freezing 
works at Sydney and thus laid the foundations of the 
trade in chilled and frozen meat. In 1865, the first 
cheap Swiss watches were produced by Roskopf. In the 
next year, the first successful Atlantic cable was laid. 
In 1876, Graham Bell made the first successful telephone 
and, no less influential on the development of business 
conditions, the Sholes and Gliddon typewriter was 
made by Remington. In the same year, the Otto 
four-stroke gas engine was introduced. In 1883, 
manganese steel was introduced, as a forerunner of a 
succession of hard-alloy steels that made an impressive 
contribution to engineering production. Among others 
may be mentioned high-speed tool steel in 1900 ; silicon 
steel for electrical machinery, introduced by Hadfield 
in 1903; and stainless steel in 1912. In 1885, Benz 
made a motor-car driven by the high-speed light spirit 
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engine invented by Daimler the year before. In 1888, 
Dunlop patented the pneumatic tyre.* The linotype 
machine, which made a great difference to printing 
methods, was introduced about 1889. The first electri- 
fied tube railway, from the Bank to Stockwell, was 
opened in 1890. From 1892 to 1895, Diesel was 
developing his famous engine. In 1897, Sir Charles 
Parsons made another notable contribution to engineer- 
ing progress by applying the steam turbine to ship 
propulsion. 

Up to 1895, both naval and civilian vessels became 
unknown and uncertain quantities from the moment 
they disappeared below the horizon to the time they 
next came into visual signalling distance or to a cable 
connection. In that year, Captain Henry Jackson, 
of the Royal Navy, commenced experiments which, 
within a year, had enabled him to signal in code by 
wireless between ships of the Fleet at sea. 

Two great industries, those of motor-car and aero- 
plane production, became significant in the early years 
of the Twentieth Century. The rise of either makes 
a story in itself, but it may not be invidious to pick 
out for special mention the contribution of Henry Ford. 
He was already established as a manufacturer of note 
when, in 1913-14, he put assembly on the conveyor 
belt. Before that, he had undertaken a reasonable 
amount of mass production to limit gauges for inter- 
changeability, and his record was 78,440 cars in 1912 
and 168,220 in 1913. In 1914, he reduced the working 
day from nine to eight hours in order to work three 
shifts, but, at the same time, he doubled the minimum 
wages of his workers and introduced a bonus system. 
Moreover, having produced 248,307 cars in 1914, he 
refunded 50 dols. to every purchaser. In the next 
year, his output was over 300,000 and by 1917 he was 
selling cars for as little as 360 dols. The Model T Ford, 
of which 15,000,000 were made in all, was a blessing 
to those millions in the United States who suffered from 
rough roads, great distances and the prevailing dis- 
content of isolation. All this must be offset against 
the allegation that the belt system is inhuman. To 
many people it may be so, but there are great numbers 
to whom, if it is monotonous at all in the positive sense, 
the monotony is quite bearable. It must also be 
remembered that behind the belt there is a high 
proportion of executive jobs in planning, tool design, 
progressing, ordering, selling and general control. 

The Wright brothers made the first controlled flights 
in a heavier-than-air machine in 1903. Early aircraft, 
with the possible exception of the Avro 504 of 1913, 
which remained virtually unchanged up to 1928, were 
all much the same in that they hardly looked like 
engineering jobs. During the 1914 war they not only 
became better engineered, but they were produced in 
considerable quantities. In 1917, the A. V. Roe works 
in Manchester was making ten of the Avro 504 each day. 

In these new industries, as in many of the older ones, 
the types of craftsmanship required differed greatly 
from what had been customary. This did not 
normally entail a reduction in the proportion of skill 
involved. Similarly, the rise of engineering methods 
of production, while causing temporary unemployment 
at times and also influencing the location of industries, 
was on the whole a most beneficial influence on the 
availability of employment generally. It has been 
extraneous factors rather than those of invention to 
which may be ascribed the more catastrophic phases 
of unemployment. An example of the effects of such 
extraneous factors is provided by the imposition, by 
the United States, of the McKinley and Dingley tariffs 
of 1897. The exports of Yorkshire cloth fell from 
63 million to 19 million yards in four years, with effects 
far more disastrous than the worst of the occasional 
spells of unemployment following the introduction of 
new textile machines. 

In agriculture, to take another example, the loss 
of labour to the Californian goldfields in 1849 gave the 
first impetus to sales of McCormick reapers. During 
the Crimean war of 1854, Britain was ready to pay high 
prices for American wheat, and the increased output 
due to the Hurlbut sheafing mechanism of 1851 was 
therefore welcome. By the time of the American Civil 
War of 1861-5, the Marsh binding table of 1858 was 
able to add its quota to increased production. Not 
only was there no famine.in America, but 200 million 
bushels of surplus wheat were sent to Europe during 
those four years. The Appleby twine knotter of 1878 
increased capacity once again, so that the oiitput of a 
one-man reaper-binder was said to equal that from 
40 sickles. Between 1850 and 1900 it was possible, 
in America, to reduce the proportion of country dwellers 
from 94 per cent. to 60 per cent. of the population. 
Manufacturing capacity, mainly in the cities, could 
thus grow enormously, while, at the same time, the 
wheat crop increased more than six-fold. 








* Robert Carlisle, who, as a boy, assisted John Boyd 
Dunlop to make his first pneumatic tyre, is reported to 
have died in Birmingham on March 2, 1951, at the age of 
86.—Ebp., E. 
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The mechanisation of farming was well under way 
at the time of the 1851 Exhibition. John Fowler’s 
steam ploughing system, with which he won a sub- 
stantial cash prize at a demonstration in 1858, enabled 
much otherwise unworkable land to be brought into 
production, or ploughing to be continued in conditions 
unfit for horses. The Ivel tractor of 1902 employed 
an internal-combustion engine, but was hardly effective. 
In 1917, when labour was at a premium and food 
desperately short, Lloyd George ordered 5,000 tractors 
at 700 x § each from Ford, who was just beginning 
manufacture. By 1939, there were 35,000 tractors in 
Britain, and to-day the number is well over 250,000. 

Engineering has thus made a great difference to the 
farmer. A tractor, or a combine harvester-thrasher, 
of which there are over 13,000 in Britain, requires a 
certain amount of mechanical aptitude in the operators. 
Such mechanical aids remove much of the burdensome 
manual work from farming and enable 100s. for a 
47-hour week to be the minimum wage now, compared 
with 49s. in 1920 and 19s. in 1914 for a longer working 
week. It is a matter for regret that there has not been 
a commensurate rise in output per man since 1939. 
The same trend is evident in the mines. There are 
now more than 10,000 mechanical coal cutters in this 
country and more than 10 million feet of conveyor 
belting is made annually. Ventilation and lighting are 
greatly improved and fatal accidents are little over a 
quarter the rate of 60 or 70 years ago ; but output per 
man does not reflect the advantages that could be 
derived from the tools the engineer has provided. 

In a review of a century of engineering progress, it 
is impossible to overlook the effects of restrictive usage 
by the operators of new and improved implements of 
production. While in 1851 we spent on defence expen- 
diture, at 18,000,000/., almost exactly the same as the 
cost of wages in the basic industry of agriculture, we 
now spend, at 1,100,000,000/., nearly four and a half 
times the agricultural wage budget ; yet standards of 
living have risen continually. The reason for this is 
clearly the tremendous rise in output per man-hour 
that has been made possible by engineering methods, 
and the consequent availability of men for other tasks. 
This has overweighed and disguised the otherwise 
catastrophic effects of diverting to unproductive defence 
requirements so much extra capacity. Capital invest- 
ments abroad were built up during the same period 
that this drain on our resources was increasing. It 
has to be accepted that not only is this unproductive 
effort vital to our future under present world conditions, 
but also that it has now to be found out of our basic 
resources. It is clear that we must face up to one of 
two alternatives. Either fuller use must be made of 
the aids to production provided by the engineer, or 
we must now resign ourselves at least to a drop in our 
standards of living. It is to be hoped that we do not, 
through neglect of the lessons of the past century, 
come to the first alternative by way of prolonged 
experience of the hard path involved in the second. 

Among the more recent trends in engineering are 
the greatly increased use of quick-release jigs, special 
tooling, capstan lathes and automatic lathes in the past 
20 years ; the development of special-purpose machine 
tools; and such time and material savers as the 
upsetting of bolt-heads in tungsten-carbide dies, and 
the rolling of the threads on the shank. It may be 
slightly deflating to point out that, in the Science 
Museum, there is an automatic lathe for making screws 
made by Parker in 1879, a picture of a special-purpose 
multiple drill invented by Andrew Shanks in 1861, 
and a thread-rolling machine patented by Brooman 
in 1851. 

Metallurgists have made far-reaching contributions, 
albeit indirectly, to engineering progress. Such a 
simple change as using }-in. bolts in 45-ton steel, 
instead of }-in. bolts in 21-ton steel, will reduce the 
diameter of a heavy flange by an inch. Where the 
work of the metallurgist is even more evident is in the 
variety of new materials, including an extensive range 
of light alloys that have revolutionised many designs. 
There are also lesser known alloys, such as beryllium- 
copper, without which it would be impossible to make 
satisfactory bellows, upon which depend accurate 
thermostatic control. One trend that has become 
increasingly obvious in recent years is the substitution 
of fabricated welded sheet-metal structures for castings. 

Plastics, despite a period of intemperate enthusiasm 
that might have damaged their cause to a serious 
degree, have now settled down into becoming a medium 
with many possible applications. In addition to the 
Bakelite and vynyl plastics, there is also the plastic 
forming of metals under very high pressures as in the 
aeroplane and motor-car engine piston. Powder 
metallurgy, including oil-bearing forms for lubrication, 
is a development allied to plastics. In machine tools, 
the most recent advances, apart from almost revolu- 
tionary progress with surface, cylindrical and spiral 
broaching machines, have been more detailed than 
fundamental. 

Advances in these days are almost entirely a question 





of good technically trained men under technically 
competent administrators. It is therefore not the least 
satisfactory feature of the century past that, in addition 
to the older universities, Owens College, Manchester, 
was founded in 1850; Armstrong College, Newcastle. 
upon-Tyne, in 1871 ; Yorkshire College, Leeds, in 1874 : 
Mason College, Birmingham, in 1875; Bristol College 
in 1876; Firth College, Sheffield, in 1879; and Liver. 
pool University College in 1881. All these foundations 
have now been given full university status, with large 
engineering faculties ; and there are, besides, numbers 
of sister institutions, some of them up to university 
standard, providing the future leaders for the great 
industry of engineering. It is true that, in many of 
these foundations, it should be possible to include far 
more of the humanities in the syllabuses of the tech- 
nological faculties. It is my experience, however, that 
technical men frequently acquire interests and know- 
ledge of the broadest kinds in after life, and never 
regard ignorance as an asset. It is unfortunate that 
there are still so many non-technical persons endea- 
vouring the impossible task of efficient administration 
in the technical field. 

Engineering has introduced labour-saving devices 
into the home as well as into the farm, mine and 
factory. It is only 50 years ago that the first really 
practical patent for a vacuum cleaner was taken out 
by H.C. Booth. The manufacture of portable domestic 
vacuum cleaners was started by W. H. Hoover in 
1907-08. The British engineer has an enviable record 
of achievement and is still well in the forefront of 
development. As an example, we may turn again to 
the aircraft industry, in which the Schneider Trophy 
was put up for international competition in 1913. In 
1914, Britain won it for the first time at Monaco at a 
speed of 88-8 miles an hour. In 1931, the trophy was 
won outright at 340 miles an hour by a machine that 
later flew at 407-5 miles an hour. In 1941, the jet 
engine of Sir Frank Whittle, as the power unit of a 
Gloster experimental aeroplane, provided yet another 
landmark in the quest for speed in the air. In 1946, 
in a Gloster Meteor, the record was raised to 616 miles 
an hour, and now the machines in prospect will be able 
to cross the sonic barrier, not as a tour de force, such 
as that of the D. H. 108 in 1949, but as a routine 
accomplishment. Technically, there need be no fear 
for the future. On the production side, the facilities 
are there and it is a question of finding means to 
ensure that they are used to the full. 





BRITISH STANDARD 
SPECIFICATIONS. 


THE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 


Mercury-Arc Rectifier Equipments.—A new specifica- 
tion which marks the culmination of many years of 
research and discussion has now been published. It is 
B.S. No. 1698, and covers mercury-are rectifier equip- 
ments. The work has been subject to some delay 
owing to parallel discussions which have been taking 
place at meetings of a technical committee of the 
International Electrotechnical Commission. The re- 
commendations of the I.E.C. have been taken into 
account in preparing the present specification. It 
applies to mercury-are rectifier equipments comprising 
half-wave rectifiers of any type having mercury pool 
cathodes. The specification covers rectifiers rated at 
50 kW and above, having not less than six phases, for 
direct-current voltages not exceeding 4,000 and for 
service in non-explosive atmospheres. The specifica- 
tion includes sections on definitions, rating classes 
and overloads, rectifier and associated auxiliaries, 
main and inter-phase transformers, and performance 
and high-voltage tests applying thereto. Clauses 
relating to efficiency, power factor and regulation are 
also given and, in appendices, are to be found sections 
on service conditions, the measurement of efficiency 
and other matters. [Price 5s., postage included.] 

X-Ray Diffraction Powder Cameras.—Another new 
specification, B.S. No. 1693, covers non-focusing 
X-ray diffraction powder cameras. Two of these are 
dealt with, namely, cameras having a nominal diameter 
of 9 cm., which are intended for use at room tempera- 
tures where the film is mounted by the Van Arkel 
or by the Bradley-Jay method, and cameras having 4 
nominal diameter of 19 cm., and with fixed or remov- 
able film holder, of the type in which the specimen is 
mounted on, or as, a fibre of small diameter, with pro- 
vision for rotation or oscillation. The specification 
contains full details of general construction, dimensions, 
covers, specimen-rotation equipment and camera 
mounting. Clauses on mechanical assembly and testing 
are included. The specification should facilitate the 
comparison of films in different laboratories, and should 
be of use to manufacturers of associated apparatus. 
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PORTABLE PICTURE 
TRANSMITTER. 


THE apparatus shown in the accompanying illus- 
tration has been designed by Messrs. Muirhead and 
Company, Limited, Elmers End, Beckenham, Kent, to 
transmit photographs of high quality. It is only 21 in. 
wide by 16 in. deep by 7 in. high, and is easily trans- 
portable. The apparatus comprises a power unit, 
electronic devices and scanning equipment, and can 
be used on any telephone line in conjunction with 
any standard receiver. It is designed to operate from 
the 200/250-volt alternating-current mains. 

As regards operation, a lamp, which is supplied with 
current at high frequency to obviate the risk of hum, 
is arranged to illuminate a small area on a transmitter 
drum. This drum is 2-6 in. in diameter and 7-75 in. 
long and carries an 8-in. by 7-in. picture. An image of 
the illuminated area is focused on to a small aperture, 
which is pierced in a plate, and the light passing 
through which falls on a photo-multiplier cell. Thus, as 
the drum is rotated at a speed of either 60 or 120 r.p.m. 
and traversed at constant speed, the picture is progres- 
sively scanned. The use of a “‘ chopper ” disc to pro- 
duce a carrier wave is avoided by the balanced photo- 
cell circuit, and the carrier frequency of 1,300 cycles per 
second is derived from a valve oscillator. The picture 
modulates the amplitude of the carrier and the signal 
is then amplified before being fed to the line. No 
filters are necessary and the wave form output is 
therefore almost entirely free from distortion. 

The transmitter drum is driven through gearing 
from a self-starting synchronous motor, which is 
supplied with high-frequency alternating current from 
a high-stability tuning fork and amplifier. The speeds 
are selected by a manually operated clutch, which is 
designed to ensure positive engagement without jarring. 
The drum is traversed at a uniform rate by means of a 
lead screw from which it can be disengaged for setting- 
up purposes. Means are provided for transmitting 
signals along the line for synchronising the fork fre- 
quency and phasing the receiver. The synchronising 
signal is transmitted as a modulation of the 1,300-cycle 
carrier at the same level as the picture signal. The 
phasing signal, which is used to start the receiver drum 
in the same relative position as the transmitter, is 
obtained by interrupting the carrier once per second 
by:a pair of contacts. 

In the illustration, the line switches are visible on 
the left of the panel above the drum, with the test 
meter and selector switch next, followed by the gain 
controls and the telephone and output sockets on the 
extreme right. The clutch and traverse controls are 
contained in the case on the right of the drum. Hybrid 
transformers are provided to enable the transmitter to 
be used on either two- or four-wire telephone circuits, 
while communication between the transmitter and re- 
ve.ver during setting up is effected by a hand set. 
During transmission, speech from the receiver can be 
hear’! on a loud speaker built into the apparatus. 





Tur BRISTOL AEROPLANE COMPANY.—An agreement 
has been signed by the Bristol Aeroplane Company, 
with the Boeing Airplane Company of America, providing 
for collaboration in research and development work on 
certuin defence projects. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “* INpIA.”—Twin-screw cargo vessel, to carry 
64 first-class, 16 third-class, and approximately 488 
unberthed passengers, built by Bartram and Sons, Ltd., 
Sunderland, for the Companbia Nacional de Navegacio. 
Lisbon. Main dimensions: 404 ft. between perpendi- 
culars by 58 ft. 9} in. by 37 ft. upper déck ; deadweight 
capacity, 6,700 tons on a draught of 25 ft. 3 in. Two 
N.E.M.-Doxford four-cylinder opposed-piston Diesel 
engines, to develop 5,000 b.h.p. at 136 r.p.m. and a speed 
of 143 knots in service. Trial trip, February 8. 


M.S. “ BRITISH GuUIDE.”—Single-screw oil tanker, 
built by the Furness Shipbuilding Co., Ltd., Haverton 
Hill, County Durham, for the British Tanker Co., Ltd., 
London, E.C.2. Tenth tanker built for these owners. 
Main dimensions: 490 ft. 10 in. overall by 61 ft. 9 in. 
by 33 ft. 11 in.; deadweight capacity, 12,200 tons on a 
summer draught of 27 ft. 64 in. Hawthorn-Doxford 
four-cylinder opposed-piston reversible oil engine 
developing 3,100 b.h.p. at 105 r.p.m., constructed by 
R. and W. Hawthorn, Leslie & Co., Ltd., Newcastle-upon- 
Tyne. Service speed, 114 knots. Launch, February 7. 


M.S. “ Tatry.”—Single-screw oil tanker, built by 
Bartram and Sons, Ltd., Sunderland, for the Gdynia- 
America Shipping Lines, Ltd., Gdynia, Poland. First 
vessel of an order for two. Main dimensions: 445 ft. 
between perpendiculars by 60 ft. 6 in. by 34 ft. to upper 
deck; deadweight capacity, about 11,000 tons on a 
draught of 27 ft. 6 in. N.E.M.-Doxford four-cylinder 
opposed-piston airless-injection oil engine, to develop 
4,250 b.h.p. at 110 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., 
Sunderland. Speed, 13} knots. Launch, February 7. 


M.S. “* Arpa.”’—Single-screw oil tanker, built by the 
Caledon Shipbuilding and Engineering Co., Ltd., Dundee, 
for Rederi A/B Wallenco (Managers: Olof Wallenius), 
Stockholm, Sweden. Main dimensions: 470 ft. between 
perpendiculars by 64 ft. by 35 ft. 6 in.; deadweight 
capacity, 13,500 tons on a draught of 28 ft. 5in.; gross 
tonnage 9,500. Vickers-Doxford four-cylinder opposed- 
piston Diesel engines, to develop 4,400 b.h.p. at 112 r.p.m, 
constructed by Vickers-Armstrongs Ltd., Barrow-in- 
Furness. Speed, 134 knots. Launch, February 7. 


M.S. “ WarIMmaTe.”—Single-screw cargo vessel, built 
by Henry Robb, Ltd., Leith, for the Union Steam Ship 
Co. of New Zealand, Ltd., Wellington. Main dimensions: 
325 ft. between perpendiculars by 50 ft. by 26 ft. to 
upper deck; deadweight capacity, 5,170 tons on a 
draught of 22 ft. 4 in.; cargo capacity, 239,000 cub. ft. 
Two eight-cylinder opposed-piston Diesel engines, 
together developing 2,950 b.h.p., constructed by British 
Polar Engines, Ltd., Glasgow. These two units are 
coupled to the single shaft by a single-reduction twin- 
pinion single-wheel gearbox, manufactured by the British 
Thomson-Houston Co., Ltd., Rugby. Service speed, 12 
knots. Launch, Feruary 8. 

M.S. ‘‘ WANDERER.”’—Single-screw cargo vessel built 
and engined by Wm. Doxford & Sons, Ltd., Sunderland, 
for T. & J. Herrison, Ltd., Liverpool. Main dimensions : 
460 ft. by 59 ft. 6 in. by 38 ft.; deadweight, 10,000 tons ; 
draught, 26 ft. 6 in. Four-cylinder oil engine of 3,300 
b.h.p. at 108 r.p.m. Speed, 12} knots. Launch, Feb- 
ruary 21. 
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BOOKS RECEIVED. 


Radio Technology. By B. F. WELLER. Third revised 
edition. Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 30s. net.] 

Time Bases (Scanning Generators), Their Design and 
Development. By O. 8. PUCKLE. Second revised 
edition. Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 30s. net.] 

Its Institutional and 
Economic Background. By PROFESSOR RONALD 8. 
Epwarkps in collaboration with Dr. CHARLES LA 
RocueE. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
(Price 21s. net.] 

The Practical Engineer Pocket Book, 1951. With tech- 
nical dictionaries in German, French and Spanish. 
Edited by N. P. W. Moore. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kings- 
way, London, W.C.2. [Price 8s. 6d. net.] 

Department of Scientific and Industrial Research. Spon- 
sored Research (Germany). Report No.1. The Effect 
of Surface Roughness on the Alternating Bending 
Strength of Unhardened and Tempered Steel. By H. 
GLAUBITZ. No. 2. Experiments on Disc-Testing 
Machines. By O. KRAUPNER. Nos, 3, 4, 5 ard 6. 
The Deformation of Loaded Gears, and the Effect on 
Their Load-Carrying Capacity. By C. WEBER and 
K. BANASCHEK. No. 11. Pressure Distribution and 
Load in a 360° Journal Bearing, for Values of the 
Characteristic B (Ratio of Diameter to Length) from 0 to 
8, and Eccentricities C = 0:1 to C = 0-95. By A. 
WALTHER and H. SASSENFELD. No. 13. Pressure 
Distribution and Load in a 360° Bearing with an 
Inclined Shaft. Outline of Procedure with an Explana- 
tory Example. By A. WALTHER and H. SASSENFELD. 
The Department of Scientific and Industrial Research, 
5-11, Regent-street, London, 8.W.1. [Available gratis 
to industrial research departments, universities, and 
individual research workers.) 

Department of Scientific and Industrial Research. Radio 
Research. Special Report No. 20. Valve and Circuit 
Noise. A Survey of Existing Knowledge and Out- 
standing Problems. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 9d. net.) 

Directory of International Scientific Organizations. United 
Nations Educational, Scientific and Cultural Organiza- 
tion (Unesco), Paris; and H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 6s. net.] 

Organisation for European Economic Co-operation. Note 
on Technical Development of Thermal Power Stations. 
Offices of the Organisation, Paris ; and H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 2s. 6d. net.] 

Chemical Thermodynamics. By PROFESSOR FREDERICK 
D. Rossint. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
6 dols.] Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 48s. net.) 

Elementary Theory and Design of Flexural Members. 
By PROFESSOR JAMISON VAWTER and PROFESSOR 
JAMES G. CLARK. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 4 dols.] Chapman and Hall, Limited, 37. 
Essex-street, Strand, London, W.C.2. [Price 32s. 
net.] 

Stephen of Linthouse. A Record of Two Hundred Years of 
Shipbuilding, 1750 to 1950. By Joun L. CARVEL. 
Alexander Stephen and -Sons, Limited, Linthouse, 
Glasgow. 

The Mechanism of the Watch. By J. SWINBURNE, F.R.S. 
N.A.G. Press, Limited, 226, Latymer-court, Hammer- 
smith, London, W.6. [Price 10s. 6d. net.) 

The Royal Dutch Petroleum Company (N.V. Koninklijke 
Nederlandsche Petroleum Maatschappij), 1890-16 June- 
1950. Diamond Jubilee Book. English edition. 
The Shell Petroleum Company, Limited, St. Helen’s- 
court, Great St. Helen’s, London, E.C.3. 

Machinery’s Yellow Back Series. No. 26. Heat Treat- 
ment Kundamentals. By 8S. COLLARD CHURCHILL. 
The Machinery Publishing Company, Limited, National 
House, West-street, Brighton, 1. 

Hydraulic Systems and Oils. Shell-Mex and B.P. Limited, 
Shell-Mex House, Strand, London, W.C.2. [Gratis.] 
Prestressed Concrete. By PROFESSOR GUSTAVE MAGNEL. 
Second edition. Concrete Publications, Limited, 14, 
Dartmouth-street, Westminster, London, S8.W.1. [Price 

158.) 

The Story of One Hundred Years of Endeavour in the 
Service of the Gas Industry, 1850 to 1950. W. C. 
Holmes and Company, Limited, Turnbridge, Hudders- 
field. 

A Bibliography of Statistical Quality Control. Supplement. 
By Grant I. BUTTERBRAUGH. The University of 
Washington Press, Seattle 5, Washington, U.S.A 
[Price 2 dol.] 

Vortrdge auf der Kdltetagung Cuxhaven 1949. No. 2. 
Technik in der Fischwirtschaft. Edited by DR. WALTER 
SCHLIENZ. Deutscher-Ingenieur-Verlag, Disseldorf, 
and C. F. Miller-Verlag, Karlsruhe, Germany. [Price 
4-50 D.M.]) 








304 





NOTES ON NEW BOOKS. 
The Supply of Water. 

By T. H. P. VEAL, B.Sc., A.M.I.C.E. Chapman and 

Hall, Limited, 37, Essex-street, London, W.C.2. 

[Price 25s. net.] 
Tis second edition of a book originally published in 
1931 provides a comprehensive exposition of certain 
aspects of water engineering which receive little 
notice in the average hydraulics text-book. It starts 
with two chapters dealing with springs, cisterns, rivers 
and wells as sources of supply. The measurement of 
rainfall, the yield of rivers and compensation water 
are then discussed, together with the methods of 
measurement of discharge in open and closed supply 
channels. The chapters on ‘“ Dams and Embank- 
ments” and ‘ Service Reservoirs” are of particular 
interest ; they treat the subjects in considerable 
detail, considering the space allotted, from both the 
design and construction aspects. The layout of a 
distribution system and the detection of waste are 
adequately dealt with in the next chapter; but the 
bibliography for this chapter might, with advantage, 
recommend more than one book. The considerable 
amount of calculation and theoretical matter necessarily 
contained in the chapter on flow of water in pipes and 
channels is clearly set out and the examples given 
are likely to be of assistance to the reader, especially if 
he is a young engineer. The all-important subjects of 
analysis, filtration and purification have been brought 
up to date in this edition and the book ends with a 
short chapter—rather too short for a big subject—on 
water supply in rural districts. 








A Course of Reinforced Concrete Design. 

By THomas J. Bray, M.I.Struct.E. Chapman and 

Hall, Limited, 37, Essex-street, London, W.C.2. 

[Price 308. net.] 
Tuts is a second edition of the book which was first 
published in 1946 and reviewed in ENGINEERING of 
March 28, 1947 (vol. 163, page 231). During the 
interval, technical writers, both professorial and 
practical, have been giving increasing attention to the 
study and use of prestressed concrete, and the reader 
may now be beginning to expect the modern text-book 
to take some notice of this advance in the science of 
reinforced-concrete construction. Mr. Bray, however, 
has postponed any such notice to some future edition. 
His discretion has, perhaps, been well exercised, for 
he deals in hard facts, established principles, and 
traditional methods, rather than in theories on which 
some experts still agree to disagree. Even so, the 
student should have his mind directed to the possi- 
bilities of the future, no less than to the practice 
of the present and the past. In this book, the conven- 
tional method of elastic design is applied to beams, 
arches, towers, tanks, floor-slabs, hoppers, chimneys, 
staircases, and many other items of building construc- 
tion ; and the applications are so fully elaborated and 
detailed as to provide an unusually effective liaison 
between the class-room and the design office. Whether 
it is the ideal book for the class-room may be left to the 
judgment of the individual teacher. 





Applied Electricity. 

By Epwarp HuGuHEs. Longmans, Green and Com- 

pany, 6, Clifford-street, London, W.1. [Price 10s. 6d. 

net.) 
Tus volume is a sequel to Electrical Engineering Science 
by A. Morley and E. Hughes, and covers the syllabuses 
of the Ordinary National Certificate in Electrical 
Engineering and the subject of applied electricity of 
Part I of the B.Sc. (Engineering) examination of the 
University of London. It also covers the inter- 
mediate examinations in electrical engineering prac- 
tice of the City and Guilds of London Institute, and 
the principles of electricity of the Joint Section A 
examination of the Institution of Electrical Engineers. 
It is, in fact, written from the examination point of 
view and should therefore prove useful to the student 
who, in undertaking the necessary revision of his 
work, wishes to “ brush up” the knowledge gained 
from more general text-books. Electrostatics, electro- 
magnetics, direct-current machines, alternating-current 
circuits, transformers, a.ternators and synchronous and 
induction motors are dealt, with informatively, as are 
thermionics and illumination. Finally, the use of the 
operator j is discussed. Mathematics are neither 
eschewed, nor given undue prominence, and the 
descriptions, if sometimes a little brief, are clear. 
The class of reader for whom the book is intended is 
emphasised by the numerous examples from former 
examinations, which are printed at the end of each 
chapter. The solutions of these are given in an 
appendix. There are references to other work on the 
subjects dealt with, but these might with advantage 
be expanded and the index would be improved by 
being enlarged. Nevertheless, a student ie gree: for 
any of the examinations mentioned will find the book 
of real assistance. 
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MULTIPLE SPOT WELDER. 


THe 250-kVA multiple spot welder recently intro- 
duced by Philips Electrical Limited, Century House, 
Shaftesbury-avenue, London, W.C.2, is designed to 
produce up to 200 spot welds in a continuous cycle of 
operations lasting 30 seconds, such as is required in the 
motor-car industry and for the production of refrigera- 
tors. These machines, an example of which is illus- 
trated herewith, work on the principle that the actual 
welding pressure is applied hydraulically, while the 
primary current to the group of welding transformers 
which are necessary, is controlled electronically. The 

















time cycle of pressure, weld and forge is also controlled 
by a series of cold-cathode type electronic timers, 
which are interlinked to give the desired timing fre- 
quency and cycle of operations. Owing to the com- 
plexity of the electrical load and the different power- 
supply conditions in the various industrial centres, the 
welding transformers and timing sequence are arranged 
so that the speed of operation and the number of welds 
made can be altered. For this purpose the trans- 
formers are connected to the supply in multiples 
commensurate with the power available. It is claimed 
that the use of this welder results in a higher quality of 
product and a substantial reduction in cost. 








CONTRACTS. 


CRAVENS RAILWAY CARRIAGE & WAGON Co., LTD., 
Darnall, Sheffield, 9, have obtained an order for 80 steel 
wagons of the bogie type from the New Zealand Govern- 
ment Railways. The value of the order is 106,8001. 
Work on the wagons will be commenced later this year 
and will be completed in 1952. 


THE HUNSLET ENGINE Co., LTp., Leeds, 10, have 
received an order from the National Coal Board for a 
484-ton 18-in. 0-6-0 side-tank “‘ Austerity ’ locomotive 
and for a 16-in. 0-6-0 side-tank locomotive of 51 tons 
weight. 


During January the British Electricity Authority have 
Placed contracts for equipment for power stations, 
transforming stations and transmission lines amounting, 
in the aggregate, to 3,104,0061. These contracts include 
piling for foundations and foundations for main and 
ancillary buildings for Tilbury station, with HoLLoway 
Bros, (LONDON), LTD. ; main foundations and anciliary 
works for Bold station, near St. Helens, with Joun 
LAInG & Son, LTp.; auxiliary cables and accessories 
for North Tees station, Middlesbrough, with BRITISH 
INSULATED CALLENDER’S CABLES, LTD.; auxiliary 
switchgear and accessories for Roosecote station, Barrow, 
with ENGLISH ELEcTRIC Co., LTD.; coal-handling plant 
for East Yelland station, near Barnstaple, with STRACHAN 
& HENSHAW, LTD.; reinforced-concrete tunnel and 
reinforced basement for coal-handling plant for Rye 
House station, Hertfordshire, with Hoist & Co., LTD.; 
steel-frame for turbine house and boiler-house buildings 
for Meaford “ B ” station, near Stoke-on-Trent, with the 
CLEVELAND BRIDGE & ENGINEERING Co., LTD. ; 132-kV 
3,500-MVA switchgear for Portishead station, Bristol, 
with the METROPOLITAN-VICKERS ELECTRICAL Co., LTD. ; 
132-kV 3,500-MVA switchgear for Drakelow station, 
near Burton-on-Trent, with A. REYROLLE & Co., LTD.; 
modifications to 132-kV 1,500-MVA_ switchgear for 
Ocker Hill substation, Staffordshire, with the GENERAL 
ELEcTRIC Co., LTp.; 30-MVA 66/11-kV transformers 
for St. Pancras substation with the BririsH ELECTRIC 
TRANSFORMER Co., LTD.; and 20-MVA 132/11-kV and 
15-MVA 132/11-kV transformers and auxiliary trans- 
formers, for Bathgate and Devonside substations, S.E. 
Scotland, with BRUCE PEEBLES & Co., LTD. 
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TRAINING SCHEME FOR 
COMMONWEALTH ENGINEERING 
GRADUATES. §~ 


A SCHEME to enable engineering graduates from 
universities in the British Commonwealth to serve a 
two-year apprenticeship in the factories of the Brush. 
A.B.O.E. (Associated British Oil Engines) Group of 
Companies has recently been inaugurated. The hope 
is expressed that the scheme will help to widen the 
scope of the engineering profession and strengthen the 
relationship between the United Kingdom and the 
Commonwealth. It is sponsored by the Brush Electrical 
Engineering Company, Limited,Loughborough ; Messrs. 
Mirrlees, Bickerton and Day, Limited, near Stockport ; 
Messrs. J. and H. McLaren, Limited, Leeds, 10; 
Messrs. Petters, Limited, Staines, Middlesex; and 
their associated companies, Messrs. Henry Meadows, 
Limited, Fallings Park, Wolverhampton; and the 
National Gas and Oil Engine Company, Limited, 
Ashton-under-Lyne. The products of these firms 
include steam turbines, complete power plants, gas 
turbines, direct-current generators and motors, electric 
and Diesel-electric rail traction equipment, high- and 
low-voltage switchgear and fusegear, power and distri- 
bution transformers, and a wide range of oil engines 
up to 2,880 brake-horse-power for industrial, marine, 
traction, agricultural and automotive purposes. 

Apprenticeship courses for successful candidates will 
be arranged in detail to suit individual circumstances, 
but the broad framework of the training will cover the 
practical work required by the Institution of Mechanical 
Engineers and the Institution of Electrical Engineers 
as one of the qualifications for associate membership. 
For the first 12 months each course will provide a 
general training in basic manufacturing methods. 
Following an interview to determine which general 
field the graduate wishes to concentrate on, his training 
will then be continued at different factories of the 
group. Towards the end of the course, the apprentice 
will again be interviewed so that he can select a parti- 
cular class of work for detailed study in the design, 
sales or production departments. During the whole 
course, particularly in the later stages, the apprentice 
will be able to meet senior members of the staff and 
experienced technical specialists, who will guide him 
on any particular aspect of industrial life and engineer- 
ing study. 

At the conclusion of their course, candidates may be 
offered engagements which will enable them to extend 
their experience and continue specialised work in a 
chosen field. Facilities are provided for attending 
post-graduate lectures and continuing studies in other 
ways. The Group will pay the return passage from 
the candidate’s home to England and any additional 
travelling expenses in this country. Wages will be 
paid at the rate for graduate apprentices, which at 
present, for men over 21, is 61. 9s. 6d. per week. Only 
applicants who have graduated with an honours degree 
at a recognised university will be considered, and 
preference will be given to those whose studies have 
included both mechanical and electrical engineering 
subjects. Applicants must be nominated by at least 
two members of the university, who should be the 
principal and either the professor of electrical engineer- 
ing or the professor of mechanical engineering. 

Particulars of the scheme are given in a brochure, 
copies of which are being sent to universities ; further 
copies may be obtained from the Brush-A.B.0.E. 
Group of Companies, 32, Duke’s. Court, Duke-street, 
St. James’s, London, S.W.1. 





Goops FOR OVERSEAS TRADE Fatrs.—The Treasury 
have announced an exchange-control concession for 
goods exported for exhibition at trade fairs abroad. 
With effect from Monday, March 5, 1951, Form C.D. 3 
(Currency Declaration) for such goods no longer re- 
quires Bank of England approval prior to shipment, 
provided that a statement is included on the form and 
on the pre-entry documents embodying the name of the 
trade fair, the quantity, value and description of the 
goods, and an assurance that they are being shipped to 
secure export orders and will be returned, or paid for in 
an approved manner, within six months of shipment. 





RESEARCH ON STEEL CASTINGS.—An agreement has 
been reached between the British Iron and Steel Research 
Association and the Research and Development Division 
of the British Steel Founders’ Association, whereby the 
latter become responsible for the co-operative research 
requirements of the steel foundry industry. It is felt 
that the time has now come for the steel foundry industry 
to take over and support work in the steel-castings field 
in a manner best suited to its own particular needs. 
The British Steel Founders’ Association’s Research and 
Development Division was inaugurated a little over 4 
year ago. The director is Mr. J. F. B. Jackson, B.5¢., 
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STOURPORT “B’’ STATION 
OF THE BRITISH 
ELECTRICITY AUTHORITY. 


(Concluded from page 275.) 


HE turbine in Stourport “ B” station is coupled 
to a hydrogen-cooled main alternator. This machine, 
which was constructed by the English Electric Com- 
pany, has a rated output of 55-5 MW at 11 kV, 
and is solidly connected to a transformer in which 
the voltage is stepped up to 66 kV. All the 
switching is effected at this pressure. The power 
factor on the high-tension side of the transformer 
at the rated output of the alternator is 0-8, which 
is equivalent to about 0-74 at the machine ter- 


Fie. 21. 


minals. The main alternator is directly con- 
nected through a flexible coupling to a 4-5-MW 
air-cooled house set, which generates three-phase 
current at 3-3 kV. Both alternators are excited 
from separate motor-driven machines. 

The stator of the main alternator is of two-part 
construction, as shown in Fig. 21. The outer 
frame is fabricated from rolled steel plates and cast- 
steel end rings, and is designed as a gas-tight housing, 
to eliminate the risk of a hydrogen explosion. 
The inner frame is also fabricated from rolled steel 
plate and is in the form of a skeleton into which the 
core and windings are built in the usual way. The 
two parts were transported to the site separately 
and the inner frame was then drawn on to a har- 
dened steel key by a crane. One end of the outer 
frame carries a number of studs and there are the 
same number of studs at the other end of the inner 
frame. This arrangement gives a flexible mounting 
hetween the two frames and prevents any vibration 
at double the standard frequency, such as might be 
generated during running by distortion, caused by 
the lack of uniformity in the electro-magnetic 
attraction between the stator and rotor. The 
torque is taken on a number of tangential members. 

he rotor, which is of conventional design, is 
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coupled to the turbine through a multi-tooth flexible 
coupling. It was machined from a single forging 
of carbon steel, containing small quantities of 
nickel and vanadium. The usual ducts for ven- 
tilation are provided beneath the slots and down the 
centres of the teeth. The effect of cutting the 
slots to contain the field winding is to render the 
inertia different across the two major axes. The 
static deflection at the centre of a long rotor, such 
as that on this machine, is therefore appreciably 
greater when the pole axis is horizontal than when 
it is vertical. As a result, the rotor will vibrate 
at a frequency twice that of the running frequency. 
To eliminate this effect as far as possible, grooves 
were machined in the pole centres. 

The field winding is of semi-hard silver-bearing 
copper, so as to prevent any coil distortion due to 
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pressure of $ lb. per square inch, but can be increased 
by 1 per cent. forevery 1 Ib. increase in gas pressure 
up to a maximum of 15 lb. per square inch. 

To prevent the formation of an explosive mixture 
while the frame is being filled, it is first scavenged 
with carbon dioxide. This is obtained from four 
cylinders which are connected to a manifold through 
non-return valves, so that they can be replaced as 
they are emptied. These manifolds are connected 
through valves to two perforated gas-distribution 
pipes, which are welded to the top and bottom, 
respectively, of the outer frame of the stator. 
Carbon dioxide is admitted to the frame through 
the lower pipe, while the upper is open to the atmos- 
phere, thus ensuring that the least possible mixing 
of air and gas occurs and that the minimum quantity 





of gas is used. When the necessary concentration 








differential expansion. The turns are taped with 
glass-backed mica tape, to eliminate any risk of 
short-circuits developing between them as a result 
of leakage across the edges of the strip separators. 
The connections from the windings to the slip rings 
are semi-circular and are brought out through the 
central hole in the gas-tight housing. The slip 
rings themselves are totally enclosed and are venti- 
lated from the air circuit of the house alternator. 
The bearings are of the usual spherically-seated 
type and are carred in cast-steel brackets, bolted 
to the outer frame. 

The hydrogen gas used for cooling the main alter- 
nator is supplied from six cylinders, each with a 
capacity of 165 ft. of free gas compressed to a pres- 
sure of about 2,000 lb. per square inch. These 
cylinders are arranged in two banks of three, each 
of which is connected to a manifold and one of which 
is used at a time. The flow is controlled by two 
two-stage pressure-reducing regulators, one of which 
is set to maintain the hydrogen pressure in the 
frame at a pressure of } lb. per square inch, while 
the other can be adjusted by hand to maintain any 





pressure up to 15 lb. per square inch, this being the 
maximum for which the set is designed. Full output 


can be obtained from the alternator with a hydrogen | 
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INSERTING INNER STATOR INTO OUTER CASING. 


of carbon dioxide has been built up in the frame, 
the lower distribution pipe is connected to the 
atmosphere and hydrogen is admitted through the 
upper pipe. To empty the frame of hydrogen this 
procedure is reversed. Filling and emptying can 
be effected either with the set stationary or running. 
In the latter case, more gas is used, since the contents 
of the frame are completely mixed. 

The hydrogen is circulated through the alternator 
and two coolers, housed in the outer frame, by 
axial-flow fans with blades of aerofoil section, 
mounted on the rotor. This arrangement obviates 
the use of external ducting and helps to maintain & 
gas-tight enclosure. The two coolers are mounted 
at right angles to the axis of the machine in the 
upper part of the frame. The water boxes in each 
cooler are divided so that half can be shut down 
for cleaning, while the unit remains in service at 
reduced load. The tubeplate at the end of the 
cooler where the water connections are made is 
bolted to the wing of the frame, the other end 
being free to expand or contract. 

To prevent the hydrogen from escaping along the 
shaft where the latter passes through the end 
brackets, seals of the floating-ring type are provided. 
As shown in Fig. 22, these consist of two bronze 
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STOURPORT “B” STATION OF THE BRITISH ELECTRICITY 


Fig.22, SHAFT GLAND SEAL 
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rings, mounted side by side in a cast-steel support 
which is carried rigidly from the inner surface 
of the bearing bracket, They can be moved 
with the shaft in a plane perpendicular to the rotor 
axis, but are prevented from rotating with it. 
The clearance between the rings and the shaft 
is made as small as possible consistent with satis- 
factory running, while that between the rings 
and the side of the containing groove is also kept 
to a minimum to reduce the oil flow and to maintain 
a satisfactory seal. The groove behind the rings 
is supplied with oil at a pressure of about 10 |b. 
per square inch above that of the gas in the frame. 
Oil is also supplied through feed holes in the rings 
to the annulus between them. The film thus 
formed between the rings and the shaft forms a 
gas seal, and cools and lubricates the rings. 

The seals are supplied with turbine lubricating 
oil, which has first been vacuum-treated to remove 
entrained air and water, and thus to prevent con- 
tamination of the hydrogen. The oil pump is 
driven by an alternating-current motor, and 
delivers oil to the seal through a cooler and a self- 
cleaning filter. The pressure at the scals is main- 
tained at about 10 Ib. per square inch above the 
hydrogen pressure in the frame by a differential 
pressure regulator which varies the pump output, 
the surplus being by-passed to a vacuum tank or 
to a reservoir, Any oil which drains from the 
hydrogen side of the seals is taken to defoaming 
tanks, situated under the outer frame. Here it is 
allowed to settle, the escaping hydrogen being 
returned to the frame. A separate defoaming 
tank is provided for each seal to prevent gas and 
oil vapour being circulated through the machine, 
owing to differences in the characteristics of the 
two fans. The oil level in these tanks is maintained 
by a valve which ensures a gas seal under all con- 
ditions of oil flow. The quantity of oil in the 
reservoir is automatically kept constant, though a 
small amount may creep along the shaft between 
the bearing and the seals. 

The oil from the defoaming tanks is taken to 
the vacuum tank through a float valve, while that 
from the seal is drained into the top of the reservoir. 
Oil from the bottom of this reservoir enters the 
vacuum tanks, This method ensures that the oil 
in the reservoir is kept in circulation. The vacuum 
tank can be by-passed for maintenance purposes 
without taking it out of service by arranging for 
‘the pump to draw d.reetly from the reservoir to 
which the sealing oil is returned. Under these 
conditions the consumption of hydrogen is increased, 
because more gas must be admitted to compensate 
for the infiltration of air with the oil. 

If the main oil pump fails, a stand-by pump is 
brought into action by switches, which respond to 
both the gas and oil pressures. This pump is driven 
by a direct-current motor, connected to the station 
battery, which supplies oil through a relief valve, 
pre-set to a pressure of 10 Ib. per square inch above 
the maximum hydrogen pressure. If both pumps 
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Fie. 24. 


HypDROGEN ContTROL CUBICLE. 


should fail, oil for the seals can be taken from the 
main bearing supply. To prevent pockets of hydro- 
gen collecting in the lubricating system, a vapour 
extractor is provided on the main oil tank. This 
maintains a slight vacuum above the oil and thus 
ventilates the oil pipes and tanks. 

The gas conditions in the alternator are indicated 
by instruments on the control cubicle illustrated in 
Fig. 24. These include two gauges for measuring 
the hydrogen pressure in the frame. One gauge is 
calibrated from zero to 2 lb. and the other from zero 
to 20 lb. per square inch, and both are fitted with 
alarm contacts. The second row of instruments 
comprises a gas purity indicator, a differential 
pressure gauge (which measures the pressure set up 
by the alternator fans and acts as a check on the 
purity indicator when the set is running at normal 
speed) and a gauge indicating the vacuum on the 
treatment plant. The bottom row of instruments 
consists of gas-purity and pressure recorders. The 
control cubicle also houses the alarm system con- 
nected with the oi] and gas supplies. This system 


operates a flashing signal on the cubicle and a 
master alarm on the control desk. 

The purity of the gas is measured by taking a 
sample of the frame contents to a small electrically- 
driven blower which runs at constant speed and 
thus sets up a pressure proportional to the density 
of the gas. The pressure is measured by a floating- 
ball differential. gauge, calibrated from zero to 
150 per cent., a 100-per cent. reading indicating 
that the frame is full of air. Correction curves are 
provided to cover variations in the gas pressure. 
A silica-gel dryer is connected across one of the 
alternator fans to keep down the humidity of 
the gas in the frame, should it tend to increase 
when the seal oil is not being vacuum-treated. 
Water detectors are also connected to the low 
points of the frame to indicate the pressure of 
free water. 

The house service alternator is of conventional 
design and is ventilated on the closed-circuit system 
by fans mounted on the rotor shaft. To prevent 
an excessive drop in voltage when the very large 
induction motors are started “ direct-on,”’ the short- 
circuit ratio of this alternator is considerably higher 
than that of a normal machine. Excitation for both 
alternators is provided by two sets, consisting of a 
separate exciter for the main and house service 
alternators and a common pilot exciter. Both sets, 
one of which is a stand-by, are driven by a 520-h.p. 
squirrel-cage induction motor at a speed of 987 
r.p.m., and are installed in a separate room, opening 
off the turbine operating floor. The excitation to 
both the main and house service alternators 18 
controlled by Brown Boveri automatic voltage 
regulators. The main alternator is also provided 
with a stability regulator. 

The main alternator is solidly coupled to 4 
75-MVA transformer, which steps up the voltage 
from 11-8 to 71:7 kV at no load. This transformer, 
made by the English Electric Company, is of their 
OFW type, the oil being circulated by a pump 
through a separate water cooler. Since this 
type of equipment has a very small natural cooling 
surface, failure of the water-cooling system would 
cause a shut-down. Duplicate coolers, each of 
full load capacity, have therefore been provided. 
The windings are arranged in star on the high- 
voltage side and in delta on the low-voltage side, 
the connections being brought out through p« rceelain 
bushings on the cover of the tank. ; 

The high-voltage side of the transformer } 
connected to switchgear of the indoor type, most 
of which is installed in a seven-storey building 
adjacent to the engine room, as shown in Fig. 9, 
on Plate X, ante. The main and auxiliary "bus bars 
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66-KV ’Bus Bars. 











Fic. 26. Herat Pomp. 


are arranged on the two upper storeys, as shown 
in Fig. 25. The switchgear consists of six air-blast 
cireuit-breakers, also supplied by the English Elec- 
tric Company, and have a short-circuit rating of 
1,500 MVA with a normal full-load current of 
300 amperes. An are suppression coil earths the 
neutral of the 66-kV system. These circuit-breakers 
are mounted on twin air receivers, each capable of 
supplying air for two complete make-break opera- 
ions, They are housed in wire-mesh enclosures 
on the first flcor of the switch house. 

Each phase of these circuit-breakers consists 
of three porcelain bushings, two of which are 
mounted on the air receivers and are bridged by an 
ar-tight chamber containing two interrupting 
contacts. The third carries the series make-switch 
blade. All three are coupled electro-pneumatic- 
ally to form the three-phase unit. Connections 
to the other floors are made from the circuit- 
breakers through condenser-type bushings on which 
current transformers can be mounted, the bushing 
stack being used as the primary winding. There 
are two 66-kW /110-volt voltage transformers, which 
are oil-immersed and have double secondary wind- 
Ings. Conservator vessels, silica-gel breathers and 
Buchholz alarm and trip devices are also provided. 

© air compressors and main storage receivers 
—- two self-contained units, one of which is 
“riven by a 10-h.p. alternating-current motor and 
the other by a direct-current motor. The com- 
Pressors are of the three-stage type with inter- 
tooling coils between the high-pressure and low- 





pressure cylinders, and relief valves between the 
stages. They are also fitted with relays, so that, 
when on automatic control, the motors are started 
when the main receiver pressure falls to 450 Ib. per 
square inch and are stopped when it rises to 550 Ib. 
per square inch. An alarm relay switch gives 
warning on the main control board at some pressure 
between 400 Ib. and 450 Ib. per square inch. The 
connections are arranged so that a compressor can 
charge either or both receivers. 

When the switch is opened, the contacts of the 
interrupter are separated and the arc is extinguished 
by the air blast. Since, however, the interrupter 
gap is insufficient to isolate the circuit when the 
blast has ceased, a series isolating switch is auto- 
matically opened after the arc has been extin- 
guished, but before the blast has ceased. On 
completion of the opening operation, the interrupting 
contacts are closed by a spring. Closing is subse- 
quently effected by admitting air to the back of the 
make-switch piston, the operation being assisted 
during the latter part of the stroke by a spring. 
The air used for opening and closing the circuit- 
breaker is controlled by electro-pneumatic valves, 
which can be operated remotely, manually or auto- 
matically from the protective system. Push 
buttons for maintenance purposes, or for use 
in an emergency, are also fitted in each control 
cabinet. Safety interlocks of the Castell type are 
provided to prevent access to the 66-kV equipment 
until all the switches and isolators have been locked 
open. These interlocks are arranged so that the 
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units of an associated group are rendered innocuous 
in the correct order. The isolating switches, which 
are illustrated in Fig. 25, are of the triple-pole 
rotating-post vertical break type. They are oper- 
ated pneumatically, either from the local control 
— of the associated circuit-breaker or manu- 
ally. 

The auxiliaries are operated at 3-3 kV, the neutral 
of the system being earthed through a voltage 
jtransformer. This system is controlled by 26 
| solenoid-operated air-break circuit-breakers with a 
|short-circuit rating of 150 MVA and a current 
|rating of 1,200 amperes. The motors driving the 
auxiliaries are of the totally-enclosed squirrel-cage 
type, the larger sizes Operating on a closed air 
(circuit with integral air-to-air heat exchangers. 
|The smaller sizes are fan-cooled and have ribs on the 
carcase to increase the surface area and assist heat 
|dissipation. The motors are started by switching 
|directly on to the line and are designed so that the 
| starting current does not exceed an acceptable value. 
|They operate satisfactorily at voltages down to 
75 per cent. of the normal. Variations in speed 
are Obtained when required by the use of magnetic 
couplings, except on the low-pressure feed pumps 
motors where induction regulators are used. 

The 66-kV ’bus bars are connected through oil- 
filled cables, supplied by Pirelli-General Cable 
Works, Limited, Southampton, to the "bus bars in 
the “ A ” station and thence to the outdoor grid sub- 
station. This latter station is of the high double 
*bus bar type and is equipped with one 60-MVA, 
66/132-kV and two 30-MVA 33/132-kV trans- 
formers, controlled by switchgear of the bulk oil type. 
Similar switchgear controls the outgoing feeders to 
Ocker Hill, Bartley Green and Worcester. 

An interesting feature of the Stourport “ B” 
station is the plant whereby the offices and workshop 
are warmed by heat recovered from the condenser 
cooling water. Three independent systems have 
been installed by Messrs. Rosser and Russell, 
Limited, 30, Conduit-street, London, W.1. The 








| first of these, which heats the workshops, consists 


of two compressors, connected in parallel with an 
evaporator and condenser through @ conventional 
refrigerating curcuit. The evaporator is supplied 
with station condenser cooling water from a ring 
main, the temperature drop being about 4 deg. F. 
The plenum unit consists of a fabric filter, the con- 
denser and a fan, the maximum heat load being 
750,000 B.Th.U. per hour. 

The second heat pump which is illustrated in 


| Fig. 26, serves low-temperature hot-water panels 


in the offices. The plant consists of a thermostatic- 
ally-controlled compressor, an evaporator supplied 
with station condenser cooling water, and a con- 
denser. Heat is extracted from the condenser by 
a centrifugal pump, which circulates water between 
the condenser and a thermal storage vessel. The 
heating units consist of panels of seamless copper 
tubes, embedded in the ceilings, walls and floors ; 
the main function of the system, which has maxi- 
mum heat load of about 324,000 Ib. per hour, is to 
compensate the heating losses of the building. 
The third system is made up of two independent 
refrigeration circuits, each consisting of two evap- 
orators supplied with station cooling water, and two 
compressors, each with two condensers in series. 
The air-conditioning plant consists of an electro- 
static filter, a centrifugal fan, an air washer and a 
scrubber. A portion of the air, in by-passing the 
washer, passes through the air heater condensers. 
A wet-bulb thermostat in the air stream at the inlet 
to the electrostatic filter provides the primary 
control which sets the plant in operation as a heating 
or cooling installation and proportions the amount 
of fresh to recirculated air. The maximum heat 
load is about 75,000 B.Th.U. per hour. 

The engineering consultants for the design and 
construction of the Stourport “‘ B” station were 
Messrs. Ewbank and Partners, Limited, 15, Gros- 
venor-place, London, 8.W.1, the architects being 
Messrs. Farmer and Dark, Grosvenor-gardens, 
London, 8.W.1. Mr. F. W. Lawton is the con- 
troller of the Midlands Division of the British 
Electricity Authority, of which the station forms 
part. The chief generation engineer (construction) 
for the Division is Mr. L. F. Jeffrey, and the genera- 





tion engineer (construction) is Mr. F. E. Ames. 
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Structural Theory and Design. 
By J. McHarpy YounG, B.Se.(Glas.), A.M.1L.C.E., 
M.1.Struct.E. Vol. I. Crosby, Lockwood and Son, 
Limited, 39, Thurloe-street, London, S.W.7. [Price 
258.) 
THE author of this book has spent many years in the 
department of the chief civil engineer of the Southern 
Railway and has lectured to students in technical 
colleges on structural theory and design. His 
excuse for adding yet another to the many available 
text-books on this subject is that so many are 
“either too academic or ultra-practical, that is, 
based on rule-of-thumb approximations.” His 
experience in, the office, the field and the classroom 
will probably tell more in the second volume, in 
preparation, “for the student specialising in struc- 
tures and for the practical structural engineer,” 
than they can, in this first volume, the contents of 
which are largely determined by the syllabuses of 
examinations for university degrees and for associate 
membership of professional institutions. The pro- 
perties of structural materials, the basic principles 
of structural mechanics and the general theory of 
structures are clearly explained; each chapter 
concludes with a brief bibliography of sources, 
and a few exercises to be worked by the student. 
The author has deliberately avoided the use of 
advanced mathematics and long derivations, readily 
available in the reference books listed. In one or 
two cases, however, brevity has perhaps been over- 
done ; for instance, the second of the five methods 
given for determining the moments in fixed and 
continuous beams is a graphical construction, based 
on the use of characteristic points. These points, 
however, are not defined, nor is the student shown 
that their ordinates are directly derived from Clap- 
eyron’s equation. The chapter on columns com- 
mences with Euler’s “ classical theory ” and the 
assumptions on which it is based. The later 
formule might well have been divided into two 
classes, namely, those in which one or other of 
Euler's assumptions is abandoned, and the entirely 
empiiical. It is not explained that the Fidler, 
Moncrieff and Perry formule quoted are cumbersome 
in form because each of them is the solution of a 
quadratic equation, which is not given. The final 
paragraph on page 244 is misleading for, in the 
formula at the top of page 245, e, of Fig. 8.2 is 
taken as zero. As this equation (or rather that of 
the footnote) is now the most important to the 
student, the assumptions on which it is based, 
and the method of its derivation, might well have 
been given fuller treatment even at the expense of 
abridging the contents of the two previous pages. 
In general, the diagrams in this book are clear and 
accurate, but in both Figs. 8.7 and 8.7(a) two angles 
marked 6, presumably equal, are not so drawn. 


Principles of Surveying. 


By J. CLENDINNING, O.B.E., B.Sc. (Eng.), A.M.I.C.E. 
{Price 208. net.) 


Principles and Use of Surveying Instruments. 

By the same Author. [Price 15s, net.) Both pub- 

lished by Blackie and Son, Limited, 66, Chandos-place, 

London, W.C.2. 
Boru of these books were written especially for the 
use of students preparing for the associate-member- 
ship examination in surveying of the Institution 
of Civil Engineers. For that purpose, they are 
admirable works ; but they also have merits which 
should commend them to the interest of a consider- 
ably wider circle of readers. In the first book, the 
principles of land surveying in all its branches are 
built up simply and logically. No previous know- 
ledge on the part of the student is assumed, nor, to 
judge from the text and illustrations, would the 
services of a teacher be required. The worked 
examples are well chosen and clearly demonstrated, 
and should lead the student to his own solution of 
the exercises provided. The book does not pretend 
to deal with new methods or advanced techniques, 
such as geodesy and field astronomy, but it does 
provide simple descriptive and easily readable 
treatments of a subject-matter which can easily 
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become tedious and mathematically involved. Some 
of the less simple parts of the subject are dealt with 
particularly well, notably triangulation, major and 
minor, including the methods used for the most 
accurate measurement of a base line, and the setting 
out of curves, including transition curves for 
railways and roads. Another commendable chapter 
is that introducing the methods used in ground and 
air photographic surveying. 

In his second book, the author has collected 
descriptions of all the instruments commonly used 
by the engineer-surveyor, and has wisely included 
examples of the most modern designs of British 
makers of optical apparatus. He stresses the 
importance to the young engineer of ability to carry 
out the so-called “ permanent ” adjustments of his 
instruments, which are described with clearness. 
As any practical examination in surveying invariably 
includes the adjustment of at least one well-known 
type of instrument, it is important for the examina- 
tion candidate to be familiar with the methods. 
The same simple and logical treatment of subject- 
matter has been followed in this book as in the 
other, and both would serve as useful introductions 
to more elaborate treatises on surveying, or as 
alternatives, sufficient in themselves for readers 
who do not aspire to familiarity with the higher 
branches of the art. 


Handbook of Experimental Stress Analysis. 
By M. HeETENYI. [Price 15 dols. or 120s. net.| 


An Introduction to Experimental Stress Analysis. 

By PROFESSOR GEORGE HAMOR LEE. [Price 5-50 dols., 

or 44s. net.] Both published by John Wiley and 

Sons, 440, Fourth-avenue, New York 16, U.S.A.; 

and Chapman and Hall, Limited, 37, Essex-street, 

London, W.C.2. 

THESE two volumes, with very similar titles, and 
both from the same publishing house, are comple- 
mentary rather than competitive. The Introduction 
has been devised as a course of post-graduate 
instruction, while the Handbook purports to combine 
a comprehensive manual of practice with a con- 
venient source of reference, for the use of a compara- 
tively new grade of research worker, namely, the 
professional experimental stress analyst. On first 
reading, the immediate distinction between the two 
works is that the Introduction views the subject 
through the mind’s eye of a single author, in contrast 
with the collective approach of the Handbook, 
which contains 2] sections compiled by 31 contri- 
butors, some of whom write in collaboration. Thus 
the one has a unity of conception, a continuity of 
argument and a balance of content that can never 
be achieved in a work of the second type, however 
ably it may be edited. The Handbook, for example, 
contains an article on “The Fundamentals of the 
Theory of Elasticity,” by Professor 8. Timo- 
shenko—than whom, of course, there is no one in 
the ranks of theoretical elasticians, living or dead, 
better qualified to write under this heading ; 
nevertheless, this article falls a little out of context, 
as the editor himself has tacitly admitted by rele- 
gating it to an appendix. On the other hand, in the 
Introduction, Professor G. H. Lee covers much the 
same ground in his first chapter with better effect 
for the pupsse immediately to hand, citing Love 
and Timoshenko as his principal references. If this 
assessment is weil founded, the inference must be 
drawn that the editor of the Handbook has been 
reluctant to exercise the full authority and discipline 
required of the leader ofsuch anenterprise. Support 
for this view is to be found in the editorial preface, 
where it is recorded that the approval of the contents 
rested on agreement in committee rather than on 
individual direction and dictation. 

The Handbook contains some admirable short 
chapters on ‘“ Working Stresses” (by C. Richard 
Soderberg), “‘ Methods of Crack Detection ” (Charles 
Lipson), “X-Ray Analysis’ (Charles S. Barrett), 
‘Dimensional Analysis” (J. N. Goodier), “‘ The 
Precision of Measurements” (M. Hetenyi), and 
other subjects which are to some extent ancillary to 
the main fields of interest: on the use and inter- 
pretation of strain gauges and other measuring 
devices : applications of models and analogies : and 
photo-elasticity. Other sections deal with testing 
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machines and with the interpretation of service 
fractures. Several of the sections are so complete 
that further references may be unnecessary, but the 
wisdom of attempting to deal fully and exhaustively 
with so wide a range of sub-titles cannot be accepted 
without argument. The choice before the editor 
here was whether the Handbook should take the 
form of an encyclopedia or of a digest, code or 
index, and the aim seems to have tended rather too 
much towards the former objective. 

There can be no hope of making a work of this 
kind so complete that outside reference is unneces- 
sary ; for example, no one working in the field of 
photo-elasticity would rely on the contributions of 
Dolan, Murray and Drucher to the exclusion of 
such standard works as those of Coker and Filon, 
and of Frocht. Moreover, in a technical field which 
is still rapidly expanding, any attempt to give a 
conclusive list of instruments and devices is bound to 
be frustrated by continued development and new 
invention ; thus, the Vickers-Manley slide rule for 
computing the readings of rectangular strain rosettes 
(described in Enotnrerine of Octber 10, 1947) 
may well be a more efficient tool than the geometrical 
computer described on page 421 of the Handbook ; 
the combined stress fatigue machine of 1935 due 
to Gough and Pollard, which is described on page 57, 
is made obsolete, no doubt, by Dr. Gough’s new 
machine, described in the Journal of Applied Mecha- 
nics (vol. 17, No. 2, 1950): the electrical analogy of 
McCann and MacNeal (Journal of Applied Mechanics 
(vol. 17, No. 1, 1950), for beam-vibration analysis, 
makes an important addition to the sphere of 
interest discussed at length by Mindlin and Salvadori 
in Chapter 16 of the Handbook. The subject of 
direct-reading velocity meters, now being actively 
developed in more than one laboratory, is dismissed 
with little more than a bare reference in a chapter of 
nearly 100 pages on “‘ Motion Measurements.” 

These few instances, relatively insignificant in 
themselves, serve to emphasise the necessity for 
constant and systematic revision in this type of 
hand-book. In a volume of such formidable 
proportions, costing 6/., there is a double burden : 
the reader must constantly renew his subscription 
and the authors and publishers must be prepared to 
revise the work at regular intervals. There is a 
strong argument, therefore, for a volume of half 
or a third of the size, to serve as an up-to-the- 
minute guide to choice of method and technique 
for the solution of particular problems, with the 
aims of comprehensiveness and definitiveness limited 
to outline, abstract, and bibliography. In the 
Handbook, the treatment of the bibliography is 
uncommonly good, in that each reference contains 
a short statement of the contents ; but the value of 
such a bibliography tends to diminish, the longer 
it stands unrevised. Whatever may be the ultimate 
verdict on this general issue of editorial discretion, 
however, there can be no'doubt that initiative of the 
sponsors—the Society for Experimental Stress 
Analysis—and the labour and skill of the editor 
and the many contributors, given without remunera- 
tion for the benefit of the Society, will be widely 
welcomed and supported by all engaged in this 
important branch of engineering research and 
design. 

The eleven chapters of the Introduction fall broadly 
into five groups, namely, the theoretical basis, 
strain gauges, photo-elasticity, analogies, and 
special methods and applications. As the discussion 
of the Handbook will have indicated, the author of 
the Introduction has had no small problem 
deciding where to sketch lightly and where to lay 
on the emphasis more heavily. The success that 
he has achieved may be due, in part, to the fact that. 
as he explains in the preface, the text was consecu- 
tively revised after each of three repetitions of a 
course of lectures in the United States Naval Post- 
graduate School ; so that the book, in both general 
content and in its detailed form, is well matched to 
the requirements of the technically-trained reader 
who has little or no previous acquaintance with 


the subject. It should be useful also to the engineer 
possessing some limited or specialised know ledge of 
experimental stress analysis, who requires a broader 


view of the whole field without being confronted by 
advanced mathematics or an abundance of instru- 
mental detail. 
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XII.—TextTILeE MacuINery. 


To all outward appearance, 1950 seems to have 
been a good year for the textile machinery industry. 
Output rose by 2-91. millions during the twelve 
months ended September, 1950, an increase of 
3 per cent. on the corresponding period in 1949. 
The increase was uneven, however, and, to a large 
extent, was the result of an expansion in the output 
of accessories, which increased by 10 per cent. 
Employment in the industry as a whole in Septem- 
ber. 1950, was 4,700 less than in October, 1949, but, 
as in the case of production, different sections of the 
industry were affected differently. 





from home and overseas, during the year were 
appreciably below the volume of production, 
with the result that, at the end of the year, the 
backlog of orders which had been building up 
during the war and the four subsequent years 
had been practically eliminated.” 

This trend of falling orders is now believed to 
have been accentuated and has begun to affect 
production. Employment has declined by 8 per 
cent. and the value of output by 3 per cent. This 
decline would probably be greater if corrected to 
discount the rise in prices. Other sections of the 
industry, however, have not been affected and the 
demand for weaving, knitting, lace and other types 
of machines far exceeds the industry’s capacity to 
supply. The activity of each section is reviewed in 
some detail, and statistics showing production and 


TABLE I.—DELIVERIES OF TEXTILE MACHINERY (£1,000). 





| 12 Months Ended 
September, 1948. 


Type of Machinery. 


| 42 Months Ended 
September, 1949. 


12 Months Ended 
September, 1950. 








| Total. | Export. 











Total. | Export. Total. | Export. 
_— ; 
| | | 

Spinning, twisting and preparatory processes | 14,769 | 11,439 | 19,618 14,946 | \ | 
Boocennes subsequent to spinning, but prepara- | | > 26,118 16,368 

tory to weaving ye a = ee 5,268 | 2,289 | 8,196 3,489 | 
Weaving .. oa a ae < 5,034 2,112 | 6,735 | 2,517 | 8,012 2,914 
Bleaching, dyeing, printing and finishing 4,050 ' 1, 5,394 337 6,034 2,756 
Jute, flax and hemp spinning and weaving . | 6,069 | 4,365 5,913 4,305 6,957 | 4,935 
Hosiery and lace os Bi ioe | 4,367 | 2,212 5,420 3,435 5,753 2,892 
Accessories es --| 321001 | 5,115 | 13,944 5,427 15,261 | 5,983 

29,359 | 65,220 


Total = Ree —s ..| 51,668 29, 


} 


36,456 68,135 | $5,848 





TABLE II.—TEXTILE MACHINERY INDUSTRY : 


ESTIMATED NUMBERS EMPLOYED. 





| 
1938. | August, 1947, 


| 
Type of Machinery. 


j 
October, 1949. September, 1950. 


August, 1948. 

































































| 
Number. | Index. | Number. | Index. | Number. | Index. | Number. | Index, Number. | Index. 
| | 
Spinning and preparatory pro- | } 
eS | | 17,420) | | 19,180 | 18,397) | | 
Processes subsequent to spin- 1 12,780; 100 | | 173 | 195 >| 203 | 23,833 | 187 
ning, but preparatory to 4,710) 5,720) 7,543 J } 
weaving .. se “ ; | - | ie | ” — 
Weaving .. ae A ..{” 4,450 | 100 6,240 140 | 6,380 | 143 7,318 164 7,395 | 166 
Dyeing and finishin; es ~ 2,340 100 | 3,170 136 3,520 | 150 | 3,658 156 3,271 | 140 
Jute, flax and hemp spinning and | | 
weaving .. of x ..|° 4,500 | 100 7,340 163 7,950 | 176 | 7,465 165 7,184 | 160 
Hosiery and lace .. ok ia 3,950 100 5,660 143 6,100 | 154 6,892 | 175 | 6,800 | 172 
Accessories ‘ ae -+| 12,000 100 10,570 | 88 11,260 | 94 | 12,012 | 100 | 10,071 89 
Total  .. ..  ..| 40,020] 100 | 55,110 | 137 | 60,060 | 152 | 63,285 | 158 | 58,554 | 145 
‘iniabiien | | H | | 
TABLE III.—UnNrITED KINGDOM: QUARTERLY DELIVERIES OF TEXTILE MACHINERY (£1,000). 
| 1949, | 1950. 
| 
— | 2nd Quarter. 8rd Quarter. | 4th Quarter. Ist Quarter. | 2nd Quarter. 3rd Quarter. 
| | For For | For | For | l For | For 
| Total. | Export, | Total. Export. | Total. | Export, | Tt@l- | Export. | Tot@l. | Export, | Total. | mapest. 
I | | | } | 
ne es, | | | | | 
Spinning, twisting, | | | | H 
and preparatory | | | | 
processes .. ..| 4,917 | 3,684 | 4,812 | 3,576 | | | | 
Processes subsequent ' | | | | 
to spinning, but | | 7,227 | 4,662 | 6,429 | 4,083 6,474 | 3,951 | 5,988 | 3,672 
preparatory to | } } | | | 
Weaving .. .-| 2,178 | 972 | 2,178 753 J | | | | | | 
Weavi a“ oot Seas 546 | 1,803 597 | 2,015 | 724 | 2,371 852 1,920 675 | 1,806| 663 
Bleaching, dyeing, | | | 
printing and finish | 
ing oe --| 1,398 606 1,290 570 1,495 701 | 1,518 | 741 1,599 708 1,422 606 
Jute, flax, and hemp | 1,407 978 | 1,524| 1,119 | 1,644) 1,161 | 1,722! 1,212 | 1,947 | 1,320 | 1,644 | 1,242 
Hosiery and lace 1,360 710 1,260 660 1,530 824 1,474 | 722 | 1,356 690 1,393 | 656 
Accessories .. 8,795 | 1,586 | 3,262 | 1,230 | 3,870 | 1,549 | 4,862 | 1,842 | 3,684) 1,479 | 3,845 | 1,118 
Total “ 16,672 | 9,082 | 16.120 | 8,505 | 17,781 | 9,621 | 17,776 | 9,452 | 16,080 | 8,823 | 16,598 | 7,952 
—— ' 1 ' 











The section manufacturing accessories showed a 
decline of 16 per cent. in its labour force despite 
the increase in output, suggesting a substantial 
improvement in output per man, even if some of 
the increase reflects a rise in price. The main 
decline of output was in the largest section of the 
industry—the manufacture of machinery for pro- 
cesses preparatory to weaving. In the correspond- 
ing ** Outlook” article last year, the decline in the 
flow of orders to this section of the industry was 
noted, and it was forecast that it would soon check 
the rapid rise in output which had been in progress 
since the end of the year. Mr. K. H. Preston, 
chairman of Textile Machinery Makers, Limited, 
commenting on his company’s prospects in June, 
1950, said that ‘‘ Orders received from the home 
market in 1949 showed a considerable increase 
over the previous year, but the total orders, both 





employment are shown, in Tables I, II and III, 
herewith. 

It is difficult to generalise about the prospects 
of the industry, though most sections, except that 
manufacturing machinery for processes preparatory 
to weaving, will continue to work to capacity. 
The latter’s prospects depend greatly on the 
attitude of the home cotton-spinning industry to 
the re-equipment of its mills. There is no doubt 
that the machinery makers supplying the rapidly 
expanding synthetic-fibre industry are in the best 
position ; those operating in the more traditional 
types of machines, which are not used for the 
processing of synthetic fibres, are the most vulner- 
able. Deliveries of exports continue to be high, 
though they were less in value in 1950 than in 1949— 
accounting for 63 per cent. of the section’s output, 
compared with 66 per cent. There is evidently a 


fair amount of competition from Germany and 
Japan, which is likely to increase. At the same time, 
the demand for this type of textile machinery re- 
mains high in most of the industry’s best markets and 
it is unlikely that export demand will suddenly dry 
up; it is reasonable, however, to expect a further 
decline during the current year. At home, the pros- 
pects are a little brighter ; there has been a delayed 
response to the Government’s Cotton Spinning 
Re-equipment (Subsidy) Act, and proposed expen- 
diture amounts to nearly 11/. millions, most of 
which consists of spinning machinery. 

The industry should, therefore, continue to be 
very busy during the current year, though eventually 
it will have to face the fact that the expansion 
which has taken place in its capacity since the war 
is probably far greater than the exparfion of 
potential demand for textile machines of the tradi- 
tional types, in the markets which are open toBritish 
manufacturers. Some contraction of output is 
inevitable in the long run, therefore, though it may 
not prove necessary for several years, unless, re- 
armament forces the Government to restirict 
re-equipment of the home textile industry ; a niost 
unlikely occurrence after the strenuous efforts 
that have had to be made to enlist Lancashire’s 
co-operation. 

Table I shows that, for manufacturers of prepara- 
tory and spinning machinery, the home market 
is much less important than the export market, 
accounting for only 37 per cent. of the total deli- 
veries in 1950. In the 12 months to September 30, 
1950, home deliveries were valued at 9-41. millions, 
370,0001. higher than the year before; they may 
be expected to increase further as a result of the 
Cotton Spinning Re-equipment (Subsidy) Act. 
Under this Act of 1948, a subsidy of 25 per cent. 
of the cost of re-equipment is granted to units 
controlling 400,000 spindles. Initially, the response 
was disappointing. It was found necessary to 
extend the date by which contracts to buy and 
install equipment had to be placed, from April 30, 
1949, to April 5, 1950. A large proportion of the 
industry, however, has now registered with the 
Board of Trade to benefit under the scheme. Of a 
total of 35-6 million spindles in Lancashire, 21-5 
million in 289 mills (controlled by 29 groups) are 
involved. Board of Trade approval has been given 
already to plans for re-equipping 109 mills, contain- 
ing 40 per cent. of all the spindles of the registered 
groups. This means the re-equipment of one quarter 
of the spindle capacity of the whole industry, at a 
proposed expenditure of 10-71. millions. The total 
expenditure under the scheme is expected to be 
about 16l. millions, of which the Government 
commitment will be about 41. millions. This, it is 
true, is considerably below the commitment of 
12/. millions visualised as the probable cost when the 
Bill was introduced; nevertheless, re-equipment 
on the scale achieved should help materially to 
increase the efficiency of the Lancashire cotton 
industry. 

The vital need to re-equip the Lancashire mills 
has been brought out by the report of the Produc- 
tivity Team on Cotton Spinning, according to 
which productivity in cotton-spinning in the 
United States is between, 20 and 230 per cent. higher 
than in Britain and, on the average, 100 per cent. 
higher. Mr. C. Henniker-Heaton, Director of the 
Federation of Master Cotton Spinners’ Association, 
has pointed out in an article to the Financial Times 
that productivity is not necessarily the final criterion 
of efficiency in any industry, and, in the case of 
cotton spinning, is particularly misleading. It is, 
for example, easy to obtain high production per 
operative and yet have machinery standing idle or 
not working to capacity. Moreover, higher physical 
output achieved by permitting a deterioration of 
quality or increase in unit costs is valueless. In the 
United States, however, high productivity is 
achieved in the spinning of a good-quality yarn 
and with a reasonable percentage of machine 
efficiency. 

Whether it is desirable to introduce American 
methods in the United Kingom must depend on 
calculations of unit cost. Conditions in Britain 
and the United States differ fundamentally in three 
respects ; firstly, the large home market educated 
to take standard cloths in America, which permits 
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the spinning of relatively few yarn counts ; secondly, 
the availability of home-grown cotton in the 
United States; and, thirdly, the much higher 
cost of labour in the United States. On the first 
issue, the scope for a reduction in the number of 
yarn counts spun is fairly limited in Britain, but 
the Cotton Working Party reported that much 
could be done towards achieving greater standardisa- 
tion. Concerning home-grown cotton, American 
mills can purchase the best qualities, though at a 
premium on the prices of the ordinary grades. Good 
cotton enables them to shorten processing and also 
to save labour by the use of special machinery. 
The British mill-owner has to purchase from the 
Raw Cotton Commission, whose dollar expenditure 
is limited, so that, even if more expensive cotton 
could be obtained, it would simply mean smaller 
total supplies and idle machines in Lancashire. 

The cost and attitudes of labour are, however, 
the most important considerations in any attempt 
to introduce American methods in Britain. Many 
other Teams besides this one, visiting the United 
States, have commented on, the high cost of labour, 
combined with “‘ productivity consciousness ”’ and 
a readiness to accept new machinery and new 
methods. The importance of high wages as an 
incentive to manufacturers to install up-to-date 
machinery has been argued already in earlier 
articles in this series, as well as the necessity of the 
acceptance of new machinery by workpeople and 
unions. It is the latter factor which is given the 
main emphasis by the Productivity Team, who 
stress that the competitive ability of the British 
cotton spinning industry will depend in future on a 
proper appreciation of the closeness of the connection 
between re-equipment and the redistribution of 
labour. In Britain, the willingness of the unions 
to accept redeployment has often been the factor 
determining the scale of re-equipment to be carried 
out. Full labour utilisation in the United States is 
obtained by working two or three shifts, which 
justifies expenditure on new machinery and labour- 
saving devices. Mr. Henniker-Heaton makes the 
point that a two-shift system doubles the effective 
rate of re-equipment and modernisation, and many 
believe that its adoption in Britain is inevitable in 
the textile industry, if machinery is to be replaced 
quickly enough to keep it up to date. 

The elimination of the obstacles to re-equipment 
will take time, particularly in so far as they require 
a major psychological adjustment on the part of 
owners and employees, and it is not surprising, 
therefore, that the response to the Subsidy Act was 
no larger, and that purchases of textile machinery 
were no greater. The soundness of the strategy of 
the Act, which demanded the amalgamation of small 
units into groups with the requisite number of 
spindles, has been questioned in, some circles, where 
it has been argued that many firms would value 
their independence more than re-equipment. It 
was suggested that the best way of encouraging re- 
equipment was to increase depreciation allowances. 
For all these arguments, it is obvious that manu- 
facturers will only re-equip when their calculations 
show they will cut down production costs, and, 
further, only if this means higher profits and not 
merely higher taxation. In the United States, 
depreciation allowances provide little incentive to 
purchase new machinery (they do not exceed 
6 per cent. and are sometimes as low as 3 per cent. 
per annum) and finance for re-equipment is provided 
generally by large allocations from profits, which are 
not so heavily taxed as in the United Kingdom. 

The Productivity Team absolves the textile 
machinery industry from all responsibility for low 
productivity in the Lancashire cotton industry. 
““We saw,” they say, “nothing basically new in 
machine design in the United States, and we believe 
that our machinery maxers are able to supply what 
is required.” They go on to recommend improve- 
ments in machinery, but these relate mainly to 
methods of providing shorter processing, larger 
packaging and minor mechanical aids. The help of 
the Shirley Research Institute and of Textile 
Machinery Makers, Limited, has been, enlisted. 

For manufacturers of automatic looms, the home 
demand is not a major problem. The available 
statistics do not differentiate between deliveries of 
automatic looms and those of ordinary looms, but, 
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since it is common knowledge that the sales of 
ordinary looms are falling, an increase in the 
home deliveries of weaving machinery from 4-21. 
millions in the year to September, 1949, to 5-1. 
millions in the year to September, 1950, indicates 
a substantial increase in the demand for automatic 
looms. The British Northrop Loom Company, 
by far the largest manufacturers, have been increas- 
ing capacity and output steadily, from 7,000 looms 
in 1948 to over 9,000 in 1950, but are still unable 
to keep pace with demand. To meet home require- 
ments more effectively, moreover, the proportion 
going for export was reduced from 40 to 25 per cent. 
at the end of 1948. From the point of view of loom 
manufacturers, this restriction of exports is not 
desirable, for it means the loss of business and good- 
will to Japanese, American and Swiss competitors ; 
but it is essential, nevertheless, to the survival of the 
Lancashire cotton industry. 

Though Lancashire is taking as many automatic 
looms as can be supplied, the numbers installed are 
far less than required. The report of the Produc- 
tivity Team on Cotton Weaving followed that on 
Cotton Spinning and came to many similar conclu- 
sions. The Team found that high productivity 
and cost reduction were largely the result of the 
efficient utilisation of modern and automatic 
machinery. The most striking difference between 
American and British mills in productivity in weav- 
ing is attributable to the wide use of automatic 
looms. In the United States, pillow cottons were 
seen being woven at more than 90 per cent. efficiency 
and 104 looms per weaver. Few firms in Britain 
could weave such cloths at more than eight non- 
automatic looms per weaver and 85 per cent. 
efficiency. As the team point out, endless argu- 
ments have been put forward that the Lancashire 
loom is still supreme in the field of production at 
low cost, and that the automatic loom cannot 
compete because of the high capital and interest 
charges it has to bear. This, however, neglects the 
important influences of warp breakages on auto- 
matic loom efficiency, and on the number of looms 
it is possible for one weaver to operate. In the 
United States, by ensuring good yarn weavability 
and, consequently, reducing warp breakages td a 
minimum, it is possible for one operative to tend 
as many as 104 looms with as little fatigue as an 
operator tending six non-automatic looms under 
British conditions. 

In the United States, an important factor which 
helps to maintain good weavability of the yarn is the 
vertical organisation of the industry, which permits 
of effective quality control through all processes. 
Unfortunately, in Britain, the structure of the 
cotton industry is horizontal, and cannot be changed. 
The Team, however, have been able to make recom- 
mendations for increasing productivity, based on 
the existing structure. They stress that consider- 
able capital expenditure is necessary, and that 
more is involved than just the re-equipment of the 
Lancashire cotton industry with machinery of the 
type used so successfully in the United States. 
The shortage of automatic looms is thus perhaps 
the least of the obstacles to increased efficiency in 
cotton weaving in the United Kingdom. 

Another type of textile machinery for which 
demand is in excess of supply is hosiery and lace 
machinery. Much of this has to be imported, and 
though imports in 1950 were 1-6l. millions less 
than in 1949, they were still valued at 1-8/. millions. 
Deliveries by British manufacturers to the home 
market, however, increased from 2-0/. millions in 
the year to September, 1949, to 2-91. millions in the 
year to September, 1950. Further increases are 
to be expected since the new plant of Mellor Bromley 
and Company, Limited, for the manufacture of 
fully-fashioned hosiery machinery, is now in produc- 
tion. A limiting factor in production until fairly 
recently has been a persistent shortage of needles. 
British manufacturers of needles have had plans in 
hand to expand their capacity for some time and 
it was thought at the beginning of 1950 that it 
would be possible to meet home requirements in 
full in 12 to 18 months. The expansion programmes 
have already resulted in higher output, but since, 
meanwhile, the demand for needles has been rising, 
it has not been possible to cut down imports. The 
value of imports in 1950, in fact, shows some 





increase compared with 1949, but this is largely the 
reflection of increased prices. 

The hosiery and knitting machinery exhibition 
at Leicester, in November, 1950, was of considerable 
interest in the range of machinery displayed, and a 
notable success in the volume of firm orders received. 
Of particular interest from the technical point of 
view was a sectional warping unit exhibited by 
F.N.F., Limited, subsidiary of Courtaulds, Limited, 
and makers of the well-known F.N.F. warp knitting 
machines ; a new twin-head fully-fashioned hosiery 
machine by Wildt and Company, Limited ; and the 
Reymes-Cole rotary hose machine. It is said that 
the latter machine produces a fully-fashioned 
stocking at the same speed as the normal non- 
fashioned hose. No claim is made that it will 
supplant conventional fully-fashioned machinery or 
existing machinery for making non-fully-fashioned 
hosiery, but the makers claim that they have intro- 
duced a new category in the hosiery range, lying 
between the two established types. 

Orders booked by the Bentley Engineering Com- 
pany alone, at the Leicester Exhibition, were 
reported to be valued at 2/. millions. Hosiery and 
lace machinery is one of the few types of British 
textile machinery which has so far found a ready 
market in the United States. The acquisition of 
Wildt and Company by the Bentley Engineering 
Company in 1949 was designed to achieve production 
and sales economies which would improve prospects 
in dollar markets. The scope for an increase in 
exports by the Bentley Group, however, has been 
restricted hitherto by an agreement with the 
American company of Scott and Williams, who have 
been manufacturing Bentley machines under licence. 
This agreement has now lapsed, and in August the 
Bentley Group formed their own organisation, 
Bentley Knitting Machinery Organisation, Incor- 
porated, to handle the distribution of their machi- 
nery. Itis understood that about 20 per cent. of the 
total exports of the Group have been going to 
America; under the new arrangement, this is 
expected to increase materially. 

Exports of all types of textile machinery are shown 
in Tables IV and V, opposite, taken from the T'rade 
and Navigation Accounts. It will be seen that total 
exports fell from 41-1/. millions in 1949 to 40-5I. 
millions in 1949, but that this fall was due mainly 
to a drop in exports of spinning and twisting 
machinery, which fell by 1/. million to 20-6I. 
millions. The principal market for this type of 
machinery is India, which took British machinery 
to the value of 7-7]. millions and accounted for 
19 per cent, of the total British exports of textile 
machinery of all kinds. Exports to India, however, 
were 2-2. millions less than in 1949. In September. 
1949, India was forced to cut imports of textile 
machinery drastically in order to conserve currency. 
A complete ban was imposed in imports of ring 
frames, and, though this was relaxed later, licences 
have not been easy to obtain. According to a 
statement of import policy issued from New Delhi 
on November 16, 1950, import licences for textile 
machinery would be issued to cover 80 per cent. of 
the difference between total requirements, as 
assessed by the Government, and the amount of 
suitable machinery of local production considered 
available. Indian mill-owners, for their part, 
have little confidence in the future, because of 
unsettled conditions and high taxation. _The 
Indian cotton industry is equipped with 1-05 million 
spindles and 191,000 looms, and is capable of turning 
out 5,000 million yards of cloth a year. Actual 
output in 1950, however, was not expected to 
exceed 3,600 million yards, because of the difficult 
supply position and the high prices of imported raw 
cotton. In the current year, India is faced with a 
fall of 10 per cent. in supplies of raw cotton, and the 
prospect of excess capacity in the cotton industry. 
Much of the equipment in use in India to-day is 
old, but its replacement must await the advent o! 
healthier finance and more settled conditions. 

Exports of textile machinery to Egypt also 
declined considerably, falling by 11. million to 1-1/ 
millions in 1950. The cotton industry in Egypt 
is in no happier a position than that in India. Th 
number of spindles installed increased rapidly after 
the war to 510,000, nearly twice as many as befor. 
the war, but in 1949 it became evident that such a 
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rapid expansion was ill-advised and some of the 
mills had to be shut down. Exports to Brazil were 
still considerable in 1950, but, nevertheless, were 
450,0001. less than in 1949. The Brazilian cotton 
industry has about 3-5 million spindles, many of 
which are in need of replacement, and Brazil may 
continue to be one of the best markets for British 
spinning machinery. 

' Exports of textile machinery in Western Europe 
have been most encouraging. With few exceptions, 
exports to member nations of the Organisation for 
European Economic Co-operation increased in 1950, 
and the potential demand is still considerable. In all 
the countries concerned, reduced demand cut the 
earnings of the textile industries in the inter-war 
period to such a point that re-equipment did not 
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Atlantic City Exhibition in es ; but Mr. K. H. 
Preston, speaking at the annual general meeting of 
Platt Brothers (Holdings), Limited, in June, 
reported that, though intense interest was shown 
in the British machinery, no firm orders were 
received. He also reported that the President of 
the American National Association of Textile 
Machinery Manufacturers has said that any lowering 
of tariff on imports of textile machinery would 
create a dangerous situation; that the American 
textile machinery industry would be unable to 
retain its present high position unless adequate 
tariff protection were maintained; and that the 
market for textile machinery in the United States 
was falling. 





Pakistan, as a grower of raw jute, is naturally 


EXPORTS BY MAIN MACHINERY GROUPS. 








1938, 1948, 1949, 1950. 
Type of Machinery. sie oa my as 
Tons Value Value Value Value 


(£,1000),| TORS. 


(£1,000).| TS. | (¢1,000).| TS. | (¢1,000). 





For spinning and twisting and all preparatory pro- 
cesses. . | 49,005 
For processes preparatory to -weav ing, but ut subsequent 


5,671 | 58,532 | 19,081 | 61,931 | 21,581 | 56,545 | 20,590 


96] 3,181 | 1,200] 3,727| 1,603] 3,799] 1,720 
1,163 | 15,440 | 3,803 | 16,414 | 4,152] 16,805 | 4,519 


464 5,910! 1,931] 6,924} 2,471] 7,318] 2,626 
467| 1,731 | 21444] 1:809| 2/882] 1,916 | 3,059 
294| 1,997 947 | 1,644 813 742 540 
252 | 9,014| 5,127] 11,434 | 6,400] 11,019] 6,352 

es 14,802} 1,984 | 7,959] 1,192| 6,834] 1,060 








to spinning and tw isting ‘ 966 
Looms and other weaving machinery . . | 12,497 
Bleaching, dyeing, printing and other finishing 

machinery ' ‘ 4,499 | 
Hosiery and othe r knitting mac ‘hinery_ as s 562 | 
Bobbins, separately ae a a- ae 1,553 
All other sorts .. .* “x ke oe 1,694 
Secondhand on es sa ne ie “< _ 

Total .. ey ice ae ps .. | 70,776 























8,407 Pr10,607 36,517 | 111,842 | 41,094 | 104,978 | 40,466 
































TABLE V.—UNITED KINGDOM: EXPORTS OF TEXTILE MACHINERY, BY COUNTRIES. 
Tons. Value (£1,000). 
1948, 1949, 1950, 1948 | 1949, | 1950, 
South Africa .. be A 2,749 2,273 1,978 823 727 760 
India .. oe i~ ay 27,341 30,741 | 22,293 8,969 10,074 7,746 
Pakistan Be on ae 831 2,150 | 2,297 151 545 554 
HongKong ..  ..... 1,849 1,285 =| 1,132 542 476 414 
Australia ot i pe 4,374 4,968 3,985 1,601 1,967 1,605 
New Zealand .. a oe 616 609 | 684 286 271 329 
Canada 2,048 1,992 | 1,815 791 797 820 
Othe F Commonwealth Countries 1,041 1,592 1,166 265 361 381 
Irish Republic . x 1,476 1,094 1,254 524 403 469 
Finland is Ee - 446 438 132 183 405 
Sweden “ e >? 2,950 1,776 3,777 1,283 936 1,591 
Norway. . ve ia ae 1,719 1,554 1,370 622 626 578 
Denmark ae ae de 1,128 1,148 1,141 515 589 538 
Poland .. a “ a 40 842 1,947 74 369 656 
Germany se a i 17 691 2,563 20 320 1,083 
Netherlands... ie si 5,243 4,014 4,541 1,819 1,638 1,919 
Belgium ¥ oe 4,300 5,063 3,805 1,700 1,994 1,521 
France .. ms as Rm 3,850 5,103 5,351 1,533 2,355 2,444 
Switzerland 5m a ee 380 511 5 274 326 340 
Portugal xR - +i 2,572 2,356 3,684 770 765 1,200 
Spain .. a fe 9 247 1,299 140 677 224 
Italy .. a a a 653 2,669 3,485 304 1,036 1,549 
Czechoslovakia ae? ‘ 450 1,955 1,839 177 7 
Greece .. ae. < os 818 1,553 2,885 204 529 1,014 
Turkey .. re ss a 669 874 2,757 272 339 988 
yria .. =e os os 1,008 417 405 269 117 122 
Lebanon i 394 249 99 101 94 40 
Egypt .. : 9,884 6,700 2,826 2,400 2,039 1,081 
Taq ‘ : 546 455 147 144 193 
Iran , : 913 2,322 2,174 211 662 646 
China ; > 4,430 1,031 1,248 1,209 354 450 
United States . 2,409 2,030 2,013 1,244 1,024 1,065 
exico .. ‘ 1,644 ;260 39 529 
Peru 921 1,079 566 297 418 227 
Chile 1,627 1,347 1,101 539 551 477 
Brazil ng aa ay? 9,095 9,286 6,973 2,937 3,312 2,861 
Uruguay Bi a mc 225 687 483 25 274 
Argentina ta 4,793 3,548 2,823 1,462 1,408 1,070 
Other foreign Countries an 4,911 3,397 4,773 1,056 1,292 1,743 
Total .. “A - 110,607 111,842 104,978 36,517 41,095 40,466 

















appear profitable and, in any case, could not be 
afforded. Re-equipment was again deferred during 
the war years and, according to requirements as 
assessed under the Marshall Aid Programme, the 
replacement of 14-9 million spindles, or 28 per cent. 
of the total number installed, was considered essen- 
tial. The freeing of intra-European trade, which 
has now reached the 60 per cent. stage, has helped 
British manufacturers to secure a high share of the 
European demand for textile machinery. Member 
countries of O.E.E.C., with the exception of the 
Netherlands, have now eliminated all discrimination 
80 far as imports of textile machinery are con- 
cerned, 

i xports to the United States so far have consisted 
mainly of jute, flax and hosiery machinery, but it 
was thought that devaluation might help to estab- 
lish British cotton-spinning machinery in the 
United States. Textile Machinery Makers, Limited, 
therefore took the opportunity to exhibit at the 





interested in developing a processing industry. 
British exports of textile machinery to that country. 
which in 1949 and 1950 were about 550,000I., are 
likely to show an increase in 1951. It is reported 
that orders for machinery placed with jute-machinery 
manufacturers are valued at 3/. millions. Fairbairn 
Lawson Combe Barbour, Limited, stated in July 
that they had received an order valued at 1-25l. 
millions for spinning and weaving machinery 
from a Pakistan industrialist who is establishing 
three mills, each of 1,000 looms, in an area in 
Bengal. 

For a few types of textile machinery, in some 
markets, export prospects are good; in general 
however, the outlook is one of declining demand 
which is likely to be felt most by manufacturers 
of cotton-spinning machinery. Their difficulties 
are rendered the more acute by the threat of 
increased foreign competition from the United 
States, Japan, Germany and Italy. Japanese 
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1 emsitions does not now appear as formidable, 
perhaps, as it did prior to devaluation, when 
Japanese prices were said to be over 25 per cent. 
lower than British prices. Until the summer of 
1949, Japanese manufacturers were exporting one- 
third of their total output of textile machinery and, 
in the first half of 1949, 250,000 spindles were 
exported. Devaluation, however, turned the scales 
in favour of the British, and exports in the second 
half of 1949 were negligible. Japanese manufac- 
turers have been doing their utmost to cut costs, and 
some are reported to bave effected reductions of 
up to 15 per cent. They are, however, likely to 
be concerned predominantly with home demand for 
some little time ahead. The Japanese cotton 
industry has now reached the limit of 4 million 
spindles originally imposed upon it. This limit 
was barely reached, however, when, on the outbreak 
of war with Korea, General MacArthur removed all 
restrictions on the size of the industry. 

The textile machinery industry in the United 
Kingdom in 1951 finds itself in a phase of re-adjust- 
ment. Contraction has begun in some sections 
producing staple lines of spi and weaving 
machinery, while other sections still find themselves 
unable to cope with arising demand. Re-armament 
and war in Korea have affected the industry mainly 
on the supply side, and to its other difficulties have 
been added shortages of steel and non-ferrous 
metals. The main problem at present is brass, 
but since this is used in comparatively small quan- 
tities, and the value of the finished machine is 
out of all proportion to the brass embodied, the 
Government are likely to do all they can to prevent 
bottlenecks. Industries exporting to dollar markets 
or engaged on essential investment projects in the 
United Kingdom are assured, in any case, of high 
priority in the supply of scarce materials, and many 
sections of the textile machinery industry qualify 
in both respects. It is not expected, therefore, 
that shortages will lead to any serious disruption of 
production, unless the rearmament programme is 
intensified. 





AMERICAN UNIVERSITIES AND INDUSTRY.—A produc- 
tivity team led by Dr. Percy Dunsheath left this 
country on March 13 to study the relationship between 
the universities and industry in the United States. The 
other members of the team are: Professor D. T. Jack 
(economics, University of Durham), Professor Kdmund 
Giffen (civil and mechanical engineering, Queen Mary 
College), Mr. O. V. Guy (secretary, University of Cam- 
bridge Appointments Board), Dr. W. S. Bristowe (Central 
Staff Department, I.C.I., Limited), Mr. J. ©. Jones 
(Director of Education, Polytechnic, Regent-street), 
Professor H. W. Melville (chemistry, University of 
Birmingham), Mr. D. R. O. Thomas (chief education 
officer, United Steel Companies, Limited), Dr. D. 8. 
Anderson (Director, Royal Technical College, Glasgow), 
Mr. J. V. C. Wray (secretary, Education Department, 
Trades Union Congress), Mr. C. R. Morris (vice-chancellor, 
University of Leeds), Major W. F. F. Scott (director, 
Tube Investments, Limited), Mr. Frederick Bray (under- 
secretary, Ministry of Education), Mr. A. L. Fleet (team 
secretary ; assistant secretary, Association of Univer- 
sities of the British Commonwealth), and Mr. N. G. 
McCulloch (deputy-chairman, Calico Printers’ Association, 
Limited.) 





PETROLEUM INDUSTRY EXHIBITION.—The Shell Petro- 
leum Company, Limited, St. Helen’s-court, Great St. 
Helen’s, London, E.C.3, and the Anglo-Iranian Oil 
Company, Limited, Britannic House, Finsbury-circus, 
London, E.C.2, are sponsoring an exhibition dealmng 
with many aspects of the petroleum industry ; the exhi- 
bition will tour a number of university centres in the 
United Kingdom during the next few months. The 
achievements of the industry in connection with explora- 
tion, oilfield development, refining and transport will be 
emphasised in the exhibition, which will include many 
models, maps and photographs, as well as items of 
historical interest. The exhibition will be on view, 
under the auspices of the Institute of Petroleum, at the 
Imperial College of Science and Technology, Prince 
Consort-road, London, 8.W.7, from Friday, April 6, to 
Saturday, April 21. Sir Henry Tizard, G.C.B., F.R.S., 
will open the exhibition at the college on April 5. The 
exhibition will be shown at the Royal Technical College, 
Glasgow, from Friday, May 4, to Saturday, May 19; 
at the University of Leeds from Wednesday, June 20, 
to Friday, July 6; and at Cambridge University from 
Monday, July 16, to Saturday, July 28. It will be 
open to the general public, without charge. 
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GRAPHICAL SOLUTION 
OF EPICYCLIC GEAR 
TRAIN PROBLEMS. 
By W. H. Mann, B.Sc.(Eng.). 


For the purpose of design, it is often of advantage 

to use a graphical method in order to determine the 
required gear ratio for an epicyclic gear train. In 
such problems, the shafts of the gear wheels are not 
all fixed, and it is sometimes very difficult to see 
-what really happens when any one wheel in the 
gear train is put into motion, another one being 
fixed. Many engineers, therefore, prefer graphical 
solutions to analytical solutions, particularly in 
design offices, where, rightly or wrongly, more 
confidence is frequently felt in seeing something 
‘‘on the board” than in looking at a few figures 
which sometimes have little meaning to anybody 
except the originator himself. 

In the following, a graphical method is described 
for working out simple epicyclic gear trains. This 
method, though quite simple in its application, 
appears to be little known, but it will be seen that 
it has distinct advantages in many cases. Once 
the linear velocity diagram and the angular velocity 
diagram for a particular gear train are drawn, the 
diagrams can be used over and over again, irrespec- 
tive of which wheel or shaft in the train is considered 
fixed. Moreover, for one particular gear train, 
the P x V values and the T x N values remain 
constant, neglecting friction losses, so that the 
pitch-line velocities in the linear velocity diagram 
and the angular velocities in the angular velocity 
diagram give a reciprocal measure of the tooth 
load P and the shaft torque T, respectively (V is 
pitch-line velocity and N is number of revolutions). 

In the following investigation of gear trains, the 
wheels are represented by their pitch circles (see 
diagrams). Sometimes, however, it may be of 
advantage to draw a diagram in which the gear 
wheels are represented by their pitch surfaces. 
The basic consideration for representing linear 
velocities and angular velocities in the forms of the 
diagrams is that the relative motion between a 
pair of mating wheels is always the same, whether the 
shafts of the wheels are fixed or not. 

Consider a simple epicyclic gear train consisting 

_ of wheels A, B, C and arm D (Fig. 1), the centres 
of the wheels being a, b, and c, so that the arm D is 
represented by the line joining a with c. If f is 
the pitch point between the gear wheels A and B, 
the pitch line velocity of these gear wheels is given 
by the velocity vector V,,, perpendicular to line a c. 
V,» can be drawn to any convenient scale. From 
a and b draw lines to cut V,, ind. It is now clear 
that any line parallel to fd, such as hj, will give 
the velocity of wheel A at a radiusah. In general, 
any perpendicular on ab within the triangle a db 
will give the tangential velocities of wheels A and 
B, respectively, for any radius on the wheel. Line 

‘db, produced beyond 6, will meet the velocity 
vector V,, in e. V,, represents the pitch-line 
velocity of wheels B and C; it is perpendicular to 
ac and erected in the pitch point g. To complete 
the diagram, join e with c. 

It has been shown that any line Aj, in Fig. 1, 
is a measure of the tangential velocity of a gear 
wheel at any radius, ah. In general: angular 


P Vv - . . : 
velocity w = —, where V = pitch line velocity, and 
r 


r = pitch circle radius. 
From the velocity diagram, Fig. 1, it can be 


" observed that ve is the slope of line ad; also, 
a 


that ve = w,, the angular velocity of wheel A; 


that ia, the slope of the line ad gives a measure of 
the angular velocity of the wheel A. Similarly, 
the angular velocities of wheels B and C are given 
by the slopes of the lines de and ce, respectively. 
Making use of this relationship, the revolution 
diagram, Fig. 2, is drawn. 
From O, draw lines O A’, O B’, and OC’, which 
are parallel to ad, de and ec in the velocity dia- 
. gram. Draw a line OD’ equal to unity or any 
convenient scale parallel to the arm ac in Fig. 1; 
then connect B’D’ A’C’ by a perpendicular on 
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GRAPHICAL SOLUTION OF 
Fig.1. 
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Fig.2. 
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(348) D 
OD’. Considering the arm fixed, B’ D’, A’ D’ and 


C’ D’ will now represent the relative number of 
revolutions of wheels A, B, and C with respect to 
the arm D, bearing in mind that, to one side of D’, 
the number of revolutions will be clockwise, and 
anti-clockwise when measured in the opposite 
direction. It will be clear that, when wheel A is 
fixed the relative number of revolutions of wheels 
B, C and arm D will be B’ A’, C’ A’ and D’ A’. 

To take a numerical example: Fig. 3 shows a 
common epicyclic gear train. The following par- 
ticulars are given: the sun wheel A has 16 teeth; 
the planet wheel B has 12 teeth ; and the annulus C 
has 40 teeth. Let the arm be D, the annulus C be 
fixed, and the sun wheel run at 200 revolutions per 
minute. 

Draw the pitch circles of the gear wheels to 
some convenient scale and superimpose the velocity 
diagram adbea. Represent the arm D by OD’, 
Fig. 4, to some scale and erect a perpendicular on 
O D’, to extend on both sides of D’. Through the 
pole O, draw parallels to a d, de, and ae to cut the 
perpendicular on O D’ in A’, B’, and C’, respectively. 
This completes the revolution diagram. For the 
scale chosen in Fig. 4, the dimensions, as scaled, 
are given on the diagram. 

The ratio of speeds can now be read off from the 
diagram :— 

No. of revs. of arm D Cc’D’ 0:8 


= — i ——— 


No. of revs. of wheel AC’ A’ 28" 





Hence, speed of arm D, 200 _ = 57-143 r.p.m. 


To find the speed of planet B, with respect to wheel 
A, read off the ratio of B’ C’ to A’ C’, i.e., 
Speed of planet B = 200 "°° — — 133-34 r.p.m. 
The negative sign denotes that the planet wheel B 
turns in an opposite direction compared with the sun 
wheel A. 

Should it be required to fix the sun wheel A, 
then the datum point for all gear ratios will be 
point A’ in the revolution diagram, e.g., ratio of 


annulus A’C’ 
arm A’ >” 











CALENDAR.—We have received from the International 
Construction Company, Limited, 56, Kingsway, London, 
W.C.2, a wall calendar with monthly tear-off sheets. 
It covers the period from March, 1951, to February, 
1952, inclusive, and is equipped with a sliding date 
indicator. 
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EPICYCLIC GEAR TRAINS. 
Fig.3. 
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HIGH-TEMPERATURE 
MATERIALS FOR GAS 
TURBINES. 


(Continued from page 283.) 


WHEN the members of the Iron and Steel Institute 
reassembled on the morning of Thursday, Feb- 
ruary 22, for the discussion of the papers in 
Group VITof the symposium on ‘‘ High-Temperature 
Steels and Alloys for Gas Turbines,” Mr. D. A. Oliver 
again occupied the chair. In opening the morning’s 
session, he said that he felt sure that every one 
present had been pleased to read of the performance 
of the ‘‘ Canberra ”’ aircraft ; it was almost another 
contribution to the interest of the symposium. 


SPECIAL BLADE MATERIALS. 


There were seven papers in Group VII, which 
concerned ‘* Special Blade Materials.” They com- 
prised “‘Chromium-Base Alloys for Gas-Turbine 
Applications,” by Mr. E. A. G. Liddiard and Dr. 
A. H. Sully; “Some Cobalt-Rich Alloys for High- 
Temperature Service,’”’ by Dr. J. C. Chaston and 
Mr. F. C. Child ; ‘‘ Phase Diagrams of the Ternary 
Systems Fe-Cr-W and Fe-Cr-Mo at Low Tempera- 
tures,” by Mr. H. J. Goldschmidt; ‘Sintered 
Alloys for High-Temperature Service in Gas Tur- 
bines,”’ by Mr. R. W. A. Buswell, Mr. W. R. Pitkin, 
and Dr. I. Jenkins; ‘Ceramics as Gas-Turbine 
Materials: A Survey of the Possibilities,” by Mr. 
T. G. Carruthers and Professor A. L. Roberts ; 
‘Ceramics for Gas Turbines,” by Mr. L. Rother- 
ham, Mr. W. Watt, Mr. J. P. Roberts and Mr. F. J. 
Bradshaw ; and “ Sweat Cooling : Review of Present 
Knowledge and its Application to the Gas Turbine,” 
by Mr. P. Grootenhuis and Mr. N. P. W. Moore. 

Protessor G. Wesley Austin, the rapporteur for 
Group VIL, said that in the paper by Mr. Grootenhuis 
and Mr. Moore an inventive step had been taken. 
Instead of raising the melting point of the blade 
material, they had proposed a cooling of the surface. 
by passing a fluid through the fine pores in porous 
materials on the surface of the blade ; hence cooling 
the core of the blade. He agreed with them regard- 
ing the lack of knowledge on the fatigue strength of 
powdered compacts. Mr. Liddiard and Dr. Sully, 
in their paper, discussed the difficulty of casting 
the chromium alloys, and proposed the use of argon. 
He (Professor Austin) added that if argon were 
required in quantity the difficulty of its production 
would be overcome and overcome in a big way. 
These authors had also referred to the brittleness 
of the chromium alloys at room temperatures, but, 
if that were their only disadvantage, that fact 
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should not thwart their use. Mr. Goldschmidt’s 
paper was of a fundamental character and he was 
able to tell metallurgists the areas in his diagrams 
where the promising alloys lay. Dr..Chaston and 
Mr. Child had cast alloys containing cobalt and 
tantalum, and had determined their creep properties. 
The latter had been found to be excellent, but the 
problem would be to obtain these metals in quan- 
tity. The paper on sintered alloys by Mr. R. W. A. 
Buswell, Mr. W. R. Pitkin and Dr. I. Jenkins 
opened up great possibilities. It had been said 
that if only the size and stability of the precipi- 
tate in precipitation-hardening materials could be 
controlled, much could be accomplished. In powder 
metallurgy, it might be possible to put in the 
required precipitate more or less in the size needed, 
and, if the resultant alloy could be worked to some 
extent, the problems connected with this type of 
material might be solved. 

The last two papers were concerned with refrac- 
tories. Mr. Carruthers and Professor Roberts had 
given an excellent survey of the whole field and 
had come to the conclusion that the sintered oxides 
gave the highest immediate promise. They instanced 
eutectic mixtures of extremely high melting point, 
with figures ranging in the 2,000 deg. to 3,000 deg. C. 
region. Finally, the paper by Messrs. Rotherham, 
Watt, Roberts and Bradshaw contained a very 
accurate description of a great deal of work on 
sintered alumina. These authors stated that, at 
1,000 deg. C., the bend strength and creep properties 
of alumina were superior to those of any known 
metallic material used at the present time. 

Dr. H. Sutton, who opened the discussion, said 
that it was true that cobalt-base alloys had to he 
regarded as in a special eategory in view of the 
heavy demands made on the world’s available sup- 
plies of cobalt, but there were indications that the 
supply position, might be appreciably improved, and 
there were one or two present-day applications in 
which an alloy that was strong at temperatures 
which were high by modern standards for engineer- 
ing material, even for turbine components, could be 
used in small amounts with great advantage. One 
such application was for small gas starters for 
turbines. Mr. Buswell and his colleagues men- 
tioned that the creep properties of their sintered 
alloy were encouraging and it was a fact that there 
was already ample evidence of the good properties 
of sintered products. 

Dr. Howard Cross said that at the Battelle 
Memoria] Institute in the United States they had 
put in four years of intensive effort in studying 
chromium-base alloys. Most of this had been con- 
centrated on chromium-iron-molybdenum alloys, in 
the range between 60 per cent. Cr, 15 per cent. Fe 
and 25 per cent. Mo; and 60 per cent. Cr, 25 per 
cent. Fe, and 15 per cent. Mo. Most of the alloys 
had been both vacuum melted and vacuum cast. 
There was no doubt that these alloys had some very 
attractive high-temperature properties but these 
properties had not been realised consistently. The 
principal difficulty had been low room-temperature 
ductility and shock resistance. It had been found, 
however, that as the grain size decreased, the shock 
resistance improved. 

Mr. W. Woodward said that while considerable 
work had been done on ceramics in the United 
States, so far no material that was practicable for a 
ceramic turbine blade had been developed. The 
ceramic materials were promising but they had 
drawbacks, particularly that of low resistance to 
thermal shock and low resistance to mechanical 
shock. In essence, the conclusion was being drawn 
that ceramics alone would not provide the required 
properties. They must be given improved ductility 
and improved resistance to thermal shock. To do 
that, investigators in America were leaning towards 
the addition of metals, producing what was called 
a “ceramel.” A ceramel was a mixture of a 
ceramic and a metal. Tests on these materials 
had shown that strengths of the order of 22 tons 
per square inch were entirely within reason all the 
way up to temperatures of approximately 1,600 deg. 
C. In addition, these materials usually possessed 
very good oxidation resistance and showed con- 
siderable improvement in thermal shock resistance 
Over the ceramic materials. The new materials 
Were made by hot-pressing in a graphite die at high 


temperatures. A second method was the rubber- 
sleeve process in which the material, in powder 
form, was placed in a rubber mould and this mould 
was put in a hydraulic chamber filled with oil and 
subjected to pressure. The latter process gave a 
more uniform pressure all the way round the object 
being made. The materials investigated for the 
manufacture of ceramels consisted of a titaniam 
carbide base with molybdenum, nickel and iron as 
binders. In the paper by Rotherham and his col- 
leagues, bending-strength figures for alumina of 
16-4 and 12-7 tons per square inch at room tem- 
perature going up to 19-2 and 14-5 tons at 1,000 deg. 
C. had been given, this indicating an increase in 
strength with an increase in temperature. His 
colleagues and he had observed a corresponding 
phenomena using a tensile test, but they had not 
been able to obtain figures approaching those 
quoted with a bending test and he would be in- 
terested to know to what the authors ascribed the 
increase in strength. 

Mr. 8. T. Harrison said that the sintered blading 
used in engines at Armstrong Siddeley Motors, 
Limited, Coventry, was based on titanium carbide 
in a matrix of nickel or cobalt. Chromium was 
added as chromium carbide and the method of 
manufacture was similar to that used for tungsten 
carbide. Increasing the ccrbide content increased 
the creep strength and made the material more 
brittle. Additions of chromium improved the scal- 
ing resistance while alloys containing cobalt gave 
better creep properties than those containing nickel, 
but they had given rise to difficulties in grinding. 
A subsequent speaker, Mr. P. Grootenhuis, stated 
that the method of sweat cooling was fundament- 
ally different from the more conventional forms of 
cooling in that a heat-insulating layer was formed 
round the component which was to be cooled. 
This layer was continually renewed by the cooling 
medium percolating through the porous surface. 
Any heat which found its way into the component 
was transferred to the cooling medium and returned 
to the heat source. The method could be applied 
to many processes in widely varying industries. 
Dr. A. T. Bowden had hinted in his paper on 
‘Materials and Performance ” (in Group II) that 
the cooling of ducts, pipework, flame tubes, etc., 
in land gas-turbine installations might be as serious 
a problem as the cooling of the blades. The sweat 
cooling of such parts would require large sheets of 
porous materials and a method of rolling such 
sheets had recently been suggested in Germany. 
Experiments had been made on several kinds of 
iron powders in a small horizontal rolling mill. 
The powder was fed in between the rolls through a 
hopper and was compacted into a sheet having 
sufficient mechanical strength to allow it to be 
handled. The sheet was then passed through a 
continuous furnace for sintering and could be 
re-rolled and re-sintered, if necessary, to increase 
the density. By this method large porous sheets 
could be formed without the need for heavy static 
presses. 

Mr. F. J. Bayley said that the effectiveness of 
the sweat-cooling technique depended upon two 
independant factors. The first comprised a large 
surface area for heat extraction by the cooling 
medium within the pores of the metal itself, and 
the second, the “ blanketing’’ effect that resulted 
from the thickening of the laminar boundary layer 
of the gas stream in certain circumstances, with its 
corresponding reduction in the rate of heat transfer 
to the surface. Both the theory and the limited 
experimental evidence available indicated that the 
technique of sweat cooling offered good potentiali- 
ties where difficult cooling problems were encoun- 
tered, as in the gas turbine. For instance, the 
suggestion of Mr. Grootenhuis and Mr. Moore for the 
use of porous metal for duct cooling was especially 
applicable to combustion chambers, where the flame 
tube comprised the unstressed inner liner which 
might be sweat-cooled, while the comparatively cool 
outer shell took the stress resulting from the full 
pressure ratio of the cycle. The main problem in 
fabricating ducts from porous materials was in 
making the various joints. Again, the problem of 
making turbine blades, especially those of the 
rotor with their exacting requirements of com- 





plicated shapes, accurate finish and high stress 





resistance, from porous materials, was even more 
severe. Finally, there was the question of blockage. 
It had been suggested that solid matter in the 
cooling medium could be deposited in the passages 
within the porous material, eventually leading to 
considerable reduction in flow and that this was 
a serious objection to the use of sweat cooling, 
especially in gas turbines working in typical indus- 
trial atmospheres. In practice, however, con- 
flicting results in connection with blockage had been 
obtained and, in fact, that problem appeared to be 
the least of the troubles associated with applying 
the technique of sweat cooling to gas-turbine 
practice. 

Mr. 8S. Peerless said that experiments which had 
been carried out at the City and Guilds College in 
conjunction with the sweat-cooling research pro- 
gramme, suggested that porous materials could be 
produced by simultaneously pressing and heating 
layers of woven wire and gauze. Excellent adhesion 
had been obtained in several cases and was pre- 
sumably the result of processes similar to those 
occurring in the usual sintering operation. The flow 
of cooling gas through these components could be 
much more uniform than that through the present 
compacted powder components. Moreover, for a 
given porosity the strength of a gauze compact 
should be appreciably greater than that for a 
metallic-powder compact and it should be easier 
and cheaper to make. 


(T'o be continued.) 





THE SHIN SCHEME OF THE NORTH 
OF SCOTLAND HYDRO-ELECTRIC 
BOARD. 


Tue North of Scotland Hydro-Electric Board have 
published details of the Shin scheme (Constructional 
Scheme No. 32), which is designed to utilise the water- 
power resources of an area of 250 square miles (including 
the waters of Loch Shin and its tributaries and the 
Rivers Cassley and Brora, in the county of Sutherland), 
for the annual production of about 167 million kilowatt- 
hours. To do this it will be necessary to construct one 
main and five subsidiary power stations with an 
aggregate capacity of 44 MW. 

The main power station, which will have a capacity 
of 25 MW, will be built on the north shore of the Kyle 
of Sutherland, near Linsidemore. It will be operated 
by the water of Loch Shin, the capacity of which will 
be increased to 10,300 million cub. ft. by constructing 
a dam 1,125 ft. long and 39 ft. high at Lairg. This 
reservoir will be connected to the power station by a 
tunnel five miles long. One of the subsidiary power 
stations will be built near West Shinness Lodge, on a 
new bay formed by the enlargement of Loch Shin. It 
will draw water from the River Tirry and its tributaries 
and will have an installed capacity of 3-5 MW. A 
second station will also be built farther west on the 
north shore of Loch Shin. It will be fed by water 
through an aqueduct from the River Fiag and will 
have a capacity of 2 MW. - The Cassley station, on 
the southern shore of Loch Shin, near its western end, 
will use water brought by tunnel from the river of that 
name and the tributaries that feed it. It will have a 
capacity of 7-5 MW and the operating head will be 
371 ft. 

The scheme will also include two developments 
to the north-west of Loch Shin. ° One of these 
consists of a dam across Feur Loch from which water 
will be supplied through an aqueduct to a 1-MW power 
station on the south shore of Loch Merkland, near 
Garvault. The other station will be at Ben Hee, on 
the opposite side of Loch Merkland, and will have a 
capacity of 5 MW. It will be supplied from a reservoir 
formed by building a dam to join three small hill 
lochs—Loch an Islaird, Loch ant-Seilg, and Loch a 
Tuim Bhuide. 

A further scheme (Constructional Scheme No. 59) 
provides for the erection of a new station containing 
six 600-kW Diesel generating sets at Wick to meet the 
increasing demand for electricity in Caithness. 





ROYAL AERONAUTICAL SOcIETY GARDEN PARTY.— 
The annual garden party of the Royal Aeronautical 
Society will be held at White Waltham aerodrome, near 
M.idenhead, on Sunday, Muy 6, from 2.30 to 6.30 p.m. 
Tickets are available only to members and their guests, 
and application should be made early to the secretary 
of the Society, 4, Hamilton-place. London, W.1. It is 
hoped to display several historical aircraft and man-flying 
kites, at least two lighter-than-air craft, and several 
modern British and overseas light aeroplanes. 
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OVERHEAD TRAVELLING CRANE 
OF 350-TONS CAPACITY. 


A ORANE with a lifting capacity of 350 tons has 
recently been designed and constructed by the Wellman 
Smith Owen Engineering Corporation, Limited, 
Parnell House, Wilton-road, London, 8.W.1, and 
installed at the Stafford works of the English Electric 
Company, Limited. It is an overhead travelling crane 
for handling generating sets, and particularly hydrogen- 
cooled alternators, in the new assembly and test house 
of the English Electric Company, and will, if required, 
take an overload of 400 tons. Special attention has 
been paid to ease of accessibility for inspection and 
lubrication. Fig. 1, herewith, is a general view of 
the crane; Figs. 2 and 3, on Plate XIII, are an 
elevation and plan, respectively ; Fig. 6, opposite, 
is the end elevation, and Figs. 4, 5 and 7 illustrate 
some details. An existing 25-ton crane runs below 
the new crane. 

Two trolleys, each with-a lifting capacity of 175 tons, 
run on the crane girders; the full load of 350 tons is 
taken on a cross beam carried on the two hooks. 
In addition to the main hoist, each trolley is fitted 
with a 5-ton auxiliary hoist for dealing with light 
loads, particularly the heavy slings required for loads 
on the main hooks. The gantries on which the crane 
runs are 77 ft. 9} in. from centre to centre, and each 
carries two parallel rails at 15-in. centres. The height 
from the floor to the rails is 50 ft. Each main hoist is 
driven by a 90-h.p. motor running at 700 r.p.m., 
giving a hoisting speed of 5 ft. per minute, and each 
auxiliary hoist has a 30-h.p. motor giving a hoisting 
speed of 60 ft. per minute. The trollies can be traversed 
at a speed of 55 ft. per minute, each being fitted with a 
30-h.p. motor for this purpose, and the longitudinal 
travel of the whole crane is obtained by a 120-h.p. 
motor running at 600 r.p.m., the rate of travel ranging 
from 115 to 165 ft. per minute, according to the load 
on the crane. The total veight of the crane, including 
the cross-beam, is 250 tons. 

The main hoist of each trolley consists of two separate 
cast-iron barrels, grooved for the rope right and left 
hand, respectively, and driven through machine-cut 
spur gears and a common cross-shaft, as shown in 
Fig. 3. The auxiliary hoist has a single barrel, with 
right- and left-hand grooves, driven through double- 
reduction gearing. The grooves are long enough to 
accommodate the whole of the rope, when fully 
wound, in a single layer without overlapping, and 
the ropes themselves are long enough to leave three 
turns on the barrels when the hook is in the lowest 
position, the security thus provided being additional to 








that due to the normal attachment of the ends of the 
rope to the barrels. Each hoist motion is fitted with a 
magnetic brake, and lowering of the load is controlled 
by dynamic braking. 

The reduction gears of the main hoist and auxiliary 
hoist, and the first- and second-motion reduction gears 
of the cross-traverse, are enclosed in welded oil-bath 
gearcases, with which the bearing housings are integral ; 
other gears and exposed rotating parts are provided with 
sheet-metal guards where necessary. The rope sheaves, 
of cast-iron with gunmetal bushes, run on grease- 
lubricated pins. Bearings for the traverse cross-shaft 
and barrel shafts are of cast-iron, with gunmetal 
bushes ; they have adjustable caps and are fitted with 
grease nipples. Shafts extending from the motors 
run in roller bearings, and are coupled to the motor 
shafts by Wellman-Bibby flexible couplings of the all- 
metal type. Elsewhere, cast-iron rigid couplings are 
used. 

The block pulleys are also of cast iron, with gun- 
metal bushes, and are guarded to protect them from 
injury and to prevent the ropes from leaving the 
grooves. The ram’s-horn hooks, that for the 350-ton 
load is shown in Fig. 5, are of forged steel, and each is 
carried on a double-row ball-thrust bearing. Each 
trolley is mounted on four pairs of cast-steel runner 
wheels, which have gunmetal bushes. Two opposite 
pairs of wheels are fitted with spur rings which mesh 
with pinions on the ends of the traverse cross-shaft. The 
trolley frames are constructed of rolled-steel sections, 
riveted together and arranged so as to give ready access 
to the gearing for cleaning and repairs. 

The crane is constructed of two girders, each with a 
main girder of riveted double web plates, and a lattice- 
braced outrigger girder. The bracing is in both the 
horizontal and vertical planes to give adequate lateral 
rigidity. Each girder is supported on box-section 
carriages at both ends. There are six wheels to each 
carriage, arranged in pairs on three axles, with two 
of the axles in a separate bogie pivoted to the carriage 
frame. The two carriages at each end of the crane are 
articulated, being coupled by double link-plates and 
pivot pins. The twin wheels have cast-iron centres 
with double-flange rolled-steel tyres ‘shrunk on and 
accurately turned on the tread to a uniform diameter. 
Gunmetal bushes in the wheels run on centrally- 
lubricated fixed axles. Fig. 6 shows the arrangement 
of the drive to the four bogie wheels at each end of one 
of the girders: the wheels are fitted with spur rings 
driven by a cross-shaft which is itself driven through 
enclosed spur gearing by a motor mounted at about the 
centre of the span to ensure that the drive is transmitted 
simultaneously to both bogies. The cross-shaft runs 
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in gunmetal bearings, and the motion is equipped 
with an electro-hydraulic brake. 

Twin rails for the trolleys are fixed to the tops of the 
main girders, and timber platforms are arranged at 
about the same level to give access to the trolleys ; 
there is also a platform alcng the bottom of one girder 
for reaching the travelling gear. An open driver's 
cage is slung under one end, and from it a ladder gives 
access to the electrical control equipment Each 
girder unit weighs about 50 tons and is 81 ft. long, 
7 ft. 64 in. deep and 8 ft. 3 in. wide. 

The motors are all of the English Electric Company's 
crane pattern, type CAM, and are totally-enclosed, 
series wound for a 500-volt direct-current supply. 
The control gear for all motions consists of Allen West 
enclosed contactor panels with unbreakable grid- 
pattern resistances and operated by master controllers 
of the drum type. The hoists are arranged for series 
hoisting, with potentiometer and dynamic-braking 
control on the lowering side ; and the travelling and 
traversing motions are arranged for plain series control 
in either direction. All panels are provided with series 
lock-out control so that acceleration is effected without 
damage to the motor or control, even if the master 
controller is improperly handled. The main hoist and 
traverse controllers have handles arranged so that they 
can be used either independently or simultaneously 
when handling the maximum load. The “ travelling’ 
handle incorporates a dead-man switch. 

To prevent over-winding, each hoist is fitted with 
a self-resetting limit switch of the Wellman patent 
type, driven directly from the corresponding hoist-rope 
barrel and connected in the control cireuit of the main 
circuit-breaker, which opens when the limit has been 
reached. All four hoists are provided with a type-M 
series-wound magnetic brake, of the Igranic direct - 
acting short-stroke pattern, and the traverse motion 1s 
fitted with a brake which is similar but of the hydro- 
electric pattern, with a continuously-rated shunt coil. 
This brake is on the motor extension shaft and is 
connected so that it remains off during normal use, but 
the driver may apply it by means of a pedal which 
operates a hydraulic master cylinder. The brake is 
automatically applied if the current fails, or on pressing 
the emergency-stop push-button, or opening the main 
isolating switch. 

The crane is protected by a panel, in the contactor 
compartment, consisting of a main circuit-breaker 
of the double-pole contactor type, with self-resetting 
overload relays, one for each motor and a common 
relay on the negative main. The relays open the cir- 
cuit-breaker if any motor is overloaded, and the 
circuit-breaker also opens in the event of a voltage 
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failure, the tripping of a limit switch, pressing the 
emergency-stop push-button, or releasing the dead-man 
switch while the crane is travelling. The circuit- 
breaker recloses only when all controllers are brought 
to the off position. A double-pole ironclad switch of 
500-amperes capacity is provided to isolate the crane 
from the main down-shop conductors. Current is 
conveyed to both trolleys by strained bare-wire 
conductors of high conductivity hard-drawn copper, 
contact being made by sliding collectors of the carbon- 
msert pattern. The main down-shop conductors are 
of the rigid T-bar type, with pantograph collectors. 

_, he procedure for erecting the crane was as follows. 
The separate end carriages were first lifted on to the 
tracks. Using a 120-ft. derrick of 60-tons capacity, 
the girders were then hoisted and bolted to the carriages, 
while the girders were left far enough apart to allow 
one of the trolleys to be lifted up between them. 
After the first trolley had been lifted in this way, the 
girders were brought to the correct distance apart and 
the trolley lowered on to the tracks. The second 
trolley frame was assembled complete except for the 
mechanical gear, then lifted endways through the 
girders, righted and set down. : 
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ALUMINIUM-CORK SANDWICH 
PANELS. 


A NOVEL constructional material consisting of a slab 
of cork sandwiched between two sheets of aluminium 
alloy has been developed by Messrs. Alphamin, Limited, 
Arnold-road, Tooting, London, 8.W.17, in co-operation 
with the British Aluminium Company, Limited, Salis- 
bury House, London Wall, London, E.C.2. Its main 
advantages are: its light weight, permitting a reduc- 
tion of foundation and framework weights and costs ; 
it gives a permanent exterior and interior finish without 
plaster, etc.; owing to its small thickness it gives 
more floor space ; its thermal insulation is equivalent 
to that of more than 40 in. of brickwork ; it requires 
no exterior scaffolding for erection ; and its prefabri- 
cated form and light weight facilitate erection. 

The sandwich panels or slabs consist of a 2-in. layer 
of baked cork, built up in mosaic form from small slabs, 
with a 20-s.w.g. sheet of B.A.60 aluminium-magnesium 
alloy glued on each side. The panels are made in two 
standard sizes, 8 ft. by 4 ft. and 8 ft. by 3 ft. 4 in., 
and in any size to order up to 10 ft. by 4 ft., and can be 
used flat or curved to a radius of not less than 6 ft. 





Hoisting Ropes AND BLOCKS. 


The weight is 2-25 lb. per square foot, and the thermal 
insulation, K, is 0-14 B.Th.U. per square foot per 
hour per deg. F. Panels with other thicknesses of 
cork, apart from the 2-in. standard size, can also be 
supplied. Three ways of joining panels which butt 
are practicable, namely, cover strips, on both sides 
of the joint, secured by blind rivets; an extruded 
H-section riveted in the joint; and a form of inter- 
locking joint. The panels are readily cut with a light 
saw. 

The material has already been used for the roof of the 
Thames-side restaurant now in course of erection on 
the Festival of Britain site. This roof is ‘‘ wavy” in 
elevation. Other possible roof applications are (for 
curved slabs) barrel vault roofs and saw-tooth shells 
with a lattice girder behind the glass. Flat slabs 
may be used for the following types of roof: space 
frames in light alloy, light-alloy roof trusses with no 
purlins, and conventional roof trusses. It is felt, 
however, that the principal application is likely to be 
to “ curtain ”’ walling, in which the panels are attached 
to the steelwork by special clips. This type of con- 
struction has been used widely in the United States, 
but not much in this country. 








NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ScoTTisH STEEL.—The threat to steel outputs as a 
result of scrap shortages is developing, and already 
several of the larger undertakings have been affected. 
Occasional shifts have been lost at the plate mills at 
Colvilles’ Clydebridge steelworks and Blochairn steel- 
works, while thé Saturday morning shift at the plate, 
section, and bar mills at the same company’s Dalzell 
steelworks was cancelled from March 10 for an indefinite 
period. Melting-furnace outputs have gradually dimin- 
ished, but the rolling mills are only now feeling the effect. 
as ingot stocks, which are now becoming exhausted, 
provided a buffer. This also safeguarded consumers, 
most of whom have full order books, but soon they 
must feel the impact of reduced supplies. 


MINING RECRUITMENT.—Juvenile and adult recruit- 
ment to the Scottish mining industry showed a marked 
increase during the first six weeks of this year, state the 
Divisional Coal Board. By February 10, the man-power 
strength rose by 1,120—from 80,862 to 81,982. Of the 
total increase, juveniles accounted for 629. 


ECONOMIC DEVELOPMENT OF THE HIGHLANDS.— 
Proposals for co-operation with the North of Scotland 





Hydro-Electric Board in the economic development of 
the Highland area, north of a line between the Clyde and 
the Tay, received unanimous approval at a meeting of the 
Local Authorities Hydro-Electric Executive Committee, 
held in Perthon March 6. It was pointed out that hydro- 
electric power equivalent to that from 5,000,000 tons of 
coal a year had been made available. Resources in the 
Highlands, as yet untapped, were available, it was 
stated, for the bulk production of magnesium. There 
were also peat deposits equivalent to at least 200,000,000 
tons of coal, wicespread deposits of lime and dolomite 
for fertilisers, and a possible 12,000,0001. yearly harvest 
of seaweed. 


RIVETED AND WELDED STRUCTURAL STEELWORK.— 
The Colville Constructional Co., Ltd., Mossend, have 
announced a record tonnage output of riveted and welded 
structural steelwork during 1950, substantially in excess 
of previous years. The record was attributed in large 
measure to the friendly co-operation between men and 
management, always an outstanding feature in the 
company’s works. The large extension to Clydebridge 
steelworks’ melting shop, involving about 10,000 tons of 
fabricated steelwork, including site erection, was carried 
out by the company during the year. In addition, other 
large home and export contracts have been completed, 
und the order-book remains heavy. 





IMPROVEMENTS AT LERWICK HARBOUR.—A Govern- 
ment grant of 185,0001. and a loan of 100,0001., repayable 
at 3 per cent. in 30 years, for a 285,0001, harbour improve- 
ment scheme at Lerwick, has been accepted by Lerwick 
Harbour Trustees at a recent meeting of the trustees 
held in Lerwick. The original scheme was to have 
cost 563,5001., but the trustees have agreed to a modified 
scheme. One of the conditions attaching to the grant 
and loan is that a vew schedule of dues will be fixed for 
the harbour. The scheme will include the lengthening 
of Victoria Pier and breakwater, the widening of the 
esplanade to align it with Alexandra Wharf, and the 
provision of larger storehouses. 





LABOURERS’ WAGES.—Mr. Arthur Woodburn, M.P., 
former Secretary of State for Scotland, in an article in 
Scotland, published by the Scottish Council (Development 
and Industry), pointed out that, in 1914, a labourer in the 
engineering trade received 59 per cent. of the skilled man’s 
rate, while to-day he received 86 per cent. This raised 
the question whether the national income was properly 
distributed and whether it was so arranged as to get the 
best for the nation. Certeinly, the skilled craftsman had 
suffered a relative injustice in the re-organisation of 
incomes. No one could calculate, he declared, the loss 
suffered in the last war because, at the beginning, produc- 
tion had been held up all over the country for want of 
skilled toolmakers. 





COUNTIES. 


OPTICAL WORKS, NEWCASTLE-UPON-TYNE.—Among 
the orders in hand at the Optical Works, Newcastle-upon- 
Tyne, of Sir Howard Grubb, Parsons & Co., are a 20-in. 
diameter Cassegrain astronomical mirror for the Domi- 
nion Astrophysical Observatory, Canada, a 10-in. photo- 
zenith tube for Neuchatel Observatory, Switzerland, and 
1,100 aluminised television mirrors. A 74-in. telescope 
mounting for the Mount Stromlo Observatory, Australia, 
is now being erected in the Dome of Discovery, at the 
South Bank Exhibition, London. 





GASHOLDER FOR STOCKTON-ON-TEES.—The Northern 
Gas Board have announced that Ashmore, Benson, 
Pease & Co., Ltd., Parkfield Works, Stockton-on-Tees, 
are to build a gasholder in Stockton at a cost of 100,0001., 
as part of a scheme to link up the gasworks there with 
the installations in Middlesbrough and the Hartlepools. 





EFFECT OF SHORTAGES OF RAW MATERIALS AND SORAP. 
—The shortage of raw materials and scrap are having an 
increasingly adverse effect on iron and steel output in the 
Cleveland area. Some improvement in foreign ore 
imports is considered not unlikely, though the tonnage at 
overseas ports is scarce and freights are high. The 
position in regard to iron and steel scrap is more intract- 
able. War scrap is practically used up and parcels 
obtainable from home sources of supply are being 
eagerly snapped up for early use. A deficiency in pig- 
iron supplies also occasions much uneasiness. Foundries 
in South Durham and North Yorkshire are not receiving 
quantities on a scale sufficient for their current needs 
and, unless deliveries increase in the near future, some 
foundries will have to resort to short-time working. 


LANCASHIRE AND SOUTH 
YORKSHIRE, 


THE DEMAND FOR EXCAVATORS.—Newton, Chambers 
& Co., Ltd., are experiencing a steadily increasing demand 
for their N.C.K. excavators. Orders have been obtained 
from many overseas markets, including a considerable 
proportion from hard-currency areas. The increasing 
demand for these machines has made extensions to the 
firm’s factories necessary as well as additions to their 
machine-tool and other equipment. It is expected that 
a larger type of N.C.K. excavator will be in production 
this year. 


VALUABLE CONTRACTS.—Contracts of a value of nearly 
750,000. have been secured by Davy & United Engi- 
neering Co., Ltd., for the supply of rolling-mill equipment 
to Canada, the United States, Sweden and Italy. The 
order from the United States has been passed on to 
Davy & United by the Morgan Construction Company 
of America, with whom Messrs. Davy & United have 
worked in close association for over 30 years. The 
Swedish contract has been placed by Surahammar 
Bruks, A.B., and will represent the first Davy-United 
mill installation in Sweden. 


MODEL OF A ROLLING-MILL PLANT.—To assist with 
planning problems in connection with a large rolling-mill 
plant which Davy & United Engineering Co., Ltd., 
Sheffield, are to build for the new steelworks at Moi 
Rana, Norway, a special model has been made. Units 
of the model are interchangeable in position, so that, to 
study the effect of a possible change of plan, all that is 
required is to pick up one piece of the model and put 
it down somewhere else. The mill, which is to be 1,100 ft. 
long, will require 7,000 tons of finished machinery. It 
is understood that the works, which will be within 
25 miles of the Arctic circle, will produce, at first, about 
220,000 tons of steel a year, but the blooming mill is 
being designed for a total capacity of 650,000 tons a 
year. 

New O11 Depot aT HULL.—A new oil storage and 
supply depot for the Regent Oil Co. Ltd., was opened 
yesterday, at Bankside-road, Hull, by the Lord Mayor 
of Kingston-upon-Hull (Councillor Henry J. Barney). 
The incoming petroleum products—kerosenes, motor 
spirit and Diesel oil—will be supplied by tank barges, 
which will moor at a new wharf on which are three 
pumps with a capacity of 70 tons an hour each. On the 
storage site, which is separated from the wharf by 
Bankside-road, are eight above-ground vertical tanks 





AEROPLANE-ENGINE Facrory, East KILBRIDE.—Mr. 
Heotor McNeil, Secretary of State for Scotland, announced 
at the end of last week that an aeroplane engine factory 
would be built at East Kilbride by Rolls-Royce Ltd. 
The official statement declared that the factory would 
be about 500,000 sq. ft. in area, and that it was expected 
that between 4,000 and 5,000 persons would be employed. 
Production would begin in about 18 months’ time. 


and three horizontal service and blending tanks. The 
pipelines are taken through a culvert under the road. 
The plant was designed by the Engineering Division of 
the Regent Oil Co. and constructed by Costain-John 
Brown, Ltd. The tanks were built by Wm. Neill & Son 
(St. Helens), Ltd. In due course, the depot will be 
supplied by tank barges from the Regent Company’s 
new installation for ocean-going tankers, now under 
construction at Immingham. 
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ENGINEERING SOCIETY OF UNIVERSITY OF SHEFFIELD. 
—tThe first issue of The Journal of the Engineering Society, 
of the University of Sheffield, has just been published. 
In addition to a list of the officials of the Society, of which 
Professor H. W. Swift, M.A., D.Se., is the honorary 
President, Mr. O. I. Butler, M.Sc., the President, and 
Mr. T. O’Connor, the chairman, the publication contains 
a number of articles and other features of interest. Dr. 
Percy Dunsheath, C.B.E., M.A., who was a student at the 
very beginning of the University, in 1905, contributes a 
most informative article, entitled ‘‘ An Engineer Looks 
Back,” while Professor Swift has written on “‘ Extensions 
to the Departments of Engineering.” He states that 
“it is reasonable to hope that in five years’ time the 
Engineering Laboratories will challenge comparison with 
any in the country.” Other articles include “ The 
Interplanetary Project,” by Mr. M. S. Wright; “ The 
Failure of a Gasholder Foundation,” by Mr. H. R. Davies, 
and “‘ A Note on Friction,” by Mr. P. B. Neal. 





THE MIDLANDS. 


VIsIr OF AMERICAN FOUNDRYMEN TO THE MIDLANDS. 
—Later this year there will be a visit of United States 
foundrymen to this country. One of the Midland 
factories to be included in the itinerary is that of F. H- 
Lloyd & Co., Ltd., steel founders, James Bridge Steel- 
works, Wednesbury, Staffs. Representatives from these 
works were included in a team which visited the United 
States some time ago, and the Americans will be making 
a return visit. The date, and the composition of the 
team, will be announced later. 

MINING EXHIBITION IN NORTH STAFFORDSHIRE.—In 
connection with the Festival of Britain, the National 
Coal Board is to hold a mining exhibition in Victoria 
Hall, Hanley, Staffordshire, from June 8 to 16. The 
exhibition will not be of purely local interest, but wili 
relate to the whole field of the Coal Board’s activities. 
The reason for the choice of North Staffordshire as a 
location for the exhibition is that it is in this coalfield 
that the outstanding developments in future mining are 
expected to take place. 

ELECTRIC-CABLE LAYING IN SMETHWICK.—A network 
of new cables is being laid in Smethwick, Staffordshire, 
in preparation for the change-over from direct to alter- 
nating current in about two-thirds of the town. No large 
factories are involved, but a number of smaller ones will 
have their present direct-current equipment changed by 
the Midlands Electricity Board. 





EYE DEFECTS IN THE CHAIN-MAKING INDUSTRY. 
Dr. I. Lloyd Johustone and Dr. H. G. Moore showed, in 
Cradley Heath, Staffordshire, on March 2, a film which 
Dr. Johnstone had prepared to illustrate the causes of 
cataract among chain makers. The film was shown at a 
meeting attended by representatives of both sides of the 
industry, which is concentrated in that neighbourhood. 
Dr. Moore said that the real cause of cataract was heat 
rays from the fire, and not, as is the general belief in the 
district, flying sparks. The solution lay in the use of 
suitable spectacles, or glass screens placed between the 
fire and the chain maker. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


FUEL CRISIS AND COAL EXPpoRT TRADE.—Returms 
issued by the Docks and Inland Waterways Executive 
during the past week strikingly illustrate the effect of 
the home fuel crisis upon the export coal trade. In the 
first two months of this year, the seven principal South 
Wales ports, between them, handled only 341,761 tons, 
less than half the figure for the corresponding period of 
last year, 819,898 tons. The returns, however, reflect a 
slight improvement in the export trade for tin-plates. 
which, this year, amounted to 35,172 tons. 





ARRIVAL OF INDIAN COAL IN SOUTH WALES.—During 
the past week the first cargo of Indian coal ever to be 
received in South Wales has been discharged. It 
amounted to 2.744 tons and was brought from Calcutta 
by the S.S. Varela. It was part of the coal bought 
overseas to help overcome the home fuel crisis. So far 
this winter, the South Wales ports have received about 
156,000 tons of coal from the United States. Incidentally 
this constituted the last trading voyage for the Varela. 
which, now 37 years old, has been sold by her owners. 
the British India Steam Navigation Co., Ltd., te 
British shipbreakers. 

CarpirF Crry AIRPORT.—The object of a visit paid tv 
Cardiff City Airport by Lord Pakenham, Minister of 
Civil Aviation, on March 10, was to consider further # 
proposal for improving the airport, put forward by the 
Welsh Advisory Council for Civil Aviation. The scheme 
includes the extension of the runways to enable Dakota- 
type aircraft to use the airport. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section : Monday, March 19, 5.30 p.m., Victoria-embank- 
ment, W.C.2. Lecture on “‘ Radio Astronomy,” by Dr. 
A. C. B. Lovell. North-Western Centre and Mersey and 
North Wales Centre: Monday, March 19, 6.30 p.m., 
Pillar Hall, Newry Park, Chester. ‘‘ The Planning of 
wn Electricity Board’s Distribution System,’’ by Mr. 
G. O. McLean. District Meeting: Monday, March 19, 
7 p.m., Great Western Hotel, Reading. ‘“‘ Railway 
Electrification in Great Britain,” by Mr. C. M. Cock. 
Supply Section: Wednesday, March 21, 5.30 p.m., 
Victoria-embankment, W.C.2. “* Variable-Voltage 
Generation Applied to Alternating-Current Power Sys- 
tems,” by Mr. R. L. Chantrill. Southern Crntre: Wed- 
nesday, March 21, 7.30 p.m., Royal Aircraft Establish- 
ment Technical College, Farnborough. ‘“‘ The Radar- 
Sonde System for the Measurement of Upper Wind and 
Air Data,” by Dr. F. E. Jones, Mr. J. E. N. Hooper and 
Mr. N. L. Alder. 


INSTITUTE OF PHysIcs.—Industrial Spectroscopy 
Group: Monday, March 19, 5.30 p.m., 47, Belgrave- 
square, S.W.1. ‘ Investigations on the Spectral Charac- 
ter of Spark Sources,” and “ Outline of a Theory of 
Spectro-Chemical Evaluation,” by Dr. H. Kaiser. 

RoyYAL SOCIETY OF ARTS.—Monday, March 19, 6 p.m., 
John Adam-street, W.C.2. Cantor Lecture III. “ The 
Great Exhibition of 1851,” by Mr. K. W. Luckhurst. 

ENGINEERS’ GUILD.— North-Western Branch : Monday, 
March 19, 6.30 p.m., The Grand Hotel, Piccadilly, Man- 
chester, 1. “The Aims and Achievements of the Engi- 
neers’ Guild,’”’ by Mr. Robert Chalmers. To be followed 
by an open discussion. 





INSTITUTION OF PRODUCTION ENGINEERS.—Man- 
chester Section: Monday, March 19, College of Techno- 
logy, Sackville-street, Manchester. 6.30 p.m., Annual 
Meeting. 7.30 p.m., Lecture on “‘ Foremanship,” by Mr. 
A. P. Young. North-Eastern Section: Monday, March 
19, 7 p.m., Neville Hall, Westgate-road, Newcastle-upon- 
Tyne. Annual Meeting and Film Display. Luton 
Section: Tuesday, March 20, 7.15 p.m., Town Hall, 
Luton. ‘“‘ Manipulation and Fabrication of Perspex,” 
by Mr. W. Edwards. Coventry Section: Tuesday, March 
20, 7.15 p.m., The Geisha Café, Hertford-street, Coventry. 
“Mechanical Gauging and Inspection,” by Mr. J. Lox- 
ham. Birmingham Section: Wednesday, March 21, 
7 p.m., James Watt Memorial Institute, Birmingham. 
Annual Meeting and Address by the President of the 
Section. Shrewsbury Sub-Section: Wednesday, March 
21, 7.30 p.m., Technical College, Shrewsbury. “ Prac- 
tical Aspects of Gas-Turbine Design,” by Mr. T. L. 
Gardner. Western Section: Friday, March 23, 7.30 p.m., 
University College of the South West, Exeter. ‘“‘ Incen- 
tives for Production,” by Mr. C. L. Taylor. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 

Central London Branch : Monday, March 19, 6.50 p.m., 
St. Ermin’s Hotel, Caxton-street, S.W.1. “ Atomic 
Energy,” by Mr. J. McCartney. Bournemouth Branch : 
Monday, March 19, 8.15 p.m., Grand Hotel, Firvale-road, 
Bournemouth. ‘“ Estimating,” by Mr. W. H. Brooks. 
Association: Tuesday, March 20, 6.30 p.m., Lighting 
Service Bureau, 2, Savoy-hill, W.C.2. ‘“‘ Modern Light- 
ing, Including American and Continental Practice,” by 
Mr. E. B. Sawyer. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.— Mid- 
lands Centre : Monday, March 19, 7.30 p.m., Crown Inn, 
Broad-street, Birmingham. ‘“ Trends in Design, with 
Particular Reference to the Commercial Show, 1950,” 
by Mr. P.M. A. Thomas. North-East Centre: Tuesday, 
March 20, 7 p.m., Dunelm Hotel, Old Elvet, Durham. 
“ Metallurgical Defects and Their Relation to Service 
Failure,” by Mr. T. G. Strong. Western Group: Tues- 
day, March 27, 7.30 p.m., Grand Hotel, Bristol. “ The 
Use of Lightweight Sandwich Materials in the Construc- 
tion of Road-Transport Vehicles,” by Mr. F. C. Lynam. 


INSTITUTION OF CIVIL ENGINEERS.—Road Engineering 
Division: Tuesday, March 20, 5.30 p.m., Great George- 
street, S.W.1. ‘“‘ Notes on Some Mechanical Aids to the 
Maintenance of Rural Roads,” by Mr. E. C. Boyce. 

INSTITUTE OF REFRIGERATION.—Tuesday, March 20, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, S.W.1. “ Refrigerated Display,” 
by Mr. A. C. Murdoch. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND.—Tuesday, March 20, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. ‘‘ Alternating-Current Supplies 
for Auxiliary Plant on Board Ship,” by Mr. N. V. 
Pestereff. 

INSTITUTION OF MECHANICAL ENGINEERS.—East Mid- 
lands Branch: Tuesday, March 20, 6.30 p.m., Gas 
Department’s Showrooms, Nottingham. Joint Mecting 
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with the Hast Midland Centre of the INSTITUTION OF 
ELECTRICAL ENGINEERS. “The Standardisation of 
Steam-Turbine Plant,” by Mr. I. V. Robinson. Western 
Branch: Wednesday, Merch 21, 7 p.m., South-Western 
Electricity Board’s Offices, Electricity House, Bristol. 
“* Mechanical Handling,” by Mr. A. Roebuck, Mr. H. 8. 
Carnegie and Mr. E. G. Taylor. Yorkshire Branch: 
Wednesday, March 21, 7 p.m., Station Hotel, Hull. “‘ The 
Design and Development of the Twin-Centaurus Power 
Plant for the Brabazon Aircraft,” by Mr. J. L. Norton. 
AUTOMOBILE DIVISION.—Scottish Centre: Monday, 
March 19, 7.30 p.m., 39, Elmbank-crescent, Glasgow, 
C.2. “The Development of the de Havilland Series of 
Engines for Light Aircraft,’’ by Mr. J. L. P. Brodie. 
Also at the North-Eastern Centre : Wednesday, March 21, 
7.30 p.m., Chemistry Theatre, University, Leeds. 


INSTITUTION OF WORKS MANAGERS.— Leicester Branch : 
Tuesday, March 20, 7 p.m., Works of the British Thom- 
son-Houston Company, Limited, Rugby. ‘‘ Management 
Research with Particular Reference to Work Study and 
Job Evaluation,” by Professor T. U. Mathew. Preston 
Group: Tuesday, March 20, 7 p.m., Offices of the 
Building Trades Employers’ Association, Starkie House, 
Starkie-street, Preston. * Industrial Management,” 
by Mr. A. P. Young. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Coventry and 
District Students’ Section : Tuesday, March 20, 7.15 p.m., 
Coventry Technical College, Coventry. ‘“‘ Foundry Lay- 
Out and Equipment,” by Mr. J. D. Berry. Bristol and 
West of England Branch: Saturday, March 24, 3 p.m., 
Grand Hotel, Broad-street, Bristol. Annual Meeting. 
Birmingham Branch: Wednesday, March 28, 7.15 p.m., 
James Watt Memorial Institute, Birmingham. “ The 
Limitations of Die Casting,” by Dr. A. C. Street. 

INSTITUTE OF FUEL.—East Midlands Section : Wednes- 
day, March 21, 10 a.m. and 2.30 p.m., Technical College, 
Lincoln. “ Drying in Agriculture,” by Mr. W. H. 
Cashmore. North-Western Section: Wednesday, March 
21, 6 p.m., Engineers’ Club, Manchester. ‘‘ Developments 
in the Firing of Shell Boilers by Means of Chain-Grate 
Stokers,”” by Mr. C. H. G. Hayward. Yorkshire Section: 
Wednesday, March 21, 6.30 p.m., The University, 
Sheffield. ‘‘ Gas and Coke Production : Present Status 
and Trends,” by Mr. F. 8S. Townend. 


RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
March 21, 3 p.m., Whitehall, S.W.1. ‘‘ Steel Supplies 
in War,” by Mr. Stanley W. Rawson. 


RoyaL METEOROLOGICAL SocrETYy.—Wednesday, 
March 21, 5 p.m., 49, Cromwell-road, S.W.7. Symons 
Lecture on “ Atmospheric Disturbances in the General 
Atmospheric Circulation,” by Professor E. Palmén. 


ROYAL MICROSCOPIC SOCIETY.—Wednesday, March 21, 
5.30 p.m., Tavistock House South, Tavistock-square, 
W.C.1. ‘‘ The Aberrations of Microscope Objectives and 
Their Variation with Small Departures from Optimum 
Working Conditions,’’ by Mr. R. C. Bracey. 


INSTITUTION OF LOCOMOTIVE ENGINEERS.— Wednesday, 
March 21, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, S.W.1. “ British 
Standard Locomotives,’”’ by Mr. E. S. Cox. 


REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
March 21, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
* Recent Developments in Prestressed Concrete,’’ by 
Mr. D. H. New. 


INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—London Associate Members’ Section: Wednes- 
day, March 21, 6 p.m., 178-180, Edgware-road, W.2. 
Discussion on ‘“ Engineering Services for Medical 
Research.” 


INSTITUTION OF STRUCTURAL ENGINEERS.— Yorkshire 
Branch: Wednesday, March 21, 7 p.m., University, 
Leeds. Joint Meeting with the Yorkshire Association of 
the INSTITUTION OF CIVIL ENGINEERS. “ Hydro- 
Electric Developments at Pitlochry,’’ by Mr. J. G. Brown. 


INCORPORATED PLANT ENGINEERS.—Western Branch : 
Wednesday, March 21, 7.15 p.m., Grand Hotel, Bristol. 
Annual Meeting. ‘‘ Gas and Oil Engines,” by Mr. A. C. 
Yeates. South Yorkshire Branch: Thursday, March 22, 
7.30 p.m., Grand Hotel, Sheffield. Annual Meeting. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—Scottish 
Section: Thursday, March 22, 7 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. ‘‘ Magnetic Amplifiers,” by 
Mr. H. M. Gale. 

SociETY OF INSTRUMENT TECHNOLOGY.—Tuesday, 
March 27, 7 p.m., Manson House, 26, Portland-place, 
W.1. ‘* Magnetic Amplifiers,”’ by Mr. D. A. J. Maddock. 


. 





CARDIFF-LIVERPOOL-CHANNEL ISLANDS AIR SERVICES. 
—A new air service between Liverpool, Cardiff and the 
Channel Islands is to start on April 9, to replace the 
Cardiff-Wrexham -Liverpool helicopter service, which may 
end this month. The new service will be operated by 
Cambrian Air Services, Ltd., Cardiff Airport, in associa- 
tion with the British European Airways Corporation. It 
will be extended to a daily service as from May 26. 
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PERSONAL. 


Mr. O. V. 8S. BULLED, C.B.E., M.I.Mech.E., 
M.1.Loco.E., who became consulting mechanical engineer 
of Coras Iompair Eireann, on October 1, 1949, has 
now been made chief mechanical engineer. 

At the annual general meeting of the Shipbuilding 
Conference, held in London on March 8, Mr. J. RAMSAY 
GEBBIE, O.B.E., B.Sc., M.I.N.A., of William Doxford 
& Sons Ltd., Sunderland, and Mr. CHARLES CONNELL, 
M.A. (Cantab.), M.I.N.A., chairman of Charles Connell & 
Co., Ltd., Scotstoun, were re-elected President and vice- 
president, respectively, for the year 1950-51. 

Mr. J. STUART ROBINSON, M.A. (Cantab.), assistant 
secretary of the Institute of Marine Engineers for the 
past three years, has been appointed to succeed MR. 
B. C. CURLING, as secretary, when Mr. Curling retires in 
October. 

Dr. D. D. Pratt, O.B.E., acting director of the 
Chemical Research Laboratory, Teddington, Middlesex, 
has been made director. Sm ROBERT ROBINSON, O.M., 
F.R.S., is to act as an honorary consultant to Dr. Pratt on 
research in pure organic chemistry. 

Mr. J.C. THOMPSON, B.Sc., assistant director, electrical 
engineering, Admiralty, has been elected President of 
Faraday House Old Students’ Association, in succession 
to Mr. A. W. BERRY, M.I.Mech.E., M.1.E.E. 


The King has approved the appointment of Major- 
GENERAL W. 8. Torr, C.B., C.B.E., M.I.Mcch.E., 
M.I1.E.E., as Colonel Commandant, Royal Electrical and 
Mechanical Engineers. 


LIEUT-COLONEL H. W. WooDALL has relinquished his 
position on the board of Newton, Chambers & Co., Ltd., 
Thorncliffe, near Sheffield, owing to ill-health, after 
21 years of service with the company. MR. A. M. 
HOLBEIN has joined the board of the company. 

Mr. R. L. Prain, O.B.E., has been elected to the 
board of the International Nickel Co. of Canada, Ltd. 


MR. STANLEY KENNETH DAVIES, C.B.E., has been 
appointed a part-time member of the board of the 
British European Airways Corporation for a period of 
three years from March 12, 1951. 

PROFESSOR G. F. MucKLOW, D.Sc., has been elected 
chairman of the Midland Branch of the Institution of 
Mechanical Engineers. Mr. J. D. CARMICHAEL, O.B.E., 
J.P., is the new chairman of the Institution’s North- 
Eastern Branch ; Mr. GEORGE CooKE, chairman of the 
North-Western Branch; Mr. E. Bruce Balt, M.A. 
(Cantab.), chairman of the Scottish Branch ; MR. ROBERT 
JAMES, Wh.Sc., chairman of the South Wales Branch, 
and PRoressor J. L. M. MORRISON, D.Sc., chairman of 
the Western Branch. 

Mr. J. P. R. BELL was elected a director of Bell’s 
Asbestos & Engineering Ltd., on February 28. 


Mr. F. G. PeENNy, M.I.C.E., M.I.Mech.E., has been 
appointed managing director of International Combus- 
tion (Holdings) Ltd., and also of the firm’s subsidiary 
company, International Combustion Ltd., in place of 
SiR GEORGE USHER, who has relinquished that position 
with both companies but remains a director of each. 

Mr. J. D. SUTCLIFFE bas been appointed commercial 
director of Richard Sutcliffe Ltd., Universal Works, 
Horbury, Wakefield. 


The Minister of Supply has appointed three indus- 
trialists to advise him on production problems connected 
with the rearmament programme. The appointments 
comprise Mr. 8S. W. Rawson, as Director General of 
Machine Tools; Mr. A. G. E. Bricas as Deputy Con- 
troller of Supplies (Munitions) Production; and MR. 
W. C. PucKEy as Deputy Controller of Supplies (Aircraft) 
Production. As stated on page 191, ante, MR. E. W. 
SENIOR has been appointed chairman of a new steel 
productivity panel. This, it is now announced, is to be 
known as the Steel (Rearmament) Advisory Panel. The 
above appointments are unpaid. 


Mr. A. C. BRANCH has been re-elected chairman of 
the Stainless Steel Fabricators’ Association of Great 
Britain, for a further year of office. MR. CHARLES 
SWANN has been elected vice-chairman. 

Mr. A. NEWING, A.M.I.E.E., managing dircctor of 
Nevelin Electric Co., Ltd., has been appointed to the 
board of Lancashire Dynamo Holdings Ltd., formerly 
Lancashire Dynamo & Crypto Ltd. ° 


Mr. B. Juss, B.Sc. (Eng.), A.M.1.Mech.E., A.M.LE.K., 
Wh.Sc., has been appointed sales manager, Instrument 
and Meter Section, Crompton Parkinson Ltd. 


Mr. KE. R. A. MILNE, A.M.I.E.E., formerly assistant 
sales engineer in the Manchester area of Newman Indus- 
tries Ltd., Yate, Bristol, has been promoted to be 
branch manager of the firm in Scotland. He will be in 
charge of electric-motor sales at the Glasgow office. 


The directors of ARTHUR LEE & Sons LTD., Sheffield, 
announce that the company have acquired a controlling 
interest in SHIPMANS (SHEFFIELD) LTD. The firms, 
however, will continue to operate as separate entities. 
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Fic. 2. TURBINE 


NEW POWER STATIONS FOR THE 
B.E.A.: IIlI._BRAEHEAD. 


Tur Braehead station of the British Electricity 
Authority, the ultimate capacity of which will be 


200 MW, is situated on the River Clyde, on a site of | 


about 20 acres, four miles downstream from the centre 
of Glasgow. Its external appearance is shown in 
Fig.1. Fig. 2 shows the basement of the turbine house, 








and Fig. 3, one of the boilers. The main civil engi- 
neering contractors are J. Mowlem and Co., Limited, | 
London, 8.W.1 the steelwork being supplied by Sir | 
William Arrol and Company, Limited, mnt 

Coal will be supplied by both water and rail, and| 
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a temperature of 900 deg. F., the feed water tem- 
perature being 390 deg. F. These boilers, of which 
seven are under construction at the present time, 
will be fired by pulverised fuel on the unit system, 
there being three mills and six burners on each boiler. 
The flue gases will be cleaned by electrostatic pre- 
cipitators, the dust being disposed of on a vacuum 
system. The ashes will be handled by high-pressure 
water-sluicing. The boilers will be controlled from a 
central position. 

The generating plant will consist of four 50-MW 
Parsons single-line three-cylinder reaction turbines 
coupled to alternators generating at 11 kV, all of which 
are now in course of erection. The main alternators 


will be conveyed to the boiler house and storage| will be connected through gearing to main and pilot 
und by plant constructed by Mavor and Coulson,| exciters. Each turbine will exhaust into a condenser 
imited, Glasgow. The steam-raising plant will| with a surface of 48,000 sq. ft., cooled by river water 





consist of eight “ High-head” water-tube boilers,| at the rate of 31,700 gallons per minute by pumps 
each evaporating 300,000 lb. per hour and supplying} constructed by Drysdale and Company, Limited, 
steam at a pressure of 900 Ib. per square inch and! Glasgow. The condensate will be heated in five 
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Fie. 3. Bomrr UnpER CONSTRUCTION. 


stages and returned to the boilers by feed pumps 
made by the Harland Engineering Company, Alloa. _ 

The alternator voltage will be stepped up to 134 k\ 
in 58-5 MVA Ferranti transformers, and the output 
will be controlled at 134 kV by low-oil content pneu 
matically-operated indoor switchgear installed by 
A. Reyrolle and Company, Limited, Hebburn-on-Tyne. 
The house services are to be supplied from 7-5 MVA 
132/3 kV transformers and will be controlled by ai! 
insulated switchgear. All the main switchgear and 
the principal auxiliary switchgear will be operated 
from a central control room. The consulting engineer 
for the civil engineering work are Sir Alexander G ibb 
and Partners, Queen Anne’s Lodge, London, S.W.!. 
Messrs. Merz and McLellan, Carliol House, Newcastl: ; 
on-Tyne, are the consultants for the mechanical an‘ 
electrical equipment. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
‘“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE BAR 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Aoccunts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


* ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


As from April 1, 1951, the subscription rates, 
including postage, will be increased to £5 10s. 
in the United Kingdom and all places overseas, 
except Canada; and the rate for Canada to £5 5s. 
The price of a single copy will be 2s., plus 
postage. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘Appointments Open,” ‘Situations 
Wanted,” “Tenders,” etc.,is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.’ Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. fer fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
Proofs for approval. 


aoe Proprietors will not hold themselves responsible 
T advertisers’ blocks left in their possession for more 
than two years. 
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A MARITIME WEEK. 


DersPITE many assurances by public speakers 
that the people of this country have salt water in 
their veins, there is often reason to doubt whether 
the greater part of them appreciate, even after two 
World Wars, how much they owe to those who go 
down to the sea in ships. Within the past week, 
however, shipping matters have been very definitely 
to the fore, so that even the daily Press has felt 
constrained to devote some part of its precious 
space to consideration of the maritime welfare of 
the nation. On Friday last, the Institute of Marine 
Engineers, under the presidency of a distinguished 
shipbuilder whose firm have two centuries of ship 
construction to their credit, held their annual dinner 
in London and this afforded an opportunity for 
various of those few who really know the present 
situation thoroughly to Jift the security veil a little 
in their after-dinner speeches. On Monday, the 
Navy Estimates were debated in the House of 
Commons, when a little more information was 
vouchsafed ; not enough, by any means, yet 
sufficient to ‘show that the problems of the naval 
and mercantile services of the country are being 
tackled with some realism. On Wednesday, the 
Institution of Naval Architects opened their Spring 
Meeting on board the Wellington, the headquarters 
ship of the Honourable Company of Master Mariners ; 
and, on the evening of the same day, the annual 
dinner of the Institution was held in London, 
when the retiring President (Admiral of the Fleet 
Viscount Cunningham of Hyndhope) took occasion 
to ventilate certain matters of common concern to 
shipbuilders, shipowners and the public at large, 
in the forthright manner that the members of the 
Institution have come to expect of their President. 





>| and intimate line. 


The Institution of Naval Architects is unusual 
among professional bodies in that it expects—and, 
indeed, requires—its President to deliver two major 
addresses on the one day. For many years, it 
expected even more of him, as he was the adminis- 
trative head of all its activities ; we believe it is 
correct to say that Admiral of the Fleet Lord 
Chatfield, during his presidency, attended the 
whole of the Council meetings (at which, of course, 
he took the chair) and the great majority of the 
committee meetings also. The strain which this 
inevitably entailed on a President who, like most 
presidents of institutions, was no longer young, 
pointed to the advisability of separating the purely 
presidential * :nctions from those of the chairman of 
the Council, and Lord Cunningham, in consequence, 
has been relieved of many of the routine duties that 
fell to his predecessors; but his interest in the 
welfare of the Institution, and in the professional 
affairs and occupations with which the Institution 
is concerned, has been no less than theirs. He has 
been, in fact, an outstanding President, and, while 
welcoming his successor, Viscount Runciman of 
Doxford, the members may be excused if, occasion- 
ally, they regret that Lord Cunningham’s term of 
office has been so short. 

His presidential address, delivered at the opening 
session of the Spring Meeting, was a summary of 
various actions and decisions of the Council of the 
Institution, rather than a survey of shipbuilding 
affairs and naval policy, such as Lord Chatfield and 
several earlier Presidents were wont to present. The 
proposed extension of the Institution’s premises, 
arrangements for the forthcoming Internationai 
Conference of Naval Architects and Marine Engin- 
eers, staff changes, the review of tonnage regulations 
—all received some mention ; but in his concluding 
remarks, Lord Cunningham took a more personal 
‘“*T fear,’ he said, *‘ that I may 
not have contributed many great thoughts to your 
deliberations . . . I have intervened in discussions 
from time to time only when I felt it necessary, as 
a seaman, to bring naval architects down to earth— 
or, I should say, to sea level—when, perhaps, we 
were becoming a little academic. I conceive this 
to be an important function on occasion.”” He may 
rest assured that these interpolations have been 
more than welcome to the great majority of the 
members, many of whom have felt that the papers 
and discussions were not only becoming “a little 
academic,” but that the Institution, in departing 
from the robustness of that ‘‘cut and thrust of 
debate’? as Mr. Winston Churchill has called it, 
which formerly marked the proceedings, was 
losing a characteristic of real worth. 

There have been those who feared that the trend of 
modern progress, which makes a slide-rule almost 
more familiar to a naval officer than a sextant, may 
have had a debilitating effect : but they must have 
been greatly heartened to hear Lord Cunningham’s 
two speeches on Wednesday, and also that of Vice- 
Admiral Sir Michael Denny, the Third Sea Lord 
and Controller of the Navy, on the previous Friday, 
at the dinner of the Institute of Marine Engineers. 
Sir Michael spoke at length, but he had things 
to say that were much to the point. His assurance 
that ‘“‘the Admiralty is sparing no pains to be in 
the lead and to develop the art of marine engineer- 
ing’? was more encouraging, for some reason, 
than all the special pleading in the House of 
Commons debate on the Navy Estimates. 

‘In 1949,” the Controller continued, *‘ of the very 
large sum in the Navy Vote to be devoted to 
research and development, no less than one-quarter 
was devoted to projects concerned with the develop- 
ment of marine engineering in the field of high- 
performance steel, or in that of heavy reduction 
gears, or in that of internal-combustion engines or 
gas*turbines . . . the sums of money which the 
Admiralty devotes to this are measured in millions 
of pounds. ... That is a state of affairs which 
has never occurred before in the history of the 
Royal Navy.” He added a plea that something 
should be done to correct the ‘“‘ astonishing shortage 
of men who are qualified and competent to man the 
whole field of research, development, design, 
production, installation, servicing and maintenance 
of the highly complicated equipment and apparatus ”’ 
that both warships and merchant ships now employ, 
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and suggested that a serious effort should be made 
to increase Britain’s proportion of technically- 
trained men to something nearer that obtaining 
in the United States. 

Lord Cunningham, in his speech at the dinner of 
the Institution of Naval Architects, touched upon 
the same (or a similar) topic in his reference to the 
recruiting difficulties of the Royal Corps of Naval 
Constructors. “In the 1950 entry,” he said, 
‘there was not a single recruit from the universities, 
the shipyards, or from the Royal Naval Engineering 
College. The total intake for the year was three 
recruits from the Royal Dockyards, and even this 
source, which in the past has been the mainstay 
of the Corps, is rapidly drying up.” He inclined to 
blame the inadequacy of the revised salary scales 
which were introduced last year, declaring that they 
were “not sufficient to attract men of the right 
calibre or even to retain those already in the 
Service.” Whether the question is one of finance 
only, we are inclined to doubt, though remuneration, 
in these days of predatory taxation, does exert a 
great influence. The situation is serious but we are by 
no means sure that a further increase in the salary 
scales, unaccompanied by an alleviation of other 
economic factors, would produce the desired result. 

Earlier in his speech, Lord Cunningham had urged 
the “great importance that our workpeople should 
be shown how their own—and hence the national— 
interests are jeopardised by their perpetual insistence 
on easier conditions.” ‘‘ The theory,” he said, “‘that 
men, will work more cheerfully for the State than 
for the private employer has been rapidly exploded. 
There has been too much mischievous teaching 
about ‘rights ’ and it has been unpopular to mention 
the fact that ‘rights’ involve responsibilities as 
well” “Many of our countrymen, alas, 
need to show a much greater sense of responsibility, 
a higher sense of duty, and display a greater degree 
of moral courage if they would play fair with the 
rest of the community. Furthermore, it is only too 
true that State control can too readily induce a 
sloppy acceptance of the second-rate. Every 
encouragement needs to be given, therefore, to men 
who show that they can personally rise above such 
standards, or we shall assuredly decline in workman- 
ship and craftsmanship in the next generation.” 

_ The promulgation of such a doctrine comes better 
from a great naval officer than from any other 
source, for no Service has such a long record of 
unselfish idealism as the Royal Navy. That they 
would almost certainly deny such an impeachment 
does not in the least invalidate it ; too many men 
—many of them “ hostilities only” entries—have 
testified to the completely selfless atmosphere that 
pervades a warship on active service, and the 
extraordinary contrast between it and the atmo- 
sphere obtaining even in the most liberally-adminis- 
tered factory on land. In that difference, however, 
there lies a potential obstacle to the formation of a 
true judgment: it is so easy to overlook the host 
of minor factors which together provide the charac- 
teristic atmosphere of shop or factory. To take only 
one, and a relatively minor one : the seaman carries 
his accommodation and his provender with him 
If challenged on the value to be attached to that 
economic fact, he would almost certainly underrate 
it; but it is a fundamental difference between his 
occupation and that of any factory hand. 

We believe that Lord Cunningham is mistaken in 
believing that financial considerations are to 
blame for the lack of recruits to the Royal Corps of 
Naval Constructors; there are probably other 
factors, There may have been a time when young 
men contended for the privilege of serving in the 
R.C.N.C. because they were attracted by the (then) 
salary scale ; but we doubt whether that was ever 
more than one of several reasons, and possibly got 
the principal reason in a majority of cases. The 
causes for “these present discontents” probably 
lie much deeper, and are mainly psychological ; but 
we do agree most heartily with Lord Cunningham 
that the inculcation of a greater sense of respon- 
sibility in the nation at large is a primary and a 
erying need. In the building and operating of ships 
& man must be ready to accept responsibility ; only 
thus can a ship be built or operated—and only thus 
can & man realise the best that is in him. 


EUROPEAN THERMAL 
POWER STATIONS. 


& 

PLAIN men may sometimes wonder if some of the 

international bodies which have been set up since 
the war, the names of which are usually disguised 
under initial letters, are worth the money they are 
costing. One dealing with educational and cultural 
matters appears to be working under terms of refer- 
ence which enable it to turn its attention to almost 
anything. The Organisation for European Econo- 
mic Co-operation—O.E.E.C.—appears, however, to 
have been set a definite task. Its purpose, it may 
be presumed, is to study the economic conditions 
of the various countries with a view to collecting 
information and data which will show to what 
extent the disturbances and maladjustments caused 
by the war in economic and industrial activities 
may be palliated by increased co-operation, between 
European nations, and by American assistance. 
Power supply is, under modern conditions, a 
basic factor in determining the material prosperity 
of most countries, and the low level of that prosper- 
ity is largely responsible for the social discontents 
which are so widespread. In these circumstances, 
the question of power-station capacity is a proper 
subject for study by this Organisation, and it 
has collected a large amount of information about 
both the installed capacity of the various countries 
and the extent to which each, individually, is 
in a position to add to that capacity. This is 
really an economic as well as a technical question, 
but a recently-published report* deals only with 
the technical aspect of the matter. Comparison 
is made with American practice and the point 
is brought out that most Western European coun- 
tries are in a position to equip large thermal power 
stations of a technical standard equal to that ruling 
in the United States. The report does not say so, 
but presumably the purpose of this comparison is to 
show that, from a technical point of view, European 
countries need not rely on American experience in 
extending their power-station installations ; whether 
from the economic point of view some of them will 
again have to appeal to the generosity of the 
United States is not discussed in the report. 
Any overall consideration of the power-supply 
situation in Europe must clearly include hydro- 
electric stations in its ambit. The report does not 
give figures for the total installed capacity of any 
country, but it points out that, in many cases, 
thermal stations serve a network to which water- 
power stations are also connected and that the design 
of the thermal station will be influenced by the 
characteristics of the water supply. It is stated that 
it has been found in practice that the relation 
between the day load and night load on thermal 
stations should as far as possible be less than 2 to 1. 
This statement is presumably based on collected 
data ; it refers to thermal stations working in con- 
junction with hydro-electric stations, but in such 
cases the regime of operation will depend on water- 
supply conditions. The load on a thermal station 
working with a run-of-the-river plant may have to be 
varied from week to week, or even from day to day, 
depending on alterations in river flow, while the 
demands made on a fuel-fired station running in 
parallel with a hydro-electric station with ample 
water storage may well vary greatly between 
different years, depending on long-term rainfall. 
The design of a combined thermal and water-power 
system will necessarily be based on a study of local 
conditions, and the distribution of the load between 
the two types of plant may be very different in 
difterent cases. It does not appear that a general 
rule to the effect that the day load on the thermal 
station shall be less than twice that of the night 
load is likely to be of assistance in determining the 
relative capacity of the two types. 

The report states that, of the cost of producing 
electricity, 40 per cent. represents fuel and 48 per 
cent. depreciation and interest ; these are given as 
average figures. It is then pointed out that oper- 





* Note on the Technical Development of Thermal 
Power Stations. The Organisation for European 
Economic Co-operation, Paris. Obtainable from H.M. 
Stationery Office. [Price 2s. 6d. net. or 2s. 8d. including 
postage.] 








ating costs, largely represented by fuel, may be 
reduced by greater expenditure on technical refine. 
ments, and that saving on fuel has to be set off 
against the increased capital cost of the mor: 
efficient plant. It is added that stations of the 
“most advanced technical characteristics” will 
usually be built for base-load service and that less 
efficient stations may be used to cover the peak. 
All this is well known to station designers, who will 
not be likely to overlook the fact that differences 
in efficiency between two modern plants may be 
“of less importance than the power losses caused 
by transporting electricity from one plant to a 
district served by another.” In connection with 
highly-efficient modern stations, it is pointed out 
that, for those “ with very advanced characteristics 
a skilled technical staff is required, and this is not 
always available.” It is not altogether clear for 
whom this report is intended; statements about 
the elements of power-station design are not required 
by those who plan and build them. It may be 
surmised that it is addressed to the non-technical 
political and economic bodies which, controlling 
funds, might exercise ill-regulated pressure on those 
responsible for design. 

The greater part of the report is taken up by 
data relating to recent power-station installations 
in various European countries and in the United 
States. The International Electricity Committee, 
at their meeting in Brussels in January, 1950, sug- 
gested standard performance characteristics for 
base-load 100,000-kW steam turbine sets; a steam 
temperature of 968 deg. F., and a pressure of 1,250 
Ib. per square inch were specified. The report gives 
a considerable amount of attention to the question 
of 100,000-kW sets and arrives at the conclusion 
that sets of this capacity can be built by many 
European manufacturers. There is no evidence, 
however, that European, countries propose to adopt 
such sets as standard units. The report states that 
“the cost per installed kW diminishes as the power 
of the set is increased,” but there is no advantage 
in employing very large sets if they are to run on 
partial load for most of the time. A unit of 105,000 
kW capacity has been adopted for Battersea power 
station, but the British Electricity Authority has 
settled on 60,000 kW as the standard large unit. 
From the information given in the report, it appears 
that the only other 100,000-kW sets in Europe are 
two in the Gennevilliers power station in Paris and 
one, built by Messrs. Brown, Boveri, in the Gross- 
bliederstroff power station in Lorraine. Of the Gen- 
nevilliers sets, one was manufactured by the Ameri- 
can General Electric Company and the other by 
the French Alsthom Company. It is stated that a 
power station planned to be built in the south of 
Sweden is to be equipped with 100,000-kW units of 
Swedish make, and that German manufacturers 
have completed designs for 100,000-kW sets ; at 
present there is no unit in the country, or under 
construction, of greater capacity than 50,000 kW. 

Less is said in the report about boilers, but, 
from the point of view of the O.E.E.C., import- 
ance attaches to the statement that when it is 
desirable, or necessary, to burn low-grade coal 
with a high ash content, preference should be given 
to European manufacturers, who have long exper!- 
ence in dealing with such fuel; “it is the general 
American practice to use boilers burning high-grade 
coal producing little ash.” Though not specifically 
stated, it appears to be implied that boilers of the 
largest capacity now in use in the United States 
could be built in Europe. 

The general conclusions reached are that, for 
turbo-generator sets up to 70,000 kW capacity, there 
is no important difference either in characteristics or 
performance between the products of American and 
European manufacturers, and that a number of 
European builders are in a position to construct 
100,000-kW sets. Many could build sets larger 
than this, but have not the operational experience 
available to American manufacturers. This is te 
be explained by the fact that “the structure of 
the European electrical supply industries has not 
in general presented opportunities for the use ot 
equipment of this size”; on which the comment 
may be made that the report can hardly be said to 
show that present opportunities in Europe call, in 





general, for sets exceeding 100,000 kW in capacity. 
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NOTES. 


Tue InstituTION oF NavaL ARCHITECTS. 


Tuer 1951 Spring Meeting of the Institution of 
Naval Architects, which was held on board the 
sloop Wellington, at Temple Stairs, London, by 
permission of the Master and Wardens of the 
Honourable Company of Master Mariners, opened 
on the morning of Wednesday, March 14, with the 
President (Admiral of the Fleet Lord Cunningham 
of Hyndhope) in the chair. The annual report of 
the Council, which was adopted, shows an increase 
in the membership from 3,386 in 1949 to 3,436 at 
December 31, 1950. Awards were announced of 
the Institution Premium to Mr. E. Ower, B.Sc., and 
Mr. C. H. Burge for their paper on ‘‘ Funnel Design 
and Smoke Abatement ’”’; the Wakeham Prize to 
Mr. D. J. Doust, B.Sc. (Student) for his paper on 
“Design Analysis Diagrams for Wide-Bladed Pro- 
pellers”?; and the Duke of Northumberland Prize 
to Mr. James Glasgow, of Barrow-in-Furness Teth- 
nical College. During 1950, 58 Higher and 106 
Ordinary National Certificates in Naval Architec- 
ture were awarded. The report recorded that the 
committee appointed by the Council to consider the 
effect of the existing tonnage-measurement laws on 
the efficiency of ships had issued an interim report 
dealing with propelling power allowance, and had 
examined several schemes for a revision of existing 
tonnage regulations. The Minister of Transport had 
received a deputation from the professional societies 
concerned with shipping and had promised to give 
consideration to the proposal for revision. Following 
the presentation of the awards mentioned above, the 
meeting proceeded to the election of officers and 
members of Council. The ballot resulted in the 
election, as vice-president, of Professor A. M. Robb, 
D.Se.; as members of Council, Mr. F. C. Cocks, 
B.Se., Dr. J. F. C. Conn, Mr. T. A. Crowe, M.Sc., 
Mr. J. Ramsay Gebbie, O.B.E., B.Sc., Mr. J. M. 
Murray, M.B.E., B.Sc., Mr. H. S. Pengelly, R.C.N.C., 
Professor A. J. Sims, O.B.E., R.C.N.C., Professor 
E. V. Telfer, D.Sc., Ph.D., and Sir William Wallace, 
C.B.E.; and, as associate members of Council, Sir 
Lawrence Edwards, O.B.E., D.L., Mr. G. J. Innes 
and Mr. W. C. 8. Wigley, M.A. Instructor Rear- 
Admiral Sir Arthur E. Hall, K.B.E., C.B., was 
re-elected treasurer. The President then delivered 
his address, to which we refer on page 319, in the 
course of which he announced that Viscount Runci- 
man of Doxford would succeed him as President in 
August. Sir Amos L. Ayre, K.B.E., D.Sc., then 
presented a paper on “‘ Some Observations Concern- 
ing Resistance and Propulsion.” On the evening 
of the same day, the annual dinner of the Institution 
was held in the Connaught Rooms, the chair being 
taken by the President, whose speech on that 
occasion is also referred to on page 319; he was 
replying to the toast of ‘‘ The Institution,”’ proposed 
by His Excellency the French Ambassador (Mr. 
René Massigli, G.C.V.0., K.B.E.). The toast of 
“The Guests” was proposed by Dr. S. F. Dorey, 
C.B.E., F.R.S., and responded to by Sir Gilmour 
Jenkins, K.C.B. 


Bristou ‘‘ 173°’ Twrn-ENGINED HELICOPTER. 


Some details of the first twin-engined helicopter 
of British design and construction have been 
released by the Bristol Aeroplane Company, 
Limited, Filton House, Bristol. They are of particu- 
lar interest in relation to the first report of the 
Interdepartmental Helicopter Committee, which 
was published on Friday, March 9, by H.M. Station- 
ery Office (price 1s. 3d.). The Committee con- 
cluded that “the helicopter must be regarded as a 
coming medium of commercial transport suitable 
for distances up to 300 miles,” that “ operation 
hetween the centres of towns and cities is essential 
and feasible,” but that, for such operation, “‘ heli- 
copters with at least two engines will be essential 
for reasons of safety . . .”” The prototype Bristol 173 
helicopter, a twin-engined tandem-rotor machine, 
's approaching completion and is expected to fly 
early this summer. It is intended primarily as a 
medium or short-range transport aeroplane for 
10 to 13 passengers ‘and luggage, and although the 
Committee consider that for economic operation 


report that “the 10-12-seat machine will represent 
an essential stage of development*. . . towards a 
suitable commercial type,” and that it “‘ will compare 
not unfavourably with equivalent fixed wing 
aircraft on certain internal services ...” The 
Bristol 173 machine, with an all-up weight of 
10,600 Ib., can also be adapted as a freighter, with 
a cargo space of 605 cub. ft., capable of carrying 
2,500 Ib. of freight, or it can be used as a crane 
for lifting heavier loads over very short distances. 
The aircraft is powered by two Alvis Leonides radial 
air-cooled engines each developing 550 brake 
horse-power for take-off ; the engines are situated 
at each end of the fuselage, the passenger cabin 
lying between the engine bays and isolated from 
them by soundproof bulkheads. Each engine 
drives a three-bladed rotor identical with that of 
the Bristol 171 single-rotor helicopter, which was 
described on page 297 of our 166th volume (1948). 
The fact that the rotor assemblies have already 
undergone several years of flight testing should help 
considerably in minimising the development period 
before the Bristol 173 can be put into opera- 
tional use, and it is hoped that it will be in service 
by 1954. The two rotors are arranged in tandem 
and rotate in opposite directions. A synchronising 
shaft between them, carried along the top of the 
fuselage, ensures that they rotate at the same speed 
and provides for one engine to drive both rotors 
in the event of the other engine failing. A free- 
wheel and clutch in each rotor drive allow for isolat- 
ing the failed engine. The rotor blades are arranged 
to fold, and when they are folded the aircraft 
is 78 ft. 2 in. long, 17 ft. wide and 15 ft. high. 
A four-wheel undercarriage is provided. 


THE INSTITUTE OF MARINE ENGINEERS. 


The President, Sir A. Murray Stephen, M.C., B.A., 
took the chair at the 48th annual dinner of the 
Institute of Marine Engineers, which was held at 
Grosvenor House, London, W.1, on Friday, March 9. 
The company of distinguished guests included the 
Lord Mayor of London (Alderman Denys Lowson, 
M.A.), His Excellency the Belgian Ambassador 
(M. le Vicomte A. O. de Thieusies), His Excellency 
the High Commissioner for New Zealand (the 
Rt. Hon. W. J. Jordan), His Excellency the High 
Commissioner for India (V. K. Krishna Menon), 
and Dr. 8. F. Dorey, C.B.E., F.R.S., President of the 
Institution, of Mechanical Engineers and President- 
designate of the Institute. The loyal toast having 
been duly honoured, Sir Amos L. Ayre, K.C.B., 
D.Sec., proposed that of “The Lord Mayor, the 
Sheriffs, and the Corporation of London,”’ recalling 
how, in 1829, Captain John Ross, R.N., fitted out 
the steamer Victory, to discover the North-West 
Passage—a very early association of London, with 
marine engineering. The Lord Mayor, in his 
response, commented with pleasure on the fact that 
the new headquarters of the Institute, like the 
existing building, would be located in the City of 
London. ‘Sir E. Julian Foley, C.B., a past-President 
of the Institute, then proposed the toast of “The 
Royal and Merchant Navies of the British Common- 
wealth,” to which Vice-Admiral Sir Michael M. 
Denny, K.C.B., D.8.0. (Third Sea Lord and Con- 
troller of the Navy) responded. The final toast, 
that of ‘‘The Institute of Marine Engineers,” 
was proposed by Sir Gilmour Jenkins, K.C.B. 
who referred to the fact that the President’s firm, 
Messrs. A. Stephens and Sons, Limited, had recently 
celebrated the completion of 200 years of ship- 
building ; and to the forthcoming retirement of 
the secretary of the Institute (Mr. B. C. Curling). 
Sir Murray Stephen, in reply, mentioned that the 
membership of the Institute was over 6,000— 
“a tremendous achievement ”—and then, by way 
of stimulating the members to further efforts, 
observed that the thermal efficiency of a rifle (over 
30 per cent.) and its horse-power output per pound 
(about 330 h.p.) showed that engine designers had 
still a long way to go. 


THE Roya. INSTITUTION. 


The subject of the evening discourse at the Royal 
Tnstitution last Friday was rubber, which was 
described by the lecturer, Dr. L. R. G. Treloar, of 


“ 


the British Rayon Research Association, as “a 





4 20-seat helicopter is required, it is stated in the 


remarkable material.”” That this description is 





justified was demonstrated conclusively in a series 
of admirably conducted experiments. Dr. Treloar 
began with a brief résumé of the history of natural 
rubber and mentioned that on February 3, 1826, 
Michael Faraday delivered a discourse at the Royal 
Institution on the subject of caoutchouc, a sub- 
stance which he had analysed shortly before. 
Faraday’s analysis of rubber was one of the first 
and was remarkably accurate in spite of the fact 
that modern refinements were not available to him. 
He showed thatit is composed of carbon and hydro- 
gen, and he estimated the proportions of these ele- 
ments presentin the material correctly to within 1 per 
cent. It is now known that rubber has the chemical 
formula (C;H,),, where n is approximately 5,000. 
The reason for the remarkable elasticity of the 
material was discovered only some 20 years ago by 
the Swiss chemist, Meyer. It results from the fact 
that the molecules form long chains, each containing 
some 5,000 links, coiled in a highly irregular manner. 
These chains, therefore, are capable of considerable 
extension. A demonstration was given of the 
remarkable thermal properties of rubber, namely, 
that it gives out heat on being stretched and absorbs 
heat when, allowed to contract again. The result, 
discovered by Kelvin, that stretched rubber con- 
tracts when heated and expands when cooled was 
also demonstrated. The brittleness of rubber at 
low temperatures was proved by plunging a strip 
of the material momentarily into liquid air and 
then breaking it with a hammer. The fracture 
revealed that the material had become fibrous, a 
change associated with the development of a 
crystalline structure. The same result was shown 
to be produced when rubber is stretched. The 
world’s production of natural rubber reached a 
peak in 1941, but fell sharply after the loss of 
Malaya. Subsequently, there was a remarkable 
development of synthetic rubber, which, however, 
has only about one-tenth of the tensile strength of 
natural rubber. The double-refracting properties of 
natural rubber and varioussynthetic materials, and 
the variations of their resiliences with temperature, 
were also demonstrated. 


IMPROVEMENT SCHEME FOR Euston STATION. 


Work is to begin soon on the improvement ot 
Euston, station, the principal metropolitan terminus 
of the London Midland Region, British Railways. 
The cost is estimated at 300,0001., and it is hoped 
to complete the scheme by the end of 1952 or 
shortly afterwards. For many years the station 
has been inadequate for heavy traffic and long 
trains, and although a major reconstruction is 
desirable, national restrictions on capital invest- 
ment at the present time have evidently ruled out 
any chance of such work being undertaken. A new 
power-operated signal box which forms part of the 
scheme, however, is to be sited just north of Hamp- 
stead-road bridge No. 5, where it will not obstruct 
subsequent development of the station. The signal 
box, with colour-light signalling and complete track - 
circuiting, will replace Nos. 1, 2 and 3 signal boxes. 
The main-line working at present controlled by 
No. 4 box will be transferred to the new box, and 
the existing manual block working between Euston 
No. 2 and Camden No. 1 boxes will be replaced by 
train describers. The existing permanent way in the 
area covered by the scheme is very complicated ; 
it contains 18 diamond crossings, eleven of which 
are accompanied by inside or outside slip roads, 
two of them double slips. In many places the 
curvature is of less than 8-chains radius. The new 
layout will contain only five diamond crossings, 
two of them single-slip roads, and only in a few 
places will the curvature be less than 10-chains 
radius. A major improvement of the track layout 
at Euston has not previously been possible as the 
piers of overbridge No. 3 at the north end prevented 
the rearrangement of the track to allow the plat- 
forms to be lengthened. The superstructure of the 
bridge, however, has now reached the end of its 
useful life and powers have been obtained to aban- 
don it. Platforms 1, 2, 3, 6, 7 and 15 will be 
lengthened—No. 1 by as much as 190 ft.—and in 
all cases except No. 15 there will be an even greater 
increase in the available length of platform clear of 
connections, the gross addition in the case of No. 1, 
for instance, being 300 ft. 
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LETTERS TO THE EDITOR. 


GAS-TURBINE ALTERNATOR 
PROPULSIVE MACHINERY FOR 
TANKER ‘ AURIS,”’ 


To THE EDITOR OF ENGINEERING. 


Sm,—The British Thomson-Houston marine gas- 
turbine alternator set described on page 209, ante, 
gives the impression of being a remarkably fine 
piece of mechanical engineering and a great credit 
to Mr. B. E. G. Forsling and his staff at Rugby ; 
especially since it is the first “industrial” gas- 
turbine design built by the B.T.H. Company. The 
slow speeds chosen in relation to the output, the 
weight of the engine (45 tons), and the chosen 
materials of construction indicate a very proper 
desire, for marine use, to emulate the reliability of 
the slow-running Diesel engine, which, in recent 
years, has tended to dominate the low-power and 
medium-power ship-propulsion field. 

Slow-speed Diesel ship propulsion has tended, to 
rely hitherto almost entirely on distillate fuels, 
which are generally expensive in relation to undis- 
tilled heavy fuel oils; but recently some success 
has been achieved by the Anglo-Saxon Petroleum 
Company, who have ordered this machine, in 
rendering such fuel suitable for a Diesel engine, at a 
considerable saving in fuel cost, and presumably 
with about the same thermal efficiency, though 
there is some doubt about this. Some Diesels 
consume a good deal of lubricating oil, and if this 
is added to the fuel oil and allowance made for the 
losses in an electric generator, one would be fortunate 
to obtain an overall thermal efficiency of 30 per 
cent. ; at any rate, this is the experience with large 
Diesels used for the production of electric power 
on land. It is obviously fair to say that this figure 
of thermal efficiency cannot be achieved by the 
small gas-turbine under discussion without a con- 
siderable improvement in regenerator efficiency and 
elevation in operating temperatures ; so that it is 
a long way yet from displacing the Diesel on 
economic grounds as long as Diesel operators are 
prepared to put up with the inconvenience of 
treating heavy fuel oil and the probable increased 
wear and tear of heavy oil operation, about which 
very little has been published. The gas turbine, 
however, may ultimately have better prospects on 
convenience in operation than a strict. comparison 
of thermal performance would indicate. 

The naval attitude to the gas turbine is also 
interesting, for, at the recent annual dinner of the 
Institution of Mechanical Engineers, Sir Michael 
Denny, Controller of the Navy, made it clear that 
the gas turbine was of little use for most naval 
vessels until it could use the same fuel as is used in 
boilers, i.e., heavy (and dirty) oil—with at least 
the same efficiency as the most modern steam plant. 
(The pursuit of the Bismarck during the recent 
war has also. underlined again the vital importance 
of duration.) Naturally, the gas turbine would have 
to show definite advantages to warrant a change- 
over from steam, and it cannot be assumed that 
elimination of boiler plant would constitute a 
sufficient advantage. Quicker starting would be 
an advantage, and this the gas-turbine mechanism 
undoubtedly has. In very large sizes, as used at 
Beznau and Weinfelden in Switzerland, it can be 
made somewhat superior in thermal efficiency to 
the best steam plant used in the Navy, and the 
problem of burning heavy and dirty oil with longer 
availability is not insoluble ; but the gas turbine 
is then bulky and complicated, showing little real 
advantage in any of ‘he directions which matter 
and probably requiring considerably more fuel at 
slow cruising speeds. i am, of course, referring to 
open-cycle machines. 

The answer, in my view, is to recognise the 
thermodynamic virtues and defects of gas-turbine 
and steam plant, and to combine the virtues. For 
example, with steam it is easy to get a thermo- 
dynamic sink temperature of about 80 deg. F. 
(29 in. Hg. vacuum) in any ship except in the 
Tropics, whereas the B.T.H. gas-turbine set will 
throw away heat at about 500 deg. to 550 deg. F. 
It is difficult to reduce this, particularly in small 
sizes, except in very cold weather. It does, how- 
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ever, achieve better than 20 per cent. mechanical 
power from the fuel between 1,160 deg. F. and 540 
deg. F., which is quite impossible with the Rankine 
cycle except at quite excessive pressures and in 
very large sizes. On the other hand, steam under 
favourable conditions can do almost as well between 
500 deg. to 550 deg. F. and 80 deg. F. (29 in. Hg.) 
in quite small sizes. ” 

A marriage of convenience between these two 
working principles can be arranged if steam is 
chosen as the working fluid throughout.* This, in 
turn, requires a closed gas-turbine cycle, which 
means somewhat higher metal temperatures at the 
top end of the steam superheater than in the first- 
stage nozzles of the turbine for the same upper 
temperature of the cycle ; but under conditions of 
easy stressing and with the fundamental gain, as 
enjoyed already by steam plant, of keeping ash 
and deleterious residues out of the ‘“‘ aerodynamic ” 
parts of the engine. This advantage could also be 
partly enjoyed, at any rate, by the ordinary open 
gas-turbine cycle ; but in itself (though extremely 
useful with dirty fuel oil, giving much less anxiety 
about corrosion or clogging up from ash leading to 
loss of power) it is not likely to be decisive—as, in 
my view, it will be where coal is the fuel. 

The decisive advantage of this cycle with fuel 
oil is the improvement in thermal efficiency, and 
thus duration or cruising range under war condi- 
tions, but the*economic gain would be equally 
impressive. The gain in thermal efficiency is 
indicated in detail in the table on the opposite page 
and in the above diagram. It will be noted that the 
steam temperatures are exactly or closely compar- 
able with the cycle for the B.T.H. set, and that the 
pressure drop, as a percentage of operating pressure 
between the compressor outlet and turbine inlet is 
greater to allow for an extra heat exchanger and the 
so-called “super” superheater. The thermal effici- 
ency of the “ gas-turbine ” cycle alone is less than 
in the B.T.H. machine, due to the slightly lower 
theoretical heat drop. Incidentally, however, the 
high-pressure turbine efficiency given by the B.T.H. 





* See also ‘‘ The Application of Gas-Turbine Technique 
to Steam Power ”—Proc.I.Mech.E., vol. 162, pages 








209-238 (1950). 
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Company seems too low to account for the overall 
performance at the upper temperature specified, 
and is probably of the same order or a little better 
than’ that of the low-pressure turbine. 
description of the machine, doubts are expressed 
about the operating condition of the high-pressure 
turbine and compressor, both of which should be 
more efficient than the figures given. This is why 
1 have assumed in, my calculation a brake or casing 
efficiency of about 87 per cent. for the compressor 
and about 89 per cent. for the two gas turbines in 
tandem. I have also assumed 85 per cent. for the 
“tail end’ or recuperative Rankine cycle, because, 
though the geometry of the blading will not be so 
favourable at the high-vacuum end, the middle 
section of this cylinder will be very similar in con- 
figuration to the intermediate-pressure turbine, 
and the high superheat in relation to pressure will 
allow of expansion almost entirely in the super- 
heated state. 

It is admitted that wet compression, with about 
13 per cent. of its weight of finely divided water 
entrained as an, “ emulsion” in the saturated steam 
which enters the compressor, is not yet an estab- 
lished commercial process with axial-flow com- 
pressors ; nevertheless, the thermodynamic equiva- 
lent has been achieved already with centrifugal 
compressors by means of stage by stage water 
injection, under commercial conditions ; and with 
the axial type it may at the worst necessitate a 
multi-cylinder compressor with correspondingly 
smaller quantities of water-mist injection per 
cylinder. At a small loss in thermodynamic effici- 
ency the requisite quantity of water could be 
injected after compression to desuperheat the 
steam. 

The so-called “super ’’ superheater would prob- 
ably consist of fire-bar shaped hollow Nimonic 
tubes surrounding a number of burners working 10 
parallel, these tubes having a very high ratio of 
internal to external surface, and arranged cross 
flow to the flame, both points with the object of 
keeping the maximum metal temperature very 
close to the maximum steam temperature. With 
this arrangement it would not be difficult to arrange 
for ash cleaning or complete replacement of the 
superheater elements at sea, and the main heat 
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Adiabatic Mechanical] External 
Point ‘Eb. per Temper- ae Heat Casing Heat at =~ orreat. Heat 
on . be. ature, |Entropy.) ppn.ty Drop, |Efficiency,| Shaft, BTh U.'| Added 
Diagram.} . deg. F. aa B.Th.U. | Percent. | B.Th.U. ser Ib. B.Th.U 
_—— per lb. per lb. aiieaal per lb 
H.P. and I.P. “ Gas Cc 212 387 1-5404 1,199-1 
Turbines ”’ and re- D 210 597 1,318-1 +119-0 
generator (1 Ib. of E 205 , |! 1,160 1-8934 | 1,612-3 | 294-2 
steam) F, 51 | 1-8934 | 1,398-8 213-5 | 89-0 +190-0 
F H 51 i 783 1,422-3 
G 50 540 1-8085 1,303-3 —119-0 
Compressor (1 Ib. of c 212 387 | 1-5404 | 1,199-1 
steam) By 50 1-5404 | 1,086-1 | —113-0 87-0 —130-0 
B 50 1,069-1 
LP. conde nsing tur- ( 50 540 1-8085 | 1,303-3 
bine (0-187 Ib. of M lin. Hg 79 1-8085 972-0 331-3 85-0 + 52-5 
steam) J 0 79 47-0 
112-5 204-2 
L.P. turbine— 
Adiabatic heat drop = 331-3 B.Th.U. per Ib. 
Percentage bleed off = X. 
Therefore (1 — X) 1303-3 + 47-0 x= = 1069-1. 
18-7 per cent. 


L.P. turbine output = 331-3 x 0-85 ey? 187 = 52-5 B.Th.U. per Ib. of “‘ gas-turbine ” flow. 


112- 
Engine efficiency = ——— 
“ Y= 39 


= 38-25 per cent. 
4-2 ” 


Alternator efficiency, 95 per cent.; auxiliaries, 2 oe. cent.; heater efficiency, 85 per cent. 
Overall plant efficiency = 38-25 x 0°85 x 0-95 x 0 98. 


= 80-25 +25 per cent. 


= 0-640 lb, of heavy oil per kWh. 


exchanger would operate under similar conditions, 
although over a higher range of temperature, to 
that of the B.T.H. set. The combustion process 
is rendered regenerative by a rotating cellular heater 
of the type already in wide use in steamships, and 
should give an overall superheater efficiency of 
about 85 per cent. as compared with about 98 per 
cent. for internal combustion. 

With the same size of components as in the 
B.T.H. set (which, obviously, has a very con- 
siderable margin of strength in every direction) it 
would be possible to circulate about 175,000 lb. 
per hour in the “ gas-turbine” part of the cycle, 
and, say, 33,000 lb. per hour through the low- 
pressure cylinder to the condenser, giving an output: 
of about 5,500 kW (whereof some 2,600 kW would 
come from the low-pressure cylinder) at a fuel rate 
of about 0-640 lb. per kWh on the heavy fuel oil 
mentioned. The efficiency would be substantially 
better with only a slightly higher initial tempera- 
ture, say, 1,200 deg. F. and, provided that a much 
more effective regenerator were available ; though 
this would necessitate the combustion regeneration 
process also to be effective over a much higher range 
of temperature, without material increase in end 
flue-gas temperature. Under such conditions, it 
should be possible to reach a thermal efficiency of 
roughly 35 per cent. There is no question that, 
with this cycle, the gains are profound if the 
regenerative processes can be rendered sufficiently 
reversible, and there is no theoretical obstacle to 
the realisation of such figures. 

The space factor of such a pressurised machine, 
suitable for heavy fuel oil, would compare quite well 
with a Diesel engine, especially if an electric 
generator were included, since this would be rela- 
tively much more bulky in the case of the Diesel. 
The thermal efficiency at higher steam tempera- 
tures could be considerably superior to that of the 
Diesel, and the heavy oil would probably require no 
pre-treatment at all. The part-load efficiency, by 
ability to maintain maximum temperature inde- 
pendent of load, could be much superior to the 
open cycle. 

I do not claim that the Diesel engine is yet on 
the way out. The struggle to oust it will be tough, 
but the present state of thermodynamic improvisa- 
tion and metallurgical progress alike point to very 
stiff competition for it in the not distant future. 
With pulverised coal as the fuel, a radically different 
type of furnace of much greater volume would, of 
course, be required, but for locomotives and electric 
power the research effort would obviously be well 
worth while. é 


Yours faithfully, 
16, Woodhall Bank, J. F. Frevp. 
( ‘olinton, 
Edinburgh, 13. 


February 26, 1951. 





EARLY ELECTRICAL EQUIPMENT. 
To THE EpIToR oF ENGINEERING. 


Sir,—For some years we have been gathering 
together representative examples of the early elec- 
trical manufactures of Crompton and Company 
for inclusion in an historic collection established at 
our Chelmsford works. The collection is largely the 
outcome of years of enthusiastic searching in this 
country and abroad by the late Mr. J. H. Johnson. 
There are, however, still a number of gaps and we 
should welcome, and be mest grateful for, informa- 
tion from any of your readers who could help us in 
our search for equipment manufactured by Cromp- 
ton and Company in the period 1878 to about 1909. 
We particularly desire to secure the following: 
Crompton, Barton Harris direct-current circuit 
breaker—1901; “ Dix” gravity circuit-breaker— 
early 1890's; “Hedgehog” transformer—about 
1888 ; domestic electrical heating and cooking appa- 
ratus of all types—1891-1899; arc lamps—single 
and double carbon, open type and enclosed type, 
and flame arc lamp—1878 onwards; horizontal 
direct-current generator, four-pole, recognisable by 
brushes spaced at 90 deg., type D.29, ete.—1890- 
1899 ; two-pole smooth-core drum-wound armature, 
type D.104 direct-current generator or motor— 
1897; direct-current ceiling fan with two blades— 
1900; D’Arsonval “trombone” galvanometer ; 
and pyrometer indicator and couple—early 1900's. 

We are most anxious to make the collection at 
Chelmsford completely representative of the work 
of one of the pioneers in electrical engineering, and 
to this end we invite the co-operation and help of 
your readers. 

Yours faithfully, 
CromPTon Parxtnson, LimITED. 
H. Fawcett, 
Secretary. 
Crompton Parkinson, Limited, 
Crompton House, 
Aldwych, London, W.C.2. 
March 12, 1951. 





SoutH LONDON TRAMWAY CONVERSION.—The London 
Transport Executive announce that, on the night of 
April 7-8, the third stage of the South London tramway 
conversion will come into operation; two new ’bus 
services will then take the place of the 16, 18 and 42 
tram routes, and thenceforward no tram services will 
operate in Purley, Croydon, Norbury and Streatham. 
The number of trams to be withdrawn will be 92, making 
a total of 346 since the South London scheme was 
inaugurated ; and, in place of the 92 trams, 106 additional 
*buses will be put into service. Prior to the conversion, 
there were 102 route miles (202 track miles) of tram 
lines in the districts affected. Including the changes 
now announced, the lengths abandoned will amount to 
31 route miles (614 track miles), leaving 71 route miles 
(1404 track miles) still in use; and the total number 
of trams withdrawn will be 280. 
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OBITUARY. 
MR. H. A. HUMPHREY. 


Many of the older generation of engineers in this 
country—and especially those who are members of 
the Old Centralians, the association of former 
students of the City and Guilds Engineering College 
—will have learned with regret of the death in 
South Africa, on March 9, of Mr. H. A. Humphrey, 
inventor of the Humphrey pump, and one of the 
most versatile engineers of his day. He was 82 years 
of age, and had left England to reside at Hermanus, 
Cape Province, little more than a year ago. 

Herbert Alfred Humphrey was born in London 
on December 2, 1868, and received his engineering 
training at the Finsbury Technical College, which he 
entered in 1885. He took the courses in civil and 
mechanical engineering, and was awarded the 
diploma of the Central Institution (now the City 
and Guilds College) in 1887. His first appoint- 
ment after qualifying was as assistant to Robert 
Hammersley Heenan, of Messrs. Heenan and 
Froude, who were then in Manchester and with 
whom he remained until 1891, there and at their 
Birmingham works, where he was engaged on con- 
structional work and steam engineering. In 1891, 
he went to the chemical works of Messrs. Brunner, 
Mond and Company, of Northwich, where he was a 
departmental manager for some ten years, and was 
responsible for a large programme of extensions ; 
this included the erection of coke ovens, benzol- 
extraction plant, caustic-soda works, etc. 

By the time that this work was completed, 
Humphrey had acquired an extensive knowledge of 
chemical engineering, though his main interests 
were still largely in the civil and mechanical fields. 
In 1901, therefore, though still only 33 years of 
age, he set up in practice in London as a consulting 
engineer, retaining his connection with Messrs. 
Brunner, Mcnd and Company, and their associates, 
but branching out also into other fields. It was on 
his advice that Messrs. Brunner, Mond and Company 
adopted large gas engines for power generation ; 
and, no doubt, it was his work on these large gas 
engines which led to the invention of the Humphrey 
pump, in which the explosion of the gas charge 
acts directly on the surface of the water to be 
pumped. The Chingford pumping station of the 
Metropclitan Water Board contains five of these 
pumps, four with a capacity of 40 million gallons a 
day and one of 20 million gallons. A description of 
the Humphrey pump appeared in our issue of 
October 15, 1909 (vol. 88, page 512), together with 
Professor W. C. Unwin’s full report of his tests of 
the pump; and Mr. Humphrey also presented a 
paper on it to the Institution of Mechanical Engi- 
neers in 1909. The Chingford plant, which went 
into service in 1913, was also fully described in 
ENGINEERING. It proved to be a very effective 
means of pumping large volumes of water against 
a low head, but its wider adoption was hampered 
by the high capital cost of the buildings required. 

During the 1914-18 war, Humphrey was appointed 
assistant director in the High Explosives Depart- 
ment of the Ministry of Munitions, in which he was 
responsible for increasing enormously the output of 
T.N.T. and of ammonium nitrate. The story of 
this work, which had great influence on the course 
of the war, was told at length in his Melchett Lecture 
to the Institute of Fuel in 1939. Later in the war, 
he was consultant for large expansions of the 
national production of chemicals, and, arising out 
of this, he was appointed consulting engineer on 
the construction of the Billingham plant of Imperia} 
Chemical Industries. He continued to act in an 
advisory capacity to the I.C.I. companies practically 
to the end of his life. 

Humphrey was a member of the Institutions of 
Civil, Mechanical and Flectrical Engineers, and, at 
various times, received the Willans Gold Medal, 
the Watt Gold Medal, the Telford Gold Medal and 
Premium, and other awards for his papers. He 
was also awarded the Franklin Medal of the Smith- 
sonian Institution. He was a Fellow of Imperial 
College, and of the Institute of Fuel; and was 
made a Fellow also of the City and Guilds Institute, 
so long ago as 1893. For some years, he was a 
member of Council of the British Association. 
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THE INSTITUTE OF 
METALS. 


Tne forty-third annual general meeting of the 
Institute of Metals was opened on the morning of 
Tuesday, March 13, and was concluded yesterday, 
Thursday, March 15. The first session was held 
at the Park Lane Hotel, Piccadilly, London, W.1, 
with the retiring President, Mr. H. 8. Tasker, 
in the chair. 

REPORT OF COUNCIL. 


As is customary, the first matter on the 
agenda at the meeting was the report of the Council 
for the year ended December 31, 1950. This indi- 
cated that the members on the active list of the 
Institute, at the end of the year, totalled 3,579, as 
compared with 3,506 on December 31, 1949, and 
3,326 on December 31, 1948. The Council reported, 
with regret, the death of Lieut.-Colonel Sir John 
Greenly, a past-president, Fellow, and Platinum 
Medallist, and Mr. Roosevelt Griffiths, a former 
vice-president of the Institute, and former chairman 
of the Swansea (now the South Wales) local section. 
The deaths of Mr. G. B. Brook, Mr. R. B. Deeley, 
Dr. H. A. Dickie, Dr. H. W. Gillett, Mr. F. H. 
Hurren (an original member), Mr. A. Gliynne 
Lobley and Dr. F. W. Meyer had also been notified 
during the year. The Council had gratefully 
accepted an offer by the directors of Imperial 
Chemical Industries, Limited, to place at their 
disposal a sum of money to found a Walter Rosen- 
hain Medal. The Medal, which was to be presented 
for the first time this year (to Professor G. V. 
Raynor), would be awarded annually in recog- 
nition of outstanding contributions in the field 
of physical metallurgy made by persons under 45, 
irrespective of nationality, sex, or membership of 
the Institute. The number of papers and addresses 
published in the Journal of the Institute in 1950 
had been 61, an increase of six over the 1949 total. 
After full consideration, the Council had resolved 
that the format of the Journal should be changed 
from octavo to quarto, with effect from the issue for 
September, 1951. Good progress continued to be 
made in the scheme for National Certificates in 
Metallurgy. During the year, approved schemes for 
senior courses leading to an Ordinary National 
Certificate in Metallurgy were in operation at 
24 technical colleges (as compared with 22 during 
the previous year), and schemes for advanced 
courses leading to a Higher National Certificate, at 
12 colleges (as compared with 11 in 1949). 

In moving the adoption of the report, Mr. Tasker 
referred to the success of the recent appeal to 
industry for the regular financial support of the 
Institute and its work. He said that, up till 
March 12, the annual subscriptions received or 
promised under covenant for not less than seven 
years, represented an annual income of 4,8671. 
In addition, annual subscriptions to be renewed, 
without obligation, but not under covenant, totalled 
1,911. Finally, donations which might or might 
not be repeated in future years amounted to the 
sum of 1,200/. In expressing gratitude to the donors 
for their generosity to the Institute, Mr. Tasker 
specially thanked the firms in the United States 
who had contributed a sum of over 1,000. to the 
fund. 


Honorary TREASURER’S REPORT. 


The report prepared and presented by the 
honorary treasurer, Mr. W. A. C. Newman, showed 
that the income for the financial year ended June 30, 
1950, amounted to 25,585/., and the expenditure to 
27,082/., thus giving an excess of expenditure over 
income, for the year, 0: 1,497/., as compared with a 
deficiency of 864/., a year previously. As on that 
occasion, the deficiency had been met by a transfer 
from the War-Time Emergency Fund, which had 
then stood at 3,114/. If the Institute were to 
maintain its present range of activities at a con- 
sistently high level, and also to add to the services 
it rendered to its members, an increase in income 
of at least 5,000/. per annum would be needed. The 
Council had concurred in, and supported whole- 
heartedly, the President’s appeal to industry for 
contributions towards that objective. Mr. Newman 
desired to associate himself with the President in 





ENGINEERING. 





MARCH 16, I9Q5I. 





thanking the firms in the industry for the great 
response they had made to that appeal. 
ELECTION OF OFFICERS. 

The officers nominated by the Council at the 
autumn, meeting held in Bournemouth on September 
19, 1950, were declared to be duly elected for the 
year 1951-52. They were: as President, Professor 
A. J. Murphy; as vice-presidents, Mr. A. B. 
Graham and Mr. P. V. Hunter, C.B.E., M.I.E.E. ; 
and as members of Council Mr. K. W. Clarke and 
Mr. Christopher Smith. The secretary announced 
that Mr. H. F. Sherborne, M.C., who had been 
elected as a member of Council had, since his 
election, withdrawn owing to pressure of business, 
which, he felt, would prevent his regular attendance 
at meetings of the Council. In consequence, the 
Council had elected Mr. Alfred Baer to fill the 
vacancy and, in accordance with the Articles, Mr. 
Baer would present himself for re-election at the 
next annual general meeting. The members were 
also reminded that Dr. C. J. Smithells, M.C., had 
been elected by the Council to be senior vice- 
president for the year 1951-52 and that he would 
be the Council’s nominee for the Presidency in 
1952-53. 

Awarbs OF MEDALS. 

The President announced that Dr. R. W. Dia- 
mond, vice-president and general manager of the 
Consolidated Mining and Smelting Company of 
Canada, Limited, Trail, British Columbia, who had 
been awarded the Institute of Metals Platinum 
Medal for 1951, hoped to come to London to receive 
the Medal at the May-Lecture meeting, to be held 
on May 23. The W. H. A. Robertson Medal 
awarded to Mr. Christopher Smith and the first 
award of the Walter Rosenhain Medal, made to 
Professor G. V. Raynor, would be presented to their 
recipients at the end of a luncheon to be held that 
day in the Park Lane Hotel. 

InpucTION OF NEW PRESIDENT. 

When, inducting Professor A. J. Murphy, the 
new President, into the chair, Mr. Tasker stated that 
Alfred John Murphy had been trained at the 
University of Manchester, after which he had gone 
to the University College of Swansea, for a period, 
to undertake research work. He had then served 
under the late Dr. W. Rosenhain at the National 
Physical Laboratory and had subsequently entered 
industry. For 20 years, Professor Murphy had been 
on the staff of Messrs. J. Stone and Company, 
Limited, Deptford, first as chief metallurgist and 
latterly as a director of the firm. Last year, how 
ever, he had relinquished these positions to take 
up the Professorship of Industrial Metallurgy at the 
University of Birmingham. 

Professor Murphy's first duty on taking up the 
Presidential chair was to call on Dr. C. J. Smithells, 
M.C., and Professor H. O'Neill to propose and 
second a vote of thanks to Mr. Tasker for his services 
as President for the year 1950-51. Professor Murphy 
then delivered his presidential address, the first 
portion of which dealt with the functions of the 
Institute, afterwards passing on to the “ Industrial 
Economics of Metallurgy.”” We intend to report 
the address in a forthcoming issue. At the conclu- 
sion of the address, the meeting was adjourned 
for luncheon. 

(To be continued.) 





COURSES FOR VISITORS TO FESTIVAL OF BRITAIN.—The 
British Council have arranged a series of six-day courses, 
mainly for overseas visitors to the Festival of Britain, 
though applicants in this country will be considered. 
Two courses which miy be of interest to readers of 
ENGINEERING are “ Science in Britain ” (including phy- 
sics, aeronautics and engineering), which will be held 
from July 8 to 14, and “ Industrial Design,” from 
August 19 to 25. The first mentioned is intended mainly 
for a general public with scientific interests, and will 
consist of nine lectures by eminent British scientists, 
visits to the apartments of learned societies, ete. The 
second has been arranged with the co-operation of the 
Council of Industrial Design and will also consist of 
lectures, visits, etc. In addition, courses will be held to 
suit architectural, educational and other interests. There 
are residential and non-residential vacancies for the 
courses, further particulars of which may be obtained 
from the Director, Courses Department, The British 
Council, 65, Davies-street, London, W.1, or from any 
British Council representative overseas. 








MECHANISED AIDS IN THE 
FOUNDRY.* 


By A. S. Brgcu, M.I.Mech.E. 


In a paper presented to the Institution in 1942+ the 
trends of mechanisation in the foundry were full; 
described. In this paper, the innovations that have 
taken place since that date are discussed, with special 
reference to the mass-production plant of British 
Railways at Horwich,t light, medium, and heavy 
foundries, and the strides that have been made in 
semi-mechanisation of the jobbing foundry. Stress is 
laid on the need for mechanisation in the jobbing 
foundry as a result of the scarcity of skilled labour on 
which it is dependent. 

Sand selection, sand conditioning, and sand recon- 
ditioning are of greatest importance in the production 
of good castings; the great parts that sand, and 
sand preparation and reconditioning play in the result- 
ing castings are not always realised. It is pot an 
exaggeration to say that at least 90 per cent. of scrap 
castings in the foundry are caused by sand and bad 
sand conditioning. The time-honoured mill formerly 
in use in most foundries was comparable to a mortar 
mill. Two heavy, narrow rollers rolled over the sand, 
which was contained in a stationary pan, and certain 
so-called up-to-date sand mills still retain this very 
objectionable feature. The full weight of these mullers 
passing over the top of stationary sand produces a 
crushing effect on the silica grains. Thus, while 
perhaps a good bond may be obtained, there is a con- 
siderable drop in permeability, and a large proportion 
of silt or dust is produced. 

The ideal state for moulding purposes is that the 
sand shall be sufficiently permeable to allow the escape 
of the gases associated with the pouring operation, 
and its bonding qualities should be such that they will 
conform accurately to the shape of the casting, and 
withstand the wash of the metal. To obtain this 
ideal result the sand mill should be designed to give a 
rubbing effect on the sand, and not a grinding action. 
This is obtained by the type of mill shown diagram- 
matically in Fig. 3, opposite. The improvements incor- 
porated in this mill may be summarised as follows. 
(1) The machine can be built to work either as a con- 
tinuously operating unit, or as a batch unit. The lever, 
a (Fig. 3), lifts or lowers the ring fixed around the orifice 
for the sand discharge situated in the centre of the 
pan. If batch milling is required, the operator lowers 
the ring to prevent the evacuation of the sand, and 
raises the ring to discharge automatically the sand 
through the centre orifice. In continuous operation, 
the ring is kept open and the sand is fed through con- 
tinuously, and at a predetermined rate by means of 
the diverters, which can be set for angularity to mill 
the sand for a short or long period. (2) The machine 
can be fitted with a cleaning plough b, which will clean 
the pan surface of the machine, at the end of each 
shift, without the operator having to put his hands 
near any moving parts. To preserve the life of the 
pan, it is essential to see that sand does not stick to the 
surface, because sand left sticking to the surface becomes 
hard, and owing to the high silica content it eventually 
possesses almost a pumice effect, which will do great 
harm and cut into both pan and mullers very rapidly. 
(3) The cleaning of the mullers in the old type of mill 
was carried out by long pieces of flat high-tensile steel 
passing right across the muller surfaces. If, however, 
water was added more in one place than another, the 
sand at this particular part picked up more water 
and tended to become more sticky and to adhere to 
the surface of the muller, eventually cutting right into 
the scraper, which then had to be scrapped. The new 
type of muller scraper is built up in sections, so that 
if uneven wear takes place only a small section will 
need replacement. In addition, the scraper is placed 
at a tangent in relation to the muller surface, instead 
of being flat against it, which tends to scrape the 
mullers much more efficiently. (4) The pan, if desired, 
can be fitted with replaceable steel plate, so that when 
wear takes place, it is only necessary to replace the 
plate only, and not the entire pan casting. ; 

Fig. 1, opposite, shows a roll-over moulding machine 
with under-sand frame. This type of machine, for 
deep or shallow work in large repetition quantities, 
is far superior to the jolt or jolt-squeeze type. The 

* Paper of the Industrial Administration and Engi- 
neering Production Group, entitled “ Further Mechanical 
Aids for the Foundry,” presented to the Institution of 
Mechanical Engineers at a meeting in London, on Friday, 
March 9. Abridged. 

t “ Mechanisation of Foundries,” by A. S. Beech, 
Proc.I.Mech.E., vol. 147, page 53 (1942), and vol. 148, 
page 71 (1942). 

¢ As complete information on the British Railways 
foundry at Horwich is not yet available —the foundry is 
not yet in full operation—that part of the paper which 
gives some information on it has been omitted. 
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pattern is pushed into the sand, and not the sand 
into the pattern. The pattern is drawn automatically 
on placing the machine to exhaust, and it is certainly 
the most rapid and logical way of dealing with large 
quantities of repetition castings. The ramming is per- 
fectly carried out, and all moulds are rammed up to 
the same density, provided the condition of the sand 
is controlled, particularly its moisture content. The 
bars in the boxes are solidly rammed underneath 
without any hand tucking, and the actual ramming 
of the mould is so quick that it is almost impossible to 
time it. The machines can be operated with either 
compressed air or hydraulic power. 

Fig. 2, herewith, shows a machine for moulding 
the top parts of the moulds. As these do not need 
rolling over, the machine used is of the stationary 
straight-draw type. It embodies the same features 
as the roll-over model, the only difference being that, 
as the mould has not to be rolled over, gravity is used 
|for the pattern drawing. When the applied pressure 
is placed to exhaust, the pattern plate recedes through 
the under-sand frame, thus automatically drawing the 
pattern. On both types of machine the under-sand 
frames can be arranged to give the desired pressure to 
the mould. 

One of the best recent improvements, and one that 
has overcome a serious trouble in all mechanised or 
semi-mechanised foundry plants, is the multiple-belt 
storage hopper shown in Fig. 4, herewith. One 
of the bugbears of all mechanical foundry plants has 
been the sticking of sand to the walls of storage and 
Fie. 4. Muuriete-Beitt StoraGe Hopper. feeding hoppers. This is particularly inconvenient 
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when it occurs in the large storage hoppers, which are 
generally designed to stock quantities of sand ranging 
from 25 to 100 tons, or more. The sand is usually 
hot and steamy when it enters the storage hopper, 
and consequently tends to stick to the sides of the 
hopper, whether the hopper is circular, with a revolving 
disc underneath, or rectangular, with feeder belt 
underneath. This results in the formation of a “ pipe ” 
in the centre of the sand in the hopper, which tends to 
block the entire system. The sand has to be poked 
down with long rods, or the sides of the hoppers have 
to be hit with hammers, to dislodge the sand. The 
latter practice is very bad, because it dents the steel, 
and may aggravate the building-up tendency. This 
fault, which was invariably present in all storage 
hoppers, has been overcome by the hopper shown in 
Fig. 4. Several belts, started by push buttons, are 
situated across the narrow side of the bottom of the 
hopper. Three such belts are shown in Fig. 4, but 
for large storage hoppers more would be introduced. 
When sticking occurs at the front or back of the 
hopper, the small individual belts are rotated by 
operating the separate push-buttons, and the sand is 
fed into the general collector belt, which again feeds 
the sand into the system, and the storage hoppers are 
completely cleared, eliminating “* sticking-up.” 
(T'o be continued.) 





INSTITUTE OF PHYSICS, 


ParticuLars of two conferences organised by the 
Institute of Physics have been announced. The 
first is the fifth annual conference of the Stress Analysis 
Group, which will be held from April 4 to 6, in the 
Mechanical Engineering Department of the University 
of Liverpool. After the annual general meeting of the 
Group, held on April 4 at 3.30 p.m., the opening lecture 
of the conference on ‘“‘ Numerical Methods in Stress 
Analysis, with special reference to the Relaxation 
Method,” will be delivered by Professor D. G. Christo- 
pherson, O.B.E. On April 5 and 6, morning and 
afternoon papers will be presented by Mr. H. de Leiris, 
Dr. D. G. Sopwith, Mr. R. G. Boiten, Dr. A. W. Hendry 
and Mr. J. K. Tattersall, Dr. G. Robertson, Mr. R. G. 
Hoare and Mr. K. G. Hancock, and Mr. H. G. Edmunds. 
The subjects to be dealt with will include short gauge- 
length strain gauges and brittle lacquer techniques, 
fatigue, electric resistance strain gauges, the “ frozen 
stress” method of photoelasticity, stress analysis of 
pipe flanges and edge stresses at the free boundaries of 
photo-elastic models. Registration forms for the 
conference and brief summaries of the papers to be 
read can be obtained from the honorary secretary of 
the Stress Analysis Group, Mr. E. K. Frankl, Engineer- 
ing Laboratory, Cambridge. 

The second conference on ‘‘ The Texture and Struc- 
ture of Metals,” has been organised by the X-Ray 
Analysis Group of the Institute and will be held at 
Ashorne Hill, Leamington Spa, on Thursday and 
Friday, April 12 and 13. The conference opens at 
2 p.m. on April 12, when 24 hours will be devoted to 
“Textural Studies,” the authors of the five papers 
to be presented being Dr. G. B. Greenough, Dr. R. W. K. 
Honeycombe, Mr. P. Gay, Mr. R. J. Davis, and Mr. 
E. A. Calnan and Dr. C. J. B. Clews. From 5.30 to 
6.30 p.m. short contributions on “ Techniques of 
X-Ray Analysis” will be made and in the evening, 
at 8.30, Professor N. F. Mott, F.R.S., will deliver a 
lecture on “The Behaviour of Electrons in Alloys.” 
On Friday, April 13, the annual general meeting of 
the Group will be held from 9 until 9.30 a.m. Following 
this, six papers on “ Structural Studies (Phases)”’ will 
be given by Professor G. V. Raynor, Dr. W. Hume- 
Rothery, F.R.S., Dr. K. Robinson, Dr. A. M. B. 
Douglas, Dr. J. Thewlis, and Mr. H. J. Goldschmidt. 
After luncheon, from 2 until 4.30 p.m., seven papers on 
“ Structural Studies (Transformations) ” will be given 
by Dr. H. Lipson, Dr. J. B. Newkirk, Dr. J. W. 
Christian, Mr. H, T. Heal, Dr. K. H. Jack, Dr. R. A. 
Smith and Mr. D. V. Wilson. A small exhibition will 
be arranged in connection with the conference at 
Ashorne Hill, and facilities will be available for the 
display of apparatus, models and diagrams. The 
arrangements are in the hands of Mr. H. S. Peiser, 
Hadfields Limited, East Hecla Works, Sheffield, 9. 
The conference is open to all interested in the subject 
to be dealt with and persons proposing to attend should 
complete an application form to be obtained from the 
deputy secretary, the Institute of Physics, 47, Belgrave- 
square, London, 8.W.1. The completed form should 
be returned not later than March 30 to the deputy 
secretary. . 





STourPorT “B” STATION OF THE BRITISH ELEC- 
TRICITY AUTHORITY: ERRATUM.—We regret that on 
page 273 of our issue of March 9, 1951, it was stated 
that the condensers at the Stourport “ B ” power station 
had been constructed by Hick Hargreaves and Compauy, 
Limited. The makers were the English Electric Com- 
pany, Limited. 


LABOUR NOTES. 


THe somewhat threatening situation, which 
developed in the engineering industry over piecework 
rates at the middle of last week, cleared considerably 
during the days that followed. Notices of dismissal 
to 260 engineering operatives employed by Messrs. 
H. W. Kearns and Company, Limited, Broadheath 
Works, Altrincham, Cheshire, were withdrawn by the 
firm on March 8, after a meeting with the men’s repre- 
sentatives. The notices were due to have become 
effective at the end of last week, unless the operatives 
concerned agreed to resume work at piece rates, as 
from Monday last. Shop stewards belonging to the 
Manchester district branches of the Amalgamated 
Engineering Union decided at a meeting in Manchester, 
on March 7, that the 38,000 members of the Union 
in the area should cease work on March 12, unless 
Messrs. Kearns withdrew the dismissal notices. The 
firm stated, after their works meeting, that their 
senior employees had given an assurance that they 
would do everything possible to secure a return to 
maximum production. It is understood that a resump- 
tion of work at piece rates was not insisted upon and 
that joint negotiations have been begun in an endeavour 
to settle new piecework rates. 





The protracted dispute between Messrs. Craven 
Brothers (Manchester), Limited, Reddish, and the 
Amalgamated Union of Foundry Workers was settled 
on March 9, after discussions in London between 
representatives of the firm and Sir Robert Gould, Chief 
Industrial Commissioner to the Ministry of Labour. 
Difficulties over piecework came to a head at the end 
of January, when some 200 employees in the firm’s 
foundry were dismissed and the foundry was closed. 
The firm stated that the foundry was no longer running 
economically with the men on a day-rate basis. The 
A.U.F.W. claimed that this constituted a lock-out 
and asked its members to refuse to work on castings 
destined for the firm. After many negotiations, in 
which the Ministry of Labour took part, Messrs. 
Craven agreed to re-open the foundry, but declined to 
re-engage some of the men. Arising out of the settle- 
ment reached on March 9, the foundry re-opened last 
Monday, all former employees were offered re-engage 
ment, and a completely new beginning was made. 
The Union had agreed that, with the resumption of full 
employment, there would be a return to normal work- 
ing, and expressed its willingness to examine with 
the firm and the local employers’ association any 
problem which the firm considered of sufficient import- 
ance to warrant executive action. The situation at the 
works of other firms in the North-East and Midlands 
areas, where piecework difficulties have arisen, also 
improved. 





Parliamentary bills for the compulsory acquisition 
of the Great Northern Railway are to be introduced 
by the Governments of Northern Ireland and the 
Republic of Ireland at an early date. After discussions 
between Ministers of the two countries regarding the 
fate of the Railway, a joint offer was made to the 
directors of the owning company in January. This 
was rejected owing to the inadequacy of the sum 
suggested. The offer was based upon the average 
Stock Exchange quotations for the various stocks of 
the company during the years 1948 to 1950, and the 
total compensation worked out at rather less than four 
million pounds. Following the refusal of the company 
to accept the offer, further discussions between the 
Ministers of the two countries took place. According 
to a statement issued in Belfast on Monday last by 
the Government of Northern Ireland, the directors of 
the Railway were informed on that day of the decision 
of the two Governments to introduce legislation to 
take over the ownership of the Railway for a sum of 
3,900,000/. The proportions in which this amount 
will be found by the countries concerned have not yet 
been disclosed. 





The Great Northern Railway, which traverses both 
parts of Ireland, is also the line which connects Belfast 
with Dublin. The owning company has experienced 
serious financial difficulties during recent months, 
owing to the rising costs of labour and materials. A 
particularly adverse circumstance has been the in- 
creased price of coal. As a result of this financial 
embarrassment, notices of dismissal were given early 
in January to about one thousand of the company’s 
staff, but these were withdrawn on January 9, before 
they became operative. On that date, the Govern- 
ments of Northern Ireland and the Republic of Ireland 
announced their intention to take over the railway in 
the near future. When the complementary bills now 
about to be introduced become law, the Railway will 
be operated, presumably, by a joint authority com- 
posed of nominees of each of the Governments con- 





cerned. 











An unofficial strike of trolley-’bus employees, engage: 
on the maintenance of overhead wires at six North and 
East London depots, began last Monday. Officials o: 
the Electrical Trades Union, of which the men are 
members, unsuccessfully endeavoured to persuade the 
men to return to work. The object of the strikers 
appeared to be to further the claims of the trolley-’bus 
maintenance men for a wage increase of 11s. a week on 
their present basic rates. These range from 5l. 15s. 
a week to 7/. a week, according to the men’s grade. 
A demand has also been presented by the E.T.U. to 
the London Transport Executive that these employees 
shall receive payment at double rates for work on 
Sundays. The existing rate for Sunday employment is 
time and a half. About 220 men were involved in this 
strike. 





The Railway Clerks’ Association, having previously 
obtained the approval of the Registrar of Friendly 
Societies to the alteration, in accordance with the 
Trade Union Acts, changed its name to ‘‘ The Transport 
Salaried Staffs’ Association,’ with effect from March 1] 
last. Since the formation of the Association nearly 
54 years ago as an organisation for railway clerks only, 
its field of recruitment has been much extended. It 
now takes into membership all types of salaried staff, 
whether clerical, administrative, professional, technical 
or supervisory, and does not restrict itself to the 
recruitment of personnel employed by British Railways, 
but includes the staffs of the other five Executives 
belonging to the British Transport Commission, as well 
as the staff of the Commission itself. Persons employed 
by Irish transport undertakings are also eligible for 
membership. 





Two-day negotiations between the London Transport 
Executive and the three principal railway unions were 
concluded on March 9, when a settlement of the unions’ 
wage claims was announced, which will provide an 
increase of about 74 per cent. on the existing basic 
rates. The demands originally put forward by the 
unions were the same as those which the unions pre- 
sented to the Railway Executive on behalf of em- 
ployees of British Railways. The Associated Society 
of Locomotive Engineers and Firemen requested an 
increase of 15 per cent. for its members, the National 
Union of Railwaymen asked for an all-round increase 
of 10 per cent., and the Transport Salaried Staffs 
Association for an advance of 7} per cent. Before the 
negotiations between the parties was adjourned, for 
the duration of discussions between the unions and the 
Railway Executive on the parallel claims, an offer of 
small increases had been made by the London Trans- 
port Executive. It is estimated that some 20,000 
employees of the L.T.E. will benefit from the new 
agreement and that the cost to that Executive will 
amount to not less than half a million pounds annually. 
The increases will take effect as from January 1 last. 





As in the case of the parallel agreement with the 
Railway Executive, some concessions were made by 
the three railway unions with a view to obtaining a 
greater degree of efficiency in the railway services of 
the London Transport Executive, and a special com- 
mittee, representative of the L.T.E. and the three 
unions, will be formed immediately to assist in achieving 
this result. It was announced officially at the close of 
the two-day negotiations, that the unions acknowledged 
the “‘ imperative need” for the fullest co-operation with 
the L.T.E. in the elimination of waste of man-power, 
in increasing overall efficiency, and in improving pro- 
ductivity within the services of the Executive. To 
this end, the unions undertook “‘ to examine forthwith 
in that spirit”? any proposals which the Executive 
might put forward. They also agreed that action for 
that purpose should be taken without delay. 





Prior to the agreement being announced, there were 
suggestions in some quarters that token strikes should 
be held. It was reported, on March 8, that the 
Shepherd’s Bush branch of the N.U.R. were in favour 
of holding one-day-a-week strikes to enforce their 
Union’s claim for an all-round increase of 10 per cent., 
and that the first of such strikes should be held on 
March 17. The Camden branch also threatened to 
commence Saturday token strikes. It was decided, 
however, at a meeting of officials of London branches 
of the N.U.R. and A.S.L.E.F., beld on March 8, that 
no strike action by the members of these unions should 
take place while the negotiations with the L.T.E. were 


in progress. 


In furtherance of an incentive scheme, which was 
brought into operation some time ago and which is 
expected to cost a total of about 10,000/., a further 
bonus was paid to workmen employed at the Festival 
of Britain site at Battersea Park on March 9. The 
bonus paid on that date amounted to 31. a head, while 
the first, paid early in February, came to 2l. a head. 
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GAMMA RADIOGRAPHY IN 
SHIPBUILDING 
AND ENGINEERING.* 
By J. D. Histop, M.A. 


RADIOACTIVITY was discovered by Becquerel in 1896, 
and gamma-rays were identified as part of the radiation 
emitted by radioactive substances some years later. 
In the meantime, the best known of these substances, 
radium, has been separated and named by Mme. Curie. 
Atoms of radium, in common with those of all other 


ENGINEERING. 





beta radiation. These rays, which have very limited 
penetrating power, are not of interest in connection 
with the present subject, but often they are each 
associated with the more penetrating gamma-rays, 
which represent the surplus energy left in the unstable 
atom after the primary disintegration. These gamma- 
rays can have a wide range of energies, and in fact those 
emitted by radium sources cover the range from 
250,000 to 2,500,000 electron-volts. The electron-volt 
is the energy unit used in this work, and a radiation of, 
say, 1,000,000 electron-volts (1 MeV) corresponds 





very roughly to that produced in an X-ray tube across 

















Fia. 1. 


CONTAINER FOR RADIOACTIVE SOURCE, wiTH SoURCE EXPOSED. 

















Fic. 2, 


natural radioactive substances, spontaneously disinte- 
grate and are transformed into lighter atoms, this 


change being accompanied by the emission of alpha or| ously emits a radioactive gas called radon. 


° Paper presented at a meeting of the Institute of 
Marine Engineers, London, on Tuesday, March 13. 
Abridged. The following references may be found useful : 
Handbook of Industrial Radiology, edited by J. S. Crow- 
ther, Arnold and Co., London, 1949; “The Technique 
of Gamma-radiography,” by R. Halmshaw, ENGINEER- 
ING, vol. 162, page 169 (1946); ‘“* Radon, Its Properties 
and Preparation for Industrial Radiography,” by J. A. T. 
Dawson, Jl. Sci. Inst., vol. 23, No. 7, page 138 (1946); 
"Radon : Its Place in Non-Destructive Testing,” by 
¥. A. Pullin, Welding, vol. 18, No. 4, page 166 (1950) ; 

Radioactive Isotopes as Sources in Industrial Radio- 
staphy,” by G. H. Tenney, Non-Destructive Testing, 








| concentrated in a very small volume. 





vol. 6, No. 4, page 7 (1948); and Radioactive Materials 
a Staple Isotopes, Catalogue No. 2, Atomic Energy 
search Establishment, Harwell, 1950. 


CONTAINER WITH SouRCE REMOVED FOR PANORAMIC EXPOSURE. 


which is applied a potential difference of 1,000 kV. 
When radium disintegrates, or decays, it spontane- 
This gas 
is introduced into small glass tubes in which is included 
a grain of charcoal. The gas is adsorbed on to the 
surface of the grain so that a large quantity of gas is 
This is a very 
important consideration in the use of radon sources 
and will be referred to later. The gamma-rays from 
radon are identical in energy with those emitted by 
radium. 

All gamma-ray sources have a property called their 
half-value period. Radioactive decay is such that 
the gamma-ray activity of any source is constantly 
being reduced. In one half-value period the gamma-ray 
activity falls to 50 per cent. of the initial activity, 
and in the subsequent period falls to 50 per cent. again ; 
thus in two successive half-value periods the total 
drop in activity is 75 per cent. These half-value 
periods, or half-lives as they are commonly called, vary 


widely from one substance to another, radium for 
example, having a half-life of 1,590 years, while the 
half-life of radon is 3-8 days. Thus the gamma-ray 
emission from a radium source is practically constant 
from day to day, while that from radon decays very 
ré pidly, falling to 25 per cent. in just over one week. 

The gamma-ray strength of a radium source is usually 
expressed in milligrams, this being the physical weight 
of the radium present. That of radon, and other 
sources, is expressed in millicuries, a unit which is 
open to much criticism since it does not allow the direct 
comparison of different types of source. The excep- 
tions are radium and radon, for which equal number 
of milligrams and millicuries, respectively, have equal 
gamma-ray emissions. 

Artificially radioactive substances have been known 
for many years, but until the advent of the atomic piles 
at Harwell they could not be produced in any quantity. 
For industrial use the only sources which have been 
produced efficiently are radio-isotopes of cobalt, tanta- 
lum and iridium. These are produced after the 
neutron irradiation of the natural elements in the 
atomic pile, when elements of the same chemical 
properties but different atomic weights are the result. 
These elements are said to be isotopic with the natural 
substances, or, simply, their isotopes. In the three 
cases mentioned the isotopes of mass-number 60, 182 
and 192, respectively, are the useful ones. The qualities 
which effect the narrowing of the field to these three 
substances are: firstly, the ease of activation and the 
attainable specific activity ; secondly, the energy of the 
gamma-rays emitted; thirdly, the half-life. No 
isotopes, other than cobalt-60, tantalum-182 and irid- 
ium-192, have yet been produced with more convenient 
values of these three factors. 

The ease of activation can be expressed conveniently 
in terms of the irradiation time needed to produce a 
given activity per unit volume. For practical reasons 
the unit of volume used in this paper is that of a 2 mm. 
by 2 mm. cylindrical source, since those ordinarily 
available from the Atomic Energy Research Establish- 
ment, Harwell, are either 2 mm. by 2 mm., 4 mm. by 





4 mm., or 6 mm. by 6 mm. The volumes of these 
sources are, of course, in the ratio of 1: 8 : 27, and the 
activity produced in them, under similar conditions 
of irradiation, will also be in this ratio, to a first approxi- 
mation. The value of the specific activity attained 
by any source, within a reasonable irradiation time, 
has also some practical significance, and will be roughly 
in inverse proportion to the irradiation times discussed 
above. 

Radium and radon are not produced by irradiation, 
and have a specific activity which is a property of the 
technique of preparation and is not widely variable. 
In Table I, page 328, the figures given are in terms of 
a 2 mm. by 2 mm. cylinder, although in practice radon 
sources are effectively 0-5 mm. cubes and radium 
sources are cylinders with dimensions corresponding to 
the source strength. Table I also shows the energies 
of the principal gamma-rays emitted by these sources 
and also the tenth-value thickness, in lead, for the 
radiation. These last are an indication of the pene- 
trating power of the radiation, that being more pene- 
trating which has a greater tenth-value thickness, 
since it is that thickness of material the absorption of 
which is sufficient to reduce the gamma-ray intensity 
incident upon it to 10 per cent. 

The practical effect of each of these factors in the 
choice of suitable radiographic sources must now be 
discussed. The physical dimensions of the source are 
an important factor in the sharpness of the radiographic 
image. Since radiography is essentially the casting 
of shadows, a small source of radiation means a sharp 
image, or, in radiographic terminology, good definition. 
The importance of having a small source is greater 
when the metal thickness involved is greater, since in 
such cases defects can be comparatively long distances 
from the film ; consequently, the source has either to 
be of small linear dimensions, or be placed at a greater 
distance, to achieve the image definition required. 
Since increased distance means a greatly increased 
exposure time (the intensity of the radiation falling 
off with the square of the distance), it is desirable to 
have sources of high specific activity to minimise 
exposure time, both by having a high gamma-ray 
intensity and by making possible the use of short 
source-to-film distances. From Table I, on page 328, 
it is apparent that from this point of view radon is the 
idea] source, combining as it does, minute source sizes 
with large gamma-ray strengths. 

Definition is not the only criterion of radiographic 
quality, however, but shares an equal place with image 
contrast, or the tone difference in the image between a 
defect and the sound metal around it. The important 





factor in the contrast of the radiograph is the energy 
of the radiation. It can be seen from the table that 
radium, radon, cobalt and tantalum have radiation 
of the same order of energy, a fact confirmed by the 
close agreement in tenth-value layers. Iridium 192, 
however, has radiation which is much more easily 














Fig. 3. 


CONTAINER IN USE FOR EXAMINING 
Pree WELD. 


absorbed, a fact which is exemplified in the much smaller 
tenth-value layer, and consequently is capable of 
producing radiographs with a much higher image 
contrast than those resulting from the use of any of 
the other sources. The lower penetrating power of 
iridium radiation does, of course, increase the exposure 
times necessary and has the effect of setting a practical 
limit to the thickness of material which can be examined 
economically. 

Not only has iridium the advantage of giving radio- 
graphs of relatively high contrast, but, as will be seen 
from the table, the specific activity obtainable is high 
and the irradiation time short. This enables sources 
which are small in physical size and of high strength, 
to be irradiated quickly. 

The last property of radioactive sources which has 
a bearing on their practical value, and on the choice of 
a source suitable for a given job, is its half-life. There 
is a common belief that at the end of the first half-value 
period the source is of no more use for radiography. 
This is, of course, not necessarily true, and even after 
several such periods a source may retain sufficient 
gamma-ray activity to make its use a practical proposi- 
tion. It is true that for the same specimen, and under 
the same exposure conditions, the time to make the 
radiograph is double that used at the beginning of the 
previous half-value period. Whether this is economic 
or not depends on the length of the original exposure, 
but if the source is to be used for a series of examina- 
tions each less exacting than the last, then a decaying 
source may be used during the passage of several 
successive half-lives with every success. Naturally, it 
is not always possible to arrange such a sequence of 
jobs, especially with a source as short-lived as radon, 
and in that case the gamma-ray intensity still existing 
at the close of the examination is, so to speak, wasted. 
In the case of artificially active isotopes a simple alterna- 
nation between two sources, one in use and one in the 
pile undergoing re-activation, gives 100 per cent. 
availability of radiation, the intensity of which is never 
unduly reduced. 

On the grounds of half-life alone, one cannot perhaps 
see why cobalt and tantalum co-exist, as alternative 
sources. The radiation from each is substantially 
similar, and certainly the comparative radiographic 
results show no appreciable advantage one way or the 
other, except that, for thinner sections, the soft 
gamma rays from tantalum produce a somewhat 
higher contrast in the radiograph. Their activation 
times and attainable specific activities, however, are 
markedly different, making tantalum essentially a 
short-term proposition, to be used only while a first 
cobalt source is being activated, and then replaced by 
its long lived rival. 
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Fig. 4. Source Usep ror Panoramic Exposures. 


Thus, the foregoing can be summarised and one can 
reduce the choice of a source to the simplest terms. 
For thicknesses of steel up to about 2 in. (the limit 
depending on what strength of source is available), 
and for corresponding thicknesses of other metals, 
iridium 192 gives the best results, the other isotopes 
and radon not being recommended. Over 2-in. thick 
steel, tantalum and cobalt are considered most suitable, 
the choice being one of availability and the highest 
gamma-ray emission from sources of the same dimen- 
sions. When metal thicknesses of about 4 in. are 
reached, and smallness of source is the over-riding 
need, then radon comes to the fore. Its only limitation 
is its rapid decay, a feature which can be overcome to 
a certain extent by obtaining a high initial activity, 
with a consequent extension of its useful life. For 
thicknesses greater than about 6 in. of steel, radon is 
almost indispensable if adequate definition is to be 
obtained, and advantage can be taken of the ease with 
which sources of 2 curies or more can be obtained 
within a 0-5 mm. cube. 

It has already been mentioned that the unit of 


Fig. 2 shows the source after removal for a panoramic 
exposure. Fig. 3, on this page, illustrates the con- 
tainer in use for examining a pipe weld. It is fixed to 
the pipe by a chain clamp. The film and lead backing 
are strapped round the welded joint, and only that 
section of the weld nearest to the film is being exposed. 

As well as these more obvious cases, gamma-rays are 
generally desirable when castings of complicated shape, 
or wide thickness variation, are to be tested radio- 
graphically. Complicated shape usually means difficult 
blocking, a very necessary proceeding when X-rays 
are employed if over-exposure of unprotected film is 
to be avoided, with the consequent loss of detail 
near changes of section or at the edges of the area under 
test. The very high contrast obtained with X-rays 
generated at medium voltages is the problem, and it 
can be solved by the use of high-voltage gamma-rays 
with their attendant low-contrast radiographs. Blocking 
when using gamma-ray sources is never necessary and 
the image is quite clear right to the edges. A wide 
range of metal thicknesses are all rendered in the 





| radiograph with photographic densities within the 














TABLE I. 

oteiesildinaanessatelanaptaiapigscnie =e = —— , —-—— 

— Radium. Radon. | Cobalt 60, Tantalum 182. Iridium 192. 

a | ae 
Activation time, weeks. . - 6 “a -- os 400* 80* 4* 
Specific activity,mC. .. _ Pe oe 12¢ —100,000$ | 7t } 35f 700f . 
Principal gamma-ray energies, MeV. .. 1-12, 1-76 1-12, 1-76 1-17, 1-33 | 1-22, 1-13 | 0-61, 0-60, 0-58 
Half-life .. a an ae ~ 1,590 years 3-8 days 5-3 years 120 days | 70 days 
Tenth-value thickness, inches of lead . . 1-7 1-7 | 2-0 1:8 0-42 





* Irradiation time to achieve 100 mC for 2 mm. by 2 mm. source, 
Activity obtainable in practice per 2 mm. by 2 mm. cylinder. 


+ 
+ Activity attained by a 2 mm. 


source strength most often used, the millicurie, is 
open to criticism, since it does not allow the direct 
comparison of different types of source. At this point 
it may be well to list the gamma-ray emission of 
radium, radon and the three isotope sources. It must 
be remembered that the radiographic effect is a function 
of the gamma-ray emission and the gamma-ray energy. 
Thus, cobalt-60, though its mean radiation energy is 
almost identical with that from tantalum 182, has 
approximately double the gamma-ray intensity per 
millicurie, and hence double the radiographic effect. 
Radium and radon occupy a position between these two. 

The obvious cases where gamma-rays have the 
advantage over X-rays are, firstly, for metal thicknesses 
beyond the capacity of available X-ray equipment, 
and secondly, for use in situations where access for 
X-ray equipment is difficult or impossible. In the 
latter case, the thicknesses involved may allow the 
choice of iridium, and in such structures as ships, 
bridges, steel-framed buildings, pipe-work installations, 
and so on, this is often the case. An added advantage 
here is that the containers in which the iridium sources 
are transported, and which will often need man- 
handling in awkward situations, can be small and light 
even for the strongest sources. That illustrated in 
Figs. 1 and 2, page 327, weighs only 25 lb. and gives 
sufficient protection for any obtainable source of 
iridium-192. Fig. 1 shows the source exposed for 
radiography ; in this condition the carrying handle is 
released to ensure that the container is not carried. 


by 2 mm. source in 26 weeks. 


practical range, whereas each section would have to 
be examined separately with X-rays. It should be 
noted, however, that despite the facility of carrying 
out the examination in one exposure, and with 4 
minimum of trouble, when a gamma-ray source is used, 
the complicated and more tedious X-ray method does 
give the better result, provided the blocking can be 
done effectively and the sections are simple and separate. 
Often this is not so, and more evidence is obtainable 
from the single gamma-radiograph than from a whole 
set of sectional X-radiographs. : 
An additional advantage to be obtained by using 
a gamma-ray source is in the emission of the rays in all 
directions. Thus a source set up in the centre of a 
circle of castings, as shown in Fig. 4, will expose the 
radiographs simultaneously, with the consequent saving 
of individual exposure times. The same remarks 
apply to the gamma-radiography of a circumferential 
welded seam, the source being placed centrally and 4 
whole chain of films placed around the vessel. A special 
case of this, and one which is much debated, is the 
insertion of a small source into a welded pipe line 
and the simultaneous examination of a complete 
welded joint. The practicability of this technique 
not only depends on the wall thickness and the internal 
bore but on the possibility of the introduction of 4 
source. In Fig. 5 it is introduced at the end of the pipe. 
In long pipes the only method normally available is 
by providing a hole in the pipe, a few inches from 
the joint, which is plugged after the examination 1s 
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complete. This is shown in Fig. 6. Often, however, 
such a procedure is not practicable or necessary, and 
pipe-joints can be examined by using the source 
externally, when the radiation passes through both 
walls, although only that part of the weld nearer the 
tim is actually recorded on it. The type of source 
used will depend on the wall thickness and for a total 
steel thickness of up to 2 in. iridium-192 is recom- 
mended. 

In the foregoing, the metals under consideration are 
assumed to be ferrous or cuprous and not aluminium 
alloys. In fact, even iridium radiation does not give 
good results with this type of casting, and in all such 
cases X-ray apparatus is essential, whether it is used 
for radiography or fluoroscopy. Even the results 
obtainable using the last technique, and especially so 
when a fine-focus tube is used, are far superior to any- 
thing obtainable with gamma-ray sources as known at 
present. This does not rule out the possibility of the 
discovery of an isotope with radiation of low enough 
energy, available in adequate strengths, to make the 
gamma-radiography of light alloys a practical technique. 

Having discussed the factors governing the choice of 

a suitable radiographic source it now remains to 
describe how it is used to best advantage. It is always 
desirable to utilise the fact that radiation is emitted in 
all directions uniformly, and the technique of panoramic 
exposure is widely practised, thus effectively reducing 
exposure time by exposing many films at once. Advan- 
tage can also be taken of the fact that gamma-ray 
sources need no constant attention, and exposures 
lasting all night or from Friday to Monday can be 
made in time which would normally be lost. It is a 
fairly common practice to make exposures exclusively 
at night and do preparation, processing, and other work 
during the day. In this way, valuable laboratory 
or workshop space is released for use when otherwise 
it would be dangerous for personnel. 
_ Since, under these circumstances, the exposure time 
is fixed, the only variable left at the discretion of the 
radiographer is the source-to-film distance. By 
adjusting this, any specimen can be accommodated to 
the other fixed conditions. Thus, for a number of 
identical objects the source-to-film distance would 
be identical for each one, whereas if thicker or denser 
objects were to be examined the source-to-film distance 
would necessarily be reduced, and conversely for 
thinner specimens. 

it is not strictly true to say the source-to-film distance 
is the only other variable at the radiographer’s discre- 
tion ; in fact, the film used is another. There are two 
main types of film used in gamma-ray work: the so- 
called standard non-screen and the fine-grain non-screen 
lms. Both these are used with lead-foil intensifying 
screens and the latter type is approximately three 
times slower than the former, i.e., the latter needs an 
exposure three times that needed by the former (or 
lternatively the source-to-film distance must be 
reduced by about 43 per cent.), but in spite of this fact, 
the fine-grain type is widely used and can be recom- 
mended strongly. The advantage of the fine-grain 
‘nd the high emulsion contrast, resulting in radiographs 
! much higher quality, more than compensates for the 
interior speed. In some cases, where speed is para- 
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mount, the faster film can be used to give radiographs 
of moderate quality. 


It is always good practice to expose at least two films | 


in the same cassette. By using intermediate lead- 
screens this is easily accomplished, and not only can 
badly estimated exposures be corrected to some extent 
in the development of the second film, but the pair of 
films constitute an invaluable check on the presence 
of spurious images due to faulty processing, materials, 
or handling. Any image which only appears on one 
film is not due to the structure of the work under 
examination. With the low contrast normally obtained 
in gamma-radiographs this point is of great importance. 

When using non-screen film the best results are 
obtained by working to high film densities. The 
inherent contrast of the film emulsion increases as the 
working density increases, and gamma-radiographs are 
often produced with densities of from 2-0 to 3-0. 
Some authorities go even higher, though of course, 
it must be remembered that for these densities extremely 
high levels of illumination are required for adequate 
viewing. (A film of density 3-0 transmits only 0-1 per 
cent. of the light incident upon it.) At these illumina- 
tion levels very careful screening of the eyes from 
extraneous light must be achieved and maintained. 
Finally, since the radiographic contrast is so low, every 
care must be taken to ensure that the processing of the 
films, especially in development, is carried out properly. 
It is very easy for defects to be obscured, or even 
simulated, by irregular densities due to faulty or careless 
dark-room practice. 

It is most important that organisations or firms 
introducing the gamma-ray inspection method should 
have a thorough understanding of the principles of 
protection. Gamma-rays, in sufficiently large quan- 
tities, can be highly dangerous both to operators and 
others exposed to them. However, if gamma-ray 
sources are used with the necessary precautions, by 
trained personnel, there need be no fear of adverse 
effects. 

Fortunately, the measures which must be taken can 
be based on fairly exact calculations. The amount of 
radiation emitted by any type of source is krown 
within narrow limits, as listed in Table II, and the 


TABLE II.—Gamma-Ray Emission of Sources. 


Radium 
Radon 
Cobalt 60... 
Tantalum 182 
Iridium 192 


0-84 mr* per hr. per mgm. at | m. 
0-84 mr per hr. per mC, at 1 m. 
1-30 mr per hr. per mC, at 1 m 
0-60 mr per hr. per mC, at 1 m. 
0-27 mr per hr. per mC, at 1 m. 


* 1 mr = 1 milli-réntgen. 

absorptive properties of the chief protecting substances 
can also be determined from published data. These 
figures, coupled with the so-called tolerance dose, 
enable an estimate to be made of how a rource can be 
handled, and for how long, to ensure that no personnel 
receive a greater dose than that which can be tolerated 
by the human body. Thus, the container illustrated in 
Figs. 1 and 2, page 327, when loaded with iridium 192, 
will not give more than the tolerance dose-rate at the 
surface even with sources as strong as 4 curies. With 





500 mC. of cobalt 60, however, the dose-rate at 1 m. is 


| 
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Fig. 6. 


such that the weekly tolerance dose (0-5 réntgen) would 
be received in 20 hours. This is known as the weekly 
safe-handling time for this source and container, and 
serves as a basis for all calculation of similar times 
for other distances and handling methods. It is essen- 
tial that such data be obtained from manufacturers 
when purchasing containers, and‘advice on these mat- 
ters can always be obtained from the Government estab- 
lishments supplying the sources. As pointed out pre- 
viously, the radiation emitted per millicurie of cobalt is 
considerably greater than that per mC. of radium or 
tantalum, which makes the protection of cobalt, 
per mC, a much more difficult problem than that of 
the other sources. The safe-handling time for a 
container loaded with cobalt-60 will be considerably 
shorter than that for the same container loaded with 
an equal number of milligrams of radium. Since the 
energy of iridium gamma-rays is relatively low its 
protection is an easy matter and quite small thicknesses 
of absorber are sufficient to reduce intensities below the 
tolerance level. 

Because of its high density the most popular absorb- 
ing material is a tungsten alloy. Lead, which suffers 
from the disadvantage of poor mechanical properties, 
is a cheap alternative. Since tungsten alloy is roughly 
50 per cent. more absorbing per centimetre than lead, 
the weight of a container made of the alloy is approxi- 
mately 45 per cent. of one made of lead giving equal 
protection. This difference in weight is of extreme 
importance when the container is to be handled in 
positions difficult of access, or in confined spaces. In 
the latter case particularly, due care must be taken to 
allow for scattering of radiation from surrounding 
structures leading to an increase in the general level 
of radiation intensity. For this type of situation the 
radiation should be checked by using ionisation dose- 
meters. 

It is difficult to give estimates of the cost of this type 
of work in a general case. Much depends on whether 
dark-room facilities and suitable staff are available, 
and on the actual application to be used. The price 


TABLE III.—Cost of Radioactive Sources, 


Source. Strength, mC. Cost. 
| H £ s. d, 
Radon .. : | 250 710 0 
1,000 15 0 O 
Cobalt 60 ca a oal 250 | 20 0 0 
| 1,000 40 0 0 
Tantalum 182 | 250 10 0 0 
1,000 20 0 0 
Iridium 192 ss ‘ | 250 710 0 
6 0 O 


1,000 rE 
of sources can be obtained from the Atomic Energy 
Research Establishment, Harwell, or the Radio- 
chemical Centre, Amersham, and a few representative 
figures are given in Table II]. An exposure container 
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costs approximately 100/., depending on its type and 
usefulness. The cheaper ones usually utilise lead as 
absorbing material and suffer from the disadvantage 
of a shorter safe-handling time, and a shorter useful life 
owing to the readiness with which lead suffers damage. 
Those made of tunsten alloy are more expensive but 
allow longer safe-handling times and are almost indes- 
tructible. Accessories such as cassettes, lead intensi- 
fying foil, penetrameters, etc., are also needed, but these 
can be relatively inexpensive items. 

The availability of artificial radioactive sources 
relatively free from the disadvantages of the natural 
sources, radium and radon, is giving radiographic 
inspection a new value in all engineering applications. 
Not only is X-ray apparatus (expensive in capital 
outlay and maintenance) made unnecessary, but in 
many fields of application better results can be obtained 
with gamma-rays. It must be remembered, however, 
that there are still many cases in which X-ray examina- 
tion is supreme, and where at present gamma-ray 
inspection has no place. Almost no application to light- 
alloys is of practical importance, and for thin welded 
sections an X-ray set should always be used if possible. 
It is in the cases when the use of X-ray sets is impractic- 
able or uneconomic that gamma-ray sources find their 
main application. 





FIRE IN A PASSENGER TRAIN 
NEAR BEATTOCK SUMMIT. 


THE Report on the Fire which Occurred in an Express 
Passenger Train on 8th June, 1950, near Beattock 
Summit in the Scottish Region, British Railways,* reveals 
the circumstances which are believed to have caused 
the fire, and concludes with recommendations which, 
if put into effect, would appreciably alter railway 
coach design in this country. The report is by Colonel 
R. J. Walker, a Ministry of Transport inspecting officer 
of railways, who discussed the accident with repre- 
sentatives of the Department of Scientific and Indus- 
trial Research, the Fire Offices’ Committee, the Joint 
Fire Research Organisation, the Home Office, and the 
Lanarkshire Fire Brigade. The circumstances of the 
fire and the deaths which it caused are unusual, and 
it is understood that no similar fire has occurred 
previously on railways in this country. There was, 
in effect, a slow explosion; a wave of extremely hot 
gases, probably containing a high concentration of 
carbon monoxide, suddenly engulfed the victims and 
killed them, or rendered them unconscious instantly. 
There were many instances of this in the bombing 
during the war, Colonel Walker states, and it has been 
known to happen in certain cases of fire in houses and 
factories. 

The train concerned was the 11.0 a.m. from Bir- 
mingham to Glasgow Central, consisting of 11 coaches 
drawn by a Class 6P 4-6-0 engine of the London Midland 
Region. The first coach behind the engine was a 
“corridor brake third”; the second, in which the 
fire broke out and the casualties occurred, was No. 4851, 
# “ corridor composite ” ; the third, which also burned, 
was No. 1073, a ‘corridor first”; and these were 
followed by a first-class dining car and six other 
coaches. The train left Carlisle at 4.02 p.m., 12 minutes 
late, and passed Beattock North signal box at 4.46 p.m., 
where it was 10 minutes late. At 4.53 p.m., the signal- 
man at Greskine watched the left-hand side of the 
train as it passed his signal box, and at about the same 
time the fireman on the engine looked back from the 
cab down the right-hand side; in addition, a woman 
passenger, Miss Goodwin, walked up the corridor of 
the second coach, No. 4851, from the fifth compart- 
ment to the toilet in the front. 

At this moment, everything appeared normal. ‘Three 
minutes later, the communication cord was pulled in 
coach 4851, and smoke was seen to be pouring out of 
its sliding ventilator and windows at the middle and 
rear end, and on both sides, and out of the leading end 
of the following coach, No. 1073. The driver at once 
braked fully and stopped the train, which was travelling 
at about 30 m.p.h., in about 80 yards, or a matter of 
20 seconds after the communication cord had been 
pulled, and 14 seconds after he had applied the brakes. 
The report then continues with particulars of the move- 
ments of passengers and others, which were a signi- 
ficant part of the evidence. The woman who had 
walked along the corri¢or was the only person to 
escape ; the remaining occupants of coach 4851, who 
were all in the fourth ccmpartment, lost their lives. 
A ganger who was on the lineside when the train 
pulled up, assisted the surviving woman out, and then 
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come. Prompt and intelligent action was taken by 
the train crew, when the train had come to a stand, to 
isolate the two burning coaches and to protect the up 
and down lines. 

The two burnt coaches were of composite steel and 
wood construction ; they were designed by the former 
L.M.S. Railway and built in 1947 and 1938, respec- 
tively. No. 4851 consisted of a lavatory, three first- 
class compartments, four third-class compartments and 


| another lavatory, with a door in the corridor to divide 


the two groups of compartments. There were four 
external doors on the left-hand or corridor side (two 
near the centre and one at each end), and one door at 
each end on the right-hand or compartment side. In 
both coaches, underframes, exterior body panels, and 
roofs were of steel ; the ends of No. 1073 were also of 
steel, but those of No. 4851 were of aluminium. Body 
frames, interior partitions, and linings were of wood. 
Partitions between compartments consisted of two 
thicknesses of §-in. deal boarding, and the plywood 
finish above the seat backs was j in. thick. Floors 
were of seven-ply laminated boarding 4 in. thick, 
covered with #, in. of felt and linoleum. The seats 
and backs consisted of wooden frames and steel coil 
springs, with horse-hair filling, and the coverings were 
of uncut moquette. Heating was provided by steam 
radiators placed centrally under all the seats. The 
gap between the floor and each radiator was } in., 
and between the radiator and the underside of the 
seat 1 in.; the distance from the radiator to the 
compartment partition was 13 in. 

The first-class half of coach 4851, though severely 
burned, was more or less intact. The remainder of 
the bodywork, and the whole of that of coach 1073, 
were entirely destroyed. As it subsequently became 
evident that the fire had started in No. 4851, the 
remainder of the description of the damage is devoted 
to this coach alone. The progress and effect of the 
fire had taken two quite different courses. In the 
leading or first-class half, the corridor and compart- 
ment partitions were still in position, and though 
badly charred in some places, in others they appeared 
to have been somewhat protected by the fabric of the 
seats and backs. The general impression of this half 
of the coach was that it had been subjected to a very 
fierce fire for a comparatively short time. The wood- 
work and fabric generally, where they had been 
exposed, had caught tire at once and burned, but where 
protection had been given, either by plywood or cloth 
covering, the damage underneath had not been so 
severe. In the trailing or third-class half of the coach, 
nothing was left at all of the interior, and except for a 
few charred pieces of the body framework, only the 
twisted steel shell of the coach remained. The severity 
of the burning, however, had increased progressively 
towards the rear of the coach. An interesting point 
was that holes were burnt in the floors of the last 
three compartments in the same relative positions, 
beneath the heaters under the facing seat in each case, 
and these holes increased in size towards the rear. 
The floor, also, was progressively burnt towards the 
rear. Details are given in the report of the positions 
of doors and sliding ventilators. 

The fourth and fifth third-class compartments were 
occupied after Carlisle, but the first-class compart- 
ments were not. About 20 minutes before the train 
stopped, a smell of smoke was noticed by an attendant 
and by Miss Goodwin, but neither discovered the cause. 
The communication cord was pulled about 20 seconds 
before the train stopped, and during that time, the 
following events were witnessed. Two ladies in a com- 
partment towards the rear of coach 1073 saw smoke 
and flames pouring out of the sliding windows in 
the centre of the second coach and, in the few seconds 
it took them to hurry to the rear of their coach, their 
corridor became so completely filled with smoke and 
fumes that they were almost overcome. During this 
time, the driver and fireman saw smoke coming from 
coach 4851. About one minute after the train stopped, 
two passengers who were descending from the first 
coach saw the windows of the second coach break, and 
the whole vehicle burst into flames at once. 

After considering various alternatives in the light 
of the evidence, Colonel Walker concludes that a wave 
of extremely hot gases, probably containing a high 
concentration of carbon monoxide, suddenly engulfed 
the victims and killed them, or rendered them un- 
conscious instantly. His explanation of how the 
gases, at a sufficiently high temperature and in suffici- 
ent volume, enveloped the fourth compartment as 
quickly as they did is as follows. Some time before 
the train reached Carlisle, a lighted match or cigarette 





entered the coach in a gallant attempt to rescue any 
other persons. He entered the first three compart- 
ments, but on trying to enter the fourth the smoke in 
it suddenly burst into flames ; overcome by the great 
heat and fumes, and forced to his knees, he managed 
only with difficulty to crawl back the way he had 





* Published for the Ministry of Transport by H.M. 
Stationery Office, 1951. [Price 2s. net.) 


end was carelessly thrown on the floor by an occupant 
|of the sixth compartment. This found its way under 
ithe heater beneath the facing seat of the compart- 
|ment, and into a collection of dust and odd pieces of 
paper in the angle formed by the floor and the rear 
partition, which was made of plain soft wood. A 
| Small smouldering fire, which spread to the partition, 
‘and probably to the hair interior of the seat, con- 





tinued to smoulder for the next 50 minutes or longer. 
Meanwhile, the fire was using up the available oxygen 
in the compartment, forming carbon monoxide and 
highly inflammable gases of distillation, and raising 
the temperature quickly. So long as the gases were 
contained in the compartment, they would not ignite 
owing to a lack of oxygen, but when a small hole was 
burnt in the partition between the sixth and seventh 
compartments, gases and smoke escaped into the latter 
and into the corridor, thence down the corridor of 
coach 1073. When the correct conditions of tempera- 
ture and air mixture were produced, however, the gases 
ignited locally ; thereafter there was, in effect, a slow 
explosion in the corridor. The heat generated was 
more than enough to kill instantly anyone within 
range of the blast, and to set the coach on fire. 

The space behind the heater, underneath the seats 
of these coaches, is extremely difficult to reach for 
cleaning purposes; the rubbish that would collect 
there would be conducive to starting a fire as described. 
Colonel Walker considers this to be an unsatisfactory 
design, and recommends removable seats; if this is 
impracticable, special cleaning measures should be 
adopted. 

The remainder of the report comprises general 
remarks on fire precautions in passenger coaches and 
recommendations on details of design, means of escape 
and fire fighting. Colonel Walker’s remarks are based 
on the experience of the Beattock fire and the Pen- 
manshiel fire of 1949 (which was due to an inflammable 
lacquer finish causing the fire to spread at almost 
unbelievable speed). The development of coach design 
and construction has passed through five stages, 
starting with (1) a wooden underframe body, intro- 
ducing steel first for the underframe (2), then for the 
exterior panels (3), then the body frame (4), and 
finally the true all-metal construction (5). Coaches of 
type (3) are still being built, and coaches of type (4) 
have been adopted as standard by British Railways. 
Type (5), though widely used on the Continent and 
in the United States, is not considered to be suitable 
for conditions in this country. From the fire point of 
view it is the safest, but there are many other factors 
to take into account. If, therefore, the all-metal coach 
is not to be adopted, every reasonable step must be 
taken to minimise the risk of fire. The use of a clear 
cellulose lacquer has been discontinued, and Colonel 
Walker recommends that the mat lacquer used in the 
Beattock coaches (not so sensitive to ignition, but liable 
to cause a rapid spread of flame) should be replaced. 

In the new standard design of corridor coaches, 
there will be at least one door between the end doors 
on the corridor side, but no doors in compartments. 
Colonel Walker considers that the means of escape in 
an emergency are adequate on the corridor side, but 
that, so long as coaches have wooden interiors, some 
form of emergency exit from each compartment 1s 
desirable. It is, he says, difficult to suggest a solution : 
owing to the curved sides of British coaches, it it not 
possible to fit a window which can be lowered the full 
way down. In any case, the present form of sliding 
ventilator was designed to prevent the draughts which 
occur with that type of window. It is recommended, 
however, that a study be made of the possibility of 
retaining the sliding ventilator while providing a window 
which, in an emergency, can be fully lowered, or dis- 
carded. Sleeping cars and the new open (centre-corridor) 
coaches which have two doors at each end demand 
special consideration from the point of view of means 
of escape. In the section on fire fighting, Colonel 
Walker recommends that a fire extinguisher should be 
carried in every corridor coach, as well as on other 
vehicles ; that train crews and dining-car staffs should 
be instructed in the use of fire extinguishers (this is 
now being done); and that a standard fire-fighting 
drill should be instituted. 





HIGH-TENSION COMPRESSION CABLES FOR CANADA.- 
Two contracts for high-tension compression cables for 
installation in Canada have been secured by Enfield 
Cables, Limited, Victoria House, Southampton-row, 
London, W.C.1. The first of these is for 6,000 ft. of a 
115-kV three-core pipe-line compression cable to carry 
125 MVA, which will be laid between Don Fleet Junction 
and the Esplanade Terminal Station in Toronto. The 
conductor will be of oval section and will be insulated 
with impregnated paper over which will be a reinforced 
diaphragm lead sheath. The three cores will be laid 
together and drawn into a steel pipe-line. The second 
contract is for the supply of some 100,000 ft. of 120-kV 
single-core self-contained compression cable to the 
Quebec Hydro-Electric Commission. This cable will be 
laid in four lengths and the route will include the 8,520 ft. 
Jacques Cartier Bridge across the St. Lawrence. To 
reduce the number of joints, the cable across this bridge 
will be in 2,000-ft. lengths. The diaphragm sheath will 
be of commercially-pure lead and the pressure retaining 
sheath of a lead alloy containing 0-5 per cent. antimons 





and 0-25 per cent, cadmium. 
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TESTING ESCALATOR HANDRAIL JOINTS. 
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TESTING MACHINE FOR 
ESCALATOR HANDRAIL JOINTS. 


For some time London Transport have been investi- 
gating new types of joints for escalator handrails. The 
handrails are of composite rubber and canvas construc- 
tion, and at present a hinged joint is employed in 
service which, it is considered, is rather clumsy and is 
subject to failure at the connection between the hinge 
and the handrail. Experiments are being carried out 
on butt joints, using spring-steel strip butt-straps, of 
various materials and thicknesses, which flex as the 
handrail passes around the curved tracks and the 
driving wheels. To ensure that the joints are capable 
of withstanding a service life of at least five years with- 
out fatigue failure, an accelerated endurance test has 
been devised, which simulates the tension, bending and 
torsional stresses actually occurring in service on the 
joint; reversed bending occurs as the belt passes 
around the driving wheel at each end and over the top 
and bottom tracks, which are of opposite curvature to 
the driving wheels, and periodic torsional stresses are 
imposed as the joint passes around the tensioning gear. 

The endurance-testing machine designed and con- 
structed by London Transport, shown in the accom- 
panying illustration, has been arranged to reproduce 
a five-year service-stress cycle in three weeks, running 
continuously at a rate of 9,840 stress reversals per hour. 
It consists of two wheels of the same diameter as those 
used in an escalator handrail drive, one being set with 
its plane at an angle of 9 deg. 40 min. to the other, 
and two curved tracks over which the handrail incor- 
porating the specimen joints travels. Tensioning gear 
is fitted to the inclined wheel, the other wheel being 
driven, through reduction gearing, by an electric motor. 
The handrail is run continuously, at a speed of 925 ft. 
per minute, until one joint fails; the service speed is 
180 ft. per minute. At the high speed, considerable 
heat may be generated by the handrail passing over 
the track, and therefore a graphite lubricant is periodic- 
ally applied to the track to cool the handrail. 





COURSES IN GAS-TURBINE TECHNOLOGY.—The School 
of Gas Turbine Technology, Farnborough Place, Farn- 
borough, Hampshire, announces further courses in gas 
turbine technology, to be held at the school during the 
remainder of 1951. These are of five main types. Three 
courses, each of three weeks’ duration, on the design and 
the applications of industrial gas turbines will be given. 
The commencing dates are April 1, July 15 and October 
28. Two international courses of similar duration on 
“ero and industrial gas turbines commence on May 27 
and September 16. The first has been timed to coincide 
with the early part of the Festival of Britain and the 
Seoond will follow the Society of British Aircraft Con- 
structors’ air display and exhibition at Farnborough, 
aince many engineers from overseas will be visiting 
England at these times. Three courses, each of two 
veeks’ duration, will be given on aero-engine design, with 
commencing dates June 24, August 19 and November 25, 
and there will be two practical courses on aero-engines, 
the first, beginning on April 15 and lasting one week, and 
the second, starting on October 8 and lasting a fortnight. 
These do not require such a high standard of theoretical 
knowledge as the courses mentioned earlier, which are of 
Post-graduate standard. Finally, there is one course, 
commencing on April 15 and lasting a week, on industrial 
applications of gas turbines. Further information on 
the courses at the School was given on page 199, ante. Full 
a may be had from the Principal of the School ; 

elephone number, Farnborough (Hampshire) 1300. 











SERVICEABILITY OF AIRCRAFT 
ELECTRICAL SYSTEMS. 


SrncE the second World War, the use of electric 
power in aircraft has increased enormously, and some 
of the problems which the designers of electrical 
equipment have had to face, and the steps they are 
taking to attain a guaranteed life for light-weight 
electrical components, were reviewed in a_ lecture 
entitled ‘‘ Progress Towards Electrical Serviceability,” 
given by Mr. R. H. Woodall, M.I.E.E., A.F.R.Ae.S., 
and Mr. W. A. Higgs, B.Sc., A.M.I.E.E., A.F.R.Ae.S., 
delivered at a meeting of the Royal Aeronautical 
Society on Thursday, March 1. 

Aircraft electrical equipment, said the lecturers, must 
be able to operate in ambient temperatures from 
— 70 deg. C. to + 50 deg. C. (in some cases as high as 
+ 90 deg. C.), and actuators for undercarriages, flaps, 
ete., must work satisfactorily after rapid descent from 
high altitudes. The reduced density at high altitudes 
caused an increased rise of temperature in electrical 
machines cooled by fan or ram air, the rise at 50,000 ft. 
being 2-5 times that at sea level. The lower density 
also reduced the spark-over distance for any voltage ; 
which was an important consideration in the design of 
ignition apparatus and switchgear. Aircraft electrical 
equipment had to work in humid conditions, and 
required complete sealing or the use of non-hygroscopic 
insulating materials, and protection of metallic parts 
against corrosion ; it must also be resistant to fungus 
growths. The equipment must not deteriorate under 
vibration, and must, generally, be flameproof, often 
requiring flame traps which, in fan-cooled machines, 
might obstruct the air flow necessary for adequate cool- 
ing. Certain equipment, such as propeller-feathering 
pumps, which were used in the event of a fire in the 
engine nacelle, must be fireproof. Utilisation equip- 
ment was required by the aircraft designers to operate 
over a wide voltage range, but the lecturers suggested 
that this additional complication should not be neces- 
sary with constant-voltage supplies available on aircraft ; 
ground testing should be carried out from a regulated 
generator supply on the ground, and not from the 
aircraft batteries. 

It was generally considered that electrical accessories 
should have a life of 1,000 hours between overhauls, and 
to achieve this, two or three years of intensive develop- 
ment and test flying were necessary. At present, the 
electrical industry was faced with the task of developing 
and supplying complete generating and _ utilisation 
equipment for a new system voltage (for standardisation 
with the United States) in less than two years; an 
overhaul period of 1,000 hours would not be possible 
immediately. 

Turning to the design of machines for reliability, the 
lecturers said that, in general, the higher the operating 
speed of the generator, the lower would be its weight. 
The present practice of driving generators directly 
by prime movers of variable speed, or through a 
fixed-ratio gearbox, gave neither minimum weight nor 
the most reliable machine, since the machine must give 
its full output at engine-idling speed, and the top speed 
might be too high for the maximum life of bearings, 
brushes, etc.; it was, moreover, difficult to design 
direct-current machines to give satisfactory commu- 
tation over a wide speed range ; additional field wind- 
ings had to be used. 

Most aircraft in service operated on 28-volt direct- 
current systems; 112-volt direct-current supplies 
had been adopted for many new aircraft, resulting in 
considerable reductions in the weight of equipment 


{and cables, but without any increase in reliability. 
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An alternating-current supply at 208 volts would give 
lower weight and greatly increased reliability, but 
satisfactory constant-speed drives were not at present 
available, although development work was in progress. 
The ideal installation would consist of an auxiliary 
generating plant allowing the application of turbo- 
alternator construction techniques. With existing 
drive arrangements, a rectified alternating-current 
system, in which metal rectifiers were used to supply 
direct current to the various motors, offered some 
advantages in serviceability and weight of the generator. 
Direct-current motors had to be retained, since the 
speed and power of alternating-current motors of the 
non-commutator type depended upon the supply 
frequency, which varied with engine speed. 

Discussing present trends in development, the 
lecturers said that several new high-permeability 
magnetic alloys, i.e., the 35 per cent. and 50 per cent. 
cobalt-iron alloys, such as Permendur, showed marked 
advantages in reducing weight, but were somewhat 
brittle and required care in assembly ; they were also 
costly. With the present tendency to use slots for 
retaining conductors in armatures in conjunction 
with brazing or welding, in place of soft solder, higher 
operating temperatures would become possible and 
insulating materials would then have to be improved. 
A varnish which would withstand a temperature of 
170 deg. to 200 deg. C. was required, and it was sug- 
gested that silicones or other inorganic materials might 
provide the solution. In order to improve the commu- 
tation over wide changes in speed and load, most 
direct-current generators would, in the. future, be 
provided with interpoles and pole-face windings ; 
this should increase the life of brushes and commu- 
tators. Development work was being carried out on 
commutators in which copper was alloyed with silver 
or chromium, to increase its hardness at higher tempera- 
tures. The problem of brush wear at high altitudes, 
although reduced by impregnating the brushes, was 
by no means solved, and the elimination of brushes, 
which would be possible if constant-frequency alter- 
nating-current supplies were available, would contribute 
to solving several problems. 

Ball bearings were the main source of failure of air- 
craft electrical machines. Shielded and sealed types 
of bearing of British manufacture were not available 
in the sizes required and it had been necessary to use 
American bearings; fortunately, the British ball- 
bearing manufacturers were now taking steps to 
improve this situation. Lubricant manufacturers 
were developing greases to meet the stringent tempera- 
ture requirements, but improvements were still 
required ; silicones, again, might provide the answer. 

For aircraft switchgear, with its limitations on 
space and weight, the electrical engineer had had to 
develop entirely new methods. High-speed manually- 
operated circuit breakers for 28-volt and 120-volt 
systems and a range of circuit breakers with thermal 
trips and single and reversing contactors for 28-volt 
and 112-volt auxiliary circuits had been developed. 
The replacement of the reverse-current relay by the 
polarised differential relay had improved the reliability 
of generator circuits. 
Electronic valves could perform certain functions 
which could not be performed as well, or at all, by any 
other means, but their use should be restricted to those 
applications. The magnetic amplifier, for example, 
was more robust and should be used in preference to a 
valve circuit where this was possible. 

During the past ten years, aircraft generator capa- 
cities had increased from 1 to 40 kW. Blast cooling 
had allowed a 50 per cent. increase in output with no 
increase in weight. A 6-kW direct-current generator, 
for operation at 40,000 ft., weighed less than 55 lb., 
and a 15-kW direct-current machine for operation at 
50,000 ft., weighed 105 lb. ; whereas there was in exist- 
ence a 40-kW alternator weighing 62 lb. Large linear 
actuators, giving strokes up to 20 in. in 9 seconds under 
a load of 25,000 lb., were not available, and small 
actuators for power-plant controls had achieved a life 
of 1,000 hours. A 112-volt 35-h.p. electrical starter 
for gas turbines had been developed weighing only 
55 Ib. 





FAILURE OF LOCOMOTIVE GUDGEON P1n.—In an acci- 
dent which occurred on August 29, 1950, near Northolt 
Junction, in the Western Region of British Railways, 
the little end of an inside-cylinder connecting rod became 
detached ; the gudgeon-pin nut had worked off, causing 
the pin to slide out and strike a hornblock, and the 
little end fractured. The piston broke the front cylinder 
cover, and the rod, bent almost double by striking a 
cross-stay, pierced the firebox outer plate and bulged the 
inner copper plate. The wheels were locked by the 
bent rod. The castle nut, and its split pin, were not 
recovered, but it is concluded that the threads had been 
worn for some time. The engine was one of the J39 
class, designed at Doncaster in 1926. The report cn the 
accident is published for the Ministry of Transport by 
H.M. Stationery Office, at the prive of 4d, net. 
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THE INSTITUTE OF 
METALS. 


TxeE forty-third annual general meeting of the 
Institute of Metals was opened on the morning of 
Tuesday, March 13, and was concluded yesterday, 
Thursday, March 15. The first session was held 
at the Park Lane Hotel, Piccadilly, London, W.1, 
with the retiring President, Mr. H. S. Tasker, 
in the chair. 

REPoRT OF COUNCIL. 


As is customary, the first matter on the 
agenda at the meeting was the report of the Council 
for the year ended December 31, 1950. This indi- 
cated that the members on the active list of the 
Institute, at the end of the year, totalled 3,579, as 
compared with 3,506 on December 31, 1949, and 
3,326 on December 31, 1948. The Council reported, 
with regret, the death of Lieut.-Colonel Sir John 
Greenly, a past-president, Fellow, and Platinum 
Medallist, and Mr. Roosevelt Griffiths, a former 
vice-president of the Institute, and former chairman 
of the Swansea (now the South Wales) local section. 
The deaths of Mr. G. B. Brook, Mr. R. B. Deeley, 
Dr. H. A. Dickie, Dr. H. W. Gillett, Mr. F. H. 
Hurren (an original member), Mr. A. Glynne 
Lobley and Dr. F. W. Meyer had also been notified 
during the year. The Council had gratefully 
accepted an offer by the directors of Imperial 
Chemical Industries, Limited, to place at their 
disposal a sum of money to found a Walter Rosen- 
hain Medal. The Medal, which was to be presented 
for the first time this year (to Professor G. V. 
Raynor), would be awarded annually in recog- 
nition of outstanding contributions in the field 
of physical metallurgy made by persons under 45, 
irrespective of nationality, sex, or membership of 
the Institute. The number of papers and addresses 
published in the Journal of the Institute in 1950 
had been 61, an increase of six over the 1949 total. 
After full consideration, the Council had resolved 
that the format of the Journal should be changed 
from octavo to quarto, with effect from the issue for 
September, 1951. Good progress continued to be 
made in the scheme for National Certificates in 
Metallurgy. During the year, approved schemes for 
senior courses leading to an Ordinary National 
Certificate in Metallurgy were in operation at 
24 technical colleges (as compared with 22 during 
the previous year), and schemes for advanced 
courses leading to a Higher National Certificate, at 
12 colleges (as compared with 11 in 1949). 

In moving the adoption of the report, Mr. Tasker 
referred to the success of the recent appeal to 
industry for the regular financial support of the 
Institute and its work. He said that, up till 
March 12, the annual subscriptions received or 
promised under covenant for not less than seven 
years, represented an annual income of 4,8671. 
In addition, annual subscriptions to be renewed, 
without obligation, but not under covenant, totalled 
1,9111, Finally, donations which might or might 
not be repeated in future years amounted to the 
sum of 1,200/. In expressing gratitude to the donors 
for their generosity to the Institute, Mr. Tasker 
specially thanked the firms in the United States 
who had contributed a sum of over 1,000. to the 
fund. 


Honorary TREASURER’S REPORT. 


The report prepared and presented by the 
honorary treasurer, Mr. W. A. C. Newman, showed 
that the income for the financial year ended June 30, 
1950, amounted to 25,585/., and the expenditure to 
27,082/., thus giving an excess of expenditure over 
income, for the year, of 1,497/., as compared with a 
deficiency of 864!., a year previously. As on that 
occasion, the deficiency had been met by a transfer 
from the War-Time Emergency Fund, which had 
then stood at 3,1141. If the Institute were to 
maintain its present range of activities at a con- 
sistently high level, and also to add to the services 
it rendered to its members, an increase in income 
of at least 5,0001. per annum would be needed. The 
Council had concurred in, and supported whole- 
heartedly, the President’s appeal to industry for 
contributions towards that objective. Mr. Newman 
desired to associate himself with the President in 
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response they had made to that appeal. 
ELECTION OF OFFICERS. 

The officers nominated by the Council at the 
autumn, meeting held in Bournemouth on September 
19, 1950, were declared to be duly elected for the 
year 1951-52. They were: as President, Professor 
A. J. Murphy; as vice-presidents, Mr. A. B. 
Graham and Mr. P. V. Hunter, C.B.E., M.1.E.E. ; 
and as members of Council Mr. K. W. Clarke and 
Mr. Christopher Smith. The secretary announced 
that Mr. H. F. Sherborne, M.C., who had been 
elected as a member of Council had, since his 
election, withdrawn owing to pressure of business, 
which, he felt, would prevent his regular attendance 
at meetings of the Council. In consequence, the 
Council had elected Mr. Alfred Baer to fill the 
vacancy and, in accordance with the Articles, Mr. 
Baer would present himself for re-election at the 
next annual general meeting. The members were 
also reminded that Dr. C. J. Smithells, M.C., had 
been elected by the Council to be senior vice- 
president for the year 1951-52 and that he would 
be the Council’s nominee for the Presidency in 
1952-53. 

Awarps OF MEDALs. 

The President announced that Dr. R. W. Dia- 
mond, vice-president and general manager of the 
Consolidated Mining and Smelting Company of 
Canada, Limited, Trail, British Columbia, who had 
been awarded the Institute of Metals Platinum 
Medal for 1951, hoped to come to London to receive 
the Medal at the May-Lecture meeting, to be held 
on May 23. The W. H. A. Robertson Medal 
awarded to Mr. Christopher Smith and the first 
award of the Walter Rosenhain Medal, made to 
Professor G. V. Raynor, would be presented to their 
recipients at the end of a luncheon to be held that 
day in the Park Lane Hotel. 

InDucTion OF NEW PRESIDENT. 

When, inducting Professor A. J. Murphy, the 
new President, into the chair, Mr. Tasker stated that 
Alfred John Murphy had been trained at the 
University of Manchester, after which he had gone 
to the University College of Swansea, for a period, 
to undertake research work. He had then served 
under the late Dr. W. Rosenhain at the National 
Physical Laboratory and had subsequently entered 
industry. For 20 years, Professor Murphy had been 
on the staff of Messrs. J. Stone and Company, 
Limited, Deptford, first as chief metallurgist and 
latterly as a director of the firm. Last year, how 
ever, he had relinquished these positions to take 
up the Professorship of Industrial Metallurgy at the 
University of Birmingham. 

Professor Murphy's first duty on taking up the 
Presidential chair was to call on Dr. C. J. Smithells, 
M.C., and Professor H. O'Neill to propose and 
second a vote of thanks to Mr. Tasker for his services 
as President for the year 1950-51. Professor Murphy 
then delivered his presidential address, the first 
portion of which dealt with the functions of the 
Institute, afterwards passing on to the “ Industrial 
Economics of Metallurgy.” We intend to report 
the address in a forthcoming issue. At the conclu- 
sion of the address, the meeting was adjourned 
for luncheon. 

(T'o be continued.) 





COURSES FOR VISITORS TO FESTIVAL OF BRITAIN.—The 
British Council have arranged a series of six-day courses, 
mainly for overseas visitors to the Festival of Britain, 
though applicants in this country will be considered. 
Two courses which miy be of interest to readers of 
ENGINEERING are “ Science in Britain ” (including phy- 
sics, aeronautics and engineering), which will be held 
from July 8 to 14, and “ Industrial Design,” from 
August 19 to 25. The first mentioned is intended mainly 
for a general public with scientific interests, and will 
consist of nine lectures by eminent British scientists, 
visits to the apartments of learned societies, ete. The 
second has been arranged with the co-operation of the 
Council of Industrial Design and will also consist of 
lectures, visits, etc. In addition, courses will be held to 
suit architectural, educational and other interests. There 
are residential and non-residential vacancies for the 
courses, further particulars of which may be obtained 
from the Director, Courses Department, The British 
Council, 65, Davies-street, London, W.1, or from any 





British Council representative overseas. 


thanking the firms in the industry for the great 





MECHANISED AIDS IN THE 
FOUNDRY.* 


By A. S. Brscu, M.I.Mech.E. 


In a paper presented to the Institution in 1942+ the 
trends of mechanisation in the foundry were fully 
described. In this paper, the innovations that have 
taken place since that date are discussed, with special 
reference to the mass-production plant of British 
Railways at Horwich,t light, medium, and heavy 
foundries, and the strides that have been made ip 
semi-mechanisation of the jobbing foundry. Stress is 
laid on the need for mechanisation in the jobbing 
foundry as a result of the scarcity of skilled labour on 
which it is dependent. 

Sand selection, sand conditioning, and sand recon- 
ditioning are of greatest importance in the production 
of good castings; the great parts that sand, and 
sand preparation and reconditioning play in the result- 
ing castings are not always realised. It is mot an 
exaggeration to say that at least 90 per cent. of scrap 
castings in the foundry are caused by sand and bad 
sand conditioning. The time-honoured mill formerly 
in use in most foundries was comparable to a mortar 
mill. Two heavy, narrow rollers rolled over the sand, 
which was contained in a stationary pan, and certain 
so-called up-to-date sand mills still retain this very 
objectionable feature. The full weight of these mullers 
passing over the top of stationary sand produces a 
crushing effect on the silica grains. Thus, while 
perhaps a good bond may be obtained, there is a con- 
siderable drop in permeability, and a large proportion 
of silt or dust is produced. 

The ideal state for moulding purposes is that the 
sand shall be sufficiently permeable to allow the escape 
of the gases associated with the pouring operation, 
and its bonding qualities should be such that they will 
conform accurately to the shape of the casting, and 
withstand the wash of the metal. To obtain this 
ideal result the sand mill should be designed to give a 
rubbing effect on the sand, and not a grinding action. 
This is obtained by the type of mill shown diagram- 
matically in Fig. 3, opposite. The improvements incor- 
porated in this mill may be summarised as follows. 
(1) The machine can be built to work either as a con- 
tinuously operating unit, or as a batch unit. The lever, 
a (Fig. 3), lifts or lowers the ring fixed around the orifice 
for the sand discharge situated in the centre of the 
pan. If batch milling is required, the operator lowers 
the ring to prevent the evacuation of the sand, and 
raises the ring to discharge automatically the sand 
through the centre orifice. In continuous operation, 
the ring is kept open and the sand is fed through con- 
tinuously, and at a predetermined rate by means of 
the diverters, which can be set for angularity to mill 
the sand for a short or long period. (2) The machine 
can be fitted with a cleaning plough }, which will clean 
the pan surface of the machine, at the end of each 
shift, without the operator having to put his hands 
near any moving parts. To preserve the life of the 
pan, it is essential to see that sand does not stick to the 
surface, because sand left sticking to the surface becomes 
hard, and owing to the high silica content it eventually 
possesses almost a pumice effect, which will do great 
harm and cut into both pan and mullers very rapidly. 
(3) The cleaning of the mullers in the old type of mill 
was carried out by long pieces of flat high-tensile steel 
passing right across the muller surfaces. If, however, 
water was added more in one place than another, the 
sand at this particular part picked up more water 
and tended to become more sticky and to adhere to 
the surface of the muller, eventually cutting right into 
the scraper, which then had to be scrapped. The new 
type of muller scraper is built up in sections, so that 
if uneven wear takes place only a small section will 
need replacement. In addition, the scraper is placed 
at a tangent in relation to the muller surface, instead 
of being flat against it, which tends to scrape the 
mullers much more efficiently. (4) The pan, if desired, 
can be fitted with replaceable steel plate, so that when 
wear takes place, it is only necessary to replace the 
plate only, and not the entire pan casting. 

Fig. 1, opposite, shows a roll-over moulding machine 
with under-sand frame. This type of machine, for 
deep or shallow work in large repetition quantities, 
is far superior to the jolt or jolt-squeeze type. The 





* Paper of the Industrial Administration and Engi- 
neering Production Group, entitled ‘‘ Further Mechanical 
Aids for the Foundry,” presented to the Institution of 
Mechanical Engineers at a meeting in London, on Friday, 
March 9. Abridged. 

+ “ Mechanisation of Foundries,” by A. S. Beech, 
Proc.I.Mech.E., vol. 147, page 53 (1942), and vol. 148, 
page 71 (1942). 

¢ As complete information on the British Railways 
foundry at Horwich is not yet available —the foundry is 
not yet in full operation—that part of the paper which 
gives some information on it has been omitted. 
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pattern is pushed into the sand, and not the sand 
into the pattern. The pattern is drawn automatically 
on placing the machine to exhaust, and it is certainly 
the most rapid and logical way of dealing with large 
quantities of repetition castings. The ramming is per- 
fectly carried out, and all moulds are rammed up to 
the same density, provided the condition of the sand 
is controlled, particularly its moisture content. The 
bars in the boxes are solidly rammed underneath 
without any hand tucking, and the actual ramming 
of the mould is so quick that it is almost impossible to 
time it. The machines can be operated with either 
compressed air or hydraulic power. 

Fig. 2, herewith, shows a machine for moulding 
the top parts of the moulds. As these do not need 
rolling over, the machine used is of the stationary 
straight-draw type. It embodies the same features 
as the roll-over model, the only difference being that, 
as the mould has not to be rolled over, gravity is used 
for the pattern drawing. When the applied pressure 
is placed to exhaust, the pattern plate recedes through 
the under-sand frame, thus automatically drawing the 
pattern. On both types of machine the under-sand 
frames can be arranged to give the desired pressure to 
the mould. 

One of the best recent improvements, and one that 
has overcome a serious trouble in all mechanised or 
semi-mechanised foundry plants, is the multiple-belt 
storage hopper shown in Fig. 4, herewith. One 
of the bugbears of all mechanical foundry plants has 
been the sticking of sand to the walls of storage and 
Fie. 4. Muutiete-BeLtt StoraGe Hopper. feeding hoppers. This is particularly inconvenient 














when it occurs in the large storage hoppers, which are 
generally designed to stock quantities of sand ranging 
from 25 to 100 tons, or more. The sand is usually 
hot and steamy when it enters the storage hopper, 
and consequently tends to stick to the sides of the 
hopper, whether the hopper is circular, with a revolving 
disc underneath, or rectangular, with feeder belt 
underneath. This results in the formation of a “ pipe ” 
in the centre of the sand in the hopper, which tends to 
block the entire system. The sand has to be poked 
down with long rods, or the sides of the hoppers have 
to be hit with hammers, to dislodge the sand. The 
latter practice is very bad, because it dents the steel, 
and may aggravate the building-up tendency. This 
fault, which was invariably present in all storage 
hoppers, has been overcome by the hopper shown in 
Fig. 4. Several belts, started by push buttons, are 
situated across the narrow side of the bottom of the 
hopper. Three such belts are shown in Fig. 4, but 
for a storage hoppers more would be introduced. 
When sticking occurs at the front or back of the 
hopper, the small individual belts are rotated by 
operating the separate push-buttons, and the sand is 
fed into the general collector belt, which again feeds 
the sand into the system, and the storage hoppers are 
completely cleared, eliminating “* sticking-up.” 
(T'o be continued.) 





INSTITUTE OF PHYSICS. 


ParticuLars of two conferences organised by the 
Institute of Physics have been announced. The 
first is the fifth annual conference of the Stress Analysis 
Group, which will be held from April 4 to 6, in the 
Mechanical Engineering Department of the University 
of Liverpool. After the annual general meeting of the 
Group, held on April 4 at 3.30 p.m., the opening lecture 
of the conference on ‘‘ Numerical Methods in Stress 
Analysis, with special reference to the Relaxation 
Method,” will be delivered by Professor D. G. Christo- 
pherson, O.B.E. On April 5 and 6, morning and 
afternoon papers will be presented by Mr. H. de Leiris, 
Dr. D. G. Sopwith, Mr. R. G. Boiten, Dr. A. W. Hendry 
and Mr. J. K. Tattersall, Dr. G. Robertson, Mr. R. G. 
Hoare and Mr. K. G. Hancock, and Mr. H. G. Edmunds. 
The subjects to be dealt with will include short gauge- 
length strain gauges and brittle lacquer techniques, 
fatigue, electric resistance strain gauges, the “ frozen 
stress’ method of photoelasticity, stress analysis of 
pipe flanges and edge stresses at the free boundaries of 
photo-elastic models. Registration forms for the 
conference and brief summaries of the papers to be 
read can be obtained from the honorary secretary of 
the Stress Analysis Group, Mr. E. K. Frankl, Engineer- 
ing Laboratory, Cambridge. 

The second conference on ‘‘ The Texture and Struc- 
ture of Metals,” has been organised by the X-Ray 
Analysis Group of the Institute and will be held at 
Ashorne Hill, Leamington Spa, on Thursday and 
Friday, April 12 and 13. The conference opens at 
2 p.m. on April 12, when 24 hours will be devoted to 
“Textural Studies,” the authors of the five papers 
to be presented being Dr. G. B. Greenough, Dr. R. W. K. 
Honeycombe, Mr. P. Gay, Mr. R. J. Davis, and Mr. 
E. A. Calnan and Dr. C. J. B. Clews. From 5.30 to 
6.30 p.m. short contributions on “ Techniques of 
X-Ray Analysis’ will be made and in the evening, 
at 8.30, Professor N. F. Mott, F.R.S., will deliver a 
lecture on “The Behaviour of Electrons in Alloys.” 
On Friday, April 13, the annual general meeting of 
the Group will be held from 9 until 9.30a.m. Following 
this, six papers on “ Structural Studies (Phases)’’ will 
be given by Professor G. V. Raynor, Dr. W. Hume- 
Rothery, F.R.S., Dr. K. Robinson, Dr. A. M. B. 
Douglas, Dr. J. Thewlis, and Mr. H. J. Goldschmidt. 
After luncheon, from 2 until 4.30 p.m., seven papers on 
“* Structural Studies (Transformations) ”’ will be given 
by Dr. H. Lipson, Dr. J. B. Newkirk, Dr. J. W. 
Christian, Mr. H, T. Heal, Dr. K. H. Jack, Dr. R. A. 
Smith and Mr. D. V. Wilson. A small exhibition will 
be arranged in connection with the conference at 
Ashorne Hill, and facilities will be available for the 
display of apparatus, models and diagrams. The 
arrangements are in the hands of Mr. H. S. Peiser, 
Hadfields Limited, East Hecla Works, Sheffield, 9. 
The conference is open to all interested in the subject 
to be dealt with and persons proposing to attend should 
complete an application form to be obtained from the 
deputy secretary, the Institute of Physics, 47, Belgrave- 
square, London, 8.W.1. The completed form should 
be returned not later than March 30 to the deputy 
secretary. : 





STOURPORT “B” STATION OF THE BRITISH ELEC- 
TRICITY AUTHORITY: ERRATUM.—We regret that on 
page 273 of our issue of March 9, 1951, it was stated 
that the condensers at the Stourport “ B” power station 
had been constructed by Hick Hargreaves and Compauy, 
Limited. The makers were the English Electric Com- 
pany, Limited. 
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LABOUR NOTES. 


THE somewhat threatening situation, which 
developed in the engineering industry over piecework 
rates at the middle of last week, cleared considerably 
during the days that followed. Notices of dismissal 
to 260 engineering operatives employed by Messrs. 
H. W. Kearns and Company, Limited, Broadheath 
Works, Altrincham, Cheshire, were withdrawn by the 
firm on March 8, after a meeting with the men’s repre- 
sentatives. The notices were due to have become 
effective at the end of last week, unless the operatives 
concerned agreed to resume work at piece rates, as 
from Monday last. Shop stewards belonging to the 
Manchester district branches of the Amalgamated 
Engineering Union decided at a meeting in Manchester, 
on March 7, that the 38,000 members of the Union 
in the area should cease work on March 12, unless 
Messrs. Kearns withdrew the dismissal notices. The 
firm stated, after their works meeting, that their 
senior employees had given an assurance that they 
would do everything possible to secure a return to 
maximum production. It is understood that a resump- 
tion of work at piece rates was not insisted upon and 
that joint negotiations have been begun in an endeavour 
to settle new piecework rates. 





The protracted dispute between Messrs. Craven 
Brothers (Manchester), Limited, Reddish, and the 
Amalgamated Union of Foundry Workers was settled 
on March 9, after discussions in London between 
representatives of the firm and Sir Robert Gould, Chief 
Industrial Commissioner to the Ministry of Labour. 
Difficulties over piecework came to a head at the end 
of January, when some 200 employees in the firm’s 
foundry were dismissed and the foundry was closed. 
The firm stated that the foundry was no longer running 
economically with the men on a day-rate basis. The 
A.U.F.W. claimed that this constituted a lock-out 
and asked its members to refuse to work on castings 
destined for the firm. After many negotiations, in 
which the Ministry of Labour took part, Messrs. 
Craven agreed to re-open the foundry, but declined to 
re-engage some of the men. Arising out of the settle- 
ment reached on March 9, the foundry re-opened last 
Monday, all former employees were offered re-engage 
ment, and a completely new beginning was made. 
The Union had agreed that, with the resumption of full 
employment, there would be a return to normal work- 
ing, and expressed its willingness to examine with 
the firm and the local employers’ association any 
problem which the firm considered of sufficient import- 
ance to warrant executive action. The situation at the 
works of other firms in the North-East and Midlands 
areas, where piecework difficulties have arisen, also 
improved. 





Parliamentary bills for the compulsory acquisition 
of the Great Northern Railway are to be introduced 
by the Governments of Northern Ireland and the 
Republic of Ireland at an early date. After discussions 
between Ministers of the two countries regarding the 
fate of the Railway, a joint offer was made to the 
directors of the owning company in January. This 
was rejected owing to the inadequacy of the sum 
suggested. The offer was based upon the average 
Stock Exchange quotations for the various stocks of 
the company during the years 1948 to 1950, and the 
total compensation worked out at rather less than four 
million pounds. Following the refusal of the company 
to accept the offer, further discussions between the 
Ministers of the two countries took place. According 
to a statement issued in Belfast on Monday last by 
the Government of Northern Ireland, the directors of 
the Railway were informed on that day of the decision 
of the two Governments to introduce legislation to 
take over the ownership of the Railway for a sum of 
3,900,000/. The proportions in which this amount 
will be found by the countries concerned have not yet 
been disclosed. 





The Great Northern Railway, which traverses both 
parts of Ireland, is also the line which connects Belfast 
with Dublin. The owning company has experienced 
serious financial difficulties during recent months, 
owing to the rising costs of labour and materials. A 
particularly adverse circumstance has been the in- 
creased price of coal. As a result of this financial 
embarrassment, notices of dismissal were given early 
in January to about one thousand of the company’s 
staff, but these were withdrawn on January 9, before 
they became operative. On that date, the Govern- 
ments of Northern Ireland and the Republic of Ireland 
announced their intention to take over the railway in 
the near future. When the complementary bills now 
about to be introduced become law, the Railway will 
be operated, presumably, by a joint authority com- 





posed of nominees of each of the Governments con- 
cerned. 





An unofficial strike of trolley-’bus employees, engaged 
on the maintenance of overhead wires at six North and 
East London depots, began last Monday. Officials oi 
the Electrical Trades Union, of which the men ar 
members, unsuccessfully endeavoured to persuade the 
men to return to work. The object of the strikers 
appeared to be to further the claims of the trolley-’bus 
maintenance men for a wage increase of lls. a week on 
their present basic rates. These range from 5l. 15s. 
a week to 71. a week, according to the men’s grade. 
A demand has also been presented by the E.T.U. to 
the London Transport Executive that these employees 
shall receive payment at double rates for work on 
Sundays. The existing rate for Sunday employment is 
time and a half. About 220 men were involved in this 


strike. 





The Railway Clerks’ Association, having previously 
obtained the approval of the Registrar of Friendly 
Societies to- the alteration, in accordance with the 
Trade Union Acts, changed its name to ‘‘ The Transport 
Salaried Staffs’ Association,” with effect from March 1 
last. Since the formation of the Association nearly 
54 years ago as an organisation for railway clerks only, 
its field of recruitment has been much extended. It 
now takes into membership all types of salaried staff, 
whether clerical, administrative, professional, technical 
or supervisory, and does not restrict itself to the 
recruitment of personnel employed by British Railways, 
but includes the staffs of the other five Executives 
belonging to the British Transport Commission, as well 
as the staff of the Commission itself. Persons employed 
by Irish transport undertakings are also eligible for 
membership. 





Two-day negotiations between the London Transport 
Executive and the three principal railway unions were 
concluded on March 9, when a settlement of the unions’ 
wage claims was announced, which will provide an 
increase of about 74 per cent. on the existing basic 
rates. The demands originally put forward by the 
unions were the same as those which the unions pre- 
sented to the Railway Executive on behalf of em- 
ployees of British Railways. The Associated Society 
of Locomotive Engineers and Firemen requested an 
increase of 15 per cent. for its members, the National 
Union of Railwaymen asked for an all-round increase 
of 10 per cent., and the Transport Salaried Staffs 
Association for an advance of 7} per cent. Before the 
negotiations between the parties was adjourned, for 
the duration of discussions between the unions and the 
Railway Executive on the parallel claims, an offer of 
small increases had been made by the London Trans- 
port Executive. It is estimated that some 20,000 
employees of the L.T.E. will benefit from the new 
agreement and that the cost to that Executive will 
amount to not less than half a million pounds annually. 
The increases will take effect as from January 1 last. 





As in the case of the parallel agreement with the 
Railway Executive, some concessions were made by 
the three railway unions with a view to obtaining a 
greater degree of efficiency in the railway services of 
the London Transport Executive, and a special com- 
mittee, representative of the L.T.E. and the three 
unions, will | be formed immediately to assist in achieving 
this result. It was announced officially at the close of 
the two-day negotiations, that the unions acknowledged 
the “‘ imperative need ” for the fullest co-operation with 
the L.T.E. in the elimination of waste of man-power, 
in increasing overall efficiency, and in improving pro- 
ductivity within the services of the Executive. To 
this end, the unions undertook “‘ to examine forthwith 
in that spirit’ any proposals which the Executive 
might put forward. They also agreed that action for 
that purpose should be taken without delay. 





Prior to the agreement being announced, there were 
suggestions in some quarters that token strikes should 
be held. It was reported, on March 8, that the 
Shepherd’s Bush branch of the N.U.R. were in favour 
of holding one-day-a-week strikes to enforce their 
Union’s claim for an all-round increase of 10 per cent.. 
and that the first of such strikes should be held on 
March 17. The Camden branch also threatened to 
commence Saturday token strikes. It was decided, 
however, at a meeting of officials of London branches 
of the N.U.R. and A.S.L.E.F., beld on March 8, that 
no strike action by the members of these unions should 
take place while the negotiations with the L.T.E. were 


in progress. 


In furtherance of an incentive scheme, which was 
brought into operation some time ago and which is 
expected to cost a total of about 10,000/., a further 
bonus was paid to workmen employed at the Festival 
of Britain site at Battersea Park on March 9. ‘The 
bonus paid on that date amounted to 3/. a head, while 








the first, paid early in February, came to 2l. a head. 
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GAMMA RADIOGRAPHY IN 
SHIPBUILDING 
AND ENGINEERING.* 
By J. D. Histor, M.A. 


RADIOACTIVITY was discovered by Becquerel in 1896, 
and gamma-rays were identified as part of the radiation 
emitted by radioactive substances some years later. 
In the meantime, the best known of these substances, 
radium, has been separated and named by Mme. Curie. 
Atoms of radium, in common with those of all other 
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beta radiation. These rays, which have very limited 
penetrating power, are not of interest in connection 
with the present subject, but often they are each 
associated with the more penetrating gamma-rays, 
which represent the surplus energy left in the unstable 
atom after the primary disintegration. These gamma- 
rays can have a wide range of energies, and in fact those 
emitted by radium sources cover the range from 
250,000 to 2,500,000 electron-volts. The electron-volt 
is the energy unit used in this work, and a radiation of, 
say, 1,000,000 electron-volts (1 MeV) corresponds 
very roughly to that produced in an X-ray tube across 
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CONTAINER FOR RADIOACTIVE SOURCE, wiTH SouRCE EXPosED. 

















Fic. 2, ConTaInER witH Sourcrk REMOVED FOR PANORAMIC EXPOSURE. 


natural radioactive substances, spontaneously disinte- 
grate and are transformed into lighter atoms, this 
change being accompanied by the emission of alpha or | 





* Paper presented at a meeting of the Institute of 
Marine Engineers, London, on Tuesday, March 13. 
Abridged. The following references may be found useful : | 
Handbook of Industrial Radiology, edited by J. S. Crow- 
ther, Arnold and Co., London, 1949; “The Technique 
of Gamma-radiography,” by R. Halmshaw, ENGINEER- 
ING, vol. 162, page 169 (1946); ‘‘ Radon, Its Properties 
and Preparation for Industrial Radiography,” by J. A. T. 
Dawson, Jl. Sci. Inst., vol. 23, No. 7, page 138 (1946) ; 

Radon: Its Place in Non-Destructive Testing,” by 
¥. A. Pullin, Welding, vol. 18, No. 4, page 166 (1950) ; 

Radioactive Isotopes as Sources in Industrial Radio- 
sraphy,” by G. H. Tenney, Non-Destructive Testing, 
vol. 6, No. 4, page 7 (1948); and Radioactive Materials 
and Staple Isotopes, Catalogue No. 2, Atomic Energy 
Research Establishment, Harwell, 1950. 








which is applied a potential difference of 1,000 kV, 
When radium disintegrates, or decays, it spontane- 
ously emits a radioactive gas called radon. This gas 
is introduced into small glass tubes in which is included 
a grain of charcoal. The gas is adsorbed on to the 
surface of the grain so that a large quantity of gas is 
concentrated in a very small volume. This is a very 
important consideration in the use of radon sources 
and will be referred to later. The gamma-rays from 
radon are identical in energy with those emitted by 
radium. 

All gamma-ray sources have a property called their 
half-value period. Radioactive decay is such that 
the gamma-ray activity of any source is constantly 
being reduced. In one half-value period the gamma-ray 
activity falls to 50 per cent. of the initial activity, 
and in the subsequent period falls to 50 per cent. again ; 
thus in two successive half-value periods the total 
drop in activity is 75 per cent. These half-value 
periods, or half-lives as they are commonly called, vary 


widely from one substance to another, radium for 
example, having a half-life of 1,590 years, while the 
half-life of radon is 3-8 days. Thus the gamma-ray 
emission from a radium source is practically constant 
from day to day, while that from radon decays very 
ré pidly, falling to 25 per cent. in just over one week. 

The gamma-ray strength of a radium source is usually 
expressed in milligrams, this being the physical weight 
of the radium present. That of radon, and other 
sources, is expressed in millicuries, a unit which is 
open to much criticism since it does not allow the direct 
comparison of different types of source. The excep- 
tions are radium and radon, for which equal number 
of milligrams and millicuries, respectively, have equal 
gamma-ray emissions. 

Artificially radioactive substances have been known 
for many years, but until the advent of the atomic piles 
at Harwell they could not be produced in any quantity. 
For industrial use the only sources which have been 
produced efficiently are radio-isotopes of cobalt, tanta- 
lum and iridium. These are produced after the 
neutron irradiation of the natural elements in the 
atomic pile, when elements of the same chemical 
properties but different atomic weights are the result. 
These elements are said to be isotopic with the natural 
substances, or, simply, their isotopes. In the three 
cases mentioned the isotopes of mass-number 60, 182 
and 192, respectively, are the useful ones. The qualities 
which effect the narrowing of the field to these three 
substances are: firstly, the ease of activation and the 
attainable specific activity ; secondly, the energy of the 
gamma-rays emitted; thirdly, the half-life. No 
isotopes, other than cobalt-60, tantalum-182 and irid- 
ium-192, have yet been produced with more convenient 
values of these three factors. 

The ease of activation can be expressed conveniently 
in terms of the irradiation time needed to produce a 
given activity per unit volume. For practical reasons 
the unit of volume used in this paper is that of a 2anm. 
by 2 mm. cylindrical source, since those ordinarily 
available from the Atomic Energy Research Establish - 
ment, Harwell, are either 2 mm. by 2 mm., 4 mm. by 
4 mm., or 6 mm. by 6 mm. The volumes of these 
sources are, of course, in the ratio of 1: 8: 27, and the 
activity produced in them, under similar conditions 
of irradiation, will also be in this ratio, to a first approxi- 
mation. The value of the specific activity attained 
by any source, within a reasonable irradiation time, 
has also some practical significance, and will be roughly 
in inverse proportion to the irradiation times discussed 
above. 

Radium and radon are not produced by irradiation, 
and have a specific activity which is a property of the 
technique of preparation and is not widely variable. 
In Table I, page 328, the figures given are in terms of 
a 2 mm. by 2 mm. cylinder, although in practice radon 
sources are effectively 0-5 mm. cubes and radium 
sources are cylinders with dimensions corresponding to 
the source strength. Table I also shows the energies 
of the principal gamma-rays emitted by these sources 
and also the tenth-value thickness, in lead, for the 
radiation. These last are an indication of the pene- 
trating power of the radiation, that being more pene- 
trating which has a greater tenth-value thickness, 
since it is that thickness of material the absorption of 
which is sufficient to reduce the gamma-ray intensity 
incident upon it to 10 per cent. 

The practical effect of each of these factors in the 
choice of suitable radiographic sources must now be 
discussed. The physical dimensions of the source are 
an important factor in the sharpness of the radiographic 
image. Since radiography is essentially the casting 
of shadows, a small source of radiation means a sharp 
image, or, in radiographic terminology, good definition. 
The importance of having a small source is greater 
when the metal thickness involved is greater, since in 
such cases defects can be comparatively long distances 
from the film; consequently, the source has either to 
be of small linear dimensions, or be placed at a greater 
distance, to achieve the image definition required. 
Since increased distance means a greatly increased 
exposure time (the intensity of the radiation falling 
off with the square of the distance), it is desirable to 
have sources of high specific activity to minimise 
exposure time, both by having a high gamma-ray 
intensity and by making possible the use of short 
source-to-film distances. From Table I, on page 328, 
it is apparent that from this point of view radon is the 
ideal source, combining as it does, minute source sizes 
with large gamma-ray strengths. 

Definition is not the only criterion of radiographic 
quality, however, but shares an equal place with image 
contrast, or the tone difference in the image between a 
defect and the sound metal around it. The important 
factor in the contrast of the radiograph is the energy 
of the radiation. It can be seen from the table that 
radium, radon, cobalt and tantalum have radiation 
of the same order of energy, a fact confirmed by the 
close agreement in tenth-value layers. Iridium 192, 
however, has radiation which is much more easily 
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absorbed, a fact which is exemplified in the much smaller 
tenth-value layer, and consequently is capable of 
producing radiographs with a much higher image 
contrast than those resulting from the use of any of 
the other sources. The lower penetrating power of 
iridium radiation does, of course, increase the exposure 
times necessary and has the effect of setting a practical 
limit to the thickness of material which can be examined 
economically. 

Not only has iridium the advantage of giving radio- 
graphs of relatively high contrast, but, as will be seen 
from the table, the specific activity obtainable is high 
and the irradiation time short. This enables sources 
which are small in physical size and of high strength, 
to be irradiated quickly. 

The last property of radioactive sources which has 
a bearing on their practical value, and on the choice of 
a source suitable for a given job, is its half-life. There 
is a common belief that at the end of the first half-value 
period the source is of no more use for radiography. 
This is, of course, not necessarily true, and even after 
several such periods a source may retain sufficient 
gamma-ray activity to make its use a practical proposi- 
tion. It is true that for the same specimen, and under 
the same exposure conditions, the time to make the 
radiograph is double that used at the beginning of the 
previous half-value period. Whether this is economic 
or not depends on the length of the original exposure, 
but if the source is to be used for a series of examina- 
tions each less exacting than the last, then a decaying 
source may be used during the passage of several 
successive half-lives with every success. Naturally, it 
is not always possible to arrange such a sequence of 
jobs, especially with a source as short-lived as radon, 
and in that case the gamma-ray intensity still existing 
at the close of the examination is, so to speak, wasted. 
In the case of artificially active isotopes a simple alterna- 
nation between two sources, one in use and one in the 
pile undergoing re-activation, gives 100 per cent. 
availability of radiatioa, the intensity of which is never 
unduly reduced. 

On the grounds of half-life alone, one cannot perhaps 
see why cobalt and tantalum co-exist, as alternative 
sources. The radiation from each is substantially 
similar, and certainly the comparative radiographic 
results show no appreciable advantage one way or the 
other, except that, for thinner sections, the soft 
gamma rays from tantalum produce a somewhat 
higher contrast in the radiograph. Their activation 
times and attainable specific activities, however, are 
markedly different, making tantalum essentially a 
short-term proposition, to be used only while a first 
cobalt source is being activated, and then replaced by 
its long lived rival. 
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Fig. 4. Source Usep ror Panoramic EXPosuREs. 


Thus, the foregoing can be summarised and one can 
reduce the choice of a source to the simplest terms. 
For thicknesses of steel up to about 2 in. (the limit 
depending on what strength of source is available), 
and for corresponding thicknesses of other metals, 
iridium 192 gives the best results, the other isotopes 
and radon not being recommended. Over 2-in. thick 
steel, tantalum and cobalt are considered most suitable, 
the choice being one of availability and the highest 
gamma-ray emission from sources of the same dimen- 
sions. When metal thicknesses of about 4 in. are 
reached, and smallness of source is the over-riding 
need, then radon comes to the fore. Its only limitation 
is its rapid decay, a feature which can be overcome to 
a certain extent by obtaining a high initial activity, 
with a consequent extension of its useful life. For 
thicknesses greater than about 6 in. of steel, radon is 
almost indispensable if adequate definition is to be 
obtained, and advantage can be taken of the ease with 
which sources of 2 curies or more can be obtained 
within a 0-5 mm. cube. 

It has already been mentioned that the unit of 





Fig. 2 shows the source after removal for a panoramic 
exposure. Fig. 3, on this page, illustrates the con- 
tainer in use for examining a pipe weld. It is fixed to 
the pipe by a chain clamp. The film and lead backing 
are strapped round the welded joint, and only that 
section of the weld nearest to the film is being exposed. 

As well as these more obvious cases, gamma-rays are 
generally desirable when castings of complicated shape, 
or wide thickness variation, are to be tested radio- 
graphically. Complicated shape usually means difficult 
blocking, a very necessary proceeding when X-rays 
are employed if over-exposure of unprotected film is 
to be avoided, with the consequent loss of detail 
near changes of section or at the edges of the area under 
test. The very high contrast obtained with X-rays 
generated at medium voltages is the problem, and it 
can be solved by the use of high-voltage gamma-rays 
with their attendant low-contrast radiographs. Blocking 
when using gamma-ray sources is never necessary and 
the image is quite clear right to the edges. A wide 
range of metal thicknesses are all rendered in the 
radiograph with photographic densities within the 

















TABLE I. 
_ Radium. Radon. | Cobalt 60, Tantalum 182. Iridium 192. 
aan | 
Activation time, weeks. . a _— — 400* 80* 4* 
Specific activity,mC. .. ~ <P 12} - ,0003 | 7t t 700t 
Principal gamma-ray energies, MeV. .. 1-12, 1-76 1-12, 1-76 | 1°17, 1-38 | 1-22, 1-13 | 0-61, 0-60, 0-58 
Half-life .. i as ei i 1,590 years 3-8 days 5-3 years | 120 days 70 days 
Tenth-value thickness, inches of lead .. 1-7 1-7 | 2-0 } 1-8 0-42 








* Irradiation time to achieve 100 mC for 2 mm. by 2 mm. source. 
Activity obtainable in practice per 2 mm, by 2 mm. cylinder. 


+ 
t+ Activity attained by a 2 mm. 


source strength most often used, the millicurie, is 
open to criticism, since it does not allow the direct 
comparison of different types of source. At this point 
it may be well to list the gamma-ray emission of 
radium, radon and the three isotope sources. It must 
be remembered that the radiographic effect is a function 
of the gamma-ray emission and the gamma-ray energy. 
Thus, cobalt-60, though its mean radiation energy is 
almost identical with that from tantalum 182, has 
approximately double the gamma-ray intensity per 
millicurie, and hence double the radiographic effect. 
Radium and radon occupy a position between these two. 

The obvious cases where gamma-rays have the 
advantage over X-rays are, firstly, for metal thicknesses 
beyond the capacity of available X-ray equipment, 
and secondly, for use in situations where access for 
X-ray equipment is difficult or impossible. In the 
latter case, the thicknesses involved may allow the 
choice of iridium, and in such structures as ships, 
bridges, steel-framed buildings, pipe-work installations, 
and so on, this is often the case. An added advantage 
here is that the containers in which the iridium sources 
are transported, and which will often need man- 
handling in awkward situations, can be small and light 
even for the strongest sources. That illustrated in 
Figs. 1 and 2, page 327, weighs only 25 lb. and gives 
sufficient protection for any obtainable source of 
iridium-192. Fig. 1 shows the source exposed for 
radiography ; in this condition the carrying handle is 





by 2 mm. source in 26 weeks. 


practical range, whereas each section would have to 
be examined separately with X-rays. It should be 
noted, however, that despite the facility of carrying 
out the examination in one exposure, and with 4 
minimum of trouble, when a gamma-ray source is used, 
the complicated and more tedious X-ray method does 
give the better result, provided the blocking can be 
done effectively and the sections are simple and separate. 
Often this is not so, and more evidence is obtainable 
from the single gamma-radiograph than from a whole 
set of sectional X-radiographs. ; 
An additional advantage to be obtained by using 
a gamma-ray source is in the emission of the rays in all 
directions. Thus a source set up in the centre of @ 
circle of castings, as shown in Fig. 4, will expose the 
radiographs simultaneously, with the consequent saving 
of individual exposure times. The same remarks 
apply to the gamma-radiography of a circumferential 
welded seam, the source being placed centrally and 4 
whole chain of films placed around the vessel. A special 
case of this, and one which is much debated, is the 
insertion of a small source into a welded pipe line 
and the simultaneous examination of a complete 
welded joint. The practicability of this technique 
not only depends on the wall thickness and the internal 
bore but on the possibility of the introduction of 4 
source. In Fig. 5 it is introduced at the end of the pipe. 
In long pipes the only method normally available 1s 
by providing a hole in the pipe, a few inches irom 


released to ensure that the container is not carried. |the joint, which is plugged after the examination is 
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Fias. 5 anp 6. Sources Usep ror PANORAMIC EXPOSURES. 


complete. ‘Tis is shown in Fig. 6. Often, however, 
such a procedure is not practicable or necessary, and 
pipe-joints can be examined by using the source 
externally, when the radiation passes through both 
walls, although only that part of the weld nearer the 
film is actually recorded on it. The type of source 
used will depend on the wall thickness and for a total 
steel thickness of up to 2 in. iridium-192 is recom- 
mended. 

In the foregoing, the metals under consideration are 
assumed to be ferrous or cuprous and not aluminium 
alloys. In fact, even iridium radiation does not give 
good results with this type of casting, and in all such 
cases X-ray apparatus is essential, whether it is used 
for radiography or fluoroscopy. Even the results 
obtainable using the last technique, and especially so 
when a fine-focus tube is used, are far superior to any- 
thing obtainable with gamma-ray sources as known at 
present. This does not rule out the possibility of the 
discovery of an isotope with radiation of low enough 
energy, available in adequate strengths, to make the 
gamma-radiography of light alloys a practical technique. 

Having discussed the factors governing the choice of 

a suitable radiographic source it now remains to 
describe how it is used to best advantage. It is always 
desirable to utilise the fact that radiation is emitted in 
all directions uniformly, and the technique of panoramic 
exposure is widely practised, thus effectively reducing 
exposure time by exposing many films at once. Advan- 
tage can also be taken of the fact that gamma-ray 
sources need no constant attention, and exposures 
lasting all night or from Friday to Monday can be 
made in time which would normally be lost. It is a 
fairly common practice to make exposures exclusively 
at night and do preparation, processing, and other work 
during the day. In this way, valuable laboratory 
or workshop space is released for use when otherwise 
it would be dangerous for personnel. 
_ Since, under these circumstances, the exposure time 
is fixed, the only variable left at the discretion of the 
radiographer is the source-to-film distance. By 
adjusting this, any specimen can be accommodated to 
the other fixed conditions. Thus, for a number of 
identical objects the source-to-film distance would 
be identical for each one, whereas if thicker or denser 
objects were to be examined the source-to-film distance 
would necessarily be reduced, and conversely for 
thinner specimens. 

{t is not strictly true to say the source-to-film distance 
is the only other variable at the radiographer’s discre- 
tion; in fact, the film used is another. There are two 
main types of film used in gamma-ray work: the so- 
called standard non-screen and the fine-grain non-screen 
flrs. Both these are used with lead-foil intensifying 
screens and the latter type is approximately three 
times slower than the former, i.e., the latter needs an 
*xposure three times that needed by the former (or 
alternatively the source-to-film distance must be 
reduced by about 43 per cent.), but in spite of this fact, 
the fine-grain type is widely used and can be recom- 
mended strongly. The advantage of the fine-grain 
ind the high emulsion contrast, resulting in radiographs 
‘! much higher quality, more than compensates for the 
interior speed. In some cases, where speed is para- 





mount, the faster film can be used to give radiographs 
| 


of moderate quality. 

It is always good practice to expose at least two films 
in the same cassette. By using intermediate lead- 
screens this is easily accomplished, and not only can 
badly estimated exposures be corrected to some extent 
in the development of the second film, but the pair of 
films constitute an invaluable check on the presence 
of spurious images due to faulty processing, materials, 
or handling. Any image which only appears on one 
film is not due to the structure of the work under 
examination. With the low contrast normally obtained 
in gamma-radiographs this point is of great importance. 

When using non-screen film the best results are 
obtained by working to high film densities. The 
inherent contrast of the film emulsion increases as the 
working density increases, and gamma-radiographs are 
often produced with densities of from 2-0 to 3-0. 
Some authorities go even higher, though of course, 
it must be remembered that for these densities extremely 
high levels of illumination are required for adequate 
viewing. (A film of density 3-0 transmits only 0-1 per 
cent. of the light incident upon it.) At these illumina- 
tion levels very careful screening of the eyes from 
extraneous light must be achieved and maintained. 
Finally, since the radiographic contrast is so low, every 
care must be taken to ensure that the processing of the 
films, especially in development, is carried out properly. 
It is very easy for defects to be obscured, or even 
simulated, by irregular densities due to faulty or careless 
dark-room practice. 

It is most important that organisations or firms 
introducing the gamma-ray inspection method should 
have a thorough understanding of the principles of 
protection. Gamma-rays, in sufficiently large quan- 
tities, can be highly dangerous both to operators and 
others exposed to them. However, if gamma-ray 
sources are used with the necessary precautions, by 
trained personnel, there need be no fear of adverse 
effects. 

Fortunately, the measures which must be taken can 
be based on fairly exact calculations. The amount of 
radiation emitted by any type of source is krown 
within narrow limits, as listed in Table II, and the 


TABLE II.—Gamma-Ray Emission of Sources. 


Radium ..| 0-84 mr* per hr. per mgm, at | m. 
Radon _ ..| 0-84 mr per hr. per mC, at 1 m. 
Cobalt 60... 1-30 mr per hr. per mC, at 1 m. 
Tantalum 182 0-60 mr per hr. per mC, at 1 m. 
Iridium 192 0-27 mr per hr. per mC, at 1 m. 


*ilmr 1 milli-réntgen. 

absorptive properties of the chief protecting substarces 
can also be determined from published data. These 
figures, coupled with the so-called tolerance dose, 
enable an estimate to be made of how a source can be 
handled, and for how long, to ensure that no personnel 
receive a greater dose than that which can be tolerated 
by the human body. Thus, the container illustrated in 
Figs. 1 and 2, page 327, when loaded with iridium 192, 
will not give more than the tolerance dose-rate at the 
surface even with sources as strong as 4 curies. With 
500 mC. of cobalt 60, however, the dose-rate at 1 m. is 
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such that the weekly tolerance dose (0-5 réntgen) would 
be received in 20 hours. This is known as the weekly 
safe-handling time for this source and container, and 
serves as a basis for all calculation of similar times 
for other distances and handling methods. It is essen- 
tial that such data be obtained from manufacturers 
when purchasing containers, and‘advice on these mat- 
ters can always be obtained from the Government estab- 
lishments supplying the sources. As pointed out pre- 
viously, the radiation emitted per millicurie of cobalt is 
considerably greater than that per mC. of radium or 
tantalum, which makes the protection of cobalt, 
per mC, a much more difficult problem than that of 
the other sources. The safe-handling time for a 
container loaded with cobalt-60 will be considerably 
shorter than that for the same container loaded with 
an equal number of milligrams of radium. Since the 
energy of iridium gamma-rays is relatively low its 
protection is an easy matter and quite small thicknesses 
of absorber are sufficient to reduce intensities below the 
tolerance level. 

Because of its high density the most popular absorb- 
ing material is a tungsten alloy. Lead, which suffers 
from the disadvantage of poor mechanical properties, 
is a cheap alternative. Since tungsten alloy is roughly 
50 per cent. more absorbing per centimetre than lead, 
the weight of a container made of the alloy is approxi- 
mately 45 per cent. of one made of lead giving equal 
protection. This difference in weight is of extreme 
importance when the container is to be handled in 
positions difficult of access, or in confined spaces. In 
the latter case particularly, due care must be taken to 
allow for scattering of radiation from surrounding 
structures leading to an increase in the general level 
of radiation intensity. For this type of situation the 
radiation should be checked by using ionisation dose- 
meters. 

It is difficult to give estimates of the cost of this type 
of work in a general case. Much depends on whether 
dark-room facilities and suitable staff are available, 
and on the actual application to be used. The price 


TABLE III.—Cost of Radioactive Sources. 





Source. Strength, mC. Cost. 
| ca € 
Radon .. ; - 250 | 710 O 
| 1,000 | 15 0 0 
Cobalt 60 es ..| 250 | 20 0 0 
1,000 40 0 O 

| 


250 10 0 O 
1,000 20 0 0 


Tantalum 182 


Iridium 192 $a | 250 710 O 
| 1,000 15 0 0 


of sources can be obtained from the Atomic Energy 
Research Establishment, Harwell, or the Radio- 
chemical Centre, Amersham, and a few representative 
figures are given in Table III. An exposure container 
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costs approximately 100/., depending on its type and 
usefulness. The cheaper ones usually utilise lead as 
absorbing material and suffer from the disadvantage 
of a shorter safe-handling time, and a shorter useful life 
owing to the readiness with which lead suffers damage. 
Those made of tunsten alloy are more expensive but 
allow longer safe-handling times and are almost indes- 
tructible. Accessories such as cassettes, lead intensi- 
fying foil, penetrameters, etc., are also needed, but these 
can be relatively inexpensive items. 

The availability of artificial radioactive sources 
relatively free from the disadvantages of the natural 
sources, radium and radon, is giving radiographic 
inspection a new value in all engineering applications. 
Not only is X-ray apparatus (expensive in capital 
outlay and maintenance) made unnecessary, but in 
many fields of application better results can be obtained 
with gamma-rays. It must be remembered, however, 
that there are still many cases in which X-ray examina- 
tion is supreme, and where at present gamma-ray 
inspection has no place. Almost no application to light- 
alloys is of practical importance, and for thin welded 
sections an X-ray set should always be used if possible. 
It is in the cases when the use of X-ray sets is impractic- 
able or uneconomic that gamma-ray sources find their 
main application. 





FIRE IN A PASSENGER TRAIN 
NEAR BEATTOCK SUMMIT. 


THE Report on the Fire which Occurred in an Express 
Passenger Train on 8th June, 1950, near Beattock 
Summit in the Scottish Region, British Railways,* reveals 
the circumstances which are believed to have caused 
the fire, and concludes with recommendations which, 
if put into effect, would appreciably alter railway 
coach design in this country. The report is by Colonel 
R. J. Walker, a Ministry of Transport inspecting officer 
of railways, who discussed the accident with repre- 
sentatives of the Department of Scientific and Indus- 
trial Research, the Fire Offices’ Committee, the Joint 
Fire Research Organisation, the Home Office, and the 
Lanarkshire Fire Brigade. The circumstances of the 
fire and the deaths which it caused are unusual, and 
it is understood that no similar fire has occurred 
previously on railways in this country. There was, 
in effect, a slow explosion ; a wave of extremely hot 
gases, probably containing a high concentration of 
carbon monoxide, suddenly engulfed the victims and 
killed them, or rendered them unconscious instantly. 
There were many instances of this in the bombing 
during the war, Colonel Walker states, and it has been 
known to happen in certain cases of fire in houses and 
factories. 

The train concerned was the 11.0 a.m. from Bir- 
mingham to Glasgow Central, consisting of 11 coaches 
drawn by a Class 6P 4-6-0 engine of the London Midland 
Region. The first coach behind the engine was a 
“corridor brake third"; the second, in which the 
fire broke out and the casualties occurred, was No. 4851, 
a “‘ corridor composite ” ; the third, which also burned, 
was No. 1073, a “corridor first”; and these were 
followed by a first-class dining car and six other 
coaches. The train left Carlisle at 4.02 p.m., 12 minutes 
late, and passed Beattock North signal box at 4.46 p.m., 
where it was 10 minutes late. At 4.53 p.m., the signal- 
man at Greskine watched the left-hand side of the 
train as it passed his signal box, and at about the same 
time the fireman on the engine looked back from the 
cab down the right-hand side; in addition, a woman 
passenger, Miss Goodwin, walked up the corridor of 
the second coach, No. 4851, from the fifth compart- 
ment to the toilet in the front. 

At this moment, everything appeared normal. ‘Three 
minutes later, the communication cord was pulled in 
coach 4851, and smoke was seen to be pouring out of 
its sliding ventilator and windows at the middle and 
rear end, and on both sides, and out of the leading end 
of the following coach, No. 1073. The driver at once 
braked fully and stopped the train, which was travelling 
at about 30 m.p.h., in about 80 yards, or a matter of 
20 seconds after the communication cord had been 
pulled, and 14 seconds after he had applied the brakes. 
The report then continues with particulars of the move- 
ments of passengers and others, which were a signi- 
ficant part of the evidence. The woman who had 
walked along the corridor was the only person to 
escape ; the remaining occupants of coach 4851, who 
were all in the fourth compartment, lost their lives. 
A ganger who was on the lineside when the train 
pulled up, assisted the surviving woman out, and then 
entered the coach in a gallant attempt to rescue any 
other persons. He entered the first three compart- 
ments, but on trying to enter the fourth the smoke in 
it suddenly burst into flames ; overcome by the great 
heat and fumes, and forced to his knees, he managed 
only with difficulty to crawl back the way he had 
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come. Prompt and intelligent action was taken by 
the train crew, when the train had come to a stand, to 
isolate the two burning coaches and to protect the up 
and down lines. 

The two burnt coaches were of composite steel and 
wood construction ; they were designed by the former 
L.M.S. Railway and built in 1947 and 1938, respec- 
tively. No. 4851 consisted of a lavatory, three first- 
class compartments, four third-class compartments and 
another lavatory, with a door in the corridor to divide 
the two groups of compartments. There were four 
external doors on the left-hand or corridor side (two 
near the centre and one at each end), and one door at 
each end on the right-hand or compartment side. In 
both coaches, underframes, exterior body panels, and 
roofs were of steel ; the ends of No. 1073 were also of 
steel, but those of No. 4851 were of aluminium. Body 
frames, interior partitions, and linings were of wood. 
Partitions between compartments consisted of two 
thicknesses of §-in. deal boarding, and the plywood 
finish above the seat backs was j in. thick. Floors 
were of seven-ply laminated boarding 4 in. thick, 
covered with #, in. of felt and linoleum. The seats 
and backs consisted of wooden frames and steel coil 
springs, with horse-hair filling, and the coverings were 
of uncut moquette. Heating was provided by steam 
radiators placed centrally under all the seats. The 
gap between the floor and each radiator was } in., 
and between the radiator and the underside of the 
seat | in.; the distance from the radiator to the 
compartment partition was 13 in. 

The first-class half of coach 4851, though severely 
burned, was more or less intact. The remainder of 
the bodywork, and the whole of that of coach 1073, 
were entirely destroyed. As it subsequently became 
evident that the fire had started in No. 4851, the 
remainder of the description of the damage is devoted 
to this coach alone. The progress and effect of the 
fire had taken two quite different courses. In the 
leading or first-class half, the corridor and compart- 
ment partitions were still in position, and though 
badly charred in some places, in others they appeared 
to have been somewhat protected by the fabric of the 
seats and backs. The general impression of this half 
of the coach was that it had been subjected to a very 
fierce fire for a comparatively short time. The wood- 
work and fabric generally, where they had been 
exposed, had caught fire at once and burned, but where 
protection had been given, either by plywood or cloth 
covering, the damage underneath had not been so 
severe. In the trailing or third-class half of the coach, 
nothing was left at all of the interior, and except for a 
few charred pieces of the body framework, only the 
twisted steel shell of the coach remained. The severity 
of the burning, however, had increased progressively 
towards the rear of the coach. An interesting point 
was that holes were burnt in the floors of the last 
three compartments in the same relative positions, 
beneath the heaters under the facing seat in each case, 
and these holes increased in size towards the rear. 
The floor, also, was progressively burnt towards the 
rear. Details are given in the report of the positions 
of doors and sliding ventilators. 

The fourth and fifth third-class compartments were 
occupied after Carlisle, but the first-class compart- 
ments were not. About 20 minutes before the train 
stopped, a smell of smoke was noticed by an attendant 
and by Miss Goodwin, but neither discovered the cause. 
The communication cord was pulled about 20 seconds 
before the train stopped, and during that time, the 
following events were witnessed. Two ladies in a com- 
partment towards the rear of coach 1073 saw smoke 
and flames pouring out of the sliding windows in 
the centre of the second coach and, in the few seconds 
it took them to hurry to the rear of their coach, their 
corridor became so completely filled with smoke and 
fumes that they were almost overcome. During this 
time, the driver and fireman saw smoke coming from 
coach 4851. About one minute after the train stopped, 
two passengers who were descending from the first 
coach saw the windows of the second coach break, and 
the whole vehicle burst into flames at once. 

After considering various alternatives in the light 
of the evidence, Colonel Walker concludes that a wave 
of extremely hot gases, probably containing a high 
concentration of carbon monoxide, suddenly engulfed 
the victims and killed them, or rendered them un- 
conscious instantly. His explanation of how the 
gases, at a sufficiently high temperature and in suffici- 
ent volume, enveloped the fourth compartment as 
quickly as they did is as follows. Some time before 
the train reached Carlisle, a lighted match or cigarette 
end was carelessly thrown on the floor by an occupant 
of the sixth compartment. This found its way under 
the heater beneath the facing seat of the compart- 
ment, and into a collection of dust and odd pieces of 
paper in the angle formed by the floor and the rear 





partition, which was made of plain soft wood. A 


* Published for the Ministry of Transport by H.M. |Small smouldering fire, which spread to the partition, 
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‘and probably to the hair interior of the seat, con- 


tinued to smoulder for the next 50 minutes or longer. 
Meanwhile, the fire was using up the available oxygen 
in the compartment, forming carbon monoxide and 
highly inflammable gases of distillation, and raising 
the temperature quickly. So long as the gases were 
contained in the compartment, they would not ignite 
owing to a lack of oxygen, but when a small hole was 
burnt in the partition between the sixth and seventh 
compartments, gases and smoke escaped into the latter 
and into the corridor, thence down the corridor of 
coach 1073. When the correct conditions of tempera- 
ture and air mixture were produced, however, the gases 
ignited locally ; thereafter there was, in effect, a slow 
explosion in the corridor. The heat generated was 
more than enough to kill instantly anyone within 
range of the blast, and to set the coach on fire. 

The space behind the heater, underneath the seats 
of these coaches, is extremely difficult to reach for 
cleaning purposes; the rubbish that would collect 
there would be conducive to starting a fire as described. 
Colonel Walker considers this to be an unsatisfactory 
design, and recommends removable seats; if this is 


impracticable, special cleaning measures should be, 


adopted. 

The remainder of the report comprises general 
remarks on fire precautions in passenger coaches and 
recommendations on details of design, means of escape 
and fire fighting. Colonel Walker’s remarks are based 
on the experience of the Beattock fire and the Pen- 
manshiel fire of 1949 (which was due to an inflammable 
lacquer finish causing the fire to spread at almost 
unbelievable speed). The development of coach design 
and construction has passed through five stages, 
starting with (1) a wooden underframe body, intro- 
ducing steel first for the underframe (2), then for the 
exterior panels (3), then the body frame (4), and 
finally the true all-metal construction (5). Coaches of 
type (3) are still being built, and coaches of type (4) 
have been adopted as standard by British Railways. 
Type (5), though widely used on the Continent and 
in the United States, is not considered to be suitable 
for conditions in this country. From the fire point of 
view it is the safest, but there are many other factors 
to take into account. If, therefore, the all-metal coach 
is not to be adopted, every reasonable step must be 
taken to minimise the risk of fire. The use of a clear 
cellulose lacquer has been discontinued, and Colonel 
Walker recommends that the mat lacquer used in the 
Beattock coaches (not so sensitive to ignition, but liable 
to cause a rapid spread of flame) should be replaced. 

In the new standard design of corridor coaches, 
there will be at least one door between the end doors 
on the corridor side, but no doors in compartments. 
Colonel Walker considers that the means of escape in 
an emergency are adequate on the corridor side, but 
that, so long as coaches have wooden interiors, some 
form of emergency exit from each compartment 1s 
desirable. It is, he says, difficult to suggest a solution : 
owing to the curved sides of British coaches, it it not 
possible to fit a window which can be lowered the full 
way down. In any case, the present form of sliding 
ventilator was designed to prevent the draughts which 
occur with that type of window. It is recommended, 
however, that a study be made of the possibility of 
retaining the sliding ventilator while providing a window 
which, in an emergency, can be fully lowered, or dis- 
carded. Sleeping cars and the new open (centre-corridor) 
coaches which have two doors at each end demand 
special consideration from the point of view of means 
of escape. In the section on fire fighting, Colonel 
Walker recommends that a fire extinguisher should be 
carried in every corridor coach, as well as on other 
vehicles ; that train crews and dining-car staffs should 
be instructed in the use of fire extinguishers (this is 
now being done); and that a standard fire-fighting 
drill should be instituted. 





HI1GH-TENSION COMPRESSION CABLES FOR CANADA.- 
Two contracts for high-tension compression cables for 
installation in Canada have been secured by Enfield 
Cables, Limited, Victoria House, Southampton-row, 
London, W.C.1. The first of these is for 6,000 ft. of a 
115-kV three-core pipe-line compression cable to carry 
125 MVA, which will be laid between Don Fleet Junction 
and the Esplanade Terminal Station in Toronto. The 
conductor will be of oval section and will be insulated 
with impregnated paper over which will be a reinforced 
diaphragm lead sheath. The three cores will be laid 
together and drawn into a steel pipe-line. The second 
contract is for the supply of some 100,000 ft. of 120-kV 
single-core self-contained compression cable to the 
Quebec Hydro-Electric Commission. This cable will be 
laid in four lengths and the route will include the 8,520 ft. 
Jacques Cartier Bridge across the St. Lawrence. To 
reduce the number of joints, the cable across this bridge 
will be in 2,000-ft. lengths. The diaphragm sheath will 
be of commercially-pure lead and the pressure retaining 
sheath of a lead alloy containing 0-5 per cent. antimon) 





and 0-25 per cent, cadmium. 
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TESTING ESCALATOR HANDRAIL JOINTS. 

















TESTING MACHINE FOR 
ESCALATOR HANDRAIL JOINTS. 


For some time London Transport have been investi- 


gating new types of joints for escalator handrails. The 
handrails are of composite rubber and canvas construc- 
tion, and at present a hinged joint is employed in 
service which, it is considered, is rather clumsy and is 
subject to failure at the connection between the hinge 
and the handrail. Experiments are being carried out 
on butt joints, using spring-steel strip butt-straps, of 
various materials and thicknesses, which flex as the 
handrail passes around the curved tracks and the 
driving wheels. To ensure that the joints are capable 
of withstanding a service life of at least five years with- 
out fatigue failure, an accelerated endurance test has 
been devised, which simulates the tension, bending and 
torsional stresses actually occurring in service on the 
joint; reversed bending occurs as the belt passes 
around the driving wheel at each end and over the top 
and bottom tracks, which are of opposite curvature to 
the driving wheels, and periodic torsional stresses are 
imposed as the joint passes around the tensioning gear. 

The endurance-testing machine designed and con- 
structed by London Transport, shown in the accom- 
panying illustration, has been arranged to reproduce 
a five-year service-stress cycle in three weeks, running 
continuously at a rate of 9,840 stress reversals per hour. 
It consists of two wheels of the same diameter as those 
used in an escalator handrail drive, one being set with 
its plane at an angle of 9 deg. 40 min. to the other, 
and two curved tracks over which the handrail incor- 
porating the specimen joints travels. Tensioning gear 
is fitted to the inclined wheel, the other wheel being 
driven, through reduction gearing, by an electric motor. 
The handrail is run continuously, at a speed of 925 ft. 
per minute, until one joint fails; the service speed is 
180 ft. per minute. At the high speed, considerable 
heat may be generated by the handrail passing over 
the track, and therefore a graphite lubricant is periodic- 
ally applied to the track to cool the handrail. 





COURSES IN GAS-TURBINE TECHNOLOGY.—The School 
of Gas Turbine Technology, Farnborough Place, Farn- 
borough, Hampshire, announces further courses in gas 
turbine technology, to be held at the school during the 
remainder of 1951. These are of five main types. Three 
courses, each of three weeks’ duration, on the design and 
the applications of industrial gas turbines will be given. 
The commencing dates are April 1, July 15 and October 
28. Two international courses of similar duration on 
aero and industrial gas turbines commence on May 27 
and September 16. The first has been timed to coincide 
with the early part of the Festival of Britain and the 
Seoond will follow the Society of British Aircraft Con- 
structors’ air display and exhibition at Farnborough, 
since many engineers from overseas will be visiting 
England at these times. Three courses, each of two 
weeks’ duration, will be given on aero-engine design, with 
commencing dates June 24, August 19 and November 25, 
and there will be two practical courses on aero-engines, 
the first, beginning on April 15 and lasting one week, and 
the second, starting on October 8 and lasting a fortnight. 
These do not require such a high standard of theoretical 
knowledge as the courses mentioned earlier, which are of 
Post-graduate standard. Finally, there is one course, 
commencing on April 15 and lasting a week, on industrial 
4pplications of gas turbines. Further information on 
the courses at the School was given on page 199, ante. Full 
details may be had from the Principal of the School ; 
telephone number, Farnborough (Hampshire) 1300. 


SERVICEABILITY OF AIRCRAFT 
ELECTRICAL SYSTEMS. 


SincE the second World War, the use of electric 
power in aircraft has increased enormously, and some 
of the problems which the designers of electrical 
equipment have had to face, and the “_ they are 
taking to attain a guaranteed life for light-weight 
electrical components, were reviewed in a lecture 
entitled ‘‘ Progress Towards Electrical Serviceability,” 
given by Mr. R. H. Woodall, M.I.E.E., A.F.R.Ae.S., 
and Mr. W. A. Higgs, B.Sc., A.M.I.E.E., A.F.R.Ae.S., 
delivered at a meeting of the Royal Aeronautical 
Society on Thursday, March 1. 

Aircraft electrical equipment, said the lecturers, must 
be able to operate in ambient temperatures from 

~ 70 deg. C. to 4- 50 deg. C. (in some cases as high as 
+ 90 deg. C.), and actuators for undercarriages, flaps, 
ete., must work satisfactorily after rapid descent from 
high altitudes. The reduced density at high altitudes 
caused an increased rise of temperature in electrical 
machines cooled by fan or ram air, the rise at 50,000 ft. 





being 2-5 times that at sea level. The lower density 
also reduced the spark-over distance for any voltage ; 
which was an important consideration in the design of 
ignition apparatus and switchgear. Aircraft electrical 
equipment had to work in humid conditions, and 
required complete sealing or the use of non-hygroscopic 
insulating materials, and protection of metallic parts 
against corrosion ; it must also be resistant to fungus 
growths. The equipment must not deteriorate under 
vibration, and must, generally, be flameproof, often 
requiring flame traps which, in fan-cooled machines, 
might obstruct the air flow necessary for adequate cool- 
ing. Certain equipment, such as propeller-feathering 
pumps, which were used in the event of a fire in the 
engine nacelle, must be fireproof. Utilisation equip- 
ment was required by the aircraft designers to operate 
over a wide voltage range, but the lecturers suggested 
that this additional complication should not be neces- 
sary with constant-voltage supplies available on aircraft ; 
ground testing should be carried out from a regulated 
generator supply on the ground, and not from the 
aircraft batteries. 

It was generally considered that electrical accessories 
should have a life of 1,000 hours between overhauls, and 
to achieve this, two or three years of intensive develop- 
ment and test flying were necessary. At present, the 
electrical industry was faced with the task of developing 
and supplying complete generating and_ utilisation 
equipment for a new system voltage (for standardisation 
with the United States) in less than two years; an 
overhaul period of 1,000 hours would not be possible 
immediately. 

Turning to the design of machines for reliability, the 
lecturers said that, in general, the higher the operating 
speed of the generator, the lower would be its weight. 
The present practice of driving generators directly 
by prime movers of variable speed, or through a 
fixed-ratio gearbox, gave neither minimum weight nor 
the most reliable machine, since the machine must give 
its full output at engine-idling speed, and the top speed 
might be too high for the maximum life of bearings, 
brushes, etc.; it was, moreover, difficult to design 
direct-current machines to give satisfactory commu- 
tation over a wide speed range ; additional field wind- 
ings had to be used. 





Most aircraft in service operated on 28-volt direct- 
current systems; 112-volt direct-current supplies 
had been adopted for many new aircraft, resulting in 
considerable reductions in the weight of equipment 
{and cables, but without any increase in reliability. 


An alternating-current supply at 208 volts would give 
lower weight and greatly increased reliability, but 
satisfactory constant-speed drives were not at present 
available, although development work was in progress. 
The ideal installation would consist of an auxiliary 
generating plant allowing the application of turbo- 
alternator construction techniques. With existing 
drive arrangements, a rectified alternating-current 
system, in which metal rectifiers were used to supply 
direct current to the various motors, offered some 
advantages in serviceability and weight of the generator. 
Direct-current motors had to be retained, since the 
speed and power of alternating-current motors of the 
non-commutator type depended upon the supply 
frequency, which varied with engine speed. 
Discussing present trends in development, the 
lecturers said that several new high-permeability 
magnetic alloys, i.e., the 35 per cent. and 50 per cent. 
cobalt-iron alloys, such as Permendur, showed marked 
advantages in reducing weight, but were somewhat 
brittle and required care in assembly ; they were also 
costly. With the present tendency to use slots for 
retaining conductors in armatures in conjunction 
with brazing or welding, in place of soft solder, higher 
operating temperatures would become possible and 
insulating materials would then have to be improved. 
A varnish which would withstand a temperature of 
170 deg. to 200 deg. C. was required, and it was sug- 
gested that silicones or other inorganic materials might 
provide the solution. In order to improve the commu- 
tation over wide changes in speed and load, most 
direct-current generators would, in the. future, be 
provided with interpoles and pole-face windings ; 
this should increase the life of brushes and commu- 
tators. Development work was being carried out on 
commutators in which copper was alloyed with silver 
or chromium, to increase its hardness at higher tempera- 
tures. The problem of brush wear at high altitudes, 
although reduced by impregnating the brushes, was 
by no means solved, and the elimination of brushes, 
which would be possible if constant-frequency alter- 
nating-current supplies were available, would contribute 
to solving several problems. 
Ball bearings were the main source of failure of air- 
craft electrical machines. Shielded and sealed types 
of bearing of British manufacture were not available 
in the sizes required and it had been necessary to use 
American bearings; fortunately, the British ball- 
bearing manufacturers were now taking steps to 
improve this situation. Lubricant manufacturers 
were developing greases to meet the stringent tempera- 
ture requirements, but improvements were still 
required ; silicones, again, might provide the answer. 
For aircraft switchgear, with its limitations on 
space and weight, the electrical engineer had had to 
develop entirely new methods. High-speed manually- 
operated circuit breakers for 28-volt and 120-volt 
systems and a range of circuit breakers with thermal 
trips and single and reversing contactors for 28-volt 
and 112-volt auxiliary circuits had been developed. 
The replacement of the reverse-current relay by the 
polarised differential relay had improved the reliability 
of generator circuits. . 
Electronic valves could perform certain functions 
which could not be performed as well, or at all, by any 
other means, but their use should be restricted to those 
applications. The magnetic amplifier, for example, 
was more robust and should be used in preference to a 
valve circuit where this was possible. 
During the past ten years, aircraft generator capa- 
cities had increased from 1 to 40 kW. Blast cooling 
had allowed a 50 per cent. increase in output with no 
increase in weight. A 6-kW direct-current generator, 
for operation at 40,000 ft., weighed less than 55 |b., 
and a 15-kW direct-current machine for operation at 
50,000 ft., weighed 105 lb. ; whereas there was in exist- 
ence a 40-kW alternator weighing 62 Ib. Large linear 
actuators, giving strokes up to 20 in. in 9 seconds under 
a load of 25,000 Ib., were not available, and small 
actuators for power-plant controls had achieved a life 
of 1,000 hours. A 112-volt 35-h.p. electrical starter 
for gas turbines had been developed weighing only 
55 |b. 





FAILURE OF LOCOMOTIVE GUDGEON Prin.—In an acci- 
dent which occurred on August 29, 1950, near Northolt 
Junction, in the Western Region of British Railways, 
the little end of an inside-cylinder connecting rod became 
detached; the gudgeon-pin nut had worked off, causing 
the pin to slide out and strike a hornblock, and the 
little end fractured. The piston broke the front cylinder 
cover, and the rod, bent almost double by striking a 
cross-stay, pierced the firebox outer plate and bulged the 
inner copper plate. The wheels were locked by the 
bent rod. The castle nut, and its split pin, were not 
recovered, but it is concluded that the threads had been 
worn for some time. The engine was one of the J39 
class, designed at Doncaster in 1926. The report on the 
accident is published for the Ministry of Transport by 
H.M. Stationery Office, at the prive of 4d. net. 
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THE PROFESSIONAL ENGINEERS 
APPOINTMENTS BUREAU, 


THE Professional Engineers Appointments Bureau 
was established in 1947 under the egis of the Insti- 
tutions of Civil, Mechanical and Electrical Engineers, to 
assist employers seeking the services of men holding 
the qualifications of those three institutions, to aid 
members (in any grade) requiring appointments, and 
“to give advice generally on matters relating to the 
employment of professional engineers.” The annual 
report for the year 1950, recently issued by the registrar 
and secretary (Mr. J. Muil, A.M.I.E.E.) shows that the 
number of engineers enrolled on the register fell from 
541 in January to 409 at the end of the year, the 
average being 471; the 1949 average was 462. Of 
those enrolled in 1950, 87 were civil engineers, 207 were 
mechanical, and 115 were electrical. It may be noted 
that, since the register was established, the total 
number of enrolments was 1,947 to the end of 1950, 
the totals of civil, mechanical and electrical engineers 
being 468, 924 and 555, respectively. Most of them 
have been men who were already in employment, but 
who wished to change. Most of those who were 
unemployed were over 45 years of age—the category 
which, since the inception of the scheme, has presented 
the most serious problems to the Bureau. The diffi- 
culty of placing them in suitable positions has been 
enhanced, of course, by the general shortage of houses, 
as those who have houses are naturally reluctant to 
leave their homes for other districts where accommo- 
dation is hard to obtain. 

The report observes that ‘a large proportion of the 
engineers on the register were specifying minimum 
salaries considerably in excess of those offered by 
employers when notifying vacancies”; a tendency 
which, of course, is no new development. It is 
suggested, however, that employers could assist the 
work of the Bureau materially by refraining from 
demanding qualitications and experience beyond those 
actually necessary for their requirements—another 
practice of long standing, which is sometimes carried 
to such lengths as to suggest that employers have not 
always clarified their own ideas on the subject. The 
number of vacancies notified during the year was 1,111, 
ot which 335 were for civil engineers, 510 for mechanical 
engineers, and 266 for electrical engineers. A large 
proportion of the overseas vacancies were in the Middle 
and Far East, India and Pakistan, and it is noted 
that “some difficulty has been experienced in finding 
candidates who were willing to go to these countries. 
Many men who register are seeking posts in Canada, 
Australia, South Africa and Europe, but it is found 
that comparatively few vacancies are notified from 
those countries, and most of them require highly 
specialised qualifications. In general, more vacancies 
might be filled if employers were prepared to raise their 
upper age limits. The office of the Bureau is at 9, 
Victoria-street, Westminster, S.W.1, to which all 
inquiries should be addressed. 





TRADE PUBLICATIONS, 


Portable Photometer.—Details of a photometer with 
ranges of 25 and 125 ft.-candles are contained in a 
pamphlet published by Benjamin Electric Ltd., Brant- 
wood-road, Tottenham, London, N.17. 


Fuel Oil in Furnaces.—A reprint of a paper presented 
by Mr. M. Roddan, of Shell-Mex & B.P. Ltd., Strand, 
London, W.C.2, at a conference on ‘‘ Modern Applica- 
tions of Liquid Fuels,” organised jointly by the Institute 
of Petroleum and the Institute of Fuel at the University 
of Birmingham, in September, 1948, has now been made 
available by the firm. It deals with ‘‘ The Use of Fuel 
Oil in Furnaces for the Iron and Steel Fabricating Indus- 
tries,” and contains many illustrations. 


Mileage of Tayer-Roller Azxlebox.—A Timken taper- 
roller bearing axlebox fitted to a coach for the Egyptian 
State Railways in 1929 was examined in 1949, when the 
coach was withdrawn from service, and found to be 
in excellent condition and fit for further use. In a 
report, No. 4003, issued by British Timken, Limited, 
Cheston-road, Birmingham, 7, it is stated that the axlebox 
had run over 2,000,000 miles without any attention 
except lubrication. The report consists of a series of 
well-produced photographs which clearly show the 
remarkable condition o: the rollers and cups. 


Research in Industry.—A booklet with this title has 
been published by Tiltman Langley Laboratories, Ltd., 
Redhill Aerodrome, Surrey, It contains a short history 
of the company since its formation in 1944, and an 
account of the consulting and other services which it 
provides. At present the company is chiefly engaged on 
research and development for the Ministry of Supply 
and the Admiralty, but commercial work is also under- 
taken. Fields covered include aircraft engineering. 
mechanical engineering and agricultural machinery. 
Biographical notes on the company’s directors ar: 
included in the booklet. 





BOOKS RECEIVED. 

Department of Scientific and Industrial Research. Report 
of the Road Research Board with the Report of the 
Director of Road Research for the Year 1949. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
3s. 6d. net.) 

Foundations of Aerodynamics. By A. M. KUETHE and 
J.D. ScHetTzeER. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
5.75 dols.|] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 46s. net.] 

Gas Producers and Blast Furnaces. By DR. WILHELM 
Gumz. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 7 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 56s. net.] 

Mechanical Engineering Laboratory. By PROFESSOR 
CHARLES W. MESSERSMITH and ASSOCIATE PROFESSOR 
CEcIL F. WARNER. John Wiley and Sons, Incorpor- 
atéd, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 3-50 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 28s. 
net.] 

Press Tool Practice. By P. S. HovucutTon. Part IV. 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 21s. net.] 

Metropolitan Water Board. Forty-Seventh Annual Report 
for the Year Ended 31st March, 1950. Staples Press, 
Limited, 14, Great Smith-street, London, S.W.1. 
[Price 5s.]} 

The Ships We Built, 1875 to 1950. In Dutch, English, 
French and Spanish. N.V. Koninklijke Maatschappij 
“De Schelde,” Vlissingen, Holland. 

Chamber of Shipping of the United Kingdom. Annual 
Report, 1950-1951. Offices of the Chamber, 3 to 6, 
Bury-court, St. Mary Axe, London, E.C.3. 

Electromagnetic Waves and Radiating Systems. By PRo- 
FESSOR EDWARD C. JORDAN. Prentice-Hall, Incor- 
porated, 70, Fifth-avenue, New York, U.S.A. [Price 
10-50 dols.] Constable ard Company, Limited, 10, 
Orange-street, London, W.C.2. [Price 32s. 6d. net.] 

Ministry of Fuel and Power. Safety in Mines Research 
Establishment. Report No. 13. Light Alloy Supports. 
By Dr. W. H. Evans. Safety of Mines Research 
Establishment, Portobello-street, Sheffield. gGratis.] 

Modern Fluorescent Lighting. By A. D. S. ATKINSON. 
George Newnes Limited, Tower House, Southampton- 
street, Strand, London, W.C.2. [Price 15s. net.] 

Trigonometry. By Dr. A. PAGE. University of London 
Press Limited, Warwick-square, London E.C.4. [Price 
18s. net.] 

Métaux. By P. MONTANEL. Librairie Gauthier-Villars, 
55, Quai des Grands-Augustins, Paris (6e), France. 
[Price 250 francs.] 

Différentiels Mécaniques a& Engrenages. By PIERRE 
AUSSANT. Librairie Gauthier-Villars, 55, Quai des 
Grands-Augustins, Paris (6e), France. [Price 325 
francs.] 

Molesworth’s Handbook of Engineering Formule and 
Data. Edited by Dr. ALBERT PETER THURSTON. 
E. and F. N. Spon (Publishers), Limited, 22, Henrietta- 
street, London, W.C.2. [Price 32s. 6d.]} 

Productivity Team Report. Rigid Boxes and Cartons. 
Report of a Visit to the U.S.A. in 1950 of a Produc- 
tivity Team Representing the Rigid Boxes and Cartons 
Industry. Anglo-American Council on Productivity, 
21, Tothill-street, London, S.W.1. [Price 2s. post 
free.] 

The Modern Soap and Detergent Industry. By Dr. 
GEOFFREY MARTIN. Volume II. The Manufacture of 
Special Soaps and Detergent Compositions. Third 
edition, revised and enlarged by EDWARD I. COOKE. 
The Technical Press. Limited, Gloucester-road, King- 
ston Hill, Surrey. [Price 50s. net, postage 10d.] 

1951 Handbook of British Refrigeration Material and 
Home and Overseas Buyers’ Guide. Modern Refrigera- 
tion, Empire House, St. Martin’s-le-Grand, London, 
E.C.1. [Price 20s. post free.] 

Production Engineering for Higher National Certificate. 
I. Machine Tools. By R. DENT. English Universities 
Press Limited, St. Paul’s House, Warwick-square, 
London, E.C.4. [Price 18s. net.] 

The Elements of Soil Mechanics in Theory and Practice. 
By KEVIN LL. Nasu. Four lectures delivered at King’s 
College, London. Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 9s. net.] 

Die Casting. By H. H. DoEHLER. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 8 dols.) McGraw-Hill Pub- 
lishing Company, Limited, Aldwych House, Aldwych, 
London, W.C.2. [Price 68s.] 

Telecommunications Principles. By R. N. RENTON. Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. [Price 
37s. 6d. net.) 

World Railways. 1950-51. A Survey of the Operation and 
Equipment of Representative Rail Systems. Edited and 
compiled by HENRY SAMPSON. Sampson Low, Mars- 
ton and Company, Limited, 25, Gilbert-street, London. 
W.1. [Price 63s. net.] 
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M.S. “ HoLLYwoop.’’—Single-screw oil tanker, buiit 
by Sir James Laing and Sons, Ltd., Sunderland, for 
John I. Jacobs & Co., Ltd., London. Main dimensions : 
490 ft. between perpendiculars by 69 ft. 6 in. by 40 ft. 6 i». 
to upper deck; deadweight capacity, 17,270 tons on « 
draught of 31 ft. 14 in. N.E.M.-Doxford four-cylinder 
opposed-piston oil engine, developing 4,250 b.h.p. at 
110 r.p.m., constructed by the North Eastern Maric 
Engineering Co. (1938), Ltd., Wallsend-on-Tyne. Speed, 
about 12 knots. Trial trip, February 5 and 6. 

S.S.  ‘‘ PROVENCE.”—Twin-screw refrigerated -cargo 
liner, carrying 139 first-class, 100 tourist, and 1,068 thirii- 
class passengers, built by Swan, Hunter, and Wighai 
Richardson, Ltd., Newcastle-upon-Tyne, for the Société 
Générale de Transports Maritimes & Vapeur, Marseilles. 
Tenth vessel built for these owners. Main dimensions : 
540 ft. between perpendiculars by 73 ft. by 34 ft. 6 in. 
to bulkhead deck; deadweight capacity, 8,300 metric 
tons on a mean draught of 26 ft. ; cargo capacity, 372,500 
cub. ft. (116,000 cub. ft. refrigerated). Two sets of 
Parsons steam turbines with single-reduction gearing, to 
develop a total of 15,000 s.h.p. at 120 r.p.m. in service, 
and three Babcock and Wilcox boilers, to be installed by 
the shipbuilders. Speed on trial, 20 knots. Trial trip. 
February 18. 

M.S. “* MTwaRA.”—Twin-screw cargo vessel, carrying 
20 first-class, 28 second-class, and about 350 unberthed 
passengers, built by Henry Robb, Ltd., Leith, for the 
eastern coastal services of the British India Steam 
Navigation Co., Ltd., London, E.C.3. Main dimensions : 
280 ft. between perpendiculars by 46 ft. by 19 ft. 6 in. 
to upper deck; deadweight capacity, 1,800 tons on a 
mean draught of 16 ft.; gross tonnage, 2,550; cargo 
space, 91,300 cub. ft. Two Kincaid-Polar five-cylinder 
single-acting two-stroke Diesel engines, to develop a 
total of 4,000 b.h.p. at 250 r.p.m., constructed by John G 
Kincaid & Co., Ltd.. Greenock. Service speed, 14 knots. 
Trial trip, February 13 and 14. 

* BRITISH SPORTSMAN.’’—Single-screw oil tanker: 
built by Swan, Hunter, and Wigham Richardson, Ltd.. 
Wallsend-on-Tyne, for the British Tanker Co., Ltd.. 
London, E.C.2. Main dimensions: 547 ft. overall by 
69 ft. 6 in. by 37 ft. 6 in.; deadweight capacity, 16,115 
tons on a draught of 30 ft.; gross tonnage, 11,231: 
cargo space, 748,170 cub. ft. Wallsend-Doxford six- 
cylinder two-stroke opposed-piston Diesel engine, to 
develop 6,400 b.h.p. at 115 r.p.m., constructed by the 
Wallsend Slipway and Engineering Co., Ltd., Wallsend- 
on-Tyne. Service speed, 133 knots. Trial trip, Feb- 
ruary 14. 








CONTRACTS. 

RICHARD C. GIBBINS & Co., LTp., Birmingham, have 
secured a contract from the Wellington Harbour Board. 
New Zealand, for the supply of nine three-motor cage- 
operated electric overhead travelling cranes of 2 tons 
capacity, and one crane of 5 tons capacity. The contract 
is valued at a little over 25,0001. 

THE BURNTISLAND SHIPBUILDING Co., LTD., Burntis- 
land, Fife, have secured a contract to build a cargo 
motorship of 11,650 tons deadweight for the Power Steam- 
ship Co., Ltd., London (McCowen & Gross Ltd., mana- 
gers). The propelling machinery will comprise 6,600- 
b.h.p. Hawthorn-Doxford Diesel engines constructed by 
R. & W. HAWTHORN, LESLIE & Co., LTD., Newcastle- 
upon-Tyne. 

MESSRS. WHATLINGS LTD., Edinburgh and Glasgow, 
have obtained a contract valued at 119,4621., for the lay- 
ing of 43 miles of 36-in. diameter concrete-lined cast-iron 
water mains for the Glasgow Corporation Water Depart- 
ment. The contract includes two bridges over railwey 
lines and the construction of a reinforced-concrete 
subway and shafts to carry the main under the Forth ard 
Clyde Canal. Most of the pipes for the contract, to the 
value of 130,0001., are being supplied by the STAVELEY 
IRON AND CHEMICAL Co., LTD. Short lengths of stee! 
pipeline will be used for special works and these will be 
supplied, to the value of 4,0001., by STEWARTS AND 
LLoyps LTp. Valves to the value of 5,000. have been 
ordered from GLENFIELD AND KENNEDY Lp. The 
construction of these works, estimated to cost 286,000. 
in all, is a further step in the Department’s West Main 
Works, which, when completed. will have a total length 
of 11 miles and cost 860,0001. 

HANDLEY PaGE LTD. have received an order from the 
New Zealand Government for a number of long-range 
Hastings military transport aircraft for the re-equipment 
of the Royal N.Z. Air Force. First deliveries are expected 
to be made at the end of this year. Hastings C Mk. It 
aircraft are being supplied. Each has four Bristol 
Hercules 737 engines which give some 2,000 bh.P., at 
take-off. Apart from a different engine, these aircraft 
are basically the same as the Hastings C Mk. II machines. 
which are being delivered to the R.A.F. Transport 
Command. Both Mks. II and III have an all-up wé ight 
of 80,000 Ib., as against the 78,000 Ib. of the Mk. I. They 
also have a larger fuel capacity, which gives an increase 
in range to more than 4,000 miles. 
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THE LAVEY HYDRO- 
ELECTRIC POWER STATION 
FOR LAUSANNE. 

To meet the ever increasing demand for elec- 
tricity experienced by the city of Lausanne, which 
is situated on the northern bank of the Lake of 
Geneva, near the centre, a new hydro-electric power 
station has been constructed recently at Lavey, in 





the Canton Vaud, on the right bank of the River 
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(3 miles) upstream of the power station, where a 
dam has been constructed, and is delivered to a 
surge chamber near the power station through a 
rock tunnel 7-75 m. (25 ft.) in diameter. From 
the surge chamber the water flows through three 
underground penstocks, in which the control valves 
are fitted, to the turbines. From the turbine 
draught tubes the water flows through separate 
channels into the tail race, which is in an open 
channel of trapezoidal section, 700 m. (765 yards) 





in length, leading to the river and is clearly shown 
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Rhone, some 25 km. (15 miles) from the point at 
which the river joins the lake. Current was formerly 
supplied to Lausanne from a water-power station 
at Bois Noir, near St. Maurice, on the left bank of 
the Rhone, and not far from the site of the new 
Lavey power station which will replace it. Eventu- 
ally, the Lavey power station will contain three 
alternators driven by Kaplan turbines, each of 
33,000 h.p., but at present only two sets are in 
Operation. When completed, the station will have 
an annual output of 326 million kWh. Water is 
taken from the Rhone at Evionnaz, some 5 km. 




















in the plan, Fig. 1. The total head available is 
40m (131 ft ). 

The machine room of the power station, the main 
dimensions of which are shown on the sectional 
drawings reproduced in Figs. 2, 3 and 4, is com- 
pletely underground, this method of construction 
having been adopted owing to the geological condi- 
tions existing in this part of the Rhone valley. 
The ground here is mainly alluvial and was not 
considered to have sufficient bearing power to 
support a power station built on the surface without 
taking special precautions which would have added 
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materially to the cost of construction. This, with 
the further advantag> of protection from enemy 
action in the event of war, led to the decision to 
construct an underground power station. The 
switchgear, however, is on the ground level, the 
low-tension gear being enclosed in a building and 
the high-tension gear, to which the transmission 
lines are connected, being in the open air. 

As previously mentioned, the two turbines 
already installed are of the Kaplan type, each 
developing 33,000 h.p. at 214 r.p.m. One of them 
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was constructed by Messrs. Charmilles, S.A., of 
Geneva, and the other by the Ateliers de Construc- 
tions Méchaniques, 8.A., of Vevey. Their general 
arrangement can be followed from the sectional 
drawings, Figs. 2,3 and 4. The alternators, which 
were constructed by Messrs. Brown, Boveri and 
Company, Limited, Baden, generate three-phase 
current at 10 kV +- 12 per cent., and at a frequency 
of 50 cycles per second. The continuous output 
is 29,400 kVA at 0-8 power factor. Closed-circuit 
air cooling is provided and the air is cooled by six 
water-cooled radiators mounted on the casing. The 
main exciter is mounted on an extension of the 
vertical shaft and has a capacity of 187 kW at 
240 volts; there is also an auxiliary exciter of 
5 kW capacity and a small alternator, generating 
50-cycle current at 110 volts, is provided for sup- 
plying the driving motor of the turbine governor. 
The efficiency of the main alternators, including 
the exciter and guide-bearing losses, but not the 
losses in the thrust bearing, exceeds 97 per cent. at 
full load with a power factor of 0-8 ; at unity power 
factor the efficiency is over 98 per cent. 

As can be seen in Fig. 7, Plate XIV, the alter- 
nators are designed so that only the upper bearing 
bracket and the exciters are above the floor level of 
the power station, so that the headroom required is 
reduced to the minimum. There are two guide 











334 


ENGINEERING. 


LAVEY HYDRO-ELECTRIC POWER 


MESSRS. BROWN, 








Fie. 5. Sprper AND RIMS FOR 


bearings ; and a thrust bearing in the upper bearing 
bracket takes the weight of the rotating parts of 
the whole set. The stator frame of the alternator 
fits directly on to the top of the turbine tube ring, 
this being provided with six feet on which rest 
the lower bearing brackets. Sole plates are there- 
fore not required for the alternator. The stator 
frame, which is of fabricated steel plates and 
sections, is shown under construction in Fig. 8, Plate 
XIV, and, as will be seen, is made in two sections, 
The windings have two coils per slot, the individual 
conductors being subdivided in order to reduce 
losses. The rim of the rotor is composed of four 
cast-steel rings shrunk on to two eight-armed 
spiders ; the two pairs of rings for one rotor are 
illustrated in Fig. 5. Dovetail grooves are milled 
in the outer face of the rim for fixing the poles, 
which are of cast steel. Fig. 6 shows one of the 
rotors being lowered into the stator, and careful 
inspection of this illustration will show that the 
poles are set at a small angle with the vertical in 
order to avoid the production of slot harmonics 
in the voltage curve. The thrust and upper guide 
bearings are located in an oil bath which forms the 
centre part of the upper bearing bracket. The 
lower guide bearing, which is located in the lower 
bearing bracket, is self lubricated and water-cooled, 
the oil circulation being effected by the rotation 
of the shaft ; special precautions have been taken 
in the design to prevent the escape of oil vapour. 
To bring the rotor rapidly to rest, a separate cast- 
iron braking ring, whieh can be seen in Fig. 6, is 
provided. Six pairs of brake shoes, operated by 
compressed-air cylinders, bear on the inner and 
outer faces of the ring. A hydraulic jacking system, 
to which pressure oil is supplied by a hand-operated 
pump, is provided for raising the rotor, the weight 
of which is about 110 tons. Its diameter is 4,765 
mm. (15 ft. 8 in.). 

Each of the alternators is connected to a bank 
of three single-phase step-up transformers with an 
aggregate rating of 29,400 kVA and a no-load 
transformation ratio of 11,200-160,000. The pri- 
mary (low-tension) windings are delta connected 
and the secondary windings are connected in star. 





BOVERI AND COMPANY, LIMITED, BADEN, 





ENGINEER NG 





Rotor. 


Fig. 11, opposite, shows one bank of transformers, 
and it will be obvious that they are of the outdoor 
type. Each is fitted with two water coolers for the 
oil, Which is circulated by motor-driven pumps. The 
main dimensions are: length 3 m. (9 ft. 10 in.), 
width 2-3 m. (7 ft. 6 in.), and height, over bushings, 
5-1 m. (16 ft. 9 in.); the weight, with oil, is 
23,300 kg. (23 tons), and without oil 19,000 kg. 
(18? tons). The arrangement of the magnetic 
circuit of the transformers is illustrated in Figs. 12, 
13 and 14. It consists of a central core of hollow- 
cylindrical form, built up with radial laminations, 
and eight D-shaped cores connected to the top 
and bottom of the circumference of the central 
core, as shown in Figs. 12 and 13. Fig. 14 is 
a transverse section of the core, to a larger scale, 
showing the arrangement of the radial laminations, 
which, for clarity, have been shown, greatly increased 
in thickness. The windings are in the form of 
cylindrical coils, with paper-insulated conductors, 
surrounding the central core, the primary coils 
being located at the ends with the secondary coil 
between them. An oil-impregnated paper cylinder 
surrounds the core and is splayed out at the ends to 
form flanges. The whole of the active material is 
enclosed in a closely fitting cylindrical tank, which 
obviously requires less oil than is needed for a 
transformer of the more usual design. 

The general arrangement of the electrical circuits 
at Lavey can best be followed from an inspection of 
the single-pole diagram reproduced in Fig. 15. 
The diagram, it will be seen, is divided into three 
parts by horizontal chain-dotted lines, the lowest 
part relating to the underground power station, 
the central part to the switch-house, and the upper 
part to the outdoor switchgear. The connections 
to the third main generating set, not yet installed, 
are also indicated by dotted lines. The generators 
are connected directly to a 10-kV double *bus-bar 
system and, through the transformer banks, pre- 
viously described, to a 135-kV double ’bus-bar 
system. Connected to this system are three over- 
head transmission lines, one going directly to 
Lausanne and the other two being connected to the 
neighbouring system of the Energie de l’Ouest 
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Swisse, as indicated in the plan, Fig. 1. The 
10-kV ’bus bars are connected through two 7-5-MVA 
step-up transformers, with on-load tap-changing 
gear, to two 60-kV overhead lines, one going to 
Lausanne and the other to the system of the Société 
Romande d’Electricit¢, a supply company in the 
district. Two smaller transformers connected to the 
10-kV ’*bus-bars supply a 6-4-kV double ’bus-bar 
system from which lines are taken to local con- 
sumers, and power is also supplied to the station 
auxiliaries. A turbine-driven auxiliary generator 
and a stand-by Diesel generating set are also con- 
nected to the 6-4-kV ’bus-bars. It is claimed that 
the circuit arrangement outlined above provides the 
high degree of flexibility required in normal opera- 
tion. 

The 6-4-kV distribution gear in the underground 
station is required for the auxiliary alternator and 
for the cables leading to the switch-house. The gear 
is of the oil-less type, for the avoidance of fire risks, 
which are obviously of particular importance in an 
underground installation ; this equipment is indic- 
ated in the bottom right-hand corner of Fig. 10. 
The 6-4-kV and 10-kV equipment in the switch- 
house is arrang>d on two floors without separating 
walls between the cells, and as cell walls, ducts and 
oil sumps were not required, it was possible to con- 
struct the building on simple lines. Figs. 16 and 17, 
page 336, show the three-pole air-blast circuit 
breakers of the 10-kV gear, Fig. 17 being taken from 
the operating gangway side which is completely 
separated from the high-tension side. The circuit 
breakers and isolators are operated by compressed 
air from a distance and push buttons are provided 
for local operation. The breakers are of the high- 
speed air-blast type and the rupturing capacities 0! 
the 10-kV and 6-4-kV breakers are 800 MVA and 
200 MVA, respectively. Multi-core bushing-type 
current transformers are connected between the 
switch-room and the cable-room below, and volta 
transformers of the compressed-air insulated type. 
to eliminate fire risk, areemployed. Allthe isolatir r 
switches are fitted with compressed-air control- 
which can be operated from the gangway 
remotely from the control room. 








— 


| 


E: GINEERING, Marcu 23, 1951. 


PLATE XIV. 





LAVEY HYDRO-ELECTRIC POWER STATION. 


MESSRS. BROWN, BOVERI AND COMPANY, LIMITED, BADEN, SWITZERLAND. 





(For Description, see Page 333.) 























Fic. 7. INTERIOR OF UNDERGROUND Power STATION. 
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(To “ce page 334.) 
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(For Description, see Page 333.) 
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The outdoor switchgear, illustrated in Fig. 9, 
| Plate XV, is supported on a tubular framework in 
| order to keep it above the snow level in winter. The 
| framework can be seen under construction in Fig. 10, 
|on the same Plate. Incidentally, this illustration 
|shows, on the extreme left, the outlet from the 
underground power station leading to the tail-race, 
the switch-house building being on the extreme right. 
Adjoining this, at right angles, is a building used for 
overhauling the main transformers, which are 
located in the angle between the two buildings ; and 
| just to the left of the transformer-overhaul building, 
part of the entrance to the underground station can 
be distinguished as a black rectangle. The layout 
adopted for the outdoor switchgear requires a rela- 
tively large amount of space, but this feature has the 
advantage of facilitating supervision. The isolating 
switches have only two pillar insulators per phase, 
and most of them are remote controlled by com- 
pressed air. They can, however, be operated by 
hand; those which need to be operated only at 
long intervals, such as those for the voltage trans- 
formers and the line-earthing switches, are con- 
structed for manual operation only. The contacts 
are protected so that reliable operation is obtained 
under the adverse weather conditions encountered 
on this site. The voltage and current transformers 
|are of the insulator type and the circuit breakers 
|are of the Brown Boveri high-speed air-blast type, 
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particulars of which will be found in the issue of | 
ENGINEERING for November 17, 1950, on page 365. 
The 135-kV circuit breakers have a rupturing capa- 
city of 2,500 MVA, that of the 60-kV circuit breakers | 
being 1,000 MVA; the rupturing time is 0-06 
second. 

As compressed air is employed extensively 
throughout the plant, particular attention was given 
to the design and arrangement of the compressors 
in order to ensure complete reliability. Two 
electrically-driven compressor sets, illustrated in| 
Fig. 18, are installed in the same building as the | 
indoor switchgear and these charge six receivers, | 
each of 500 litres (17-66 cub. ft.) capacity to a pres- | 
sure of 30 kg. per square centimetre (427 Ib. per 
square inch), which is automatically maintained. | 
Two of the receivers are located near the compressors, | 
one in the same building and three in the outdoor | 
switchgear area. Air from these receivers is 
supplied to the circuit breakers, etc., through reduc- 
ing valves which reduce the pressure to 15-5 kg. per | 
square centimetre (220 lb. per square inch). The| 
capacity of the receivers is sufficient to open and | 
close twice all the circuit breakers in the plant, | 
a total of 27; the air is distributed through a ring- | 
main system so that all the equipment can be 
supplied from two points. Another automatic 
compressor, installed underground, is used exclu- 
sively for the equipment in the turbine room, so that | 











this is independent of the compressor installation 


on the ground level. The receiver, in this case, is| Fic. 18. ComPrRESSED-AIR PLANT. 


of 185 litres (6-5 cub. ft.) capacity and the pressure | 
is the same as that previously mentioned. If Although not yet completed, the Lavey power 
required, however, a compressed-air cylinder may) station is the first underground low-head hydro- 
be substituted for the underground compressor ; | electric power plant to be constructed in Switzerland. 
or the underground system can be connected to the | [t will be clear that both the turbines and generators 
main installation on the ground level. | had to be designed to meet the special problems 
The whole of the plant and the transmission| involved in an underground installation ; and also 
lines are, of course, adequately protected against | that the switchgear had to be adapted to meet the 
every conceivable fault, the protective equipment; different operating conditions which arise when a 
having been supplied by Messrs. Brown Boveri, | considerable number of high-tension lines meet at 
who also supplied the automatic voltage regulators| the site of the station. Reliability and economy 
and atitomatic synchronising apparatus used in| in operation have been the first considerations in 
connection with the generators. | the design and construction of the plant. 








OM-FILLED CABLE INSTALLATIONS.—Pirelli-General 
Cable Works, Limited, Southampton, have sent us a copy 
of the revised edition of their booklet on “ Oil-Filled Cable 
Installations.” This gives complete data in tabula! 
form of the 132-kV, 66-kV and 33-kV oil-filled cables. 
which haye been installed in Great Britain, followed |) 
a similar table of installations in the United Stites. 
Canada, Manchukuo, Eire, the Continent of Europe and 
other parts of the world. The design, manufacture. 
testing, installation and performance of these cable= 1s 
next dealt with briefly; a description is given of |! 
necessary accessories, and finally there are a num 
useful tables of technical data. 
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Steam Turbines and Their Cycles. 

By J. KENNETH SALISBURY. John Wiley and Sons, 

Incorporated, 440, Fourth-avenue, New York, 16. 

{Price 9 dols.]; and Chapman and Hall, Limited, 

37, Essex-street Strand, London, W.C.2. [Price 72s. 

net.] 

So far as steam turbines are concerned, the only 
machines described or even mentioned in this book 
are those manufactured by the General Electric 
Company, of Schenectady, N.Y., with whom the 
author is professionally associated. He justifies 
this exclusiveness by saying that experience has 
shown this particular type to be “‘ by far the most 
acceptable from every standpoint ’—an assertion 
with which the great majority of turbine users and 
manufacturers can hardly be expected to agree ; 
but neither a feeling of resentment at so sweeping 
a claim, nor the absence of any reference to reaction 
turbines—or, indeed, to any type of impulse turbine 
that is not nozzle-controlled—should be allowed to 
‘prejudice the reader against what is really a most 
useful book. Its bias can be the more readily 
forgiven because thermodynamics is an impartial 
science, and the different methods of producing an 
approach to reversibility in the heat cycle, the 
discussion of which forms the most important part 
of the volume, are independent of the kind of 
turbine to which they are applied. 

The book is written by an experienced turbine 
designer for the benefit of engineers having the same 
interests, and, consequently, it differs greatly from 
the ordinary text-books for students. It is divided 
into four parts, of which the first, entitled “‘ Funda- 
mentals of Turbine Design,” begins with a brief 
review of the thermodynamic equations of most 
practical usefulness, the reader being presumed to 
possess some knowledge of the subject. Various 
heat cycles are then considered, including a dis- 
cussion of the super-regenerative cycle proposed by 
Mr. J. F. Field in ENGINEERING of June 6 and 19, 
1944, which is said to be too complicated to be 
practicable. Gas-turbine cycles are also described, 
as well as the Walter cycle, based on hydrogen 
peroxide, which was developed by the Germans in 
the recent war to render their submarine engines 
independent of any air supply. The remainder of 
the section deals with the behaviour of steam in 
nozzles, and blading, and other non-mechanical 
aspects of the design of impulse turbines, including 
the various sources of loss. The leakage through 
diaphragm packings of the labyrinth type is com- 
puted by the formula arrived at by the late H. M. 
Martin, a well-known member of the staff of this 
journal, in which it was first published in our issue 
of January 10, 1908. 

The second section of the book claims to cover the 
complete theory of the regenerative cycle. The 
various arrangements of apparatus for regenerative 
feed-heating are explained, and then the deter- 
mination of the heat consumption of a turbine 
working on a regenerative cycle is arrived at by a 
sequence of four successive approximations. First, 
the heat consumption is calculated for a non- 
extraction cycle for any given steam conditions and 
assumed efficiency of turbine and generator. The 
next step is to calculate the improvement in the 
heat rate that would be brought about by heating 
the feed water regeneratively to the saturation 
temperature corresponding to the initial steam 
pressure, by an infinite number of ideal heaters. 
Thirdly, the proportion of this improvement that 
could be obtained by any specified number of 
equally spaced ideal heaters is determined, many 
useful tables and charts serving to facilitate the 
work. In practice, unfortunately, ideal heaters do 
not exist, and losses due to temperature differences, 
pressure drops, etc., have to be reckoned with. 
Such imperfections are said to increase the heat 
rate, as computed above, by anything from } to 
\} per cent., which is a matter of importance in a 
large unit. In the third section of the book, entitled 
“Cvele Analysis,” these losses are considered indi- 
Vidually and collectively. The treatment is very 
thorough, and includes, apparently, every practical 
‘rrangement of the whole array of heat-recovery 
‘ppliances, of whatever types, from the condenser 








back to the boiler. Heat regenerative systems are 
far from being standardised, as regards either 
apparatus or arrangement, but the author has 
made it as easy as possible for the designer to 
decide on a layout for any given conditions and to 
estimate the results likely to be achieved. The 
fourth and last section of the volume shows sectional 
drawings of a range of turbines from 15,000 to 
100,000 kW, built by the author’s firm, and con- 
tains a number of charts to enable the heat rates 
of large machines to be estimated with fair accuracy. 
A large-scale Mollier diagram, divided into 19 full- 
page sections, and a set of steam tables are provided 
in an appendix. 

The book is a notable addition to the literature 
of the steam turbine, and can be recommended 
with confidence to all engineers concerned with the 
design of such machines. Though there are a 
number of questions at the end of each of the 
24 chapters, the value of the work lies in the 
guidance it gives to the practical designer, rather 
than to the student. It may be worth while to 
point out, however, that the temperature of a gas 
during any change of conditions is not “* an expo- 
nential function of the volume,” as stated ; nor is 
it true that ‘‘a drop in temperature is always 
observed in a non-perfect gas ’’ when the latter is 
throttled, for with hydrogen there is a rise in 
temperature. The formula given on page 19 for 
the work done in a polytropic process is inconsistent 
with that on page 26, the latter being correct. 
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In these times of stress, the course of industrial 
activity is determined largely by political decisions, 
and only a Marxist, for whom political action is 
but a product of economic trends, can claim infalli- 
bility in forecasts based on interpretations of 
economic data. A year ago, the outlook for much 
of the engineering industry was one of declining 
demand, and of marketing difficulties accentuated 
by resurgent German and Japanese competition. 
Little or no immediate fall in output was likely and, 
for equipment with a long manufacturing cycle, 
the decline was not expected until 1952 or 1953. 
Few branches of engineering, however, were un- 
affected by the drop in the flow of incoming orders, 
which, though expected, came sooner after the war 
than was expected. The decision of the Western 
Powers to rearm has completely changed the 
outlook. 

The demand for the products of the engineering 
industry has been stimulated throughout the West- 
ern world by a wave of inflation that came as soon 
as shortages began to be expected, and well before 
re-armament orders were placed in sufficient volume 
to affect the demand for materials and components. 
In March, 1951, however, it is clear that the large 
increase in the Government’s expenditure on arma- 
ments, and their probable refusal to lower signifi- 
cantly their civil expenditure, will lead to the 
shortages of materials expected by those who have 
bought heavily in recent months. 

The Government will have to act quickly if chaos 
and disruption are to be avoided. It is thought 
that, initially, most of their measures will be 
financial—a general tightening of credit and an anti- 
inflationary Budget. No radical change is expected 
from the pattern of the past five years ; purchasing 
power will be cut down, for consumers, probably by 
extension in the range and weight of purchase tax 
on durable goods, and by a small increase in income 
tax—possibly 6d. in the £. An increased profits 
tax is likely, to provide some of the money needed 
to finance re-armament. No physical controls are 
expected until the financial measures have been 
tried out, and, in general, rationing by the purse 
will play a more important part than hitherto. 
Demands for increased wages will be resisted— 
probably fairly successfully, as overtime working 
will once again be an important source of increased 
income for wage-earners. A stricter adherence to 





dividend limitation will be asked for, to justify a 
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policy of wage restraint; and food subsidies will 
be increased, to take off at least some of the rise in 
prices. 

Even if the measures outlined above are adopted, 
some disruption is inevitable and may well lead 
to a fall in productivity instead of the 4 per cent. 
rise expected by the Chancellor of the Exchequer. 
In this event, physical controls, both of materials 
and labour, will be forced upon the Government. 
It should be stated, perhaps, that industrial profits 
on armament work are not likely to be as high as 
in the late 1930’s. Government departments have 
had much experience in costing, and no one expects 
mistakes of the same magnitude to be made in 1951 
as were made in 1938 and 1939. 

On balance, engineering output in 1951 is likely 
to be rather less than in 1950, though how much less 
will depend on the agreements reached with the 
United States Government on the allocation of raw 
materials. At the same time, re-armament is not 
yet on a sufficient scale to disrupt the national 
economy ; changes are inevitable, but they will be 
gradual. The timing of re-armament, coming at 
the beginning of a world-wide recession in capital 
investment, will ensure that much of the capacity 
needed for arms is found where orders are falling. 
The principal export markets, the main source of 
food and raw materials, are enjoying a high degree 
of prosperity from the high level of commodity 
prices, and their demand for capital goods of all 
kinds is likely to increase. Heavy Government 
orders under the defence programme, however, 
have necessitated the curtailment of supplies of 
many items to the civilian market. 

It is idle to speculate on whether the new condi- 
tions are temporary or permanent, but no manu- 
facturer, however pessimistic he may be about the 
imminence of war, can afford to assume their 
permanence and to make no preparations for a future 
in which success will depend on ability to offer 
better or cheaper goods than competitors, in a 
declining market. 

Defence expenditure for the year ended March 31, 
1952, will be about 1,300/. millions, provided that 
the necessary raw materials and machine tools can 
be imported. The total defence budget (excluding 
stock-piling) in the next three years is estimated at 
4,7001. millions, nearly half of which will be for 
production. The ‘ Bulletin for Industry” for 
February, published by the Treasury, points out, 
however, that rising import prices may add as much 
as 4001. millions to the cost of the same volume of 
imports in 1951 as in 1950, and that, even allowing 
for higher invisible earnings and some rise in 
export prices, a further big expansion in exports 
will be needed to meet the larger import bill. In 
the Prime Minister’s words, ‘* The situation is the 
more difficult because re-armament exports and 
investment all make large direct claims on the 
engineering and metal industries—these at present 
provide nearly half of all exports.” It is hoped 
that there will be an expansion in other types of 
exports (especially textiles and other consumer 
goods) sufficient to compensate for the inevitable 
decline in exports of engineering products. Few 
sections of engineering will escape the general re- 
adjustment, which, for most, will mean a difficult 
struggle to extend capacity, but for some, producing 
less essential types of consumer goods, a restriction 
of output of their own products and conversion to 
other work. 

The principal material shortages are in the non- 
ferrous metals and sheet steel, but the supply of 
ordinary grades of steel also gives rise to some 
anxiety. Production in 1951 is not expected to be 
any higher than in 1950. More than half of the 
iron ore consumed in the United Kingdom has to be 
imported, and the world demand on overseas pro- 
duction has increased sharply. Scrap iron has 
to be obtained in large quantities from abroad and 
supplies available from Germany, formerly the 
main source, are much smaller. The output of stee} 
will also be affected by the shortage of coal and 
coke ; nevertheless, but for duplicate ordering and 
panic buying, it is thought that supplies would be 
sufficient to meet current needs. The Government, 
moreover, may themselves be to blame in some 
measure for the panic buying, in not having giver 





any clear indication of the extent of the call that 








re-armament wuts make on avidin pana 
The shortage of sheet steel may ease somewhat at 
the close of 1951, when the new rolling mills at 
Margam, in South Wales, come into operation. 
By that time, however, the re-armament demand will 
have increased, and supplies to the motor-vehicle 
industry may be little more than in the first quarter 
of the year, when they are not expected to exceed 
85 per cent. of supplies in the last quarter of 1950. 

Of the non-ferrous metals, zinc is the scarcest, 
and some consumers are getting only 50 per cent. 
of the supplies obtained in 1950. General consu- 
mers of copper are limited to 85 per cent. of their 
rate of consumption in the first six months of 1950. 
Supplies of aluminium to fabricators are limited, 
as from January, 1951, to 15,000 tons a month ; 
this compares with 17,000 tons in October and 
18,000 tons in September. Nickel supplies are also 
cut, to 90 per cent. of the rate in the first half of 
1950. Production for the home market of a wide 
variety of consumer goods embodying copper and 
zinc has been prohibited, and is permitted for export 
only if, in the case of the dollar markets, the finished 
product is at least 15 times, and in the case of other 
markets 50 times, the value of the constituent 
copper and zinc. In general, however, the only 
control exercised by the Government is over sup- 
plies to first-line users of the metals, who are asked 
to consider important objectives, such as the need 
for dollar exports, when allocating their products. 
The Ministry of Supply steps in only to deal with 
unforeseen difficulties and the anomalies which are 
bound to arise. Mr. G. R. Strauss, however, speak- 
ing at Eastbourne on March 3, gave a warning 
that the scarcity of some metals might become 
worse and that, if this were to happen, ‘‘ We shall 
have to eliminate further the less important uses, 
and if, for a particular metal, that is still insufficient, 
we shall have no alternative but to apply a fully 
detailed control.”’ 

The demands of re-armament on labour will be 
considerable. The Chancellor of the Exchequer 
has said that, when the new programme is fully 
under way, it will occupy about one in every five 
of the labour in the engineering industries. This, 
of course, is nothing like 100 per cent. war footing, 
for, at the peak of the recent war, four out of every 
five in these industries were making arms. The 
difficulty will not be so much an overall shortage 
of labour; so far, indeed, the main result of re- 
armament has been to cause unemployment in the 
motor-vehicle industry and in many branches of 
light engineering, and to put others on short time— 
a state of affairs which may become worse with 
further deterioration in the supply of materials. 
The main problem will be specific shortages of 
skilled labour in such industries as aircraft and 
machine-tools, which have most vital contributions 
to make to re-armament. It was hoped that the 
wages agreement reached in November after pro- 
tracted negotiation would mean good labour rela- 
tions in the engineering industry ; but the settle- 
ment, which raised minimum wage rates in the 
industry by between 8s. and lls. a week, did not 
affect the more highly paid piece-workers, dis- 
satisfaction among whom has resulted in a ban on 
piece work in many factories in the North of 
England. 

If higher productivity was vital to Britain before 
re-armament, it is even more essential now. 
Numerous reports by Productivity Teams from 
various industries visiting the United States were 
published in 1950, and all agreed substantially on 
many important points. Most assign a high 
degree of responsibility to such imponderables as 
“* productivity conscicusness ’’ for the higher pro- 
ductivity in the United States. There is, however, 
& growing realisation that these are not simply 
emanations of a distinctive American character, 
but rather the product of certain historical and 
economic conditions. Industrial development in 
the United States came later than in the United 
Kingdom, and, in the expanding economy in that 
country, the trade unions have had to concern 
themselves less with security of employment and 
more with raising wages. Aggressive action to 
increase wages forces managements to reduce costs 
by installing labour-saving machinery. In Britain, 
where bitter experience taught the unions to seek 
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‘einai of aaiiinetassia there has been less incentive 
to mechanise. Direct subsidies to manufacturers 
for the purchase of up-to-date machinery and 
equipment are not an outstanding success, as experi- 
ence in the cotton textile industry shows, and an 
increase in depreciation allowance would probably 
also provide little incentive to re-equip. Pressure 
from the unions to increase wages, as in the United 
States, would be less effective and might even be 
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dangerous if, having failed to stimulate more 
efficient production (as must happen if the machines 
are not there to be bought), it simply increased 
inflation. 

The high tax levied on profits in the United 
Kingdom, whether for distribution or ploughing 
back into the business, tends to reduce the incentive 
to cut costs and some manufacturers would simply 
pay higher wages by letting gross profits drop, so 
that the only loser would be the Exchequer. Ameri- 
can incentives could not easily be applied in Britain 
without thorough readjustment of the entire 
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economy. Moreover, it is not at all certain that 
they are desirable under British conditions. United 
States manufacturers are able to make use of highly 
specialised machinery mainly because of a large 
home market, schooled to take standard products, 
British manufacturers, with a comparatively small 
home market, would have considerable difficulty 
and would require much time to make standard 
lines acceptable in the widely varying conditions 


TABLE I.—UNITED KINGDOM: OUTPUT OF CERTAIN INDUSTRIES CLASSIFIED AS GENERAL 


NTHLY AVERAGES). 





Sebiecticonliasai eee . a zt Bs aan t 
} 1950. 
a: eee ere : e 
—— { 1948. | 1949, | | 
Ist 2nd 3rd | 4th 
| Quarter. | Quarter Quarter. | Quarter 
i | ite | ee mua nen <j ve =v | 
By Value (£1, ante | 
Steamengines .. Fe! av 60 69 | 68 72 80 83 
Internal-combustion engine Bis if el 2,256 | 2,787 | 3,108 | 3,260 3,094 3,246 
Pumps and pumping plant .. pi a 1,178 | 1,293 | 1,499 } 1,457 | 1,385 1,545 
Air and gas compressors wt i ea 488 } 486 | 497 609 490 - 
Portable power tools .. os re ne 653 690 680 720 702 
Welding machinery ee —- “ Ps 211 176 201 200 19 2 aoe 
Industrial turnace +e ea Fs oa 486 563 | 623 656 701 797 
Water-treatment plant | 244 285 285 265 280 411 
Fire extinguisher and sprinkler plant... | 307 | 352 341 400 412 564 
Needles and fish-hooks as wal 132 130 133 139 127 
Lawn mowers .. oe o- o- .- 231 | 254 437 357 218 
Typewriters ae i. 172 | 272 | 332 377 386 451 
Accounting and similar ‘machinery ne ae 555 717 907 892 996 1,122 
Other office machinery oil 352 342 428 446 423 | 541 
Printing and bookbinding machine ry. a 951 1,187 1,375 1,367 1,440 1,651* 
Tanning and leather-working mac hinery ot 69 73 77 71 75 92 2° 
Tobacco and cigarette-making machinery .. 327 322 | 323 285 | 275 | 27 * 
Conveyors and elevators Se mee - 614 868 | 910 869 1,059 | 1,146 
Cranes .. wal 954 1,051 ! 1,064 1,051 1,049 } 
Other mechanical handling equipme nt oe 734 878 1,015 1,026 1,051 | -—- 
Excavators and parts oe) 456 561 634 624 584 _— 
Farth-moving e — nt 3 ae oa 264 316 | 474 471 470 
Koad rollers ; ee os Ae: 233 166 158 | 165 162 
Quarry plant |: ie 179 is8—si| 212 193 199 
Pile-driving and well-drilling equipment oi 76 100 116 88 99 
Asphalt and tar macadam plant ns 119 | 123 97 123 131 
Concrete mixing and handling mac’ hinery a 310 | 291 315 307 346 
By uantity v (thousands e 
Clocks, mneZd guar i ‘ be ee 215 338 380 388 374 472" 
» electrical aa oy = ey 60 43 37 40 41 05* 
Watches ae re ne 67 74 103 109 114 150* 
Works trucks, fork-lift . zs se ee 106 124 137 151 144 153 
311 399 403 374 407 
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Air and gas compressors and exhausters. . | 3,640 7,163 7,326 | 9,432 | 573 2,695 3,042 
Boot and shoe machinery St a on 456 747 | 872 931 2 624 
Cement-makirg machinery or of a 951 6,701 9,020 11,821 968 
Centrifugal drying machinery a pe ..| 2,305 | 884 1,120 | 1,793 370 
Concrete-mixing machinery “ xe x 1,559 6,522 4,998 | 4,918 | 1,090 | 
Condensers. ‘| 1,998 | 1,182 | 1,827 | 1,643 | _ 518 | 
Cranes, hoists ‘and other lifting machine ry oval 212 43,682 38,660 37,665 7,775 | 
Dairy machinery .. a 2,020 | 2,593 2,730 | 1,542 | 
Excavating and similar digging machinery A 23,418 | 37,911 | 29,855 | 7,942 
Fans, power-driven - — | 2,087 | 2,817 2,802 | 1,538 | 
Food preparation and sterilising m machinery ..| 2,331 7,149 | 8,010 | 10,010 3,511 | 
Furnace plant .-| 5,29 | 5,447 | 4,285 | 5,531 1,088 | 
Gas and chemical machinery | 4,166 10,177 | 15,454 | 12,683 3,668 } 
Grain-milling machinery oe 0 .-| 1,975 | 5,980 | 6,972 | 7,698 2,12: 
Hydraulic machinery j ..| 2,508 | 1,408 | 1,818 | 2,340 
Laundering and al cleaning machinery .-| 1,141 | 4,400 5,436 13,984 
Lawn mowers as: 760 | 3,746 | 3,320 6,910 
Office machinery .. ..| 986 | 2,467 | 2,585 | 8,573 | | 
Packing, packeting and labelling machine Ty 319 2,070 3,402 
Portable power tools : ah 570 2,299 2,784 
Printing and bookbinding machinery of ..| 4,139 13,170 15,719 
Pulp and et ware machinery , ..! 7,228 4,985 6,305 | 
Pumps ar ; Pe ..| 8,299 | 19,023 21,416 | 
Road rollers. 4 2 Ms ba 2,799 | 4,159 | 4,610 
Sewing machines and parts" x .-| 11,709 15,045 | 15,731 
Tobacco and cigarette-making mac ‘hinery aa 983 | 2,166 | 1,963 
Sugar-making and refining machinery .. i 8,363 18,910 13,390 
Weighing machinery ~~ — a os 2,138 4,061 | 4,717 
Welding machinery. . ae ex a e -—- 10,273 | 13,628 
Woodworking machinery .. Su ot - 1,441 | 5,688 5,567 | 
Ball and roller bearings ee es 1,691 3,077 3,193 

Medical and surgical instruments. ve oe — — | -— — 
Ophthalmic instruments a ws “ _— - | — | _ 
All other scientific instruments... att “al _ — | — | — 
Clocks and watches . : 7 ‘i a _- -— -- a -- 

Total .. ae o oy .., 105,487* | 230.239* | 259,805* 05¢ | 2 78,744" | 16,050 | 79,427 | 92 230 | 108,071 


° Exe luding the last four categories. 


in scattered export markets, even if they adopted 
American tactics of aggressive selling. 

One consequence of increased mechanisation 
the elimination of skill and the disappearance of 
the craftsman—will be considered by many 4 
socially undesirable. It is, however, @ mover: nt 
which is already under way in Britain. The 
shortage of skilled engineering labour in the Mid- 
lands is due to no small extent to the high wages 
obtainable for relatively unskilled work at the 
conveyor belt in such mass-production industries 
as motor-vehicle construction, which have attracted 
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skilled labour. Moreover, there is ample evidence 
of a general levelling up of wage rates between 
the skilled and the unskilled. The incentives to 
individual effort provided by piece work are also 
diminished, and so payment by the piece tends to 
become less prevalent. The present wage disagree- 
ments in the engineering industry may not be a 
simple matter of wage levels and cost of living, but 
a delaying action fought by the more highly paid 
craftsmen and piece-workers to maintain their 
status. However regrettable, the further elimina- 
tion of manual skill in engineering is inevitable—the 
trend is there for all to see. One Productivity 
Report, that of the team from the Diesel locomotive 
industry, goes so far as to observe “that, if the 
simplification of methods recommended in the 
report is achieved, craft trades and trade appren- 
ticeship as at present known in Britain will be 
abolished.”” This is but one aspect of American 
production methods, the adaptation of which, in 
greater or less measure, to British conditions will 
be essential if Britain is to achieve the economic 
objective. Whether the adoption. of American 
methods will be retarded or advanced may depend 
upon the trade unions as well as on the Government 
and management. So long as the cost of labour is 
relatively low in this country, the changeover to 
intricate machinery is likely to be delayed. 

An outstanding difference between British and 
American methods is the extent to which mechanical 
aids, handling devices and power-operated hand 
tools are used. The report of the Productivity 
Team on this subject, entitled ‘‘ Materials Handling 
in Industry,”’ agrees in the main with the generalised 
conclusicns of other reports given above. It is 
stressed that the benefits arising from mechanical 
handling equipment in the United States have been 
attained, not by new devices unknown on the 
British market, but because of economic incentives 
which produce a tireless search for improvement. 
From a purely technological standpoint, both 
countries are equal. The National Mechanical 
Handling Exhibition and Convention which opened 
in May at Olympia, where 170 firms occupied 
200,000 sq. ft. floor space, was sufficient prceof of 
the progressiveness of British manufacturers of 
such equipment. Since, moreover, its output has 
been increasing, British industry has not been 
entirely blind to the advantages accruing from its 
use. In the period January to November, 1950, 
1,600 fork-lift trucks were produced, compared with 
1,335 in the corresponding period of 1949 and 1,272 
in a full year in 1948. The output of conveyors 
and elevators was valued at 10-5/. millions in the 
first eleven months of 1950, compared with 8-3J. mil- 
lions in the corresponding period of 1949. The 
production of portable power-tools in the first 
three quarters of 1950 was 6-31. millions, 300,000/. 
more than in the corresponding period of 1949. 

Conveying and handling equipment is of particular 
importance to civil engineering, some aspects of 
which have been transformed since the war by the 
use of heavy motorised appliances. Hitherto, this 
type of equipment has been produced almost 
exclusively by United States manufacturers. Lighter 
types have always been manufactured in Britain, 
but it is only comparatively recently that the 
construction of heavier types has been undertaken. 
Blaw Knox, Limited, have developed the first 
British self-propelled scraper, and Aveling Barford, 
Limited, a 12-ton dumper lorry. The Economic 
Co-operation Administration announced in Decem- 
ber that the Euclid Road Machinery Company of 
the United States are to open a factory near 
Glasgow, for which E.C.A. has provided an invest- 
ment guarantee of 857,000 dollars. Initially, the 
factory is to produce a rear-dump lorry, but a wider 
range of equipment will be made later. Euclid’s 
venture, however, has not been undertaken with 
the British home market in mind, but primarily as a 
means of tackling the large “sterling ’’ export 
markets represented by the Dominions, to which 
it is proposed to ship three-quarters of the output. 
Rapid post-war development in these countries 
has called for public works construction on a large 
scale, which is expected to continue for some time, 

The total British exports of excavators and other 
digging and levelling equipment for 1950 were 
6-91. millions, 11. million less than in 1949; but 
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this drop is accounted for by the closure of the 
Groundnuts Scheme, exports to East Africa falling 
from 1-4l. millions in 1949 to 246,000/. in 1950. 
The output of excavators and earth-moving plant 
has been steadily upward. In the first three quar- 
ters of 1950, 1,290 excavators were produced, 288 
more than in the corresponding period of 1949. 
The value of earth-moving equipment produced 
from January to September, 1950, was 4-2I. mil- 
lions, 1-41. millions more than in the first nine 
months of 1949. The output of most other types 
of civil-engineering contracting plant, with the 
exception of asphalt and tar-macadam rollers, the 
production of which was depressed by the reduced 
level of road construction, also increased in 1950. 
Though office machinery has little in common 
with conveying and handling plant, it also makes 
an important contribution to the earning of foreign 
exchange. The output of typewriters from Janu- 
ary to November, 1950, was valued at 4-21. millions, 


TABLE III.—United Kingdom: Exports of Machinery 
by Value. (£1,000). 

















To 1938. 1947. | 1948. | 1949. | 1950. 
Irish Republic 1,609 5,851 7,900 7,560 8,470 
Israel .. 7. 186 3,125 1,376 1,118 2,238 
British West 
Africa ..| 1,059 | 1,855 | 3,442 | 4,297] 5,142 
Union of South 
Africa a 7,503 14,347 20,528 | 22,258 | 24,947 
Southern Rho- 
desia. . 2 442 1,234 1,915 3,096 3,486 
British East 
Africa na 505 2,268 5,339 6,886 5,483 
India, Pakistan, 
etc. .. ee 7,836 | 29,957 36,086 42,298 37,285 
British Malaya 1,692 | 3,246 3,393 3,821 4,346 
Australia pa 4,812 10,621 19,306 23,944 33,410 
New Zealand .. 1,692 4,496 7,625 7,281 9,077 
Canada an 1,558 3,663 4,909 4,961 9,141 
U.S.S.R. 2 3,348 10,408 3,538 6,541 9,994 
Finland s 548 1,503 2,875 2,987 2,894 
Sweden xi 1,028 4,836 7,434 6,903 10,490 
Norway aA 405 3,483 4,649 5,748 5,823 
Denmark = 519 2,899 4,598 4,470 4,257 
Poland wa 1,025 997 1,120 3,459 3,300 
Netherlands ..| 1,975 6,517 | 10,680 | 10,647 | 12,553 
Belgium eat 894 5,453 7,040 6,884 7,898 
France ae 1,423 4,874 8,230 7,115 8,330 
Switzerland .. 285 1,832 2,441 1,933 2,097 
Portugal os 307 1,968 3,240 3,090 4,746 
Spain .. a 136 1,276 1,951 2,086 2,117 
Turkey. . ca 608 2,085 3,021 2,511 2,786 
Indonesia bes 330 1,213 2,599 2,685 2,442 
Egypt .. a 794 | 5,256] 7,027] 8,032] 6,787 
Iraq... oe 432 2,664 3,823 3,265 2,300 
Iran... a 1,157 2,326 3,598 6,073 5,974 
China .. — 1,013 2,586 2,447 666 768 
United States of 
America... 628 2,128 3,113 3,119 3,867 
Venezuela ate 137 1,865 3,193 3,701 3,465 
Brazil .. a 1,226 4,997 6,455 8,648 10,659 
Argentina in 1,339 5,310 8,949 8,074 6,781 
Other Countries 9,417 | 23,503 19,077 | 42,524 53,191 
Total .-| 57,868 | 180,642 | 232,917 | 278,741 | 316,904 




















1-2/7. millions more than in the corresponding 
period of 1949; that of accounting machinery was 
10-71. millions, 2-71. millions more; and output 
of other office machinery, 5-01. millions, or 1-3. 
millions more. Much of the increase in output 
of typewriters was sold overseas, exports increasing 
from 790,000/. in 1949 to 1-5l/. millions in 1950, 
but better supplies have also been available to the 
home market, and imports of foreign makes were 
reduced from 1-55l. millions in 1949 to 971,0001. 
in 1950. Under the “liberalisation ’’ programme 
of the Organisation for European Economic Co- 
operation, Italian, Swiss and Western German 
makes are imported without licence, and have the 
advantage that they are immediately available, 
whereas a would-be purchaser of British makes 
may have to wait for two years. 

All the British makers of typewriters have been 
expanding their capacity, and, of the five large 
American companies, one, Remington, have already 
gone into production in Britain and another, 
Underwood, have obtained Government approval 
to do so here. Electrified typewriters which can 
give a score of clear copies, instead of the half-dozen 
obtainable on ordinary models, have now estab- 
lished themselves, and another American concern, 
the International Time Recording Company, pro- 
pose to set up a factory to make them. As a result 
of present expansion programmes, it is estimated 
that the production of typewriters will reach 200,000 
in 1951, compared with about 130,000 in 1950. It is 
hoped to turn out 250,000 machines in 1952, risin” 
eventually to 300,000 a year. Material difficulties 





may interfere with these plans, for typewriters 











embody aluminium, strip steel and small quantities 
of nickel, and some of the parts are zine die-castings. 
Since, however, the value of a typewriter is high in 
relation to the scarce materials employed, and since 
the dollar-saving capacity of the industry also is 
high, the makers should receive favourable treat- 
ment in the matter of priorities. The progress in 
the accounting-machinery industry also has been 
considerable, the output having trebled since 1947. 
The value of its exports in 1950 was 1-31. millions, 
twice as much as in 1949 and three times as much 
as in 1948, 

Another industry which is dominated by manu- 
facturers abroad, but is developing rapidly in Bri- 
tain, is clock and watch manufacture. In the first 
ten months of 1950, 3-9 million mechanical clocks 
and 1-1 million watches were produced, compared 
with 3-3 million clocks and 713,000 watches in the 
corresponding period of 1949. The number of clocks 
imported in 1950 was only 214,000, compared with 
541,000 in 1949 and 1-1 million in 1948 ; the number 
of watches imported was only 1-5 million, compared 
with 2-0 million in 1949. The late Sir Allan 
Gordon-Smith, who was chairman of Smiths English 
Clocks, Limited, one of the largest clock and watch 
manufacturing organisations in the world, until his 
death on February 12, described this group as 
now being probably one of the largest exporters 
of clocks. The production of 30-hour alarm clocks 
alone is at the rate of 50,000 a week. Westclox, 
Limited, whose factory in Strathleven was financed 
by funds provided by the General Time Corporation 
of New York, are now making 2,500 alarm clocks 
daily ; the price of the clock has been progressively 
lowered from 35s. 4d. in 1948 to 25s. in 1950, 
and the company, who are extending capacity, 
claim to have a large export trade. The total 
number of British clocks exported in 1950 was 
1-2 millions, 100,000 more than in 1949. Smiths 
English Clocks recently sent a team to the United 
States to study the methods employed in light 
engineering there, and the layout of a new factory 
for the production of alarm clocks is being planned 
in the light of the knowledge gained. 

Yet another industry which has shown rapid 
post-war development is the manufacture of indus- 
trial internal-combustion engines ; the total number 
produced from January to November, 1950, was 
290,000, compared with 220,000 in the correspond- 
ing period of 1949 and 120,000 in 1946. Exports 
of internal-combustion engines for other than 
marine use were valued at 22-2/. millions in 1950, 
compared with 17-41. millions in 1949 and 12-41. 
millions in 1948. The production of industrial 
Diesel engines alone was estimated by The Oil 
Engine at 95,000 units, valued at 25-751. millions; 
about 80 per cent. were exported. Defence con- 
tracts will, however, make it difficult to maintain 
exports; orders so far placed with Diesel-engine 
manufacturers are understood to be valued at 
several million pounds. Some of the largest orders 
have been placed by the Admiralty and, in one 
instance, will involve the building of a new factory. 
Extensions are being made at other factories to 
accommodate work from the Ministry of Supply, 
and other Services contracts. Shortages of steel, 
brass and components will make it difficult, however, 
for manufacturers to meet the normal civilian 
demand as well as Service requirements for engines 
for generating sets, ships’ auxiliaries, and tanks. 

Material shortages are likely to present a difficult 
problem to the iron foundries in 1951. In spite of 
a shortage of suitable labour, the output of iron 
castings has increased steadily from 2-4 million 
tons in 1946 to 3-4 million tons in 1949. In the 
first three quarters of 1950, 2-7 million tons were 
produced, compared with 2-72 million tons in the 
corresponding period of 1949; but the decline in 
supplies of ferrous scrap and pig iron are already 
beginning to affect production. Moreover, the iron 
foundries are finding themselves increasingly in 
competition with the steel industry for its raw 
materials. While steel-making capacity has ex- 
panded rapidly since the war, the blast-furnace 
production of pig-iron has only just kept pace with 
the demand and it has not been possible to build 
up stocks for an emergency. With the fall in 
imports of scrap, steel producers have had to turn 
more and more to pig-iron, with which it is, to 
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some extent, interchangeable. This must mean 
smaller supplies for the foundries and, sooner or 
later, smaller supplies of castings for essential users 
of iron castings. Scrap and pig-iron are allocated 
by licence on the basis of consumption and stocks. 
Supplies are already falling short of the permitted 
requirements by as much as 20 per cent. As a 
result, delivery dates for castings are being gradually 
extended and new customers must expect to wait 
a year. The labour shortage is now the secondary 
problem, but it is estimated that about 6,000 skilled 
moulders are required if the foundries are to meet 
all requirements. 

Activity in constructional engineering was well 
maintained in 1950; the number employed in the 
industry in October was 72,000, 1,500 more than in 
October, 1949. Companies report long order books, 
and the biggest problem is the supply of steel, 
delivery promises for which are long-dated and 
unreliable. Much of the work on hand is for over- 
seas customers, who are largely, but by no means 
entirely, in the Commonwealth countries. One 
representative company, Horseley Bridge and 
Thomas Pigott, Limited, have contracts on hand 
for a large acid-recovery plant for Australia, bridges 
for the Far East, locomotive sheds for Egypt, a 
cement plant for Israel, pipes for South America 
and the Middle East, transmission-line towers for 
Pakistan, and gas plants for many parts of the 
world. Strong competition at low cost is being 
encountered from foreign countries, however, and 
constructional engineers have been viewing with 
some concern the rise in prices of steel, coal, elec- 
tricity, gas and transport. Private constructional 
engineers cannnot be expected to welcome the 
nationalisation of the steel industry, for many of the 
companies taken over are important units in struc- 
tural engineering and bridge-building. These units 
are in direct competition with the private companies 
who fear discrimination in steel supplies and prices, 
backed up by all the machinery of the State. The 
present year should show whether there is any 
justification for these fears. 

Space does not permit of a detailed review of all 
the industries whose output and exports are shown 
in Table I, on page 338, taken from the Monthly 
Digest of Statistics, and Table II, on the same page, 
from the T'rade and Navigation Accounts. For most 
of them, 1950 was a more successful year than 1949, 
but many will find it difficult to maintain a corres- 
ponding output and exports in 1951. Exports of 
machinery are given in Table III, herewith, taken 
from the Trade and Navigition Accounts, which 
shows the achievements of the engineering industry 
in the past few years. Exports in 1950, valued at 
316-91. millions, were 14 per cent. higher than in 
1949 and 36 per cent. higher than in 1948. Some of 
this rise is accounted for by rising prices, but the 
tonnage of machinery sent abroad in 1950 was 
8 per cent. more than in 1949 and 22 per cent. more 
than in 1948. By far the most important markets 
are the Commonwealth countries, all of which (with 
the exception of India, the largest) increased their 
imports of British engineering products. It is 
significant, however, that, despite devaluation, the 
rate at which exports were increasing slowed down 
in 1950. Had there been no re-armament pro- 
gramme, further gains would have been hard to 
achieve in a declining market and in the face of 
increasing competition. Because of the prior call 
of armaments, a fall in exports of 1950 is bound to 
occur, though it will cause machinery manufac- 
turers no anxiety. It would be unwise, however, 
for them to assume that the day has been indefinitely 
postponed when the utmost effort will be required 
to sell their products abroad. 





RoyAL SANITARY INSTITUTE.—-A Health Congress, 
organised by the Royal Sanitary Institute, will be held 
at Southport from April 23 to 27, inclusive. The 
President of the Congress will be the Rt. Hon. Lord 
Hesketh, D.L., and the President of Section B (Engineer- 
ing and Architecture) will be Professor A. J. S. Pippard, 
D.Se,,M.1.C.E. The programme includes a conference of 
engineers and surveyors on April 25, which will be 
presided over by Mr, A. Floyd, B.Sc., M.I.C.E., President 
of the Institution of Municipal Engineers. Further 


THE INSTITUTE OF 
METALS. 


(Continued from page 324.) 

WE continue our report of the annual general 
meeting of the Institute of Metals, held on March 13, 
14 and 15, in London. After the luncheon at the 
Park Lane Hotel on the first day, during which the 
W. H. A. Robertson Medal was presented to 
Mr. Christopher Smith and the first award of the 
Walter Rosenhain Medal was made to Professor G. V. 
Raynor, an afternoon session for the presentation of 
two papers was held. The chair was occupied by 
the President, Professor A. J. Murphy, part of whose 
presidential address is reprinted on page 359 of 
this issue of ENGINEERING. 


INFLUENCE OF OXIDE ON SINTERING OF COPPER. 

The first paper taken was entitled ‘‘ Influence of 
Oxide on the Pressing and Sintering of Copper 
Compaets,’’ and described work carried out at 
Cambridge University by Dr. T. P. Hoar and 
Mr. J. M. Butler. The authors stated that a single 
batch of electrolytic-copper powder had been pre- 
pared, freed from oxide by hydrogen reduction at 
255 deg. C., and superficially oxidised to various 
oxygen contents ranging from 0-11 wt. to 11-2 wt. 
per cent. by controlled low-temperature treatment 
in oxygen. Small cylindrical compacts had been 
pressed at 10, 20 and 30 tons per square inch ; their 
densities were determined in the green state and 
after sintering, and their length changes, during 
controlled heat treatments in reducing and neutral 
atmospheres, had been followed in detail dilato- 
metrically. It had been found that the porosity 
of green compacts decreased with increase of com- 
pacting pressure from 10 tons to 30 tons per square 
inch, and varied in a complex manner with oxygen 
content. The specific volume of green compacts 
increased with increase of oxygen content. During 
heat treatment in reducing atmospheres, the com- 
pact length at first increased, owing to solid thermal 
expansion, inflation due to the expansion of trapped 
gas, and inflation due to gases produced by oxide 
reduction. Shrinkage, due to oxide reduction 
and/or metal sintering, set in at about 600 deg. C. 
It was at first rapid and finally very slow, although 
still observable in compacts heated for four hours 
at 880 deg. C. This ultimate shrinkage was pro- 
bably limited by the rate of diffusion of trapped 
gases from closed pores. Oxide reduction was 
substantially complete after compacts had been 
heated in hydrogen for four hours at 435 deg. C., 
or higher. Oxide volatilised from the outer layers 
of compacts heated for four hours at 755 deg. C., 
in argon or nitrogen. Compacts of sintered density 
of about 8-5 were obtained by heating at 950 deg. C. 
for one hour, or at 880 deg. C. for four hours, if 
the initial oxygen content was not more than 
about 0-5 wt. per cent. For higher initial oxygen 
contents the sintered density decreased to 7-8 for 
an initial oxygen content of 11-2 per cent. (of 
cuprous oxide). The results were considered to be 
in harmony with current general theories of 
sintering. 


EFFECTS OF STRESS-AGEING TREATMENT OF ALLOYS. 

The second paper considered on Tuesday after- 
noon was “‘ Stress-Ageing Treatment and its Effect 
on the Physical Properties of Copper-, Iron- and 
Aluminium-Base Alloys.” It was by Mr. R. F. 
Gill, Mr. E. A. Smith and Dr. R. H. Harrington, of 
the General Electric Company, Schenectady, New 
York, U.S.A., and was taken as read since none of 
the authors was present. In the course of their 
paper, they stated that “‘ stress-ageing ’’ was a new 
treatment which consisted of heating an alloy, for 
the correct time and at a suitable temperature, 
while it was subjected to a specific stress from an 
external load. By this treatment, it was possible, 
in alloys that possessed recrystallisation tempera- 
tures which were effectively above room tempera- 
ture, to double and almost treble the elastic pro- 
perties, to increase the tensile strength, and simul- 
taneously to raise the elongation and electrical 
conductivity. The more economical use of alloys, 





partioulars of the Congress may be obtained from the 
offices of the Royal Sanitary Institute, 90, Buckingham 
Palace-road, London, S.W.1. | 


the replacement of higher-cost alloys by previously 
inferior materials, and some saving of certain metals 
in short supply might prove possible by the employ- 


ment of stress-ageing. Thus this treatment per- 
mitted such alloys as copper-l per cent. cadmium 
and 70 : 30 brass to develop spring properties about 
equivalent to those of pre-heated beryllium copper, 


METALLURGICAL ASPECTS OF CoLD-WORKING. 


The whole of Wednesday, March 14, was devoted 
to the presentation and discussion of five papers 
contained in a symposium on ‘‘ Metallurgical Aspects 
of the Cold-Working of Non-Ferrous Metals and 
Alloys.” ; 

The first paper in the symposium, entitled ‘* Fun- 
damental Aspects of the Cold-Working of Non- 
Ferrous Metals and Alloys,” was by Dr. Maurice 
Cook and Dr. T. L. Richards, of Imperial Chemical 
Industries, Limited, Metals Division, Birmingham. 
This dealt with the nature of the internal or struc- 
tural changes involved in cold plastic deformation 
and not with technological aspects of the subject. 
The authors referred to the nature of the metallic 
state and metallic cohesion in terms of the electron 
theory of metals and gave a brief outline of the 
several mechanisms involved in plastic deformation. 
These, they stated, included crystallographic slip, 
twinning and “‘ kinking,” which involved relatively 
small atomic movements throughout extensive 
regions of the stressed crystals, and shear. When 
strip thickness was reduced by cold rolling in 
excess of about 50 per cent., deformation occurred 
by shear upon planes situated transversely to the 
rolling direction and inclined to the strip surface, 
namely, on planes related to the direction of the 
applied stress rather than to the crystal orientation. 
The authors also described the influence of plastic 
deformation on structure, with special reference to 
the development of preferred orientation in view 
of its technological significance, while the effect of 
deformation on the fine structure as revealed 
primarily by X-ray diffraction studies was con- 
sidered in terms of the dislocation theory. 

The second paper of the symposium dealt with 
“* Lubricants for the Cold-Working of Non-Ferrous 
Metals,” and was by Mr. S. F. Chisholm, chief 
engineer (industrial), Vacuum Oil Company, Limited, 
London. The author stated that lubricants for use 
in the cold-rolling of copper were divided into two 
broad categories, namely, intermediate and finishing 
oils. In the breaking-down process the surface 
finish of the strip was not very important, but 
maximum reductions, per pass, were required. For 
this condition a fairly heavy-bodied oil was selected, 
namely, one of at least 43 Centistokes at 100 deg. F. 
(38 deg. C.). For finish rolling, where a high surface 
quality was essential, a very much lighter oil, of 
about 4 to 6 Centistokes at 100 deg. F., should be 
employed. For most cold-rolling operations of 
aluminium to sheet gauge, a light mineral oil with 
a viscosity of about 4 to 6 Centistokes at 100 deg. F. 
was used. For press drawing, mineral oils varying 
in viscosity from 43 to 220 Centistokes at 100 deg. F., 
and containing either singly or in various combina- 
tions, French chalk, sulphur compounds, chlori- 
nated materials and organic phosphorus compounds, 
to improve the film strength, and synthetic esters 
and fatty oils, to improve the “‘lubricity,’’ were 
advocated. For aluminium tube drawing, the use 
of a viscous mineral oil should suffice. For copper 
tube drawing, mineral oils having a viscosity of 
170 to 220 Centistokes at 100 deg. F., and containing 
metal soaps, chlorinated materials and/or organic 
phosphorus compounds, to improve the film strength, 
and synthetic esters or fatty oils to improve the 
lubricity, might be employed. Mineral oil of a 
viscosity of 45 Centistokes at 100 deg. F., for copper 
wiredrawing, at speeds below 1,000 ft. per minute, 
and of a viscosity of 21 Centistokes at 100 deg. F., 
for speeds of above 1,000 ft. per minute, could be 
used. In both cases, chlorinated materials and fatty 
oils should be added. For aluminium wiredrawing, 
mineral oil of a viscosity of 170 to 220 Centistokes 
at 100 deg. F., containing fatty oil, was advocated 
for drawing speeds of up to 1,000 ft. per minute, 
and mineral oil of a viscosity of 10 to 20 Centistokes, 
also containing fatty oil, for speeds above 1,000 ft. 
per minute. 

‘*The Cold-Rolling of Non-Ferrous Metals in 
Sheet and Strip Form ’’ was the title of the third 
paper in the symposium. It was by Mr. C. E. 





Davies, of Messrs. W. H. A. Robertson and Com- 
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pany, Limited, Bedford, who stated that his contri- 
bution would be limited to the production of cold- 
rolled sheet and strip in the two classes of material 
which formed the bulk of the output of the non- 
ferrous metal mills, namely, copper and copper 
alloys and aluminium and its light alloys. Great 
progress had been made in copper and brass rolling 
during the last 25 years; this advance had not 
only been in the installation and development of 
large modern plant, but also in the medium-sized 
and smaller mills for more specialised production in 
smaller quantities. In both type of plants progress 
had been made not only in regard to an increase 
in the widths of the metal rolled, an increase in the 
weight of the ingots dealt with, and an increase in 
rolling speeds, but also in the installation of more 
modern and efficient mills and auxiliary equipment. 
At the same time, there had been a demand from 
the client and user for better quality, surface finish, 
and accuracy of product. 

While considerable progress in the technique of 
cold-rolling aluminium and its alloys had been made 
during the last 20 years or so, this progress had 
continued with greater rapidity during the recent 
war and post-war years. Previously, only rela- 
tively light ingots of about 250 lb., 3 in. or 4 in. 
thick, had been available, and such small slabs 
were hot-rolled in simple non-reversing pass-over 
two-high mills to % in. or } in. thickness, in widths 
of 12 in. to 18 in. Cold rolling of thin strip was 
generally effected in slow-speed two-high mills 
with rolls 12 in. by 20 in., 14 in. by 24 in., or 16 in. 
by 30 in. for finished-strip production. In the 
decade 1925-35, the methods in both sheet and 
strip rolling had been greatly changed by the 
influence of American practice. This had resulted 
in the building and installation, in this country, 
of powerful two-high strip mills having rolls of 
large diameter and heavy design. Thus mills having 
rolls 20 in. in diameter by 40 in. face, and larger, 
had been installed. These mills were capable of 
cold roughing from hot-rolled strip about } in. 
thick in widths of 24 in. to 36 in., and of final 
finishing. An example of the latest development 
in two-high strip mills was a 30-in. by 60-in. re- 
versing mill capable of handling heavy coils in 
widths of up to 50 in. Two mills of this type had 
been installed in the Falkirk works of the British 
Aluminium Company, Limited. 

The fourth paper in the symposium dealt with 
‘“‘Wire-Drawing Technique and Equipment,” and 
was by Mr. F. T. Cleaver and Mr. H. J. Miller, of 
British Insulated Callender’s Cables, Limited, 
Prescot, Lancashire. The authors stated that the 
general practice in the non-ferrous metals industry 
was to employ tungsten-carbide dies down to sizes 
of 0-055 in., generally, and sometimes as low as 
0-040 in., and to use diamond dies for all lower 
sizes. The speeds of machines, attained by 1938 
and not sensibly modified since, were of the order 
of 1,500 ft. to 3,500 ft. per minute for the heavier- 
and lighter-gauge products from tandem machines, 
and from 5,000 ft. per minute up to as much as 
8,000 ft. per minute for medium-fine machines. 
Most modern machines were driven by alternating- 
current motors having variable-speed gearboxes, 
generally with three speeds. British practice in the 
production of copper wire had long been stan- 
dardised by the use of wire rods of 0-25 in. diameter. 
For the production of wire of the normal sizes, the 
hot-rolled wire rods, after pickling and washing, 
were drawn on tandem machines, usually provided 
with from five to nine dies, and undertaking reduc- 
tions per draft of between 25 and 30 per cent. 
Copious supplies of lubricant were required. Alu- 
minium wire could be drawn on the same equipment 
as copper or brass, the lubricants generally having 
& vegetable- or mineral-oil base. Die practice was 
not greatly different from that in copper drawing, 
but the finish on the dies must be extremely good, 
in which case very long production “‘ runs ”’ could be 
attained. For fine aluminium-wire drawing, dia- 
mond dies were the most efficient. 

The fifth and last paper in the symposium was 
by Dr. J. D. Jevons, of Joseph Lucas Limited, 
Birmingham, and dealt with “‘The Deep Drawing 
and Pressing of Non-Ferrous Metals and Alloys.” 
The author stated that the design of tools for deep 
drawing and pressing and the apportionment of 


successive stages was still carried out mainly by tool 
designers who relied almost entirely upon their 
own experience and made little use of the small 
amount of existing scientific data. The moving 
heads of the presses used were nearly always 
actuated in one of three ways, namely, by rack and 
pinion, by hydraulic pressure or by crank. At 
present, hydraulic pressure was employed only on 
a small proportion of the total number of presses 
in operation in industry, the majority being actuated 
by a familiar crank, which was simple, cheap, 
durable, easily maintained by non-specialist engi- 
neers and, together with its near relation the cam, 
seemed at present to be the only possible method 
when high speeds were demanded. Materials 
commonly used to make tools for deep drawing 
and pressing non-ferrous metal sheet were tungsten 
carbide, carbon and alloy steels, cast iron, zinc 
alloy, rubber, and wood. When used for dies, 
sintered carbide gave many times the life of the 
best carbon or alloy steel, no matter how treated. 
Furthermore, when properly maintained and 
lubricated, it imparted a remarkably smooth 
surface to the metal drawn through it. From most 
aspects it was the best tool material yet available, 
and only its high cost, particularly when dies 
were of large size, hindered its extensive application. 

Straight mineral oils of varying viscosity found 
wide application for lubrication purposes in many 
kinds of press operation on all kinds of non-ferrous 
metals and alloys, being easy to apply and to 
remove and adequate for many purposes. Fatty 
and compounded oils, solutions and emulsions of 
soluble oils and soaps in water, and proprietary 
drawing compounds, however, were also popular 
and much used. Although the modern tendency 
was to curtail, and whenever possible to eliminate, 
the inter-stage annealing of deep-drawn or pressed 
parts, in many press shops dealing with non-ferrous 
metals and alloys, annealing was likely to remain, 
for some time, an unwelcome yet unavoidable 
process. The present tendency was to use con- 
tinuous conveyor furnaces, whenever the amount of 
work justified the cost, but many shops still relied 
on batch-type furnaces and, particularly on those 
which worked at a relatively low temperature, the 
use of fans to circulate the atmosphere was becoming 
more common. It had to be accepted that, at pre- 
sent, there were no reliable measurements by which 
the deep-drawing and pressing properties of sheet 
could be assessed. When, therefore, a metal or 
alloy was said to have good deep-drawing properties 
it was implied that practical experience, and not 
the precise measurement of certain values, had 
shown this to be so. For the same reason, com- 
parison was most difficult because indefinite terms 
such as ‘“‘good” or “fair” had perforce to be 
utilised instead of numerical values. Deep-drawing 
properties seemed to depend upon the attainment 
of a nice balance, suited to the requirements of any 
particular press operation between what had been 
described somewhat vaguely as ‘‘ ductility ’’ (mean- 
ing ability to flow) and “tenacity” (meaning 
ability to transmit stress without sustaining localised 
““necking”’). Users of sheet, particularly small 
firms, were obliged to leave the planned study of 
such matters to the universities and the research 
associations. 

(To be continued.) 





TRAINING FOR PaRT-TIME TEACHERS.—Evening 
courses of training for practising and intending part-time 
teachers of technical subjects have been arranged by the 
Manchester and District Advisory Council for Further 
Education. A course of eight lectures in ‘“‘ General 
Method ” will commence on Monday, May 21, at Bolton, 
and Tuesday, May 22, at Manchester; and courses of 
four lectures each, on special methods, will commence on 
Monday, June 18, at Bolton, and on Tuesday, June 19, 
in Manchester. For the special-method lectures it is 
hoped to organise groups of teachers interested in the 
following subjects: engineering drawing, mathematics 
(both up to Ordinary National Certificate standard), 
laboratory techniques in engineering science, workshop 
subjects in building and engineering, building science 
and book-keeping. Courses may also be provided in 
wider fields, e.g., electrical and mechanical engineering. 
Further particulars and application forms may be 
obtained from the education authorities of Bolton, 
Bury, Manchester, Oldham, Rochdale, Salford, Stock- 





port, Warrington and Wigan. 
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BRITISH STANDARD 
LOCOMOTIVES, 


At the time the article on the first British Railways 
standard locomotive was published in ENGINEERING 
(on page 126 of the issue of February 2), the end 
elevation and section drawings were not available. 
They arrived shortly before Mr. E. S. Cox delivered a 
paper entitled “‘ British Standard Locomotives” to 
the Institution of Locomotive Engineers, and it is 
now possible, therefore, to reproduce the principal 
general arrangement drawings, both of the engine and 
tender, and to report Mr. Cox’s paper, which was 
delivered this week, on Wednesday, March 21. Figs. 
1 and 2, on page 342, and 3 and 4, on page 343, are 
various end elevations and sections of the first standard 
locomotive (Class 7); Figs. 10 and 11, on Plate XVII, 
are, respectively, a longitudinal section and part-sectional 
plan of the locomotive; and Figs. 12, 13, 14 and 15, 
on Plate XVIII, show the tender. In addition, Figs. 
5, 6, 7, 8 and 9, on Plate XVI, illustrate the new 
engine, in comparison with each former railway com- 
pany’s class of locoriotive which, as stated in the 
previous article, hauls the same type of traffic, namely, 
main-line passenger and fast fitted-freight services. — 

Mr. Cox is the executive officer (design) of the 
Railway Executive; Mr. R. A. Riddles, whose presi- 
dential address to the Institution of Locomotive 
Engineers referred in a general way to the proposed 
standard locomotives, is the Railway Executive’s 
member for mechanical and electrical engineering ; 
and Mr. R. C. Bond is the chief officer (locomotive 
construction and maintenance). Mr. Cox, in his paper, 
said that opportunities for steam locomotive progress 
were in the direction of higher availability and lower 
maintenance costs rather than markedly higher thermal 
efficiency. There wasno means of securing either very 
high steam pressure or exhausting into a vacuum, within 
the restrictions of space and weight. The features sought 
in the new design were: maximum steaming capa- 
city; simplicity; the widest range of mixed-traffic 
working ; good performance of bearings; extended 
use of mechanical and grease lubrication for reducing 
preparation work at sheds; self-cleaning smokebox, 
rocking grate and self-emptying ashpan, to reduce 
disposal work at sheds; engines to be as “ sure- 
footed”’ as possible by a high factor of adhesion, sensitive 
regulator and efficient sanding gear; and, subject to 
these requirements, increased thermal efficiency by 
large grate areas (for low rates of combustion), and 
by high superheat and long-lap valves. 

Bar frames had been proposed for some of the 12 
standard types, but had been ruled out owing to 
difficulties in machining and to the greater cost and 
weight. The Interchange Trials and other trials had 
shown that 6 ft. 2 in. wheels were suitable for speeds 
up to 80 miles an hour, and they were therefore adopted 
for the two 4-6-2 engines so far considered. The 
class 7 design (the first to be produced) and the pro- 
posed 4-6-2 class 6 design were identical except for 
boiler and cylinder capacity and weight, and had the 
same frames. Except for the largest 4-6-2 locomotive, 
not yet considered, the use of only two cylinders was for 
the following reasons: simplicity and accessibility ; 
to eliminate the inside big-end, which was a source of 
trouble; the crank axle was expensive in first cost 
and maintenance ; theoretically, multi-cylinder engines 
were better at starting than two-cylinder engines, but 
observation did not eonfirm this; and four exhausts 
per revolution in general promoted better steaming 
than did six or eight. 

In 1949, two rolling-stock gauges had been stan- 
dardised: a locomotive which conformed to the L, 
gauge might work almost without restriction through- 
out Great Britain, and one which conformed to the L, 
gauge, though of higher power, could run over almost 
all the important lines. Though these gauges were 
not specially restrictive, few existing locomotive 
designs conformed to them, and that was perhaps the 
most powerful reason for preparing new standard 
locomotive designs. The proportion of reciprocating 
weights balanced had been limited to 40 per cent. on 
the heavier new locomotives and 50 per cent. on the 
lighter locomotives, and this, in conjunction with the 
use of light motion parts, had resulted in values for 
the hammer blow which, for the largest engines, were 
only half those given in the Bridge Stress Committee’s 
report, 1928. Thus, although railway civil engineers 
would have preferred multi-cylinder engines for high- 
speed service, it had been possible to make a certain 
contribution to track maintenance. Moreover, more 
than two cylinders for a 4-6-2 type would have increased 
the weight by 3} tons, the first cost by 1,000/., and the 
preparation time by at least one-third, and examination 
and repair costs would have been greater. 

The new classes 6 and 7 4-6-2 locomotives were to 
have a common chassis except that the class 7 would 
have 20-in. diameter cylinders and the class 6 19}-in. 
cylinders obtained by fitting liners. The reduced axle 
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weights of the class 6 were due mainly to the lighter 
boiler. The class 7, with a 20}-ton axle load, had a 
good route availability, but the class 6 was able to 
run over the many additional routes which required 
an axle load of under 19 tons. As between the pro- 
posed new 4-6-0 class 5 engines and the Pacific types, 
there was much standardisation, especially of the 
wheels and motion; the cylinders were of the same 
design but 19-in. in diameter. The boiler, however, 
was the boiler of the L.M.R. class 5 engines, modified 
only in fittings, as this boiler was an exceptionally good 
steam producer, trouble-free and light on repairs. 

Two types of class 4 engines to be built were a 
4-6-0 tender engine and a 2-6-4 tank engine, based on 
the existing L.M.R. 2-6-4 tank type, which rode very 

ily up to 70 miles an hour. Finally, a class 3 
2-6-2 tank engine was to be built ; it would be halfway 
in power and axle load between the existing class 4 
engine and class 2 tank engine of the London Midland 
Region, which, as previously announced, were to be 
two of the 12 standard designs. The cylinders, wheels 
and nearly all the motion and rods would be standard 
with those of the L.M.R. class 4, and the boiler would 
be similar to the No. 4 Swindon boiler, modified to 
carry a dome and a normal type of superheater. 

Mr. Cox then turned to detail features of the designs. 
Special attention had been paid, he said, to the lubri- 
cation system. In engines with roller bearings, two 
mechanical lubricators, one with 12 feeds and the 
other with eight feeds, were fitted. The former would 
supply superheater cylinder oil and the latter engine 
oil. Big-ends, little-ends, coupling-rod pins, valve-gear 
die-blocks, bogie slides and roller bearings would be 
lubricated by oil, but the remainder of the valve gear, 
together with brake gear, pick-up gear and axlebox 
guides, were lubricated with soft grease, using power 
grease pumps, the nipples being grouped as far as 
possible. Cavities were incorporated in the valve-gear 
rod ends to supply grease to the pins through restric- 
tors. Return cranks would have SKF self-aligning 
ball bearings. All locomotives would have Hulson 
rocking grates, self-emptying ashpans and self-cleaning 
smokeboxes. The ashpan capacity was large, for long 
runs, being 50 cub. ft. on the larger Pacific engine. 
All parts requiring attention had been made visible 





and accessible; pipework in particular had been 
arranged where it could be reached, and on tender 
engines the high platform was in the form of an inverted 
channel which shrouded a number of pipes. The use 
of two cylinders meant that the only moving parts 
between the frames were the steam-brake cylinders. 
The spring-hanger brackets were of box form, with the 
spring ends and solid links working inside the box. 
The lower end of the hanger was secured by a cotter 
bearing on a plate registered in the bracket. On 
releasing a safety pin, the plates, hangers, springs, and 
wheel-and-axle assemblies would fall away without 
further ado, or, if the spring only had to be changed, 
the axlebox pin was also released. Weight adjustment 
could be effected by graded thicknesses of cotters. 

For high mileage between repairs, the steel firebox 
had been considered, but in the absence of good water 
experience showed that copper was best. The class 7 
firebox (Fig. 10) was devoid of complexities such as 
arch tubes and thermic siphons. Narrow-firebox 
boilers followed the Swindon-Stanier tradition and had 
easy radii and Monel stays. Where weight was critical, 
high-tensile carbon-manganese steel was more reliable 
than 2 per cent. nickel steel. A low rate of axlebox 
wear was assured by using roller bearings. Timken 
cannon boxes of the solid type were used for coupled 
axles, and managanese-steel liners were fitted to the 
horn-block and axlebox faces of all coupled axleboxes. 

In worn engines, the reversing gear sometimes had 
an adverse effect, and in bad cases the lost motion 
would seriously alter the valve events. On tender 
engines, an attempt had been made to overcome this 
by mounting the reversing screw integral with the 
expansion-link bracket ; a very long nut with trun- 
nions actuated the reversing-shaft arm directly through 
die-blocks. The screw was operated by a cardan shaft 
from the driver’s wheel. The proven longevity of a 
well-designed Walschaerts gear had been relied upon to 
span the shopping mileage period. Recent attempts 
to enclose the gear in an oil bath had not resulted ip 
better performance, as it was impossible to avoid 
the entry of steam and water into the sump. Frame- 
fracture problems had been studied, and the Railway 
Executive had been glad to adopt, on the 4-6-2 engines, 
the feature of Mr. Bulleid’s design in which the frame 
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plate was placed centrally over the horns, to avoid 
eccentric loading of the frames. On other engines 
offset horns were unavoidable, but 1}-in. plates were 
used. 

Two central thoughts had outweighed all others in 
preliminary consideration of the locomotives, namely, 
to have plenty of steam at all times, and to keep the 
rates of combustion relatively low for all duties. The 
free area through the tubes, in relation to the grate 
area, was the criterion of boiler performance. This 
ratio had been made as large as possible ; not below 
14 per cent. There was no difficulty with narrow fire- 
boxes, but it was not often attained with wide fireboxes 
and combustion chambers. Values of 16-2 and 15-9 
per cent. had been attained for the two 4-6-2 designs. 
In an attempt to obtain higher superheat and to 
improve the A:S ratios for the flue-tubes, their dia- 
meter had been increased to 5$ in. on the 4-6-2 boilers. 
This would give steam temperatures about 100 deg. F. 
higher than those for the L.M.R. and E.N.E. Pacifics. 
The draughting arrangements had been based on a 
long series of tests at Rugby and Swindon. The tests 
showed that double and other special blast pipes gave 
an inferior performance at low outputs and were not so 
versatile throughout the whole range as the normal 
single blast pipe. The single chimney and plain blast 
pipe had therefore been retained. A four-jet arrange- 
ment of blower had been adopted. 

The steam circuic had been designed to offer a low 
resistance. The 4-6-2 engines were fitted with multiple 
valve regulators situated on the saturated side of the 
header, and combining large maximum steam area 
with gradual opening. This was of importance in 
engines of this type as regulators without fine regulation 
tended to cause slip. In addition, by placing the 
regulator in the smokebox, a centrifugal steam dric! 
could be used at the steam-pipe inlet. Piston valves 
11 in. in diameter were fitted to cylinders between 
19 in. and 20 in. in diameter, and 10-in. valves tv 
17}-in. to 18-in. cylinders. They had aimed at & 
steam-chest volume between the valve heads of halt 
the piston swept volume. The Interchange Trials 
had shown that a small clearance volume on two- 
cylinder engines could give rise to a marked fore an 
aft movement at certain speeds, even when a larg: 
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proportion of the reciprocating weight was balanced. 
The clearance volume on the standard engines was 
between 10 and 11 per cent. The Gresley type of 
slide bars and three-bar crossheads were used on the 
tender engines, and these, together with 50 tons per 
square inch fine-grain steel for connecting and coupling 
rods, had reduced the weight of reciprocating and 
revolving parts. 

The steam ports were 2} in. wide, and a maximum 
cut-off of 773 per cent. to assist starting gave a valve 
travel of nearly 7} in. on the tender engines. Steam 
lap was 1} in. and lead } in. Starting performance 
was affected by adhesion, in addition to the maximum 
cut-off and the sensitivity of the regulator. Though 
the two-cylinder arrangement gave a less even starting 
torque than the average multi-cylinder engine, the 
provision of an ample factor of adhesion could at least 
ensure that each pound of nominal tractive effort 
was used effectively. The absolute minimum value 
was 4-23—on the largest Pacific—and on the other 
types it was not below 4-5. All engines were fitted 
with steam coils in the sand-boxes (invented by a shed 
foreman named Downs), which very largely avoided 
damp sand. 

Development and testing work on the atomiser 
lubrication system had been undertaken at Swindon. 
The atomisers feeding the cylinders were separate from 
those feeding the steam-chests, with separate steam 
pipes from the control valve in the cab. As the pres- 
sure in a cylinder was not the same as that in a steam- 
chest, this arrangement gave more uniform delivery. 
!iaphragm check valves were mounted on the atomiser 
bodies, away from the cylinders, as heat could adversely 
affect the reliability of check valves. The steam valve 
in the cab was actuated by a slotted link from the 
regulator handle, following Great Western Railway 
practice, but a recent modification was the use of a 
pressure gauge fitted to one of the steam pipes between 
the valve and atomiser. Below about 100 Ib. per 
quare inch this gauge was marked “no oil,” and 
ibove it “oil.” When the locomotive was stationary, 
with the regulator closed, ‘‘no oil” showed, but 
when coasting the regulator handle could be moved 
slightly, without opening the regulator, so as to open 
the atomiser valve. Nevertheless, as the steam which 
in this way was delivered to the cylinders was not 


sufficient to destroy the vacuum in the blast pipe, 
drivers were encouraged to coast with a “‘ cracked ” 
regulator, and the steam-chest pressure gauge could 
be used to indicate the minimum pressure required. 

The best all-round performance of eight types of 
vacuum-brake ejector which had been tested was given 
by the Gresham and Craven SSJ separate ejector, and 
it had been adopted as standard for all engines, in 
conjunction with the same firm’s graduable steam 
brake valve and horizontal-type driver’s brake valve. 
The working vacuum was 2] in. Tests with live-steam 
injectors had shown the superiority in delivery and 
range of the W.R. horizontal type, which was small and 
compact, and three sizes had been standardised. 
Davies and Metcalfe exhaust-steam injectors were to 
be fitted to the three largest types of locomotives. 

The side control forces for bogies and trucks had 
been based on experiment and observation with 
existing engines. Coil springs were used, except for 
one of the pony trucks of the 2-6-2 tank engine, which 
was fitted with swing links to break up any resonance 
between the action of the fore and aft side control. 
With spring side control the vertical weight was carried 
on side bearing pads of bronze working on Ferobestos 
in the lubricated condition. A new range of laminated 
bearing springs had been designed, aimed at reducing 
the range of stress and the maximum static stress over 
much of current practice, with somewhat increased 
deflections per ton. Only nine springs served all 
positions on ten types of engine and three tenders. 
Plain carbon steel, oil or water hardened, was standard, 
as experience showed that silico-manganese steel had no 
ascertainable advantage. 

Simplification had been attempted in the brake rig- 
ging in that compensation and double brake blocks had 
been abandoned. Only two types of hangers, two 
cross-beams, and two brake blocks were required for the 
whole series of engines. The simple S.R. method of 
fixing tyres to wheels had been adopted (the tyre has a 
normal lip on the outside and a very shallow lip on 
the inside, there being no other fastening). 

For intermediate drawgear, the early bar and spring 
arrangement was the most satisfactory type, and, with 
the use of an extended cab footplate, safety links 
were not required, though provision was made for 





coupling in the rare event of a drawbar failure. All 
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attempt to control the behaviour of the engine as a 
vehicle by lateral frictional resistance applied by the 
tender had been given up. If the lateral controls on 
the engine were right, it needed little help from the 
tender. A refined form of rubbing plate above the 
tender springs (in place of spring links) had been 
adopted ; the weight was adjusted by shims. 

Cylinder-cock rodding had been eliminated, owing 
to the lost-motion difficulty, and steam operation 
reduced the layout to a simple arrangement. The 
cocks were held open by a spring unless boiler pressure 
was admitted to the cocks by the driver; thus, if the 
pressure in the cylinder rose above boiler pressure, the 
cocks opened automatically, thereby assisting the 
relief valve. 

Whether the results were good or bad, Mr. Cox 
concluded, there could have been few series of loco- 
motives where more information had been available 
of the results of past practice, or where more examina- 
tion and testing of competitive components had been 
possible. The standardisation covered both large and 
small engines for every category of traffic. As the 
replaced the older types, the whole level of steam stoc 
would rise in versatility, availability and repair per- 
formance. The aim had been to produce good “ all- 
rounders,” not only for mixed-traffic work, but also 
in holding an even balance between fuel efficiency, 
operating perfo and maintenance costs, often 
mutually contrad They had tried to eliminate 
as much grief as le from driving, firing, prepara- 
tion, disposal and examination. The process of simpli- 
fication had meant chopping out a good deal of dead 
wood, not only out of old tradition, but also out of 
new developments which had not justified themselves. 
No standardisation scheme had ever remained, or 
could ever remain, static. Much work lay ahead in 
the re-examination of all details from the point of 
view of more economical manufacture or maintenance. 





Plates XVI, XVII and XVIII, which accompany 
this issue, are obtainable separately (but with Figs. 
5, 6, 7, 8 and 9 replaced by the locomotive end views 
Figs. 1, 2, 3 and 4), on application to the Publisher, 
ENGINEERING, 35 and 36, Bedford-street, Strand, 
London, W.C.2, at the price of l1s., postage included. 
There is only a limited number of copies available. 








NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


FUTURE PROSPECTS IN ENGINEERING INDUSTRY.— 
Quite apart from re-armament, which would perhaps 
affect the engineering industry considerably in the near 
future, there was the prospect of continued employment 
for many years to come, said the Hon, J. K. Weir, 
managing director of G. and J. Weir, Ltd., Cathcart, 
replying on behalf of the industries of Glasgow at the 
recent annual dinner of the West of Scotland Association 
of Foremen Engineers. The large order book confronting 
them, he said, had made them survey the difficulties 
lying ahead. One of these appeared to be the necessity 
for a sufficient and continuing supply of steel. The 
nationalisation of steel could only add to the difficulties 
of direction, and, if the example of what had happened 
in other nationalised industries were to be taken, they 
were not in for a happy time. 





ScoTrTisu CoaL.—The campaign to improve consumers’ 
reserves of coal after this winter’s poor start reached 
a promising stage on February 24, when distributed 
stocks surpassed the 1950 figure for the first time. The 
figures were 908,800 tons this year, against 882,600 tons 
last year. The improvement was well spread, only the 
iron and steel group having less, namely 71,000 tons 
against 72,600 tons. Power stations recorded a good 
gain at 176,300 tons against 149,100 tons and gasworks 
153,800 tons, compared with 128,200 tons, while general 
industry held 343,100 tons against 322,900 tons. At 
one period in January the gap in merchants’ stocks of 
house coal stood at more than 40,000 tons, but, by 
February 24, they had recovered to reach the 1950 figure 
of 80,600 tons. Higher outputs, American imports, 
and reduced railway stocks had improved the position. 

ACTIVITIES OF ScoTTisH Gas BoOarp.—Sir Andrew 
Clow, chairman of the Scottish Gas Board, stated, at a 
Press conference in Edinburgh on March 13, that the 
Board were likely to make an announcement before 
April 1 concerning an appreciable increase in the price 
of gas to consumers. The Board were striving to reduce 
the financial deficit of 283,8761. which had occurred in the 
11 months ended March 31, 1950, this being the second 
largest deficit shown by any of the 12 British Area Gas 
Boards. The production of gas in the period was the 
largest known in Scotland, amounting to 41,400,000,000 
cub. ft., together with 3,200,000,000 cub. ft. purchased 
from coke ovens in Glasgoe and Coatbridge. 

ELECTRICITY NEEDS OF THE WEST OF SCOTLAND.— 
A new power station in the Alloa-Stirling area is to be 
planned and built, and the construction of an additional 
station at Blythswood, near Glasgow, is under considera- 
tion, according to Sir Victor Warren, Lord Provost of 
Glasgow, speaking in Glasgow on March 13, after a meet- 
ing of the Glasgow Corporation special committee on 
electricity supply. The committee had before them a 
report from Sir John Hacking, of the British Electricity 
Authority. This showed that, in the winter of 1951-52, 
increased plant would come into commission in the 
West of Scotland, and that Scotland’s generating capacity 
should be increased by 500,000 kW by the end of 1953. 





TEAK FOR SHips’ DECKING.—One of the problems in 
shipbuilding was to find a satisfactory substitute for 
teak for decking, according to Mr. R. P. Woods, scientific 
officer of the Timber Development Association, speaking 
in Glasgow on March 13, under the auspices of the 
Scottish Timber Development Association Week. Cap- 
tains and chief officers, he said, still insisted that their 
decks should be spotlessly white. Some other timbers 
were like teak in many respects but did not bleach to 
the same extent. 





CLEVELAND AND T NORTHERN 
COUNTIES, 


TYNESIDE INDUSTRIAY EXHIBITION.—In connection 
with the Festival of Bri)ain celebrations at Newcastle- 
on-Tyne, from May 29 to June 16, an industrial exhibition 
will be held in the new Stephenson Building of King’s 
College, and in a temporary “ Palace of Industry ” in 
the Exhibition Park. The Municipal Museum of Science 
and Industry will also be included in the exhibition. 
Among the firms who will be showing working models are 
C. A. Parsons & Co., A. Reyrolle & Co., Clarke Chapman 
& Co., Michell Bearings, Ltd., and Vickers-Armstrongs 
Ltd. Others will be displayed by the North-Eastern 
Gas Board and other public-utility services. 





THE WaGON SHORTAGE.—British Railways (North 
Eastern Region), in reply to complaints of wagon shortage 
and consequent serious interruption to tonnage delivery, 
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issued the statement that ‘‘ Very bad weather in 
December, followed by heavy sickness, caused accumu- 
lation of goods and upset the wagon supply. Five 
thousand more tons of steel have been carried from 
Tees-side since the beginning of January this year than 
during the corresponding period last year, with conse- 
quent pressure on the wagon supply.” 





IRON AND STEEL PRODUCTION.—Statistics issued by 
the British Iron and Steel Federation show that 62,800 
tons of steel ingots and castings were produced on the 
North-East Coast during December, 1950, and that the 
United Kingdom production in the same month was 
293,300 tons. Exports of iron and steel from this 
country totalled 266,000 tons in December, 1950, while 
imports aggregated 54,500 tons. 


LANCASHIRE AND SOUTH 
YORKSHIRE, 


INFLUENCE OF STEEL SHORTAGE.—Craven’s Railway 
Carriage & Wagon Co., Ltd., Darnall, Sheffield, have 
announced that they cannot obtain sufficient steel to 
keep all their men at work; they have had to stand off 
more than 100 men in the steel-erecting department and 
25 in the body-building shop. Although the bulk of the 
firm’s work is for export, they are getting no steel 
priority allocation, and, unless the situation improves, 
more workpeople may have to be made temporarily idle. 
The firm’s representatives have secured export orders in 
the face of keen foreign competition in price and delivery 
date, and the inability to obtain the requisite steel has a 
disheartening effect. 

REVIVAL OF INDUSTRIAL SALVAGE WoRK.—The Indus- 
trial Salvage and Recovery Council is being revived at 
the instigation of the Sheffield Chamber of Commerce 
to enlist the co-operation of industrial concerns in an 
intensified salvage campaign to recover scarce materials 
needed in the re-armament drive and for the export trade. 
It is hoped that all kinds of scarce materials will be 
recovered, including metals and alloys, paper and card- 
board, waste celluloid and plastics. The scheme will 
extend to bringing into use machinery and equipment 
redundant in one works but needed in another. 

HANDICAPS IN STAINLESS-STEEL PRODUCTION.—A 
shortage of nickel has obliged Sheffield makers of stain- 
less steel to change part of their production to the manu- 
facture of the straight-chromium type of stainless steel. 
A substantial alteration in fabrication arrangements is 
necessary and the process is slow. 

EFFECT OF METAL PRICES ON THE BALANCE OF TRADE. 
—A leading Sheffield industrialist, Col. F. A. Neill, 
speaking at the annual dinner of Rotherham Chamber of 
Commerce on March 15, urged the necessity of a proper 
balance in the supply of raw materials, rather than panic 
efforts to deal with individual shortages. He stated that 
the steady soaring of prices, combined with pronounced 
shortages of steel and non-ferrous metals, had com- 
pletely undermined the balance of trade and price struc- 
ture. It was the physical shortages which were disrupt- 
ing production, and it was time for those in authority, 
in sterling and dollar areas, not only to tackle the short- 
ages, but also to make a determined attack on prices. 


THE MIDLANDS. 


THE WEST MIDLANDS GAS BOARD.—The first annual 
report of the West Midlands Gas Board discloses that 
the Board are to spend about 13,000,0001. on improve- 
ments and new plant in their area. The boundaries of 
the Board’s area coincide roughly with those of the 
counties of Herefordshire, Shropshire, Staffordshire, 
Warwickshire and Worcestershire, and so enclose a 
number of highly-industrialised districts. A heavy 
industrial load is carried, particularly in North Stafford- 
shire, where the pottery industry is a big customer, and 
it is of interest to note that the Board also operate the 
only commercial producer of Mond gas—the Dudley Port 
works of the former South Staffordshire Mond Gas 








Company. Both gas production and storage facilities 
are among the. projects authorised, and extensions to 
distribution mains will also be carried out. The con- 
struction of 193-2 miles of gas main, up to 21 in. internal 
diameter, is provided for at an estimated cost of 859,9941., 
the greatest length being in the Birmingham and district 
division. Other projects include gas-making plant—new 
or reconstructed—at a cost of 7,678,2331., and storage 
installations costing 1,207,576l., Birmingham and district 
again having the largest share. When these schemes 
have been completed, the daily capacity will have been 
increased by 92,282,000 cub. ft., and the total cost, 
including miscellaneous items, by 12,944,4941. 





EMPLOYMENT IN THE MIDLANDS.—The effect of the 
steel shortage is becoming more marked. Some dis- 


MARCH 23, IQ5I. 








missals occurred last month, and now Fisher and Lud- 
low, Ltd., are discharging 450 men from their Castle 
Bromwich (Birmingham) and Tile Hill (Coventry) works. 
A further 250 have been declared redundant by the 
Standard Motor Co. at Coventry, as a result of sheet- 
steel shortage. The Coventry Committee of the Con- 
federation of Shipbuilding and Engineering Unions asks 
for short-time working instead of dismissals. 
—— a 

FILM OF PLOUGH PrRopucTIon.—A film entitled ‘* Date 
with a Plough” has been produced at the Darlaston, 
Staffordshire, works of Rubery Owen & Co., Ltd. It 
shows various stages in the manufacture of ploughs, 
which are made under contract for Harry Ferguson, Ltd., 
Coventry, and includes a record of the handing over. 
last November, of the 100,000th plough. 

Gas-TURBINE MoToR CAR.—The Rover gas-turbine 
ear, which was built in Birmingham and is popularly 
known as the “jet” car (its registration number is 
JET 1) has been sent to London, where it will be 
exhibited in the Transport Pavilion at the South Bank 
Exhibition of the Festival of Britain. 





INDUSTRIAL SAFETY TRAINING.—Mr. B. A. Inshaw. 

director of the Industrial Division of the Royal Society 
for the Prevention of Accidents, speaking at the half- 
yearly safety meeting of Tube Investments, Ltd., at 
Oldbury, Worcestershire, on March 7, said that attention 
was being given to the question of safety training in 
technical colleges. Local education committees at first 
responded slowly to the Society’s suggestions on the 
subject, but now it was possible to report that technical 
colleges all over the country have agreed to include 
industrial safety training in their programme. 
THREE MILLION B.T.H. FRACTIONAL HORSE-POWER 
Morors.—The 3,000,000th fractional horse-power motor 
to be made by the British Thomson-Houston Co. came 
off the production line at their Coventry works on 
March 13, in the presence of the Mayor of Coventry 
(Alderman Joseph Howat) and many of the directors 
and officials of the company. It was one of an export 
order of 5,000 }-h.p. 110-volt 60-cycles single-phase 
induction motors for Canada. 


{SOUTH-WEST ENGLAND AND 
= ~ £SOUTH WALES. 


RECRUITS FOR THE COLLIERIES.—An increase of more 
than 100 per cent. in the number of recruits for the 
South Wales coal-mining industry this winter, compared 
with last, is commented upon in a statement issued last 
week by the Central Office of Information. This states 
that, though a seasonal improvement is usual at this 
period, this year’s increase is much greater than has 
been the case latterly. From October, 1949, to Feb- 
ruary, 1950, 514 new entrants and 1,589 ex-miners were 
recruited. In the corresponding period ending February, 
1951, there were 1,076 new entrants and 2,465 returning 
ex-miners, an increase of 109 per cent. An encouraging 
feature, the statement continues, is the number of boys 
entering the industry, which was 2,177 in 1950 against 
1,149 in 1948. 

NEW FACTORIES IN SOUTH WALES.—Speaking at the 
annual dinner of the South Wales and Monmouthshire 
Association of the Institution of Civil Engineers, held in 
Cardiff on March 14, Mr. E. Brunning, chairman of Wales 
and Monmouthshire Industrial Estates, Ltd., said that 
more than 300 new factories had been put up in South 
Wales during and after the war, and, in the past five years, 
his company had spent 12,500,0007. on new factories. 
There was likely to be difficulty and strain for industry 
in the months ahead, but he did not think that the 
Government would abandon their policy of granting some 
priority of supplies to industries in the development areis. 





THE WALES GAS BOARD.—The first report of the 
Wales Gas Board, published last week, shows that, ™ 
the eleven months from vesting day to March 31, 1959. 
a carry-forward of 25,1411. was realised out of a total 
turnover of 5,253,0671. In the twelve months ended 
April 30, 1950, 16,153,000,000 cub. ft. of gas were avail- 
able for sale, against 15,631,000,000 cub. ft. in the 
previous 12 months. Nearly half the gas available had 
been bought from coke ovens, and the proportion pur- 
chased in this way was increasing. 

FAIRWOop AERODROME, SWANSEA.—Estimates for the 
rehabilitation and maintenance of Fairwood Aerodrome 
were considered at a meeting of Swansea Corporation 
Parliamentary Committee on March 12. The borough 
engineer, Mr. R. Hudson, estimated that 7,800. would 
be required to recondition the aerodrome and certain ot 
the buildings, including fencing. Annual maintenance 
would be about 4,3007. The de-requisitioning of the 





aerodrome was likely to take place shortly. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF PRODUCTION ENGINEERS.—South 
Wales and Mon thshire Section: Tuesday, March 27, 
6.45 p.m., South Wales Institute of Engineers, Park- 
place, Cardiff. ‘‘ Defects and Developments in Deep 
Drawing and Pressing,” by Dr. J. D. Jevons. Western 
Section : Wednesday, March 28, 7.15 p.m., Grand Hotel, 
Bristol. Annual Meeting. London Section: Thursday, 
March 29, 7 p.m., Royal Empire Society, Craven-street, 
Strand, W.C.2. ‘“‘ Mechanical Handling in Industry and 
Its Influence on Costs,” by Mr. W. J. T. Dimmock. 
Lincoln Section: Tuesday, April 3, 7 p.m., Canteen, 
Messrs. Ruston and Hornsby, Limited, Boultham Works, 
Lincom. Annual Meeting. Nottingham Section: Wed- 
nesday, April 4, 7 p.m., Victoria Station Hotel, Notting- 
ham. Discussion on ‘‘ Vehicle Maintenance.” 


SOcIETY OF INSTRUMENT TECHNOLOGY.—Tuesday, 
March 27, 7 p.m., Manson House, 26, Portland-place, W.1. 
“‘ Magnetic Amplifiers,” by Mr. D. A. J. Maddock. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—W estern 
Group: Tuesday, March 27, 7.30 p.m., Grand Hotel, 
Broad-street, Bristol, 1. ‘‘ Use of Lightweight Sandwich 
Materials in the Construction of Road Transport 
Vehicles,” by Mr. F. C. Lynam. 


CHEMICAL ENGINEERING GROUP.—Birmingham Sec- 
tion: Wednesday, March 28, 6.30 p.m., The University, 
Edmund-street, Birmingham. ‘“ Relation of the Chemical 
Engineer to the Chemist and Production Engineer in 
Industry,” by Mr. A. H. Loveless. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Southern 
Centre: Wednesday, March 28, 6.30 p.m., The Technical 
College, Brighton. ‘“‘The Planning of an Electricity 
Board’s Distribution System,’’ by Mr. G. O. McLean. 
Western Centre: Thursday, March 29, 6 p.m., Brangwyn 
Hall, Swansea. Faraday Lecture on ‘‘ Lamps and Light- 
ing,” by Mr. L. J. Davies. Radio Section: Monday, 
April 2, 5.30 p.m., Victoria-embankment, W.C.2. ‘“ The 
Automatic Monitoring of Broadcast Programmes,” by 
Mr. H. B. Rantzen, Mr. F. A. Peachey and Mr. C, Gunn- 
Russell. Measurements Section: Tuesday, April 3, 5.30 
p.m., Victoria-embankment, W.C.2. ‘“ An Electronic 
Process-Controller,” by Mr. J. R. Boundy and Mr. 8, A. 
Bergen. Scottish Centre: Tuesday, April 3, 7 p.m., 39, 
Elmbank-crescent, Glasgow. ‘‘ The Design, Specification 
and Performance of High-Voltage Surge Diverters,”’ by 
Mr. H. F. Jones and Mr. C. J. O. Garrard. Institution : 
Thursday, April 5, 5.30 p.m., Victoria-embankment, 
W.C.2. “The Development of the Electrical System on 
the Brabazon Mark I Aircraft,” by Mr. M. J. J. Cronin. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—West 
Midlands Section: Wednesday, March 28, 7 p.m.,, 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton. ‘“‘ Engineering Aspects of Industrial 
Electronic Equipment,” by Mr. R. J. F. Howard. London 
Section: Thursday, March 29, 6.30 p.m., London School 
of Hygiene and Tropical Medicine, Keppel-street, W.C.1. 
“ Nuclear Scintillation Counters,” by Dr. J. B. Birks. 

INSTITUTION OF ENGINEERING INSPECTION.—Wolver- 
hampton Branch: Wednesday, March 28, 7.15 p.m., 
Compton Grange, Wolverhampton. Film Display. West 
of Scotland Branch: Wednesday, March 28, 7.30 p.m., 
The Engineering Centre, 351, Sauchiehall-street, Glasgow 
“Gas Turbines,’’ by Mr. P. MacGregor Ross. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham 
Branch: Wednesday, March 28, 7.15 p.m., James Watt 
Memorial Institute, Birmingham. ‘‘ The Limitations of 
Die Castings,” by Dr. A. C. Street. Wales and Monmouth 
Branch: Saturday, March 31, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. “ Steel 
Foundry Practice,” by Mr. G. T. Hampton. 

ROYAL AERONAUTICAL SociETy.—Thursday, March 29, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘‘ Some Aspects of Modern Naval Aircraft 
Design,” by Mr. D. L. Hollis Williams. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
March 29, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
The Construction of the Royal Festival Hall,” by Mr. E. 
Roland Hole and Mr. F. C. Eales. Midland Counties 
Branch: Friday, March 30, 6 p.m., James Watt Memorial 
Institute, Birmingham. “The Solution of the Car- 
Parking Problem Here and in the United States,” by 
Mr. W. P. Andrews and Mr. P. G. Bowie. Wales and 
Monmouthshire Branch: Friday, March 30, 6 p.m., 
County Buildings, Colwyn Bay. ‘“‘ Structural Engineer- 
ing at Abbey Works,” by Mr. A. V. Hooker. 

INSTITUTION OF WORKS MANAGERS.—London Branch : 
Thursday, March 29, 6.45 p.m., Waldorf Hotel, Aldwych, 
W.C.2. Discussion on “‘ Costing and the Works Mana- 
ger.” Sheffield Branch: Tuesday, April 3, 7 p.m., 
Offices of Messrs. Sheepbridge Engineering Company, 
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Limited, Chesterfield. ‘“‘The Value of Publicity in 
Works,” by Mr. R. Pugh. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Luion Branch: Thursday, March 29, 8 p.m., George 
Hotel, George-street, Luton. ‘‘ Earthing,’’ by Mr. P. W. 
Cave. 


INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
March 30, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. Annual Meeting. Annual Report of the 
Council. South Wales Branch: Thursday, April 5, 
6.30 p.m., South Wales Institute of Engineers, Park- 
place, Cardiff. Meeting of Graduates and Students. 
“Recent Trends in Industrial Design,” by Mr. K. L. 
Brookfield. London Graduates’ Section: Thursday, 
April 5, 6.30 p.m., Storey’s-gate, S.W.1. ‘How Fluid 
Friction Affects the Engineer,” by Mr. N. Bradley. 
Institution: Friday, April 6, 5.30 p.m., Storey’s-gate, 
S.W.1. Meeting in conjunction with the Applied 
Mechanics Group. ‘ Load Distribution in Riveted and 
Spot-Welded Joints,” by Dr. D. Williams ; and “‘ Design 
Stresses in Fillet-Weld Connections,” by Mr. F. Koenigs- 
berger. AUTOMOBILE DIVISION.— Western Centre : Thurs- 
day, March 29, 6.45 p.m., Royal Hotel, Bristol. ‘‘ Develop- 
ment of the de Havilland Series of Engines for Light 
Aircraft,’”’ by Mr. J. L. P. Brodie. North-Western Centre : 
Wednesday, April 4, 7.15 p.m., Walker Engineering 
Laboratories, The University, Liverpool. ‘‘ Performance 
and Weight of Automobile Petrol Engines,” by Mr. 
Donald Bastow. 


NORTH-EAST COAST INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, March 30, 6.15 p.m., Mining 
Institute, Westgate-road, Newcastle-upon-Tyne. “‘ Forg- 
ing Methods,” by Mr. J. C. Stevens. 


JUNIOR INSTITUTION OF ENGINEERS.—Friday, March 
30, 6.30 p.m., 39, Victoria-street,S.W.1. ‘‘ A Review of 
Modern Basic Machine Tools,” by Mr. S. C. North. 
Midland Section: Wednesday, April 4, 7 p.m., James 
Watt Memorial Institute, Birmingham. ‘ Engineering 
Practice in the Production of Tyre Moulds,” by Mr. T. F. 
Luck. Institution: Friday, April 6, 6.30 p.m., 39, 
Victoria-street, S.W.1. Films on “ Precision Machine 
Tools ” and “‘ Metallic Bearing Surfaces,” introduced by 
Mr. S. G. Jennings and Mr. F. Baxter. 


INSTITUTE OF ECONOMIC ENGINEERING.—London 
Branch: Friday, March 30, 7 p.m., Bulstrode Hotel, 
Hounslow. Discussion Group Meeting. Bolton Branch: 
Friday, March 30, 7.30 p.m., Tecbnical College, Bolton. 
“The Wider Application of Incentives,” by Mr. E. 
Hollinghurst. Sheffield Branch: Tuesday, April 3, 
7.45 p.m., Rotherham House Hotel, Sheffield. “ The 
Function of the Personnel Officer,” by Miss A. Pearson. 
Glasgow Branch : Saturday, April 7, 10.30 a.m., Christian 
Institute, Bothwell-street, Glasgow, C.2. ‘“‘ Anglo- 
American Productivity,’ by Mr. Jas. Jackson. 


INCORPORATED PLANT ENGINEERS.—Birmingham 
Branch: Friday, March 30, 7.30 p.m., Imperial Hotel, 
Birmingham. Annual Meeting and Film Display. 
London Branch : Monday, April 2, 7 p.m., Royal Society 
of Arts, John Adam-street, W.C.2. Discussion on 
*“ Electronic Motor Control.” West and East Yorkshire 
Branch: Monday, April 2, 7.30 p.m., The University, 
Leeds. Annual Meeting. South Wales Branch: Tues- 
day, April 3, 7.30 p.m., Grand Hotel, Westgate-street, 
Cardiff. ‘‘ High-Pressure Hot-Water Installations,” by 
Mr. B. Pheasant. Peterborough Branch: Thursday, 
April 5, 7.30 p.m., Offices of Eastern Gas Board, Church- 
street, Peterborough. Film Display, introduced by 
Mr. W. S. Hudson. 


INSTITUTE OF MARINE ENGINEERS.— Monday, April 2, 
5.30 p.m., 85, The Minories, E.C.3. Annual] Meeting. 


INSTITUTION OF CIVIL ENGINEERS.—Sitructural and 
Building Division: Tuesday, April 3, 5.30 p.m., Great 
George-street, S.W.1. ‘‘ The Structural Design of the 
* Dome of Discovery ’ at the Festival of Britain, 1951,” 
by Mr. Gilbert Rogers. 


INSTITUTE OF FUEL.—Tuesday, April 3, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, St. 
James’s Park, S.W.1. ‘‘ Underground Gasification,” by 
Mr. C. A. Masterman. Midland Section: Wednesday, 
April 4, 7 p.m., Offices of Midlands Electricity Board, 
Kingsway, Stoke-on-Trent. ‘‘ Tunnel Kilns for Firing 
Refractories,”” by Mr. R.le Gripp. South Wales Section : 
Friday, April 6, 6 p.m., South Wales Institute of Engi- 
neers, Park-place, Cardiff. Discussion on ‘ Integration 
of Gas Supplies in South Wales.” 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, April 3, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. Annual Meeting. ‘‘ Recent 
Developments in the Electric Propulsion of Ships,’’ by 
Mr. M. W. T. Rees and Mr. G. J. Tuke. 


Roya. SocreTy oF ARTS.—Wednesday, April 4, 2.30 
p.m., John Adam-street, W.C.2. “ Fluorescent Inks 
and Paints,” by Mr. T. Thorne Baker and Mr. Geoffrey 
Dane. 
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PERSONAL. 

At a special congregation to be held on July 12, the 
University of Sheffield will confer the honorary degree 
of D.Se.Tech., upon Sm RONALD M. WEEKS, K.C.B., 
C.B.E., D.S.O., M.C., chairman of the board of the 
English Steel Corporation Ltd., and Vickers Ltd., and 
the honorary degree of D.Eng., upon DR. P. DUNSHEATH, 
C.B.E., M.A., D.Se., chairman of the Convocation of the 
University of London, 


Sir HENRY TIZARD, K.C.B., A.F.C., F.R.Ae.S., F.R.S., 
has been made an Honorary Fellow of the Institute of 
the Aeronautical Sciences, New York. 


Dr. W. A. TUPLIN, M.I.Mech.E., who is at present 
head of the engineering research and development 
department of the David Brown Group of Companies, 
has been appointed Professor of Applied Mechanics in 
the University of Sheffield. 


The Minister of Civil Aviation has extended the term 
of appointment of LorD DovuGLAS OF KIRTLESIDE, as 
chairman of the British European Airways Corporation, 
until March 13, 1954. His original appointment, dated 
March 14, 1949, was for three years, ard his term has 
now been extended to cover a five-year period. 


Mr. ROBERT W. AsQuiTH, M.I.P.E., has been ap- 
pointed chairman of William Asquith, Ltd., Highroad 
Well Works, Halifax, in succession to Mk. LEWIS RHODES, 
M.A., J.P., who has retired from that position after 14 
years of service but retains his seat on the board. Mk. 
J. D. H. Horopin has been elected to the board of 
directors. 


Mr. JAMES LEEK, C.B.E., MR. JAMES MACLAREN and 
Mr. J. SANGSTER have been elected directors of the 
Birmingham Small Arms Co., Ltd. 


AIR COMMODORE J. F. TiTmas, C.B., C.B.E., 
A.F.R.Ae.S., has been made director of the Aeronautical 
Inspection Services at the Air Ministry. 


Tube Investments Ltd., The Adelphi, Lordon, W.C.2, 
announce that, following the release of Mr. A. G. B. 
BRIGGS, an assistant managing director, to serve as 
Deputy Controller of Supplies (Munitions) Production, 
Ministry of Supply (as mentioned on page 317, ante), 
his responsibilities as managing director of the Simplex 
Electric Co., Ltds have been taken over by MR. E. G. 
PLUCKNETT, commercial director, and Mr. A. G. JONES, 
works director, who have been appointed joint general 
managers. 


Mr. S. W. D. Locxwoop, A.F.R.Ae.8., has been 
appointed works director to Sir W. G. Armstrong Whit- 
worth Aircraft, Ltd. 


Mr. F. B. Watson, B.Com., secretary and accountant 
of Peter Stubs Ltd., Scetland-road, Warrington, who has 
been with the company for 20 years, has been elected to 
the board of directors. PETER Stuns Ltp. alsoinform us 
that they have extended the territory of their London 
representatives, MESSRS. SELLERS, 6, Southampton-place, 
High Holborn, London, W.C.1, to cover the whole of 
Kent and Surrey, and, in addition, the counties of Sussex, 
Berkshire and Hampshire. > 


Mr. R. S. BRIAN, manager of the Trackwork Depart- 
ment of Edgar Allen & Co., Ltd., Imperial Steel Works, 
Sheffield, 9, is retiring on March 31. His succeseor is to 
be Mr. D. P. Carr. 


A. C. Wickman Ltd., Tile Hill, Coventry, have 
appointed Mr. GEORGE KELWway to be their area manager 
in Birmingham, in succession to Mr. C. R. PERKS, who is 
leaving England shortly to establish and manage a new 
branch factory of the firm at Mentone, Melbourne, 
Australia. 


A new firm, SILENTBLOC (AUSTRALIA) PTy., LTD., has 
been formed. It is jointly owned by Leggett Products 
Pty. Ltd., Melbourne, and Silentbloc Ltd., Victoria 
gardens, Ladbroke-road, Notting Hill Gate, London, 
W.11. Mr. P. J. de Steiger, B.E.E., M.Mech.E., 
A.M.L.E. (Aust.), who spent 1950 in England studying 
the manufacture and application of Silentbloc products, 
has been appointed technical manager. 


SMART & BROWN (MACHINE Too1s) LTD., 24-25, 
Manchester-square, London, W.1, have asked us to state 
that they are in no way connected with Smart & BROWN 
(ENGINEERS) LTD., a firm recently acquired by THORN 
ELECTRICAL INDUSTRIES, LTD., 105, Judd-street, London, 
W.C.1. 


A new company, TRINITY DEesigns & METHODS L'D., 
Grosvenor Gardens House, Grosvenor-gardens, London, 
S.W.1, has been formed. The firm are technical con- 
sultants and tool designers. 


NEWMAN INDUSTRIES LTD., Yate, Bristol, have been 
appointed sole selling agents, for the United Kingdom, 
for FRANCO Tost and SIsmMa Diesel engines. 
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Fie. 3. Exterior oF STATION. 


NEW POWER STATIONS FOR THE 
B.E.A.: IV.-AGECROFT. 


THE Agecroft power station of the British Electricity 
\uthority, which is illustrated above, is situated on a 
site of some ten acres, to the north-west of the original 
station of the Salford Corporation. This site is 
bounded on the east by the River Irwell and on the 
west by the Bury, Boltcn and Manchester Canal and 
the Manchester-Bolton Railway. It is therefore excel- 
lently situated for the supply of fuel, which is brought 
in from the Lancashire coalfields to sidings at the 
south-west of the site. The coal is delivered on to a 
twin conveyor system, which is supported on seven 
towers and has an overall length of 300 yards. The 
two conveyors each have a capacity of 200 tons per 
hour. Coal can also be transported to a storage 
ground, which covers an area of 6} acres. This 
part of the equipment was constructed by A. Monk 
and Company, Limited, Warrington. 

The steam-raising plant for the first part of the 
station—work on which was begun in 1947, and 





should be completed by the end of the present year— 
consists of four two-drum boilers, each with a heating | 
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Fie. 2. TuRBINE-Room OPERATING FLOooR. 
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Fic. 4. Tursrne Hovusrt Basement. 


|surface, including water walls, of 7,220 sq. ft., and 


capable of supplying 315,000 Ib. of steam per hour 
at a pressure of 600 lb. per square inch and a tempera- 
ture of 850 deg. F. These boilers, two of which were 
brought into operation at the end of 1950, are designed 
for pulverised-fuel firing; there are three pulverising 
mills to each unit. The boilers are also fitted with 
oil burners, with automatic ignition, for lighting-up 
purposes, and are provided with both manual and 
automatic combustion control. The superheaters are 
of the self-draining horizontal loop type and have an 
area of 13,850 sq. ft. The exhaust gases are passed 
through electrostatic precipitators on their way to the 
chimney. The main contractors for the steam-raising 
plant are International Combustion, Limited, Woburn- 
place, London, W.C.1. A view in the boiler-house 
basement appears in Fig. 1. 

The generating plant consists of two 52-5-MW 
three-cylinder double-flow turbines, constructed by 
Metropolitan-Vickers Electrical Company, Limited, 
Manchester, which are coupled to 33-kV alternators 
and exhaust into twin-shell condensers. Each con- 


idenser operates in conjunction with a cooling tower 


with a capacity of 3-08 million gallons per hour, 





as there is insufficient water in the Irwell except 
at times of flood. Both sets are now running. Illus 
trations of the turbine-room operating floor and base 
ment are given in Figs. 2 and 4, and a general view of 
the station in Fig. 3. The main 33-kV switchgear. 
which is also of Metropolitan-Vickers manufacture. 
consists of single-break metal-clad oil circuit-breaker- 
with a rupturing capacity of 1,500 MVA. The auxiliary 
3-3-kV switchgear is of the metal-clad air-insulated 
type and includes air-break switches with a rupturing 
capacity of 150 MVA. 





Croypon “ B” PowER STATION.—In the first of the 
series of notes on the “New Power Stations for the 
B.E.A.,” illustrating the Croydon “ B ”’ station, on pas 
256, ante, we stated that, of the eventual nine cooling 
towers, ‘“‘ three have been completed and three are 1 
course of erection.”’ We are now informed by the oon- 
tractors for these towers—Messrs. Concrete Piling 
Limited, 10, Westminster Palace-gardens, London 
S.W.1—that all six towers have been completed, togethe! 
with their culverts and service piping. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
* ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE BAR 3663 and 3664, 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.”’ Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


* ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


As from April 1, 1951, the subscription rates, 
including postage, will be increased to £5 10s. 
in the United Kingdom and all places overseas, 
except Canada; and the rate for Canada to £5 5s. 
> of a single copy will be 2s., plus 
postage. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘‘ Appointments Open,” “Situations 
Wanted,” ‘‘ Tenders,” etc.,is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. fcr fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


’ Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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in a sense, ancient history, but no fewer than 1,037 
separate undertakings were absorbed, and the fact 
that a number of matters of accounting principle 
had to be considered by the Council, the Ministry 
and the auditors, before either the Boards or the 
Council could complete their reports, sufficiently 
explains the delay. 

Although this first report covers a period of 
20 months, the accounts presented are only for the 
eleven months which have elapsed since the vesting 
day, May 1, 1949, because the associations and 
undertakings vesting in the national organisation 
continued their separate activities to that date. 
Expenditure incurred before the vesting date has, 
however, been included. The report shows that 
the industry ended its first financial year with a 
small surplus of 2,663). Of the twelve Area 
Boards, eight made an aggregate profit of 1,187,7551. 
and four showed a deficit totalling 1,198,334/. On 
balance, therefore, there was a loss of 10,5791. 
This was more than counterbalanced, however, by 
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THE NATIONALISED GAS 
INDUSTRY. 


THE gas industry was the third of the fuel indus- 
tries to be nationalised. It began its new life, 
therefore, with a certain advantage over its elder 
brethren, nationalised coal and electricity. The 
charge has frequently been brought against the 
latter, and not without some justification, that 
they suffer from over-centralisation, from too 
much control and interference from London and 
too little authority for the representatives on the 
spot. Criticism of the gas industry on this score 
has been forestalled or disarmed by the creation of 
an organisation which is largely decentralised ; 
for, although the supreme authority rests with the 
Minister of Fuel and Power, in London, the twelve 
Area Boards, which manage the industry in the 
twelve regions into which the country has been 
divided for the purpose, are largely autonomous, 
Each, it is true, is directly responsible to the Minister 
for conducting its business in such a way that, on 
the average over the years, its revenue shall be at 
least sufficient to meet its expenditure and provide 
for depreciation, but the manner in which such a 
result is to be achieved with the minimum of cost 
and the maximum of service to the consumer is 
primarily a matter for each Board to work out. 

In any scheme involving regional control, how- 
ever, there are bound to arise matters which affect 
more than one region simultaneously. To cater 
for such eventualities and to act in general as a 
central advisory and co-ordinating body for the 
industry as a whole, Parliament created the Gas 
Council, a body of fourteen members, comprising a 
full-time chairman, a deputy-chairman and the 
chairmen of the twelve Area Boards, with head- 
quarters and a headquarters staff in London. 
The first report of this body* has recently been 
published, and, with it, the separate reports of the 
twelve Area Boards and the report of the Minister 
of Fuel and Power. The main report is a document 
of some 180 pages, covering the period from July 30, 
1948, on which date the Gas Act, 1948, received the 
Royal Assent, to March 31, 1950. It is, therefore, 





First Report and Statement of 
[Price 4s. net.] 


* The Gas Council ; 
Accounts. H.M. Stationery Office. 





etc., and 4,450,000/. from other sources. 

The report states that the Yapss cost of the gas 
manufactured and purchased was 113,000,0001., 
which was reduced to 70,900,000. after the deduction 
of 42,100,000/. obtained from the sale of by-products. 
This represents an average cost of 7-98d. per therm 
of gas sold. The average cost to the consumer of 
gas for all purposes was 12-55d. per therm, but the 
actual charges varied from one Region to another, 
and according as the gas was used for domestic 
or industrial purposes. Sales of gas in the first 
eleven months of nationalisation were approxi- 
mately 6 per cent. higher than in the corresponding 
period before the vesting date. 

The provisions of the Gas Act included the 
establishment by the Gas Council of a Central 
Guarantee Fund to which contributions should be 
made by the Area Boards separately, at a predeter- 
mined rate. A total of 250,000/. was paid into the 
fund by the Boards, during the period covered by 
the report, and the overall loss of 10,5791., already 
mentioned, was incurred subsequent to these 
payments. It was also made incumbent upon 
the Boards to establish reserve funds. In the case 
of six of the eight, which made a profit during the 
period, the surpluses were sufficient for an aggregate 
transfer of 370,0001. to reserves. 

The cost of raw materials for gas making, during 
the period covered, was 82,400,000/., of which coal 
alone accounted for 73,900,0001. As the report 
states, ‘“‘the gas industry requires high-grade 
bituminous coals of low inert and high volatile 
content and with good caking qualities. Such 
coals, yielding large volumes of gas and clean, strong 
and combustible coke, are available in almost every 
British coalfield.”” Nevertheless, the coal delivered 
to the industry has deteriorated in quality, particu- 
larly in the matter of ash and moisture content, 
which are now some 2 to 3 per cent. higher than in 
1939, and, ‘“‘in some instances, lower grade coals 
have been substituted for those best suited to the 
industry’s requirements.” This is disquieting. The 
net result has been that the industry has now to 
process over a million tons more per annum than 
would otherwise be necessary, and has to do so at a 
cost for coal alone estimated at approximately 
3,500,000/. The latter figure was mentioned by 
the deputy chairman of the Gas Council, Colonel 
Harold C. Smith, C.B.E., at a recent Press confer- 
ence. Colonel Smith also expressed the view that 
the gas industry would be prepared to pay higher 
prices for better coal if such were available. 

Under existing arrangements, the gas industry’s 
share of the capital investment programme during 
the year 1949 was limited to 30,000,0001., and of this 
allocation about 28,000,000/. was spent. Such a 
figure is, however, inadequate to meet the costs of 
all the improvements and extensions to plant which 
are necessary to raise the efficiency of the industry, 
and to meet potential demands. Unless, therefore, 
it is allotted a larger share of capital investment, or 
can borrow by means of a further issue to the public 
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of Gas Stock, many years must elapse before the 
industry is in a satisfactory position. In any 
case, it must be some time before large-scale 
improvements can be completed. The bulk of 
the new work in hand is on carbonisation plant, 
but is no more than will suffice to keep pace 
with existing demands. Difficulties are being en- 
countered owing to the scarcity and rising costs 
of materials, and there is no guarantee that, even 
if all the plant required were provided, sufficient 
coal would be available to keep it employed. Sub- 
stantial additions are also being made to water-gas 
plant. The use of such plant permits a certain 
flexibility in the relative amounts of gas and coke 
produced, but, before water gas can be used to 
supplement coal-gas supplies, it must be enriched 
by the addition of oil, which has to be purchased 
abroad. The cost of production of water gas, also, 
is generally higher than that of gas obtained from a 
carbonisation plant. Its chief advantages are the 
ease and rapidity with which it can be produced. 

Many of the difficulties experienced by the 
Regional Boards are attributable to the use of obso- 
lete or obsolescent plant. Until such plant is 
replaced, there seems little prospect of turning 
deficits into surpluses, or of building up reserves, at: 
the present level of charges. Indeed, the steadily 
rising costs of coal, materials and labour make it 
inevitable that, before long, gas prices must rise ; 
though, in view of the fact that the Area Boards are 
severally responsible for balancing their accounts, it 
is unlikely that the increase will be uniform over 
the country as a whole. The domestic consumer 
can do something to mitigate the effects of increased 
prices by using appliances of modern design. The 
number of inefficient gas fires and cookers in use at 
the present time must be legion. The deputy 
chairman stated that the Council alone at present 
owns some two million obsolete cookers, many of 
them of 1898 to 1900 vintage, which are on hire to 
consumers. They are being replaced as fast as 
supplies of modern cookers will permit and the 
eventual saving should amount to some 700,000 tons 
of coal annually. As an indication of the progress 
already made, it was stated that, since the war, the 
gas industry has replaced some two million cookers, 
and more than half a million of these have been 
replaced since the vesting date. In the six months 
between the end of March and the end of September, 
1950, 240,788 replacements were made, a consider- 
able improvement on the previous 1] months, when 
the number was approximately 300,000. Even so, 
at the present rate of production, a further eight 
years must elapse before all the obsolete cookers 
owned by the Council are renewed. 

The report makes it clear that much good work 
has already been done by the Area Boards in linking 
neighbouring undertakings, concentrating supplies, 
and unifying pressures in contiguous areas. This is 
one way, at least, in which nationalisation should 
prove advantageous to the industry and should 
effect eventual economies. There is one other point 
to be mentioned. Most people are inclined to asso- 
ciate any organisation under Government control 
with a superfluity of officials and an inordinate 
tendency to grow; not that growth, in itself, 
is a bad thing—indeed, its absence usually denotes 
death or, at any rate, impending decline—but 
excessive growth is unhealthy, more often than 
not. In their report, the Council states that its 
employees at headquarters, most of whom were 
recruited from staff engaged on similar duties in 
the same building prior to vesting date, numbered 
157 immediately before this date and were only two 
more at March 31, 1950; and we are given to 
understand that the figure at present is only 159. 
The picture for the industry as a whole is also 
fairly encouraging. The total number of persons 
employed at March 31, 1950, was 140,611, which 
was estimated to be some 3 per cent. more— 
chiefly inoperative grades—than had been employed 
in the industry immediately before vesting date. 
We imagine that some economies in staff must have 
resulted from the amalgamation of previously sepa- 
' rate organisations, but, in an expanding industry, 
an increase in staff of this order seems not unreason- 
able. It is understood that the present number 
employed is only slightly greater than the figure 
quoted above. 





EMPLOYERS AND ‘ LEGAL 
AID.’’ 


It is only by slow degrees that the extent of the 
burden which the creation of a welfare state is 
bound to put upon taxpayers in general, and certain 
individuals in particular, will be generally appre- 
ciated. This is partly due to the fact that much of 
the legislation for which the present administration 
is responsible is expanded by rules and regulations, 
the effect of which is only appreciated when they 
come into force. One of the most recent Acts so 
to become effective is that which gives to people of 
limited means the right to go to law otherwise than 
at their own expense. Of those against whom 
actions are likely to be brought, it is probable that 
the majority will be employers of labour. Any 
measure, therefore, which tends to increase litiga- 
tion is of serious concern to them. Some of the 
extraordinary consequences of the Legal Aid Act 
were revealed in The Times on March 3, in a report 
of the case of Joyce v. Boots Cash Chemists (South- 
ern), Limited. The plaintiff sued his employers for 
damages alleged to have been caused by their 
negligence and failure to observe the provision of 
the Factories Act, 1937. When conveying a case 
of medicines up the stairs in an ordinary shop, he 
had tripped on a piece of linoleum, said to be defec- 
tively laid. When the action was heard last sum- 
mer, Mr. Justice Slade held that the premises were 
not a factory and that there was no evidence of 
negligence. He gave judgment for the defendants. 
In the Court of Appeal, this judgment was affirmed. 
The question of the costs of the appeal having 
arisen, it transpired that the plaintiff was an 
‘assisted person,” against whom no contribution 
towards costs had been ordered. In the result, the 
State had’ to pay his costs, and the successful 
defendants could not recover their costs from 
anyone. The Lord Chief Justice added: *‘ and the 
defendants have had the privilege of paying for 
the transcript of the shorthand note at a cost of 
over 1001. I do not know what the result of this is 
going to be!” 

Many a lawyer and every layman will rub his 
eyes when he reads this story. How came it that, 
in such circumstances, the plaintiff was allowed, 
not only to put upon the State the costs of an appeal 
in a hopeless case, but to cause Messrs. Boots, who 
had succeeded already in the Court below, to bear 
the costs of defending themselves when the appeal 
was heard ? It is interesting to see how this ‘‘ legal 
aid” is obtained. Application for legal aid is made 
to a committee which consists mainly of practising 
lawyers. Having shown that he has less than 420/. a 
year and disposable capital of less than 500/., and 
that he has a reasonable cause of action, the applicant 
may become an “assisted person.”’ This means that 
he can go to law or (as in this case) prosecute an 
appeal at the public expense, employing solicitor 
and counsel in the ordinary way. He may be called 
upon to pay a deposit to go towards the costs—the 
amount varying according to the means—but he 
may be allowed to proceed (as he was, in the case 
under review) without making a deposit. The 
committee have no power to provide for the costs of 
anyone who defeats a claim by the applicant. If 
this committee refuse to give assistance, the appli- 
cant may appeal to another committee—also con- 
sisting of practising lawyers, paid by the State. 
‘Lhe other party, against whom the action is to be 
brought, knows nothing of what takes place before 
the committee, who sit behind closed doors. He 
could not, even if he knew what was going for- 
ward, intervene to show that there was no possible 
cause of action, or that no appeal could possibly 
succeed. 

The Lord Chief Justice went out of his way to 
call the members of the committee before him and 
to make some inquiry into their procedure. He 
suggested that, before allowing an assisted person 
to appeal, the committee should see the shorthand 
note of what took place at the trial. That is all 
very well; but who is to pay for it ? The case in 
question was a simple one, vet the transcript cost 
1001. In a heavy case, it might cost four times 
that sum, which would have to be borne by the 
tax-payer or the other party to the suit. Lord 


Goddard also suggested that there should be a 
return to the practice in force before the legal aid 
scheme was passed ; theretofore, no “‘ poor person ” 
(in the technical sense) could appeal without the 
leave of a Judge or of the Court of Appeal. Even 
that, however, would adversely affect the defendant. 
He would have to be present when the application 
for leave was made. He would certainly have to 
pay his own costs. Is there not justification for 
saying that this “legal aid ’’ scheme is a serious 
menace to employers ? It is true that, in a proper 
case, legal aid can be given to a defendant against 
whom an action is brought; but how many em- 
ployers are there who can say that all their resources 
amount to less than 5001. ? 

Consider the result of giving legal aid in the case 
under review. The employers had to defend 
themselves—at their own expense—when the action 
was heard by Mr. Justice Slade. The average costs 
of an action brought in the King’s Bench are about 
1801. Then they have to pay costs of appeal, which 
probably amounted to at least 1001. On top of that 
came the cost of the transcript of the shorthand 
note—another 1007. And all this, to resist a claim 
which ought never to have been made. The 
employer has always been exposed to the risk of a 
claim by a man of no means who puts his case in 
the hands of a speculative solicitor. Dodson and 
Fogg, who acted for Mrs. Bardell when she sued 
Mr. Pickwick, took up the case “on spec.” ; but 
the speculative solicitor does not move unless he 
is reasonably certain of success, because all ligitation 
involves a certain amount of expense from the outset. 
To be sued by someone who has “legal aid,” and, 
therefore, has the whole resources of the Treasury 
at his back, is a very different matter. 

There is another point which appears to have 
been overlooked by those who promoted and who 
now support this scheme: under the common law 
of England, there is a right of action for what is 
called ‘‘ maintenance.”’ If William Brown, without 
having any interest in the matter, assists Robert 
Smith to prosecute an action against John Davidson, 
unless (broadly speaking) he is a friend or the object 
of charity, Brown is liable to be sued for damages 
by Davidson. Not many years ago, a trade union 
was penalised for ‘‘ maintaining ” an action brought 
by one of its members. Now, so far from being 
illegal, a most vexatious form of ‘ maintenance ” 
is not only encouraged, but paid for, by the State. 
‘** Legal aid’? may enable a few people to assert 
their rights or to defend themselves, but it is bound 
to involve a serious drain upon the Exchequer and 
the infliction of grievous harm upon numbers of 
unoffending employers. 





NOTES. 


ELECTRIFICATION OF RAILWAYS. 


THE report of a committee of technical officers 
who were appointed by the Railway Executive 
and the London Transport Executive in 1948 to 
review the methods of electrical operation now 
employed on the British railways and the system or 
systems to be adopted in future schemes, was 
published on Monday, March 19. It confirms the 
main conclusions reached by the Pringle Report of 
1927, which, it may be recalled, recommended the 
use of the 1,500-volt direct-current system with 
overhead collection and of the 750-volt direct- 
current system with third or fourth rail collection 
as standards. In the course of reaching this decision, 
however, the committee made a study of technical 
developments in this country and elsewhere during 
the last 24 years; and the report deals at some 
length with the character. volume and density of 
the traffic and the bearing of these factors on 
railway electrification. The financial implicati¢ ms 
of the various possible systems are considered on 
the basis of the cost of electrical operation on 
certain typical sections of the British Railways and 
it is laid down that a traffic density of between 
three and four million trailing tons per mile of 
single track per annum is the minimum below which 
it would not be economical to convert lines 
electric traction. Technically there is little to chose 
between the various systems. It follows, therefore, 





that other things being equal. the one which results 
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in the lowest aggregate of working expenses and 
capital charges should be selected. This theme is 
fully developed in relation to the influence of 
traffic density on the choice of voltage and the 
conclusion is reached that a high traffic density 
favours the adoption of a low voltage. On the 
other hand, experience shows that where the traffic 
is light, the employment of 3,000 volts offers some 
economic advantage over 1,500 volts. This question 
is perhaps mainly of academic interest, since the 
traffic density on the lines likely to be converted in 
this country is too high generally to swing the 
balance in favour of the higher voltage. On opera- 
ting grounds, it is considered desirable to retain the 
existing conductor-rail system in the Southern 
Region and elsewhere, and to continue to use the 
fourth-rai] system on the London Transport railways. 
The report contains a useful collection of informa- 
tion on an important subject which has not only 
technical and economical but political facets ; 
and we propose to deal with the more important 
parts of it at length in subsequent issues. Copies 
are obtainable from the Publicity Officer, British 
Transport Commission, 5, Petty France, West- 
minster, London, 8.W.1, at the price of 7s. 6d. 
(7s. 10d., postage included). 
New Fetiows or THE Roya Society. 

At a meeting held on March 15, the Royal Society 
elected 25 new Fellows for the year 1951. These 
include Mr. C. S. Beals, Dominion Astronomer, 
Ottawa, Canada, for his contributions to observa- 
tional astrophysics ; Professor H. Fréhlich, D.Phil., 
who occupies the Chair of Theoretical Physics at the 
University of Liverpool, for his work on the appli- 
cation of the quantum theory to the physics of tne 
solid state, including particularly the properties of 
insulators and the interpretation of superconduc- 
tivity ; Mr. Geoffrey Gee, director, British Rubber 
Producers Research Association, for his work on 
the properties of substances of very high molecular 
weight ; Professor H. A. Heilbronn, Ph.D., M.A., 
ef the Faculty of Mathematics, University of 
Bristol, for his discoveries in the analytic theory of 
numbers ; Mr. Gerhard Herzberg, director, Division 
of Physics, National Research Council, Ottawa, 
Canada, for his work on molecular and atomic 
spectra; Mr. K. A. G. Mendelssohn, demonstrator, 
University of Oxford, for his work in experimental 
physics, especially on the properties of liquid helium 
and cn the superconducting state ; Dr. L. P. Pfeil, 
director of research, Mond Nickel Company, Limited, 
for his contributions to metallurgical research on 
ferrous and non-ferrous metals ; Professor M. H. L. 
Pryce, who occupies the Wykeham Chair of Physics, 
in the University of Oxford, for his work in theoreti- 
cal physics, in particular quantum mechanics and 
quantum electrodynamics; Mr. J. A. Ratcliffe, 
0.B.E., reader in physics, University of Cambridge, 
for his contributions to the development of the 
scientific basis for radio communications ; Mr. A. M. 
Turing, O.B.E., assistant director, computing- 
machine laboratory, University of Manchester, for 
his contributions to mathematical logic ; and Pro- 
fessor A. R. J. P. Ubbelohde, of the Faculty of 
Chemistry, Queen’s University, Belfast, for his work 
in physical chemistry, with special reference to 
structural and thermodynamic questions and re- 
action mechanism. 


British ELectricaL Power ConvENTION. 

_ The programme of the British Electrical Power 
Convention, which will be held at Brighton from 
Monday, June 18, to Friday, June 22, has now been 
issued. On the first day, an exhibition will be 
Opened in the Floral Hall, Market-street, by the 
President (Sir Henry Self) and private conferences 
of the member organisations will take place. In 
the evening, there will be a reception by the Mayor 
and Mayoress of Brighton at the Royal Pavilion. 
On Tuesday morning, June 19, there will be a 
meeting at the Dome, when Sir Henry Self will 
deliver his presidential address, while at a meeting 
m the afternoon, at the same place, a paper on 

Electronics,” prepared and presented on behalf 
of the British Electrical and Allied Manufac- 
turers’ Association by Mr. O. W. Humphreys, will 
be read and discussed. In the evening, the President 
will hold a reception at the Corn Exchange. A 
Paper on “‘ Electricity as a National Asset—Its Uses 





and Application,” will be presented by Messrs. H. H. 
Mullens and N. Elliott, at a meeting at the Dome on 
Wednesday morning, June 20, while in the after- 
noon, visits will be paid to the new Brighton “‘ B” 
power station, the new Southern Cross grid sub- 
station and the locomotive works of British Rail- 
ways. On the morning of Thursday, June 21, 
a paper entitled ‘“‘ A Survey of the Refrigeration 
Industry ”’ will be presented for discussion by Mr. 
E. G. Batt, on behalf of the British Refrigeration 
Industry, at a meeting at the Dome, while in the 
evening the annual dinner will be held at the Corn 
Exchange. On Friday morning, June 22, there will 
be a further meeting at the Dome, when Dame 
Caroline Haslett will present a paper on “‘ Electricity 
—A Factor in Social Progress,’’ on behalf of the 
Electrical Association for Women; this will be 
followed by a general meeting of the delegates. 


THe Macutne Toot TrapEs ASSOCIATION. 

After an interval of many years, during which 
only luncheons were held, the Machine Tool Trades 
Association, on March 15, reverted to their pre-war 
practice of holding an annual dinner, the venue 
being Grosvenor House, London, W.1, and the 
chair being taken by the President, Mr. J. B. 8S. 
Gabriel. The principal guest was the Rt. Hon. Sir 
Andrew R. Duncan, G.B.E., who, in proposing the 
toast of ‘‘ The Association,”’ declared his belief that 
the small firm remained, and would remain, ‘‘ the 
pre-eminent and essential part of all productive 
industry.” In the machine-tool trade, he continued, 
—‘the aristocrats of the diverse collection of 
interests that goes by the name of the engineering 
trade ”’°—there was a proportion of small and 
medium-sized firms, still preserving their original 
initiative and, in many cases, their family names 
and traditions. If there was one thing that the 
country needed more than another at the present 
time, it was the retention in industry of respon- 
sibility and initiative ; for that reason, he deplored 
the centralisation of control which seemed to be 
inseparable from nationalisation, and hoped that 
the nationalisation of the iron and steel industry 
might be reversed before too much harm was done. 
Mr. Gabriel, in reply, said that it was desirable to 
correct some misconceptions about the present 
position regarding machine tools, During the past 
few years, the home and export demands had been 
rather in excess of the supply ; but the importation 
of machine tools had been severely restricted 
because of currency difficulties. Such expansion 
as there had been in the industry was almost 
entirely offset by inability to obtain the requisite 
labour; youths were not interested in apprentice- 
ship when there was the prospect of being called up 
for military service at the end of it, and no one 
was interested in working at night. ‘‘ I submit,” 
he said, ‘‘that it is absurd to suggest that every 
factory producing by the use of machine tools 
should, at the start, be equipped from stem to stern 
with machine tools. With the demand for 
munitions of war, there has been a shortage of 
machine tools which were not normally in large 
demand, but it would be grossly unfair to blame the 
machine-tool industry for such a state of affairs.” 
The toast of “‘ The Guests,” proposed by Mr. R. W. 
Asquith, vice-president, was acknowledged by 
Mr. Keith Fraser, President of the British Engi- 
neers’ Association, after which, by invitation, Mr. 
S. W. Rawson, recently appointed as Director 
General of Machine Tools in the Ministry of Supply, 
spoke briefly of the work to be undertaken by his 
department in the immediate future. 


Tue InstiTuTION OF MECHANICAL ENGINEERS. 


A Hydraulics Group paper on “ Pipe Joints for 
Hydraulic Power Transmission’ was presented by 
Mr. B. Cooke at a meeting of the Institution of 
Mechanical Engineers on Friday, March 16, with 
Mr. T. E. Beacham, B.Sc. (Eng.), chairman of the 
Group, in the chair. Mr. Cooke described some work 
carried out in the research department of Messrs. 
Vickers-Armstrongs Limited to find a pipe joint 
that would satisfactorily withstand an oil pressure of 
between 1,100 Ib. and 2,500 lb. per square inch, in 
conjunction with vibration of the joint, and also a 
transient pressure which was intended to simulate 
a pressure surge due to a contro] valve being operated 
suddenly. The joint was required for use in gun 
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mountings. Many joints were tested in this way, 
after being carefully assembled, but none was found 
to be satisfactory. They included joints with copper 
rings of various sections, using either bolts or a 
screwed connection; a double-spigot flange with 
joint rings of various materials; a self-aligning 
coupling with a synthetic-rubber O-ring; two 
experimental joints of spherical construction; a 
cone coupling; and an experimenta] coupling 
employing a circumferential clamp. Certain general 
conclusions on the design of hydraulic pipe joints 
were reached, and a joint suited to the require- 
ments was developed. A sleeve was brazed on to 
the end of each pipe, and a synthetic-rubber joint 
ring placed between the flat end faces of the sleeves. 
The flanges were separate, being screwed on to the 
sleeves, and a spigot on one fitted into a counter- 
bore in the other. Bolts were used to tighten the 
joint, a torque of 35 lb.-ft. being applied to each 
nut. Mr. Cooke said that the work carried out 
before the war by the Pipe Flanges Research 
Committee did not help much, and he thought a 
committee should be established to investigate 
hydraulic pipe joints. Mr. F. H. Towler, who 
opened the discussion, said that his firm had had 
13 years’ experience of the contracting-cones type 
of coupling and had found it very satisfactory. He 
thought the paper lacked quantitative data, and 
that great caution was required before discarding a 
well-tried component with known faults and substi- 
tuting an untried laboratory product with unknown 
faults. Mr. A. O. R. Johnson gave some details of 
a new British Standard that was being prepared on 
the subject. Mr. H. G. Conway thought that the 
frequency of vibration employed in the tests was 
not nearly high enough. Captain (E) F. H. Lefroy, 
R.N., commented from the naval point of view ; he 
said that the new design described by the author was 
to be adopted by the Royal Navy for all systems 
up to 4,000 Ib. per square inch and for pipes of 
l}-in. bore and above. Lieut.-Commander (E) 
L. O. Selwood, R.N., referred to work at the Admir- 
alty Engineering Laboratory, and Mr. E. Fawcett 
set out to answer the author’s objections to the 
contracting-cones type of coupling. Dr. D. F. 
Denny thought that one of the reasons why some 
of the author’s conclusions differed from the experi- 
ence of the British Hydrodynamics Research 
Laboratory was that the tests had been made under 
extremely violent conditions, 
EXHIBITION OF THE NortH THameEs Gas Boarp. 
A permanent exhibition to illustrate the work 
and the latest developments of the gas industry 
has been opened at Watson House, Fulham, London, 
8.W.6, the gas-utilisation research centre of the 
North Thames Gas Board. Watson House was 
opened in 1926 by the Gas Light and Coke Company, 
although their first utilisation-research laboratory 
was opened in 1910. In 1936 it was decided to 
make the facilities of Watson House available to the 
whole of the gas industry ; after nationalisation, the 
Gas Light and Coke Company were taken over by the 
North Thames Gas Board, and the Board have 
continued the policy of serving the research, develop- 
ment and testing needs of the industry by inviting 
all the Area Boards to take part in the maintenance 
of Watson House. The exhibition was opened on 
Thursday, March 8, by Professor James Mackintosh, 
of the London School of Hygiene and Tropical 
Medicine, who stressed the need for raising the 
standard of domestic warmth and comfort without 
increasing smoke and waste of coal. In addition to 
general and mechanical laboratories, there are special 
laboratories devoted to work on meters, cookers, 
space-heating, hot-water appliances and refrigera- 
tors, and industrial appliances. Investigations of 
the flow patterns in muffle furnaces have resulted in 
an improved design of muffie which has a longer life 
and considerably increases the thermal efficiency of 
the furnace. Visitors were shown new stainless- 
steel jets under test, more compact and robust than 
the standard refractory jets. Watson House also 
serves as a centre for training and educating appren- 
tices of the gas industry and provides refresher 
courses for other employees. The Watson House 
Exhibition is designed to illustrate the aims of the 
gas industry—more efficient coal processing, new 
uses for gases and by-products, improved appliances 
giving greater reliability and comfort for lower cost. 
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LETTERS TO THE EDITOR. 


THE GERRITSEN INFINITELY- 
VARIABLE GEAR. 


To THE Eprror OF ENGINEERING. 


Sm,—With regard to the article on the Gerritsen 
infinitely-variable gear, on page 530 of your issue 
of December 22, 1950, and Mr. W. H. Mann’s 
letter, which you published on February 16, 1951, 
on page 197, ante, I would like to make a few 
comments. 

The methods of gear-ratio calculation are neat. 
In our own calculations, however, we generally use 
methods equivalent to those used on epicyclic 
gearing, which are quite straightforward and simple. 
In connection with the point raised by Mr. Mann on 
the slip due to running on circular paths of different 
diameter, I presume that this refers to the fact 
that there is no point contact between balls and 
cones, but an area of contact of measurable size. 
In our work, we call this “‘creep”’ rather than 
“slip.” The term “slip ” to us implies, in general. 
insufficient preloading. It has been found that, 
even with adequate preloading, there may be an 
apparent drop in output speed. 

We did some tests on a gear consisting of a single 
stage, in which the outer cones were stationary 
and the inner cones were input and output, respec- 
tively. Onno load, the output speed agreed exactly 
with that calculated on the basis of dimensions 
corresponding to point contact between balls and 
cones. At full load, however, there was a drop in 
speed of 1-7 per cent. Investigation showed that 
this was not due to “‘slip,’’ but rather to a change 
in gear ratio. 

The balls being, in practice, in contact with the 
cones Over an appreciable area, there is a certain 
amount of differential speed effect on eitner side of 
the assumed point of contact. Application of torque 
apparently tends to change the position of the 
“centre of contact ’’ within the pressure area, and 
a new ratio is set up. We have termed this pheno- 
menon “creep.” It is very difficult to quote 
values for ‘‘creep”’ in general terms. However, 
using refinements of design on which we are now 
working, we find it possible to obtain gear ratios 
within | per cent., and units can be designed to cover 
output speeds within these limits. 

Yours faithfully, 
J. J. GERRITSEN. 
Tiltman Langley Laboratories, Limited, 
Redhill Aerodrome, Surrey. 
March 14, 1951. 








DEVELOPABLE HELICOIDS. 
To THE Eprror or ENGINEERING. 

Str,—The problem of constructing an Archi- 
medean screw arises in the making of baffles, 
parcel shoots, and grain and other conveyors. The 
manufacture of a right helicoid or screw, that is, 
the surface generated by a straight line which is 
simultaneously translated and rotated, with con- 
stant linear and angular velocities, along and about 
an axis which it intersects perpendicularly, is diffi- 
cult, since such a surface is not developable ; the 
following is a description of the class of helicoids 
which can be made out of a flat sheet. 

Consider the helicoid generated by the curve 
z =: f(r) when it is translated along the z-axis with 
velocity uw and rotated about it with an angular 
velocity w. The equations of the surface, referred 
to rectangular Cartesian axes, are evidently 

x= rcoswt 
vy = rsinwt 
2= ut+fir). 

The condition that a surface shall be developable 
is given by Weatherburn, in his Differential Geometry 
(Cambridge University Press). It is 

Be He ae \2 
az? ay (5 ra ;) 
which, in the present case, gives 
s=k(tan d — ¢) 


h 
rT=- ae ™ 
_ cc 





where R = ~ and nis an arbitrary constant. 
@ 
The slope of the curve is given by 


dz 

oe sin ¢. 

This is plotted in the accompanying diagram for two 
different values of n. It has a cusp at the point a, 
and its lower branch, shown dotted, is merely a 
reflection of the upper branch and would generate an 
inverted form of the screw. If an Archimedean 
screw is to be made with a given value of /—that is, 
a given pitch, a given internal radius r,, and a given 
external radius r,—an infinite number of helicoids 
are available, corresponding to the infinitely many 
values of n. The only restriction is that r, must 


be greater than or equal to :. 
n 


For a parcel shoot, n could be chosen so that the 
parcel was banked round the screw, no side being 


ial 
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required for the shoot. If a surface which is as close 
an approximation to a right helicoid as possible is 
wanted, m must be small. This, however, has the 
disadvantage that the minimum permissible value 
of r, is large and, in consequence, the area of sheet 
metal required is great. The increase is least when 


k _ 
Hy em > under which condition the surface meets 


its shaft at right angles. By evaluating the curva- 
ture of each edge of the helicoid, it may be shown 
that the surface can be made from flat sheets 
bounded on two opposite sides by ares of concentric 


circles of radii 
ke? 
R, = 7, {1 = 
' ( +3) 


k2 
R, = 7r,(1 + =). 


It is possible that the above solution may be of | 
interest to some of your readers. | 


Yours faithfully, 
J. Foutkss, B.A. (Oxon.). 
Engineering Laboratory, 
Department of Engineering, 
University of Cambridge. 








THE AGRICULTURAL MACHINERY 
INDUSTRY. 


To THE Eprror oF ENGINEERING. 


Str,—In your editorial comment, on page 259, 
ante, on the letter which you published from me, 
on page 260, ante, in your issue of March 2, concern- 
ing the future prospects for agricultural machinery 
sales, you state that the upward trend of the | 
market ‘‘ must have taken place in the latter part | 
of 1950, and during the first six weeks of 1951.” 
You add that “it would be interesting to see 
Messrs. Ferguson’s monthly production figures from 
1948 onwards ; we suspect they would reveal a slow 
decline in demand until late in 1950.” | 

Your suspicion is incorrect. As far as my com- | 
pany is concerned, the picture is as follows: the | 
demand for our tractors rose steadily throughout 
1948, increasing from 3,261 in January to 6,150 in 
December. The increase continued in January, 
1949, when 6,232 tractors were delivered. It was 
at that point that a decline set in; it was not slow 
but very sharp, due primarily to the fact that two 
of the main markets which this new company had 
secured, Argentina and France, suddenly put an 
embargo upon all tractor imports from Britain. 
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Since, at that stage, the company had not had time 
to develop alternative markets of equal importance, 
the French and Argentine embargo affected us 
particularly severely, and by October, 1949, the 
monthly output, at 1,772, had reached its lowest 
level since large-scale production began at Coventry. 
A recovery began in the following month, November, 
1949, when the output reached 2,611. It continued 
to rise steadily throughout 1950, reaching 3,319 in 
March, 4,077 in May, 4,711 in June, 5,235 in 
September, and once again rose above 6,000 per 
month in November of that year. 

The reason why our sales showed a consistent 
improvement throughout 1950—and did not, as 
you suggest, begin to recover only in the latter 
part of that year—was that it had been possible 
to develop the distributional organisation in many 
new markets. It is true, as you infer, that an 
important factor in our success has been our very 
competitive prices ; but it is not true, as you some- 
what contradictorily suggest earlier in your editorial 
comment, that the rise in sales was due to infla- 
tionary demand as a result of the Korean War and 
the scramble for all durable goods at almost any 
price. 

The fact that farmers in Britain and throughout 
the world have made an increasing demand for our 
equipment in spite of a general downward trend in 
farmers’ incomes in the last two or three years 
supports my contention that they are coming to 
regard mechanisation, rightly, as a means of cutting 
their expenses, and not as a luxury to be indulged 
when they have plenty of money. Naturally, when 


‘| money becomes tighter, they go for the machinery 


which is cheap to buy and cheap to operate. 

It is true that it is difficult for farmers to find the 
necessary capital even so, and it is one of the short- 
comings of most Governments that they do not 
facilitate capital expenditure in modernising agri- 
culture ; but the fact that the British farmers have 
to-day a total overdraft with the banks of more than 
2001. millions seems to show that they find it worth 
while to borrow capital, even at high rates of 
interest, in order to mechanise. This is true also 
of farmers abroad in such countries as Turkey and 
Denmark, to quote only two recent outstanding 
examples, where very large orders for our equipment 
have been placed, thanks to financial arrangements 
between the distributors and the Governments, by 
which farmers are given credit facilities for the 
express purpose of buying machinery. In these 
cases, however, they pay lower rates of interest 


| than our farmers, in the absence of such arrange- 


ments, are compelled to pay to the banks. 
It is largely because more and more Governments 


| are beginning to appreciate that farm mechanisation 


is essential for economic progress in peace and for 
defence in the event of war, and are taking the 
necessary action, that the market for British farm 
machinery is expanding and is likely to continue to 
do so. Emphatically, it is not due to a reckless 
squandering of capital by farmers in an inflationary 
and temporary stampede to guard against coming 
scarcity of farm machinery. It is only to be hoped 
that the British Government will recognise that one 
of the surest ways in which it can promote our own 
national well-being and play its part in building 
securely the economic foundations and the defence 
of the free world is to ensure sv fficient supplies of 
raw materials for the British agricultural machiners 
industry. 
Yours faithfully, 
For Harry Ferevuson, LTp., 
Nokt NEWSOME, 
Public Relations Manager. 
Coventry, 
March 12, 1951. 





ASLIB ANNUAL CONFERENCES.—It is announced by 
Aslib, the Association of Special Libraries and Informa- 
tion Bureaux, that this year’s annual conference will be 
held from Friday, October 5, to Monday, October &, at 
Ashorne Hill, Leamington Spa, Warwickshire. In 1952, 
the Association will hold its annual conference at The 
Hayes, Swanwick, Derbyshire, from Friday, Septem- 
ber 19, to Monday, September 22. Applications to 
attend and requests for further information should be 
addressed to the director, Aslib, 4, Palace-gate, Kensing- 


| ton, London, W.8. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 


As was recorded on page 321, ante, the 1951 
Spring Meeting of the Institution of Naval Archi- 
tects opened in London on March 14, under the 
presidency of Admiral of the Fleet Viscount Cun- 
ningham of Hyndhope. As in the previous two 
years, the meetings were held on board the Welling- 
ton, headquarters ship of the Honourable Company 
of Master Mariners, by permission of the Master 
and Wardens of the Honourable Company; but 
they occupied only two days instead of the usual 
three, in view of the forthcoming International 
Conference which is to be held in the summer. 

We quoted, in last week’s issue, the main items 
of interest from the annual report of the Council, 
and also recorded the usual formal business and the 
result of the election of officers and members of 
Council. Reference was made also to the Presi- 
dent’s address, but these extracts were only brief, 
and we therefore reprint the address below, with 
only slight abridgments. 

THE PRESIDENT’s ADDRESS. 

Having expressed the thanks of the Institution 
to the Honourable Company of Master Mariners for 
having allowed the Wellington to be used for the 
Spring Meetings during the three years of his presi- 
dency, Lord Cunningham continued: I must give 
the Master Mariners warning that this happy state 
of affairs cannot continue indefinitely. The fact is 
that the Institution of Naval Architects has pre- 
pared plans for building its own lecture hall. There 
formerly stood a house in Wilton Mews, at the back 
of the Institution’s building, a house which was 
demolished in 1940 by an enemy bomb, and which 
has not been rebuilt. It seemed to the Council that 
this section of our property might usefully be 
rebuilt as a lecture hall. Suitable designs, together 
with a re-arrangement of the offices and the installa- 
tion of a lift in the main building, have been 
approved, and, as soon as we can obtain the necessary 
licence, we hope to go ahead with the work. We 
hope to be able to meet the cost from our own 
resources, but, at the same time, we are most 
grateful to one or two donors who have already 
promised some handsome equipment for the new 
lecture hall. 

In the past year, we have had a successful Summer 
Meeting in Newcastle-upon-Tyne ; a joint meeting 
with the Institution of Engineers and Shipbuilders 
in Scotland and the North-East Coast Institution of 
Engineers and Shipbuilders, held ,at the latter’s 
invitation. We would like to record our thanks to 
Mr. Mungo Campbell, the late President of the 
North-East Coast Institution, and the secretary, 
Mr. T. S. Nicol, for the excellent arrangements made 
on that occasion. I was myself greatly honoured 
by being admitted a Fellow of the North-East Coast 
Institution, on the opening day of the meeting. 

The past year has seen a considerable change in 
the extent of orders placed for new warships, and 
also in the importance attached to the acceleration 
of their construction. For the first time during the 
post-war period, warships have been ordered in 
appreciable numbers. The larger vessels for which 
orders have been placed—the frigates—will increase 
greatly the anti-submarine defences of our seaborne 
trade. The urgent need for such vessels was a 
matter to which I made reference last year. Of 
equal importance to the protection of our merchant 
ships is the keeping open of channels so that they 
may enter and leave port in safety. This need, if 
the occasion arises, will be met by the coastal and 
inshore minesweepers, of which a considerable 
number has been ordered. 

With the placing of these orders for new ships 
there has come also a hastening in the progress of 
those already under construction, by raising the 
priority of warships as compared with merchant 
ship construction. Similarly, in the engineering 
and electrical industries, the provision of equipment 
for naval vessels now has priority over all work 
for the home market, and equal priority with work 
that represents hard-currency exports. Consider- 
able attention has been given during the year to 
the state of readiness of the Reserve Fleet. Many 
ships have been refitted, and some modernised or 
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converted to meet other requirements. Much of 
this work has been done at private shipbuilding and 
ship-repairing yards. 

I am pleased that the Admiralty has decided to 
convert the cruiser Cumberland into a special trials 
ship, to carry out sea trials on new naval equip- 
ment. In these days of expensive and complicated 
equipment, it is of the highest importance that it 
should be fully tested under sea-going conditions 
before being passed for fitting in the Fleet. One of 
the items of equipment to be fitted in the Cumber- 
land is a Denny-Brown ship stabiliser. 

Last year, I referred to the important experiments 
that the Admiralty were about to carry out by load- 
ing a destroyer in dock up to the point of structural 
failure, and measuring the stress distribution. These 
trials have now been completed and I hope that the 
Admiralty wil] allow a paper to be read before the 
Institution, giving the results of this investigation, 
so that the valuable information gained will become 
available to the shipbuilding industry. Continuous 
effort is being applied to improve the weldability 
of shipbuilding steels and the standard of welding, 
and a close liaison exists between the Admiralty 
Ship Welding Committee, the British Welding 
Research Association, the British Iron and Steel 
Research Association, and the British Shipbuilding 
Research Association. 

During the year, a ‘‘ Task Force ”’ has been set up 
under the North Atlantic Treaty Organisation to 
consider how best to use the shipbuilding capacity 
of the North Atlantic Powers in order to build up 
a strong naval defence force. This country has 
taken a leading part in these deliberations, and a 
member of this Institution—Mr. C. J. W. Hopkins, 
C.B.E., R.C.N.C.—is the chairman of the Committee. 
The discussions have covered not only shipbuilding 
capacity, but also the types of vessel to be built. 

The Tonnage Measurement Laws Committee, set 
up last year by the Council, has been active, and 
I would like to thank Sir Stanley Goodall, his 
Committee and Sub-Committee, for their hard work 
and the very promising and sensible proposals that 
they have put forward. In particular, they are to 
be congratulated on achieving unanimity of opinion 
from all technical interests concerned in that part 
of the regulations dealing with propelling power 
allowance, and for obtaining the approval of the 
General Council of British Shipping. A memoran- 
dum dealing with this aspect of the question has been 
forwarded to the Minister of Transport, who was good 
enough to receive a deputation from the four 
institutions concerned, that is to say, ourselves, 
the Institute of Marine Engineers, the Institution 
of Engineers and Shipbuilders in Scotland, and the 
North-East Coast Institution of Engineers and 
Shipbuilders, and also the General Council of 
British Shipping. The Minister has promised to 
consider the matter. The hardest task before the 
Committee is to get similar unanimity in complete 
revision of the regulations. The Committee itself, 
however, represents different interests, and its 
members are unanimous in favour of a proposition 
which has been worked out in great detail, and for 
which the Council are indebted to the secretary of 
the Committee, Mr. J. W. G. Thurston. 

Another matter on which we have focused atten- 
tion is the report of the National Advisory Council 
for Industry and Commerce, dealing with the 
future development of higher technological educa- 
tion. The Council do not altogether see eve to eye 
with some of the recommendations in this report, and 
accordingly have sent a letter to the Minister of 
Education, setting out objections to some of the 
proposals made. The subject is—like the tonnage 
question—highly controversial and complex, but 
it does seem to us that the National Advisory 
Council’s recommendations for higher technological 
education would result in too much cenfralisation 
of control, and a certain duplication of function, 
together with possibly overmuch Government and 
academic guidance in matters which are principally 
the concern of the professional and _ technical 
institutions. We hope that the scheme put before 
the Minister may undergo some modification in the 
direction we have indicated, before being brought 
into force. 

I should like to remind members of the Institution 





that we should like to see a wider and more genera] 





interest taken in the government of the Institution. 
The revised by-laws and regulations which came 
into force in 1948 made special provision for this, and 
laid it down that any member, associate-member, 
or associate (other than a member of Council) 
could nominate a candidate for election to the 
Council. It was hoped that thereby members 
would feel encouraged to take an active interest in 
the annual elections for the Council. It is regretted 
that little advantage has been taken of these regu- 
lations. So far, only one such nomination has been 
received during the three years that they have been 
in force. It is hard to believe that this is due to 
supreme confidence and approbation of the old- 
time methods of nominating members of Council. 
The government of the Institution is, therefore, 
now in your hands to a large extent, and the Council 
will always welcome nominations put forward in the 
manner set out in Regulation VI. 

Apart from nominating candidates of your own 
choice, it is equally important to exercise your right 
to vote for the names circulated on the ballot 
papers each year. One sometimes hears, as an 
excuse for not voting, “ but I don’t know half of 
them!” Well, the new Regulations enable you to 
vote for the half that you do know; you are not 
compelled to vote for any more. Besides that, you 
have your own remedy: nominate suitable men 
whom you do know! A poll of one-eighth of the 
membership—which is about all that we usually 
get—is not a very striking response. I do, there- 
fore, earnestly ask you all to consider these matters 
and make sure that, in your own ultimate interests, 
you are pulling your weight. 

Of the forthcoming International Conference of 
Naval Architects and Marine Engineers, I need not 
say much. The Lord Mayor has kindly consented 
to open the Conference at the Central Hall, West- 
minster, and we look forward to welcoming many 
members, delegates and ladies from overseas. We 
are grateful for the co-operation we are receiving 
from the Institute of Marine Engineers, who are 
acting jointly with us as hosts in London, and from 
the Institution of Engineers and Shipbuilders in 
Scotland and the North-East Coast Institution of 
Engineers and Shipbuilders, who similarly have 
undertaken to organise the proceedings in Glasgow 
and Newcastle-upon-Tyne, respectively. We had 
hoped that our most distinguished honorary member, 
Mr. Winston Churchill, would be present at the 
opening meeting in London, but ever-increasing 
pressure of work compels him to decline. He asks 
me to express his regret to all concerned and adds 
that he gladly lends his name to the proceedings. 

The co-ordination of all the arrangements for the 
Conference is being handled by our secretary, who, 
I have no doubt, finds his hands pretty full. In 
the Navy, we are trained and accustomed to take 
on any extra job that comes along, as a matter of 
course, without extra assistance, but perhaps the 
task may be less onerous ashore with an office staff 
who, from long experience, can forecast every twist 
and turn of the road ahead. Mr. P. J. Shilham, our 
assistant secretary, completes 32 years with us this 
summer; Mr. L. A. Tiltman, in charge of the office, 
has been 29 years with us, and Mr. A. C. Wright, his 
senior assistant, 14 years. Mr. Shilham earns a well- 
merited retirement this year, but the Council have 
asked him to remain in Office till the end of the year, 
when Mr. Tiltman will succeed him as assistant 
secretary. Mr. Wright will then move up and take 
over charge of the office. Continuity of good service 
like this seems to be traditional: Mr. R. W. Dana, 
who is here to-day in his capacity of honorary 
member, set the pace with a record of 35 years as 
secretary. I am glad to take this opportunity of 
paying tribute to such excellent service, and, on this 
special occasion, to the work of Mr. Shilham. 

And now, as my own period of office is drawing 
to a close, may I say how greatly I have felt honoured 
by being asked to preside over your affairs during 
the past three years ? I may not have contributed 
many great thoughts to your deliberations, but 
perhaps that is not one of the functions of your 
President. I have intervened in discussions from 
time to time only when I felt it necessary, as a 
seaman, to bring naval architects down to earth— 
or, I should say, to sea level—when, perhaps, we 
were becoming a little academic. I conceive this 
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to be an important function on occasion, and one 
which, perhaps, an Admiral President is well fitted 
to perform. The vice-presidents have asked me 
to continue in office until after the International 
Conference, and I have agreed to do so ; but, accord- 
ing to our by-laws, the election[of a new President 
is made at the annual Spring Meeting, and, as I am 
already a year overdue for relief, I now have 
to ask this meeting to approve the nomination of 
my successor, Viscount Runciman of Doxford, 
and to ask him to accept office as from August 1. 
To have a distinguished shipowner and vice-chair- 
man of the General Council of British Shipping as 
President of the Institution of Naval Architects is, 
I think, very valuable at the present juncture, and 
conducive to an ever-closer understanding and 
partnership between those who build and those who 
operate ships. 

Gentlemen, I ask you now formally to elect 
Viscount Runciman of Doxford, O.B.E., A.F.C.. 
D.C.L., as your new President as from August 1, 
1951. 

Viscount Runciman of Doxford, O.B.E., A.F.C., 
D.C.L., was unanimously elected to succeed Lord 
Cunningham as President as from August 1. 

Lord Runciman, in response, said he appreciated 
the honour that the Institution had done bim 
and the difficulties of the task to which he was 
called, which difficulties were not reduced by the 
fact that he had to follow Lord Cunningham. 
He expressed his gratitude to Lord Cunningham 
for his willingness to continue in office until after 
the International Conference. 

Dr. 8S. F. Dorey (chairman of the Council) pro- 
posed a vote of thanks to Lord Cunningham for 
all that he had done for the Institution. In thank- 
ing him for his presidential address, he said that, 
in all the matters discussed therein, the Council 
had had the careful consideration of the President 
behind them in all their deliberations, and all 
members were grateful to him. 

Sir Stanley V. Goodall (vice-President), second- 
ing the vote of thanks, emphasised what an excel- 
lent President Lord Cunningham had been over 
the deliberations of the Council. The discussions 
had always been kept to the point, but, at the 
same time, there had been nothing dictatorial in 
his conduct of affairs. All members of Council 
appreciated his businesslike manner. Those who 
had attended the meeting in Copenhagen two years 
ago would realise how fortunate was the Institu- 
tion in having as President an outstanding figure 
in naval affairs throughout the world. 

The vote of thanks was warmly accorded. Lord 
Cunningham, in his response, said it had been a 
great honour to preside over the Institution for the 
last three years ; his work had been full of interest 
and he had learned a lot. He had made many 
friends whose friendship he valued highly and he 
would look back on his presidency as three years of 
great interest and great enjoyment. 

(T’o be continued.) 





HIGH-TEMPERA TURE 
MATERIALS FOR GAS 
TURBINES. 
(Continued from page 313.) 


CONTINUING our report of the “‘ Symposium on 
High-Temperature Steels and Alloys for Gas 
Turbines,” organised by the Iron and Steel Institute, 
and held in London, on Wednesday and Thursday, 
February 21 and 22, we now deal with the discus- 
sion held on the morning of February 22. 


ScALING AND FATIGUE AT ELEVATED 
TEMPERATURES, 


The second half of the morning of Thursday, 
February 22, was devoted to the discussion of the 
six papers in Group IV of the symposium, namely, 
‘** Scaling of Gas-Turbine Allovs,” by Professor A. 
Preece; ‘‘ Scaling of Heat-Resisting Steels: In- 
fluence of Combustible Sulphur and Oil-Fuel Ash 
Constituents,” by Dr. C. Sykes, F.R.S., and Mr. 
H. T. Shirley; ‘‘ Fatigue at High Temperatures,” 
by Mr. H. J. Tapsell; ‘‘ Fatigue Tests at Elevated 
Temperatures,” by Mr. P. H. Frith ; “‘ Hot Fatigue 
Testing,” by Mr. H. E. Gresham and Mr. B. Hall ; 





“ Variation of Elastic Moduli with Temperature, 
for Various Steels and Pure Metals,”’ by Mr. G. T. 
Harris and Mr. M. T. Watkins. 

The rapporteur for the Group was Dr. D. G. 
Sopwith, who stated that the six papers under 
discussion fell into three categories. Two of them 
dealt with the effect of scaling, and particularly the 
effect of vanadium pentoxide and of fatigue at the 
high temperatures involved. One paper, that by 
Messrs. Harris and Watkins, fell into a category 
of its own. These authors had determined, by two 
separate methods (one the normal static method 
and the other a dynamic method) the modulus of 
elasticity for 12 turbine steels and for aluminium, 
nickel and Armco iron at temperatures up to 
800 deg. C. The accuracy had been, of the order of 
+ 1 per cent., and the results had shown that in all 
the cases considered the variation had been very 
similar. The normal decrease was at a somewhat 
increasing rate, as the temperature rose from air 
temperature, to a value, at 700 deg. C., of from 60 to 
70 per cent. of the air temperature value. The 
problem of scaling was extremely complex and, in 
his paper, Professor Preece concluded that it was 
not yet possible to forecast the effect of particular 
conditions of operation on particular alloys. He 
instanced, for example, the ‘‘ catastrophic ” oxida- 
tion of alloys containing over 4 per cent. of molyb- 
denum at temperatures above 800 deg. C., and the 
considerable inhibiting effect of a small amount of 
cerium or thorium in the nickel-chromium alloys. 
The deleterious effect of vanadium pentoxide had 
been brought out in experiments carried out at the 
Brown-Firth Laboratories by Dr. Sykes and Mr. 
Shirley. The vanadium pentoxide had a compara- 
tively low melting point (about 660 deg. C.), and, 
in melting, had a strong fluxing action on the oxide 
film. The most hopeful suggestion, so far tried, 
appeared to be the addition to the fuel of such 
materials as basic metallic oxides, which, with the 
vanadium pentoxide, could form vanadates having 
a higher melting point and thus increase the tem- 
perature range beyond which this attack did not 
occur, 

The remaining three papers dealt with fatigue 
at high temperatures. This subject was very com- 
plex, in the sense that there were many variables, 
which meant that the amount of work that was 
needed really to map out the behaviour of a par- 
ticular material was considerable, and, with the 
increasing call for higher and higher temperatures 
and newer materials to meet the conditions, the time, 
in general, was not available to carry out a complete 
series of tests. 

Mr. F. R. Gadd, in opening the discussion, said 
that, in the early stages of turbine-engine develop- 
ment in this country much attention had been given 
to the creep properties of materials. This was as it 
should be, but it had been felt by some that hot 
fatigue testing was not given its proper place. Turn- 
ing to another matter, the idea of using cast rotor 
blades had not received support in this country, 
largely on account of difficulties of inspection ; never- 
theless, in view of the extremely large numbers of 
blades that would be required in the rearmament 
programme the problem was ripe for further investi- 
gation. A subsequent speaker, Mr. H. J. J. Red- 
wood, stated that if the gas turbine were to supersede 
other types of prime movers for power plants in H.M. 
ships, it must show advantages in efficiency and/or 
weight and space saving. Moreover, for strategic 
reasons it should be able to burn heavy fuel oil, 
some grades of which might contain a high percent- 
age of vanadium in the ash. The prevention of 
attack by this and other constituents of the ash 
was considered, therefore, to be one of the major 
problems in gas-turbine development so far as the 
Navy was concerned. The final speaker in the 
discussion, Dr. W. Siegfried, also referred to difficul- 
ties in the operation of gas turbines due to the 
vanadium content of the fuel. The chairman then 
adjourned the meeting for luncheon. 

(To be continued.) 





CALENDAR.—A large-size wall calendar with tear-off 
sheets showing on each the current month in heavy type, 
and the preceding and following monthsin smaller type, has 
been received from Messrs. Davy and United Engineering 
Company, Limited, Sheffield, and associated companies. 


MINE ACCIDENTS, 


THE accident figures for coal mines were at a record 


Inspector of Mines, the total was “ still much higher 
than it need or ought to be with the ordinary good 
mining practice of to-day.” In his annual report* 
for that year he states that, having regard to the 
inherent risks, the accident figures for explosions and 
falls of ground were reasonably good, but those classified 
under “* haulage ” did not show the decrease warranted 
by the few inherent risks and the improved methods of 
underground transporé in use. A disturbing feature 
was an increase of nearly 40 per cent. in the number 
of fatal accidents on the surface where conditions 
do not greatly differ from those in non-mining indus. 
tries. The total number of fatal accidents underground 
was 23 less than in 1948, but fatal surface accidents 
increased from 34 to 49; the overall figures for fatal 
accidents were 468 in 1948 and 460 in 1949. Both 
these figures are below any recorded since 1929, when 
the number of fatal accidents was 1,076. 

Falls of ground continue to be the major cause of 
fatalities and were responsible for about half the 
fatal accidents and one-third of the serious injuries. 
The reason for this is certainly the widely varying 
natural conditions which have to be dealt with, so that 
no single system of roof control and support can be 
devised which would be applicable in all cases. Detail 
arrangements will vary in almost every application. 
Improvements in supports and in methods of with- 
drawing them have had a very favourable influence on 
accidents due to falls of ground and though, in 1949, 
they constituted half the total, figures for deaths and 
serious injuries due to this cause were the lowest ever 
recorded. It is stated in the report that the progressive 
decline in this type of accident in recent years is to be 
attributed to improvements in practice and better 
training of workmen. 

Haulage is the second major cause of fatal accidents 
and was responsible for about one quarter of the total 
in 1949. The figure for persons killed and “ reportably 
injured,” was, however, 19 per cent. less than in 1948, 
The improvement is attributed to decline in the use of 
rope haulage, the increasing use of locomotives and 
conveyors and “ the attention being given to improving 
the efficiency and safety of underground transport.” 
It is an indication of the speed at which mine mechani- 
sation is proceeding that, during 1949, the number of 
locomotives in use underground increased from 185 to 
331, of which 52 were of the electric-battery type 
and 279 were powered by Diesel engines of an average 
horse-power of about 60; the largest were of 100 h.p. 
Although they did not cause loss of life or serious 
injury in 1949, the number of fires on underground 
conveyors was an unsatisfactory feature of their em- 
ployment. The number of such fires in 1949 was 12 ; 
in 1948 it was 15. All the fires were caused by fric- 
tional heating of some kind, and it is possible that they 
are to be attributed to the quality of the maintenance, 
rather than to design. Experience since 1949 has 
shown that a fire of this kind may have very serious 
consequences. 

In the table of causes of fatal accidents given in the 
report, the figures under the headings “ shaft accidents " 
and “‘ explosions and fires” are, respectively, 13 and 9. 
These are very small compared with accidents due 
to falls of ground and haulage. The figure 42 appears 
under the heading “ miscellaneous,” but details are 
not given. In view of the very extensive use of electri- 
city in mines, it is a tribute to designers and manufac- 
turers of electrical plant that, in 1949, there was only 
one fatal underground electrical accident; in 1948 
there were only two. There were 37 cases of injury 
underground. In commenting on the favourable 
record shown by electrical plant, the Chief Inspector 
states that a disturbing feature is the increasing number 
of electricians who are involved in the few electrical 
accidents which do occur. Details of accidents of this 
class are given in the independent reportt compiled 
by the electrical inspector. 

In the Chief Inspector’s report it is stated that the 
position in relation to Diseases of Occupation, particu- 
larly pneumokoniosis, is less satisfactory than in 
relation to accidents. Stone dusting to control and 
limit explosions is carried out with diligence, but 
methods of reducing the production of air-borne dust 
during coal winning have not, outside South Wales, 
made the progress which is desirable. There are diffi- 
culties in obtaining equipment, but also, “sad to say, 
of effecting and sustaining the full co-operation of 
officials and workmen.” 

* Report of H.M. Chief Inspector of Mines, under the 
Coal Mines Act, 1911, for the Year 1949. H.M. Stationery 
Office. [Price 1s. 6d. net.) 

t Report of H.M. Principal Electrical Inspector of 
Mines for the Year 1949, H.M. Stationery Office. [Price 
1s. net.) 











low level in 1949, but, in the opinion of H.M. Chief 
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RIVER GUNBOAT “« UCAYALI” FOR PERUVIAN NAVY. 


AND COMPANY, 


JOHN I. THORNYCROFT 


ERGIRERRIES 


LIMITED, LONDON. 











RIVER GUNBOAT “ UCAYALI”’ 
FOR PERUVIAN NAVY. 


Wuat is believed to be the first vessel built for a 
foreign navy since the end of the second World War, 
namely, the river gunboat Ucayali, was launched 
at the Woolston yard of Messrs. John I. Thornycroft 
and Company, Limited, on Wednesday, March 7. The 
Ucayali, shown entering the water, in the illustration 
reproduced above, is being constructed for the Peru- 
vian Government and the launching ceremony was 
performed by Her Excellency Sefiora Teresa de Rivera 
Schreiber, wife of the Peruvian Ambassador to Great 
Britain. 

The vessel is the first of two under construction at 
the Woolston yard and, on completion, will be employed 
for police duties on the River Amazon and its tribu- 
taries. The vessels are of shallow-draft construction, 
the leading particulars being: length on waterline, 
154 ft. 9 in.; beam, 32 ft.; draft, 4 ft.; and the 
displacement, approximately 350 tons. To reduce 
weight, the superstructure has been built almost 
entirely from aluminium alloy. The propelling machi- 
nery consists of two British Polar Diesel engines, each 
capable of developing 400 brake horse-power, and it 
has been estimated that a maximum speed in the 
neighbourhood of 12 knots will be attained. The 
accommodation has been designed to suit the climatic 
conditions under which the vessel will operate and will 
comprise the commanding officer’s day and sleeping 
cabin, three separate cabins for the officers, and a large 
ward room. Six petty officers and a crew of 30 will be 
carried, and separate mess rooms and sleeping accom- 
modation will be provided for them. Details of the 
armament are not available, but this will probably 
consist of 3-in. and 20-mm. 

On completion, the Ucayali and her sister ship, 
the Marafion, will make the passage to their destination 
i company and under their own power. The Marafion 
will probably be launched in April, and according to 
plan, the two vessels will leave for Peru in July. Calls 
will probably be made at Lisbon, the Canary Islands, 
and the Cape Verde Islands. The journey to Para, at 
the mouth of the Amazon, entails covering some 4,200 











miles, and it is understood that sufficient fuel will be 
carried to cover this distance. Both vessels will be 
manned by Peruvian crews, who will arrive in this 
country during May. 

Messrs. Thornycroft are also building a 600-ton 
floating dock at Woolston, as part of the same contract ; 
it should be ready for launching in the near future. 
It is of the double-sided self-docking type, and con- 
sists of a lifting portion, formed from four similar 
pontoons, attached to two parallel side walls. The 
dimensions are: length, overall, 194 ft.; depth of 
side wall inside dock, 19 ft. 7 in.; width, overall, 
61 ft. 3 in.; and clear width of entrance, 44 ft. 6 in. 
When floating in fresh water, the dock will be capable 
of lifting a vessel displacing 600 tons. Mechanical side 
and bilge shores will be fitted. Four hand capstans and 
associated derricks will be provided and the equipment 
will include a pair of flying gangways to give access 
from one wall of the dock to the other. When com- 
pleted, the dock will be delivered to Para by the 
contractors and will be taken to Iquitos, Peru, a 
distance of some 2,200 miles up the Amazon, by the 
Peruvian Navy. 





THE COLLEGE OF AERONAUTICS.—To provide a com- 
prehensive post-graduate training in aeronautical engi- 
neering, the College of Aeronautics, Cranfield, Bedford- 
shire, was opened in 1946; it is financed by the Govern- 
ment through the Ministry of Education, but its policy 
is controlled by a Board of Governors appointed by 
the Minister. It may be recalled that a description 
of the well-equipped laboratories of the College appeared 
on page 125 of our 170th volume (1950). Further par- 
ticulars, which will interest prospective students, are 
given in a detailed, well-illustrated brochure issued 
recently by the College, which includes notes on the 
history of the college, the scope of the courses and con- 
ditions of entry, and abridged syllabuses and methods of 
study in the main two-year courses in aerodynamics, 
aircraft design, aircraft propulsion, and aircraft econo- 
mies and production, and in the auxiliary courses in the 
flight department, the radio and electrical section, and 
the materials and metallurgy section. 
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THE ACCURACY OF TIME STUDY 
METHODS IN BRICK LAYING.* 


By W. Kinnisures, F.R.1LC., and L. S. VALLANcE, 
B.Sc., A.R.C.S. 


VaRious methods of time study have been used in 
industry in recent years, particularly in the United 
States and, to a lesser extent, in Continental Europe 
and in this country. The aim of time study, broadly 
speaking, is to improve industrial efficiency by investi- 
gating methods of production, with particular reference 
to the time taken for the performance of the operation. 
It has been most generally applied to factory opera- 
tions, but there is much interest to-day in its use for 
such purposes as the study of craft processes in building 
operations. 

Time study may be limited to observations of the 
time taken for different parts of an operation or series 
of operations for the purpose of planning their sequence, 
or it may be extended to include “ rating,” with the 
object of assessing how long a job should take. While 
time observations depend on a direct measurement— 
though this may be subject to complications—rating 
depends on a subjective estimate. In general, it is 
assumed that it is possible to define a standard rate of 
working, usually called the “normal rate,” and that 
it is possible to train observers to recognise this rate 
independently of the task studied. Deviations from 
this normal rate are also given a numerical measure, 
estimated by the observer on the basis of visual 
impressions. The time taken for a task done at this 
normal rate is taken as the “ normal time ” and, when 
done at other rates, the actual times are corrected to 
normal times by the use of these numerical measures. 

The criteria by which the normal rate is defined and 
on the basis of which deviations from the normal rate 
are estimated are a source of controversy among time- 
study experts. The following criteria, either single 
or in certain combinations, have been suggested by 
different authors: the speed of the operative’s move- 
ments, effort, skill, method, working conditions, con- 
sistency and productivity. 

Most methods of time study either consider one 
criterion only, or, if more than one are considered, 
endeavour to integrate the effects of the various 
factors mentally and estimate the rating directly. 
However, a method proposed by Lowry, Maynard and 
Stegemertenf in 1927 considers the effect of four factors, 
namely, skill, effort, conditions and consistency, 
separately. The range of variation of each factor is 
divided into grades, and a number is attached to each 
grade. The sum of the numbers for the appropriate 
grade of each factor gives the rating for the job. In 
spite of its apparent precision, this method is still 
based on subjective grading of the factors and it is 
doubtful whether the complications can be justified. 

Basically, however, all methods of time study that 
include rating have three features in common, namely, 
the measurement of the time taken for a task, the esti- 
mation of the rate at which the task was performed, 
and the adjustment of the measured time to normal time 
by means of the estimate of the rate of working. In 
most cases, the adjustment to the measured time is 
proportional to the rate of working ; thus, a commonly 
used system designates the normal rate as 60 and, if a 
time t is observed at rate r, the normal time is calculated 

tr 
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During the past few years, the Building Research 
Station has been interested in the application of these 
methods to certain building operations. These investi- 
gations had to be fitted in to the requirements of a 
more general programme of building research and, 
consequently, the planning of the investigation departed 
in many respects from what might be regarded as an 
ideal experiment if time study only had been the 
object of investigation. Nevertheless, the results 
obtained did reveal a number of points of particular 
interest to time study, and provided information which 
will be of considerable value in planning more extensive 
experiments along similar lines. 

The particular operation studied was bricklaying 
and the results were obtained mainly from two experi- 
ments. The first was a field study of the erection of 
nine pairs of semi-detached houses and the second 
was a “laboratory ” study of building of walls. The 
elements into which the work was divided were as 
follows :—Spreading mortar, i.e., picking up mortar 





* Communication from the Building Research Station 
of the Department of Scientific and Industrial Research, 
being a summary of a report on ‘‘ The Accuracy of Time 
Studies: An Examination of Some Experimenta] Data.’”’ 
Copies of this report are obtainable on application to the 
Director, Building Research Station, Garston, Watford, 
Hertfordshire, by whose permission this summary is 
published. 

+ Time and Motion Study, by S. M. Lowry, H. B. 
Maynard and G. J. Stegemerten; third edition (1940). 
McGraw-Hill Publishing Co., Ltd. 
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from the board, depositing it on the wall and spreading ; 
laying brick, i.e., picking up brick, ‘* buttering’’ one 
end with mortar to form the vertical joint, placing in 
position on the wall, and removing excess mortar ; 
measuring, i.e., plumb-lining, measuring, gauging and 
setting up the line; and miscellaneous, i.e., any 
elements of work not included in the above. 

In the first experiment, an examination was made 
of the ratings given by seven different observers during 
the course of the large-scale house-building experiment, 
in which seven bricklayers were employed. It was 
found that the differences between the observers’ mean 
ratings were greater than the differences between the 
mean ratings for the bricklayers. This suggests that 
there is a bias in an observer’s ratings which is greater 
than the differences between the average rates of 
working of different bricklayers over long periods. 
This type of error in rating does not seem to have 
received much attention in the past. When an 
observer’s ratings are subject to bias, as well as random 
error, the observed time in a study of any length may be 
expected to be more accurate than the time obtained 
after adjustment for rating. Even for a short study, 
the observed time will be the more accurate unless the 
rate of working differs widely from the average. 

In the second experiment, a detailed analysis was 
made of an experiment in which two observers simul- 
taneously studied the same bricklayer during the 
building of four test walls. One of the most important 
results of this analysis was to reveal a source of error 
in making time studies to which there appear to be few 
references in the literature, namely, that associated 
with the recording of the actual time for each element 
of work. It was previously thought that the error 
would be small, possibly of the order of one second, but 
considerably greater differences were found between 
the actual times given by the two observers. 

With regard to the accuracy of rating, it was found 
that the observers did not show good agreement in 
their ratings of each element, differences as large as 
20 points being recorded. This is to be expected in 
view of the subjective nature of rating, but it is useful 
in providing factual information where none was pre- 
viously available. It should be emphasised that these 
investigations were concerned only with the consistency 
between the ratings of the different observers; the 
definitions of the normal rate are not sufficiently precise 
to yield any criterion of the absolute accuracy of rating. 

A frame by frame examination of film records of 
bricklayers at work has shown that the variation in 
motion pattern for this craft work is greater than is 
generally supposed. It is only to be expected that 
this will have an adverse effect on the accuracy of 
rating, especially as these differences in pattern are 
not always obvious without some minute motion study, 
such as that provided by film analysis. If time studies 
are to be carried out for such craft processes, it would 
appear preferable to use the observed times only; it 
is then necessary to know what size of sample is re- 
quired to obtain a satisfactory level of reiiability. 
The data available are not suitable for an exhaustive 
investigation of this problem, but an examination of 
the variation met with in samples ranging from 100 to 
2,000 consecutive bricklaying elements suggests that a 
sample of between 500 and 1,000 bricks would be 
necessary to obtain a minimum working accuracy. 

These investigations have been confined to one craft 
operation, bricklaying, and the experiments were not 
designed primarily to provide evidence on the accuracy 
of time studies, but, nevertheless, they indicate the 
need for a more critical examination of the basis of 
the rating method in general. It must not be over- 
looked that readiness to use time study is often an 
indication that the management is alive to the value of 
new techniques, and that, in such organisations, other 
factors which stimulate productivity may also be 
operative. Presgrave, in his book,* states, ‘‘ This over- 
dependence on the adage that the proof of the pudding 
is in the eating has been most insidious in its effect, 
for it has tended to dull our awareness of the unre- 
mitting necessity for following the scientific method. 
Because of it we have often failed to come to grips 
with fundamentals and have accepted certain tech- 
niques on the basis of apparent results, without really 
inquiring as to whether they had their roots in valid 
theory or whether tiey were arbitrarily based on a 
pseudo-empiricism.” 

Much patient work will have to be done before the 
difficulties arising can be overcome and the basic 
principles of the method adequately established. In 
particular, it will be necessary to carry out further 
experiments of the same type as the second experiment 
mentioned above, for different jobs and with a larger 
number of observers. In such experiments it is 
possible, by carefully defining the elements of work 
and non-productive time, to ensure that observers’ 
ratings are directly comparable, element by element. 





* The Dynamics of Time Study, by R. Presgrave. 
McGraw-Hill Publishing Co., Ltd. (1945). 





LABOUR NOTES. 


Propuctivity in the printing industry is higher in 
the United States than in Britain. This is one of the 
principal conclusions reached by the Anglo-American 
productivity team on letterpress printing which spent 
several weeks in the spring of 1950 investigating the 
industry in the United States. In its report, which was 
published last Monday, the team states that produc- 
tivity is an attitude of mind and that the one factor 
which, more than any other, has created the high pro- 
ductivity of the United States has been the attitude of 
the people there towards work. The team found that a 
more widespread appreciation of the advantages of a 
high level of productivity existed at all levels in the 
United States than it did in Britain. Both manage- 
ment and workpeople took an intense interest in output 
and efficiency. There was a strong belief among em- 
ployees that their own prosperity was linked to that 
of the business employing them and that it was up to 
them, as the men on the job, to find ways of saving 
time and material, and to improve methods of working. 





A high degree of specialisation, the team found, was 
an important factor in the high output of many of the 
firms they visited. Specialisation existed among the 
individual operatives in the United States to a much 
greater extent than it did in Britain. Although the 
average employee in the American printing industry 
worked much more effectively and produced far more, 
owing to the advantages of specialisation, planning 
and other differences, than his British counterpart, it 
is the view of the team that the American’s expenditure 
of effort was not proportionately greater than that of 
the average British printing employee. The attitude 
of the American trade unions, also, was to encourage 
improvements and changes in technique leading to 
increased output and greater efficiency, and this 
positive approach by the unions there to output was a 
major factor in the high productivity in the United 
States. 





Figures are quoted in the report to show how the 
printing industry in the United States expanded 
between 1939 and 1947, whereas the industry in Britain 
contracted. In 1947, the number of employees in 
America had increased by 34 per cent. of that country’s 
total in 1939, but, in Britain, the industry’s labour 
force in 1947 was only about 80 per cent. of its size in 
1939. As a large part of the American printing 
industry is either non-union or open shop, the team 
state, entry into the industry is not restricted as it is 
in Britain, and the number of persons employed is 
continually being adjusted according to the economic 
laws of supply and demand. The figures quoted, it is 
remarked, show how an industry such as printing can 
develop where there is a free market for its product, 
where the supply of labour is elastic, and where a high 
level of output, with low costs as a result, has led to 
a great increase in demand. 





Recommendations are made in the report that the 
British Federation of Master Printers, and the trade 
unions concerned, should urge upon their members the 
advantages of high productivity to themselves individu- 
ally, as well as to the nation as a whole. They should 
urge their memberships to co-operate in introducing 
methods of production which will increase outputs 
and reduce costs. It is considered that there should 
be a freer intake of labour into the industry and that 
the employment of dilutees should be encouraged. 
The employment of women for this purpose should be 
permitted. Where firms are unable to take their full 
quota of apprentices, the vacancies should be trans- 
ferred to other establishments. The present lines of 
demarcation should be made more elastic, and incentive 
schemes encouraged. The report of the team, which 
comprised managers and workpeople in equal propor- 
tions, was unanimous. Copies are obtainable from the 
Anglo-American Council for Productivity, 21, Tothill- 
street, London, S.W.1, price 2s. 6d., including postage. 


Pleas to all members of the staff of British Railways 
“from the top to the bottom ” to do their utmost to 
give the best possible service, and so help the national 
railway system to carry the burden of extra costs, are 
contained in a joint manifesto issued by the Railway 
Executive and the three principal railway unions on 
March 15. The object of the pamphlet is to explain 
the agreements entered into between the two sides of 
the industry on February 23, by which a settlement 
was reached on the matters at issue between them. It 


is pointed out that, as a result of that settlement, all 
members of the conciliation and salaried grades obtained 
increased rates of pay, which were broadly equivalent 
to 74 per cent. above those ruling previously. Further- 
more, there was established a firm basis of co-opera- 





tion on which it would be possible to improve the 





output of the industry. The three unions, the National 
Union of Railwaymen, the Associated Society of 
Locomotive Engineers and Firemen, and the Transport 
Salaried Staffs’ Association (then the Railway Clerks’ 
Association), which were parties to the settlement 
and have also signed the joint manifesto, agreed to 
afford the fullest co-operation to the Executive in its 
efforts to secure increased economy and efficiency. 
To that undertaking, it is stated, the Executive 
attaches the utmost importance. 





It is vital, in fact, to the interests of the whole 
railway staff, the four organisations declare, that the 
undertakings given by the Executive and the co- 
operation which the trade unions promised, should 
be matched, on the part of every employee of British 
Railways, “ by a realistic long-term outlook and by a 
loyal observance ” of the agreements made on their 
behalf. The effect of the increases in wages and 
salaries, covered by the settlement, will be to add 
12 million pounds a year to the Executive's pay bill, 
it is stated in the manifesto, and its readers are 
reminded that British Railways had a deficit of 
26 million pounds in 1949 and anticipate another, 
estimated at 12 million pounds, in respect of 1950. 
It may be noted that no mention is made of the 
separate agreement entered into between the Executive 
and the railway shopmen, referred to on page 296, 
ante, by which an extra three and a quarter million 
pounds were added to the annual cost of running the 
railway service. 





Because only a part of the extra 12 million pounds 
to be spent on wages and salaries can be recovered 
from savings effected under nationalisation, the 
manifesto continues, it means that, in order to find 
the money, passengers and senders of goods by rail 
will be asked to pay more. The more that people 
have to pay for railway transport, the more critical 
they will be of the service they get for their money; 
and the more they will be likely to think twice before 
using the railways at all. “In fact,” state the three 
unions and the Executive, “many of our customers 
will only stay with us if we give them better service 
than we are doing now.” 





An influx of men was largely responsible for an 
increage in the working population of Great Britain, 
which took place during January last. The number 
of persons over 15 years of age who were in employ- 
ment, or available for work, at the end of that month 
totalled 23,247,000, of whom 15,941,000 were men 
and 7,306,000 were women. This was a net increase 
of 22,000 on the figure for the end of December last 
and, of these, 20,000 were men. During January, 
there was a net increase of 5,000 in the total number 
of persons engaged in the basic industries: mining, 
quarrying, agriculture, fishing, transport and commu- 
nications, and gas, electricity and water undertakings. 
At the end of the month, 4,158,000 persons were 
engaged in this group of industries, and it is encouraging 
to note that the number of wage earners on colliery 
books increased by 7,000. 





There was a net increase of 39,000 in the labour force 
of the manufacturing industries during January, 
bringing their total man-power strength to 8,659,000. 
The largest increase was one of 23,000 in the engi- 
neering, metals, and vehicles group, in which a total 
of 4,109,000 persons found employment at the end of 
that month. There were increases of 7,000 in the 
clothing industry and of 6,000 in the textile industry, 
as well as smaller increases in the other industries 
included in this group, except in the food, drink and 
tobacco trades, where a decline of 3,000 was recorded. 
Some 9,347,000 persons were engaged in building and 
contracting, distributive trades, professional and 
financial services, and in public administration, bringing 
the total number of workpeople in civilian employment 
at the end of January to 22,164,000. The size of the 
Armed Forces was increased by 21,000 during the 
month to a total of 773,000, and the number of ex- 
Service men and women on release leave seeking em- 
ployment at the end of the month was less than !,000. 





The position regarding piecework disputes in the 
engineering industry continues to show a general 
improvement. Some 600 engineering operatives in the 
employment of Messrs. Tweedales and Smalley (1920), 
Limited, Castleton, Rochdale, agreed unanimously at 
a meeting held on March 18 to the terms offered by 
the firm and decided to return to normal working: 
As in other cases, the dispute at this firm commenced 
early in January, when the men refused to do picce- 
work as a protest at the failure of the November wage 
agreement to give increases to the higher-paid men. 
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we By A. S. Brercu, M.I.Mech.E. 
ite (Concluded from page 326.) 
y. THE world-renowned company manufacturing the 
ve famous Parsons turbines and electric generators, etc., 
have recently completely rebuilt and reorganised their 
three foundries (light, medium, and heavy), and have 
installed the very latest mechanised plant in each. 
le While their light foundry handles a certain amount of 
he light repetition castings, the medium and heavy 
o- foundries’ work is of a jobbing nature. The light 
Id foundry shown in Fig. 5, herewith, is mainly fitted 
sh up with sand conditioning, reconditioning, and dis- 
a tributing plants. The work made on this plant is not 
ir of a really repetitive character because, while long 
id runs of one casting occasionally occur, as a rule the 
ld patterns are changed very frequently, and the sizes of 
ll, moulding boxes vary almost from hour to hour. There- 
re fore, the mechanical mould conveyer has not been 
of installed, but roller track is used. Roller tracks for 
r, mould conveying in mass-production defeat their own 
0. object. The moulds have to be pushed round by 
e hand, and the waste of labour involved, which in the 
1 ordinary way would be undertaken by the mechanically- 
B, operated conveyor, is entirely wrong; but in this 
n instance it is the only way to deal with the problem. 
e On the other hand, the plant is so designed that a 
mechanical mould conveyor can be installed at a later 
Is Many foundrymen throughout the world praise the 
d efforts and results obtained in the production of 
e Fie. 5. Mrcuanisep Ligut Founpry. repetition castings, but they still maintain that the 
d jobbing side cannot be mechanised. As a result, the 
il jobbing shop, except in a few instances, lags behind. 
e Certainly, mechanisation or semi-mechanisation of the 
J jobbing shop is a much more difficult problem to solve, 
; and will probably never be solved to the same extent 
e as in the repetition shop, but a great deal can be done 
e to lessen the laborious work in such shops. Fig. 6, 
5 herewith, indicates the layout for the manufacture of 
medium castings, ranging in weight from 1 to 12 ewt., 
all of a jobbing nature. It gives a good general idea 
of what can be done to overcome the present shortage of 
skilled moulders. If it is possible to cut out the donkey 
1 work by the use of electric power, and, at the same time, 
, leave the skill, such as pattern drawing, gating, patch- 
7 ing, etc., to the individual moulder, and make his sur- 


roundings more congenial, youths, who are so badly 
needed in the foundries, will be attracted, and the out- 
put per man employed will advance rapidly. Within 
six months of the installation of three mechanised 
plants at a works, 25 applications were received from 
youths for training. Previous to this there had not 
been one application for 18 months. 

The five jolt machines shown in Fig. 6 were already 
in the foundry before the other part of the installation 
was considered, and will probably be replaced by 
automatic mechanical sand-ramming machines. One 
such sand rammer is already installed on the mechanical 
moulding side of the unit, and is much more elastic in 
its application than the jolting machines. At the 
present time, however, the moulds are rammed up on 
the jolt machines and by the sand rammer, and are 
transferred to the sand bed casting points by means 
of the overhead crane. After pouring, and after the 
castings reach solidification, the moulds are knocked 
out in the vicinity of the knocking-out grid, and the 
sand then passes through the plant and eventually 
arrives in a re-prepared condition at the hoppers 
situated over the moulding machines, for use once more. 
All castings made on this plant are cast in green sand. 
If, however, dried sand moulds had to be used, portable 
mould driers or stoves would be necessary and the 
layout would be completely different. For such lay- 
outs as these, overhead cranes or mechanical lifting 
appliances are absolutely essential. 

The castings made in the heavy foundry (Fig. 7) 
range in weight from 1 to 35 tons each. Some of the 
moulds are made of brick and loam, but in the main 
they are made of dried sand, are very heavily cored, 
and of a very intricate nature. All this sand has to be 
reconditioned, and as it includes large, hard lumps 
which have to be broken down before reconditioning, a 
special type of sand breaker has been installed. There 
is a very large stationary knocking-out grid to deal 
with sand from the largest boxes. The other items 
in this plant are the magnetic separator, hexagonal 
rotary screen, 50-ton storage hopper, 15 tons per hour 
continuous sand mill, disintegrator, and two 10-ton 
hoppers, from which finished sand in good moulding 
condition can be drawn. In addition, there is a new 














* Paper of the Industrial Administration and Engi- 
neering Production Group, entitled ‘‘ Further Mechanical 
Aids for the Foundry,”’ presented to the Institution of 
a ‘ Mechanical Engineers at a meetin gir London, on Friday, 
Fic. 7. Mrcuanisep Heavy Founpry. March 9. Abridged. 
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Fie. 8. Sanp CRUSHER. 


sand hopper with a capacity of 10 tons, with all the | 


necessary sand-feed belts, elevators, etc. The ramming 
up of these very large moulds is carried out mainly 
by a tractor type of sand slinger of American design. 

The sand crusher shown in Fig. 8, herewith, is 
composed of an outside stationary cylinder, with a 
chute, into which the sand is introduced. Inside this 


cylinder is fitted a main shaft on to which are bolted | 


a number of retaining discs, whose main function is to 
keep the loose crushing ball in between each disc 
from travelling laterally. The sand is introduced 


into the chute and as the dises rotate on the shaft the | 


sand, in a lumpy condition, is directed forward to come 
into contact with the crushing balls, which reduce the 
lumps to grain size. The sand therefore travels forward, 
and is evacuated at the end of the drum, whence it is 
reintroduced into the sand system. Fig. 9 shows the 
inside of the machine, which operates very efficiently 
and effects much saving in sand. 

The type of mechanical sand rammer shown in Fig. 10, 


herewith, is the British counterpart of a type that | 


originated in the United States, and differs funda- 
mentally and in details from it. ‘The official name of 


the United States machine is the sand slinger, whereas | 
the British machine is called the sand rammer. One | 
of the many points of difference is that it is believed in | 


Cireat Britain that the machine should not be portable, 
but stationary, unless the portable machine possesses 
its own hopper or bunker from which it can obtain a 
supply of well-prepared and conditioned moulding sand. 
Further, all foundries making fairly large castings, 
suitable for moulding with this machine, must possess 
overhead cranes, and, consequently, it is probably 
easier to take the job to the machine, than the machine 
to the job. 

Moreover, the machine operates at such a speed that 
it has been found, from experience, that in order to 
obtain a uniformly rammed mould, it is essential to 
have a regular and continuous flow of sand to the head 
of the machine, and that this sand must be free of all 
foreign”? matter, particularly metallic inclusions. 
When the provisions possible in the portable machine 
are not present, a large packet of sand is fed into the 
head of the machine and is rammed into the mould, 
then for a few moments very little or no sand arrives, 
during which time the impeller is thrashing air, until 
« further supply of sand arrives. Such conditions 
result in unevenly rammed moulds. Apart from this, 
there is always a danger when taking a supply of sand 
from the foundry floor that a runner or git or some other 
piece of metal will be included in the sand, and as this 
will without doubt get into the impeller head, the result 
would probably be that some vital part of the machine 
would be smashed, and quite possibly the operator 
might be injured. 

The sand rammer or sand slinger is the only machine 
at present on the markes which can successfully deal 
with jobbing work, or large castings which are too big 
for the average moulding machine. Throughout the 
world hand moulders are scarce, and, consequently, 
wages are high. Apart from that aspect, however, the 
highly-skilled man should not be used for the hard donkey 


work of shovelling sand into a moulding box, and the | 


long and tedious work of ramming up large moulds. 
The skill of the hand moulder should be used to draw 
the pattern, or to do any patching to the mould, 


which is inevitable when a wooden pattern is used, as | 
is usual in jobbing work. The skilled man should also | 


supervise the core-setting and closing of the moulds, 
and generally finish the moulds ready for pouring. 


INTERIOR OF SAND CRUSHER. 
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Fig.14.( 1 Fig.16. SECTION BB 
a —— - att > 
] . ee A 
- — aff a dh . 
| ir | fonk if : r 
| sty ! | Scasaal 
l e. iin. 
| pty bed 
Pane | ae 
| \ ee Ro & ' 
3 
ane 
if 
. Cl 
Fig15. ' _¢! 
ee oa _—s 
; Weest hy ” SAND STORAGE 
al est ' INS 
iTr oY f 
oi 2 i | == 
‘ ! ‘ 4 ty ! 
nt im : - SO: | | 
' J | 
pa ween ge ee 
feo ee Vd | , ae 
= po ee 8 += 1 Al; - — 
OSH l | 5 | i do | | 
oF | : ' | : \ 
<20r x P | GREEN SAND | ” J| | il ijl | ra 
sronact| | Secrion |B | | ie | | | | l |! | “~) | ff | ou! 
| | | | | j \ | ‘ : ; | : | (v] 
! | . ... 4 
ot Sn Ses See Se a ee 
| | | Weonei | jij jf be - “J 
' | ra) | \| OVEN \ | | 
| if mMouLD- | ‘| f 
FETTLING| H J n | ties Ji---} OVENS Sa cwn 45 
‘ ‘ t t y 
‘. ~~ SHOP | i 1 j aA 
| > ' a iL 
| | q i 
a ce, aaa, Cater Sena pene Anes Ea Fig.17. secTION CC 
(230.0.) z 7m 
«  Knocking-out grid and chute, A Automatic sand rammer, 10-ft. arm. « Weighing machine. 
, Belt. / Automatic sand rammer, 15-ft. arm. er Lift. 
‘ Magnetic separator m Conical hopper and gate. « Platform. 
¢ 16-in. elevator. n Vibratory screen. r Rotary furnace. » 
f Rotary screen. 0 Rails. v Coal-dust platform. ontiiie 1 
f 50-ton hopper. p Minor sand rammer (mobile) > Sand bins. corte 
/ Sand bin mill, disc feed q Minor sand rammer (stationary) \ Lift entry + 2 
bh Chute under base. ’ Existing cupolas. KB Lift exit. r L 
iV plough. » New cupola. (Existing plant. 
3-ton hopper. t New crates. ID New rammer. 


The machine should be left in the hands of an unskilled | on the cup and on the liner of the American sand slinger 
or semi-skilled man, who has only to guide the head | was very serious, owing to the abrasive action of the 
over the box to solidly ram up the mould. sand, the shape of the cup and its approach to the sand, 
Fig. 11, opposite, shows a fundamental difference | which meant that the cups had to be replaced every 
between the American sand slinger and the British | eight hours, and the liners once a week. With the 
sand rammer. The head of the American machine is | British multiple-bladed type of sand rammer, the wear 
fitted with a drum carrying one cup or impeller revolv- | is very much less on the blades and the liners and, as 
ing at a very high speed, which flings the sand into the | wear takes place on the blades, all that is necessary is 
mould at high velocity. It was found, however, that | to undo the screws, regrind the top of the blades, and 
by reason of the shape of the cup, the sand was thrown | replace them. The blades, which are made from ordi- 
at a slight angle into the mould and, moreover, that | nary mild steel, last for two to three months, and the 
there was quite a considerable amount of spillage of | 
loose sand into the moulds, which tended to result in | about five to six weeks. 


uneven ramming. Further experiments were therefore | For the repetition moulding of tractor frames and 
mad« in Britain, with a number of flat blades to replace | gearboxes, the size of the boxes is approximately 
the single cup, and a great improvement in the regularity | 5 ft. by 2 ft. by 10 in. deep, and the production obtained 





of ramming was obtained; in fact, with the plural | is 90 complete moulds in 8 hours. Fig. 12, herewith, 
blades the ramming is quite uniform. It is also | shows a sand rammer installed in a large motor works. 
found possible to deal with a much larger quantity of | The pattern drawing is carried out by a pneumatic type 
sand with this machine than with the one with a | of roll-over machine. 

sing!’ cup. Apart from the above advantages, the wear | Fig. 13, herewith, shows the very latest innovation 


liners, which are made from high-tensile steel, last for | 
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for the foundry—a sand rammer for a small works. 
The small foundry has not been catered for up to the 
present time. Small foundries all over the world have 
had to make their living by making one or two castings 
off comparatively small patterns, their only solution 
being to ram up such moulds by hand. With the size 
and type of sand rammer shown in Fig. 13, small 
foundries will be able to utilise a mechanical ramming 
agent, and even for larger quantities of varying patterns, 
this machine can put them in a very good position to 
compete with the larger and better fitted foundry. 
This type of machine must be fed with a continuous 
|}and regular supply of well-conditioned and clean 
moulding sand to procure the best results ; part of it 
therefore comprises a feeding hopper, containing 
approximately 4 cwt. of sand. The belts are con- 
| trolled by push-buttons from the head of the machine, 
| and, as the top belt is situated directly under the top 
hopper, as soon as it starts to rotate, a predetermined 
quantity of sand is fed down on to the lower belt, 
! and this, in turn, feeds into the head of the machine. 
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which is fitted with a multiple-blade type of impeller 
to fling the sand at high velocity into the moulding box, 
thus ramming the sand securely and evenly around 
the pattern. The ramming arm swivels round at 
approximately 200 deg., and has also a backward and 
forward travel of 2 ft. 6 in., so that it can deal with all 
sizes of moulding box up to approximately 36 by 24 in. 


The machine has a very interesting field in regard to} 


cores. For very small cores the core blower is probably | 
the most useful machine, provided that there are 
sufficient cores to be made of the same design and type, 
but the use of the core blower demands that core 
boxes must be specially constructed, and hence the 
core blower is only useful for core making when large 
repetition quantities are needed. The Minor sand 
rammer, on the other hand, does not need special core 
boxes, and, consequently, it can ram up all cores up 
to 36 by 24 in., whether for jobbing or repetition 
work. 


mechanisation can be carried out in a jobbing foundry. 
The work to be made in this foundry consists entirely of 
jobbing work, ranging from | lb. up to 24 tons in weight. | 
Some of the castings have to be made in green sand, and 
quite a number of the larger ones in dry sand. There 
are, therefore, three problems: small green-sand 
work, medium green-sand work, and heavy dry-sand 
work. Each of these requires a different type of sand, 
and, consequently, three sand plants are installed. 
In the small green-sand bay, a Minor sand rammer, 
running on a track, is installed, and is fed from the 
batch sand mill and plant. This machine goes up 
and down the track, ramming up moulds on either side 
of the track, and returning to the inclined belt feeder 
on the sand plant each time it needs more sand. 

The medium green-sand moulds are made by the 
three ‘* Linslade ” sand rammers in the long green-sand 
bay, and the sand is knocked out over the grids, after 
the moulds are cast, and returned to the plant for 
reconditioning and re-supply to the various sand 
rammers at the moulding stations. The dry-sand 
work is moulded up by the two “Linslade” sand 
rammers, one of which is fitted with a 10-ft. arm, and 
the other with a 15-ft. urm, for very large work. After 
moulding, the moulds are transferred to the drying 
stoves, and the dried moulds are then brought back to 





Figs. 14, 15, 16 and 17, on page 357, show to what extent | 





the pouring floor, for ecring up, closing, and pouring. 
They are then again knocked out over the grids indi- 
cated, and the sand travels back to a plant for recon- 
ditioning. No moulds are rammed by hand, and all the 
arduous work hitherto carried out by hand is entirely 
cut out. Overhead cranes deal with the transportation 
of moulds, moulding boxes, metal, etc. The cores are 
rammed up by the Minor sand rammer, and are then 





placed in the stoves for drying. The metal is melted | 
in three cupolas, each with a capacity of 3 tons of | 


metal per hour, and a pulverised-fuel rotating furnace | Welsh, Wh.Ex., M.I.Mech.F.. 


is installed for the supply of any special mixtures. 
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Fic. 2. Gas TurBINE CouPLED TO ALTERNATOR. 


OPERATING EXPERIENCE WITH A 
750-KW GAS TURBINE.* 
By G. B. R. Fempen, M.A., M.I.Mech.E. 


THE fundamental aspects of gas-turbine cycles and 
performance were described in a paperf read before 
the Association two years ago and readers are referred 
to this for a discussion of the thermodynamic laws 
governing the functioning of gas turbines. It is the 
purpose of the present paper to concentrate upon the 
practical aspects of operation on the basis of experience 
gained during the first twelve months of endurance 
running of the Rustonand Hornsby 750-kW gas turbine. 
This plant is the first prototype of a production indus- 
trial gas turbine to be tested in Great Britain. <A 
specification for the turbine was outlined by the late 
Mr. Oswald Wans in 1945. This envisaged a long-life 
unit of simple construction, having an output of 
750 kW, and entirely free from cooling water require- 
ments and active design work with a nucleus of staff 
was begun in May, 1946. Attention was first directed 
to those parts of the design upon which least experience 
was available : these included the heat exchanger, the 
combustion system, blade vibration and various duct 





* Paper presented before a meeting of the Diesel 
Engine Users Association, held in London on Thursday, 
March 15,1951. Abridged. 

t+ ‘‘Gas Turbines for Industrial Power’? by R. J. 
Diesel Engine Users 
Association, November, 1948. 





tests. During 1947, a programme of rig tests was 
carried out on these items, and sufficient information 
was obtained to enable the final design to be completed 
with confidence. 

The turbine first ran under its own power on June 23, 
1949, and, rather to everyone’s surprise, started at the 
very first attempt without the use of the blow-off 
valves which had been provided in case the compressor 
ran into a “stall” while accelerating. After a period 
of 33 hours testing of the gas-generator section of the 
plant to obtain an approximate characteristic of the 
compressor, the output turbine was fitted, and the 
plant was calibrated up to its full power on a water 
dynamometer, this stage being completed in December, 
1949. The gas turbine is shown coupled to the water 
dynamometer for calibration in Fig. 1, on this page. 
Subsequently the alternator and speed governor were 
fitted and the plant assumed the final form shown in 
Fig. 2. After a series of performance tests and com- 
bustion modifications had been carried out, a start 
was made on an endurance test, which was successfully 
completed on September 28, 1950, the total running 
time on the plant then being just over 1,000 hours. 

Two distinct schools of thought have so far emerged 
regarding the type of construction which should be used 
for gas turbines. On the one hand, a number of 
constructors with established steam-turbine designs 
modified and adapted these to suit operation at the 
high temperatures of gas turbines. On the othe! 
hand, some designs have emerged which bear no close 
relationship to steam-turbine technique, and in which 
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COMPRESSOR-TURBINE STATOR PARTLY 
DISMANTLED. 


Fic. 3. 

















Fic. 6. ComBuUSTION-CHAMBER OUTLET ELBOW. 


an attempt has been made to solve the peculiar pro- 
blems of the gas turbine by fundamental means; 
particularly the very large thermal expansions which 
are encountered in this class of machinery. The 
Ruston turbine belongs to the latter class, the salient 
novel features in the design, compared with previous 
industrial gas-turbine practice, being: the use of a 
cooled stator with segmental shrouding for the compres- 
sor driving turbine, as illustrated in Figs. 3 and 4, on 
this page; the fitting of two-stage overhung-disc 
turbine rotors for both the turbine driving the com- 
pressor and the output turbine, the latter being illus- 
trated in Fig. 5; the use of thin-section high-tem- 
perature ducting supported kinematically within an 
external pressure-carrying casing, typical examples 
of which are shown in Figs. 6 and 7; the employ- 
ment of an epicyclic reduction gear; and the use of 
a “ backbone ”’ type of frame construction. 

The set has been constructed in four major units, 
namely : the gas generator unit, consisting of a 13-stage 
axial-flow compressor driven by a two-stage high- 
pressure turbine ; the heat exchanger, which is flexibly 
supported from the main turbine frame in a pit below 
the plant, in a manner analagous to the condenser of a 
steam-turbine power plant ; the combustion chambers, 
which are arranged symmetrically, one on each side 
of the plant ; and the combined power turbine and 
reduction gear. These units are mutually independent, 
both from the structural point of view by reason of the 
flexible ducting which joins them, and from the ser- 
Vicing point of view in that any one section of the 
Installation can be dismantled for inspection without 
interfering with any of the other parts. In practice, 
Servicing of the plant has proved to be easy, the only 
components which require more than four hours’ work 
for dismantling being the reduction gear and the heat 
exchanger. 

The overall performance of the turbine when oper- 
ating with its heat exchanger was determined by 
testing the plant up to full power on a water brake 
and the salient readings obtained during this test are 
shown in the graph reproduced in Fig. 8. The test 
readings, it may be noted, are corrected to 60 deg. F., 
and a 14-7 1b. per sq. in. barometer. From this it 
will be seen that a fuel consumption of 0-59 Ib. per 
brake horse-power per hour was measured when the 
Plant was operating at full power, the equivalent 
thermal efficiency being 23-4 per cent. This figure 
compares reasonably well with the design estimate 
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of 24-0 per cent. for these conditions. Owing to 
the provision of a heat exchanger and a free running 
output turbine, the efficiency of the plant is well main- 
tained at part load and has been found to exceed 
18 per cent. at half power. In the next part of 
the article it is proposed to comment separately on 
the performances of the various components of the 
machine, dealing first with the air-inlet filter. 


(T'o be continued.) 





INDUSTRIAL ECONOMICS OF 
METALLURGY.* 
By Proressor A. J. Murpny, M.Sc., F.1.M. 


TuIs country has seen a most critical situation arise 
during recent months in connection with most of the 
non-ferrous metals of major importance. If I speak 
of the United Kingdom particularly, it is only because 
the details of developments here come so regularly 
and so forcibly to my notice. I am well aware that 
the circumstances and trends in other parts of the 
world are very similar. We have seen the supply of 
copper and zinc in relation to demand become so 
precarious that drastic curtailment of releases of the 
metals has become necessary; manufacturers who, 
seeking an alternative, turn to aluminium find that 
even established users of the metal must contrive to 
reduce their consumption substantially below the rate 
recorded over a certain period in 1949. Lead is now 
so difficult to come by that motorists are warned to 
lock the bonnets which cover the precious batteries in 
their cars, and lead roofs are stripped by predatory 
citizens not, as formerly, for the silver content but 
simply for the value of the lead, while tin has settled 
down as a four-figure metal in pounds sterling per ton. 

It may be said that so far as the metallic resources 





* Presidential address delivered at the annual general 
meeting of the Institute of Metals, London, on Tuesday, 
March 13,1951. Abridged. 
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are represented by mineral ores they are more properly 
the affair of our sister institute, the Institution of 
Mining and Metallurgy, and I would not dispute this. 
But the most complete knowledge of the reserves of 
metal in the ground, of the rates of production, and 
of the economics of mining would still leave untouched 
factors of immense importance affecting the availability 
of metal for use by the metal-working industries. 

An important factor in producing the present short- 
ages has undoubtedly been the precautionary stock- 
piling which has been adopted as a part of their policy 
by so many states. If this were the only factor, or 
the greatly predominant factor, it would be serious 
enough, since the balance of our complex industry 
is so delicate that even a temporary diversion of raw 
materials can have devastating consequences for 
companies and individuals far outside the circle of 
concerns immediately involved. It might be that a 
stock-piling programme could be accommodated without 
grave dislocation, albeit certainly at the cost of much 
inconvenience, if a term could be set to the period of 
the stock-piling. It is not the practice, however, for 
stock-pilers to announce the size of the stock which 
they aim to create, and the activity remains an influence 
of uncertain intensity and duration. 

The most superficial study of statistics of production 
and consumption of the principal non-ferrous metals 
since the beginning of the century reveals a shifting 
of the balance between supply and demand which is 
producing a disequilibrium increasing in an exponential 
manner. Looking at the long-term trend and thinking 
of developments in decades rather than years, we see 
influences of an apparently permanent and potent 
nature compared with which stock-piling is merely a 
ripple in a powerful stream. The basic forces spring 
from three elements: first, the increasing population 
of the world; secondly, the essentially exhaustible, 
non-renewable characteristic of mineral resources ; 
and thirdly, the world-wide demand for higher standards 
of living. The first and third forces, namely, increasing 
numbers and expanding desires, have not the quality 
of inevitability of the second, but they appear to be 
essential features of civilisation as we understand it, 
and unless we are to plunge deeply into philosophical 
and social-anthropological speculation we may regard 
them as permanent. 

There is no need to quote large collections of statistics 
to depict the scale and rate of movement. The popu- 
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is now 2,300 millions, and is increasing by 20 millions 
each year ; that is, every 24 years there is added to the 
human inhabitants of the globe a number equal to the 
present population of the United Kingdom. Over the 
same period the annual rate of production and indus- 
trial application of iron and steel has increased five 
times as fast as the population; since 1880 the con- 
sumption of copper has increased tenfold and that of 
zinc fivefold. We see therefore that, imposed on the 
increase in numbers of consumers, is a steep rise in 
consumption per head. The effect of ‘a movement 
towards a higher standard of living has been illustrated 
by the calculation that if the consumption of copper 
per head throughout the world rose to be one half of 
that in the United States, the tonnage of new copper 
required annually would be 10-9 millions, compared 
with the present world production of 2-4 million tons. 

A situation like this presents a problem to all whose 
interests are related to those of the metallurgical 
industry. In one way or another it affects all classes 
of our membership, and it does so by posing three 
questions : What can we do to improve our supplies ? 
How can we make better use of what we have ? What 
substitutes can we use in place of the metals which 
have become difficult in supply ? The first question 
takes us at once into the fields of prospecting and 
mining, extraction and refining. The Institution of 
Mining and Metallurgy have for long devoted much of 
their activities to these matters, and we may well 
be content to leave them in their hands, not overlooking 
our interest in some aspects of refining, such as the 
thermodynamics of metal-halide reactions, which are 
rather far removed from process metallurgy as ordinarily 
understood. 

Making better use of what we have means, in the first 
place, an examination of the efficiency with which we 
employ our metals. Here it is not a question of 
mechanical efficiency, for instance, by economy of 
weight in aeronautical structures, but rather the 
avoidance of extravagance in the quality of metal used 
in particular applications. The criterion of quality 
which is relevant in this connection is the difficulty 
of replacement in stock and not necessarily the usual 
test of chemical purity, although the two are often 
synonymous. The use of a higher grade of a metal 
than the application, or the method of manufacture, 
technically demands, or the unnecessary use of one 
metal in place of another more freely available, and 
likely to remain so, is metallurgically inefficient. 

There is another direction in which we must look if 
we are to secure the most effective outlay of our stores. 
This involves inquiry into the fate of all the metals 
which, once having been won from the earth, have 
survived in the metallic form or as compounds easily 
reduced once again to metals. These comprise the 
great corpus of metals in current service in an infinity 
of forms and also the stock of metals which are tem- 
porarily out of active use, the worn-out or obsolete or 
redundant articles constituting old scrap and the 
surplus from manufacturing processes such as turnings, 
clippings, and furnace residues. This is the field of 
secondary metals which has been relatively neglected by 
scientific metallurgy. 

A variety of causes has probably been responsible 
for this neglect. One may well have been a reluctance 
of metallurgists to study the leavings and contaminated 
side-products of industry and society. Another deter- 
rent has been provided by the complexity of many 
secondary metals and the difficulty in deducing the 
effects of the simultaneous presence in an alloy of 
several impurities, quite apart from the influence of 
non-metallic inclusions. Whatever the reasons for the 
lack of interest in secondary metals on the part of 
metallurgists, it is clear that this indifference cannot 
persist when we realise how great and vital a part 
secondary metals play in the economy of metallurgical 
industry. In copper, 38 per cent. of the metal con- 
sumed in 1948 was of secondary derivation, in alu- 
minium the proportion was 30 per cent., in lead 45 per 
cent., and in zinc 28 per cent. We know that the 
steelmaking industry takes 55 per cent. of its metal 
input as scrap. 

The third question to which I suggested we must 
address ourselves in the face of the growing crisis was : 
What substitutes can we use in place of the metals 
which have become difficult in supply ? In one sense 
the answer in respect of any specified application is 
easily given: it calls only for an analysis of the pro- 
perties essential to the performance of the service, a 
reference to the tabulated data for the classes of 
material offering a prima facie case for consideration, 
and then a selection in the light of availability. Even 
within such circumscribed terms of reference as these 
the treatment of the problem may be rather involved ; 
for one thing, where a usage has existed for a long time 
it is often by no means easy to deduce which charac- 
teristics of the metal are indispensable for the appli- 
cation and which are unimportant. 

It is only dealing with the first stage of the problem 





of substitution if we confine ourselves to discussing 
interchangeability on the basis of equivalence or 
similarity of physical characteristics. We must pass 
from this step to consider the position as regards 
supplies of the technically acceptable substitute : will 
they be only temporarily easier and will they be 
exposed to risks of interruption or curtailment or to 
fluctuations in price to which the industry has not 
been accustomed and for which it is not organised ? 
Is the alternative peculiarly sensitive to contamination, 
does it involve an unduly large ratio of metal cast to 
finished product, will it demand troublesome changes in 
manipulative plant ? Only after the patient unravel- 
ling of these and similar inter-woven threads can the 
possibility and appropriateness of a substitute be 
assessed 


My object in making this very brief review of the 
subject of resources is to discuss what service this 
Institute can perform in this connection for its members 
and indeed for the community. In the course of our 
normal activities hitherto we have given little attention 
to these matters, although our rules do not exclude 
them explicitly or by implication from our interest, 
and although they are of the liveliest concern to the 
great majority of our members in whatever capacity 
they have to deal with metals. Future readers of our 
Journal for the year 1950 will find no reflection in our 
papers and discussions of the fact that the non-ferrous 
metals industry has entered a phase of crisis in its 
supplies of material which is likely to have a profound 
effect on its immediate fortunes and its ultimate 
pattern of development. I feel it is wrong that as an 
Institute we should give this impression of detachment 
from these problems which are of such vital interest 
to our members. It may be objected that questions 
of supply and demand are essentially the affair of 
the economist and therefore not properly brought 
before our Institute for discussions. But this is a 
territory in which economic considerations and tech- 
nical metallurgical factors are most closely linked. 

Think, for instance, of the factors which have to be 
taken into account in forming a sound judgment on 
the value, in Britain, of home-produced magnesium as 
a replacement for imported metals. There is the 
mineral resource in unlimited amount: magnesium 
chloride in the sea and dolomite in the Pennines, and 
electric power for electrolysis of the fused chloride is 
to be had. But the power is expensive in this country 
in relation to the cost in Canada and other countries 
with very large hydro-electric installations. Is there 
a point where the assurance of a supply of light metal 
produced at home would outweigh the disadvantage 
of a higher cost of production ? As another example, 
in copper alloys we have the repercussions of the 
change in practice from cold rolling to hot rolling of 
70 : 30 brass. While making possible a great accelera- 
tion of production, this demands a higher grade of 
purity of metal, and consequently the exclusion of 
some secondaries which could be used when cold rolling 
was the method used. 

The examples could be multiplied by anybody who 
has had to assume a measure of responsibility for policy 
in a manufacturing concern using or producing semi- 
finished products of metallurgical industry. In each 
of these there is a metallurgical component inextricably 
involved with the economic: a proposal which may be 
attractive on broad economic grounds may fall down 
on account of a technical metallurgical obstacle, or a 
scheme impeccable metallurgically may require for 
its achievement economic conditions not producible at 
the time. I do not doubt there are learned societies 
and institutions where papers are received dealing with 
the economic side, but I know of none in which a 
metallurgist would feel at home in submitting his 
contributions for joint discussion with the man who 
would say his own approach was certainly that of the 
business executive. : 

My suggestion is that this is a field in which—while 
most emphatically not contemplating any curtailment 
of the scientific activity on which its reputation as a 
learned society has been gained—our Institute can 
perform a valuable function by providing a forum 
where these aspects of metal-economics can be dis- 
cussed. I am strongly encouraged to put forward 
this proposal by a study of the papers which were com- 
municated to the conference organised by the United 
Nations Economic and Social Council at Lake Success 
in 1949. Under the title of “‘ Conservation and Utili- 
sation of Resources,” the Conference cast a very wide 
net. In the sections dealing with metallic resources 
of the world there were several papers which would 
have fallen appropriately within the range I envisage 
being covered by this new activity of the Institute. 
I will quote some of the titles and authors of these 
papers, and I commend them to your attention if you 
are not already acquainted with them: ‘‘The World 
Resources Situation,” by Fairfield Osborn; ‘‘ World 
Resources and World Population,” by Colin Clark ; 
“* Critical Mineral Shortages,” by H. L. Keenleyside ; 


“Conservation of Mineral Resources,” by Donald H. | 





McLaughlin; ‘‘The Accumulation and Conservation 
of Metals in Use,” by Charles White Merrill; and 
“The Supply and Industrial Applications of Scrap 
Metals,” by H. J. Miller. 

Some of my friends may say that this would not be 
a new activity for the Institute, and I agree that it 
would certainly be within the declared aims and objects 
of the Institute, the two most important of which are : 
to promote the science and practice of non-ferrous 
metallurgy in all its branches ;. and to facilitate the 
exchange of ideas between members of the Association 
and the community at large, by holding meetings and 
by the publication of literature, and in particular by 
the publication of a journal dealing with the objects of 
the Association. 

If it is not a new activity, so much the better. In 
any case, if I find any support for the idea, I propose 
to arrange an informal meeting of members and non- 
members who might be interested to take part in a 
discussion of a paper prepared by somebody engaged in 
this line of inquiry or even on one or two of the papers 
from the United Nations conference to which I have 
already referred. In the event of such a meeting 
proving successful, not the least of the benefits which 
the Institute could receive might be some additions to 
its membership from circles concerned with non-ferrous 
metals who had not previously found the Institute 
devoting attention to the aspects of interest to them. 
But more important than this would be the prospect 
of making an appreciable contribution to the study, 
and perhaps the solution, of the gravest problem 
which has beset the non-ferrous metallurgical industry 
in the lifetime of our Institute. ‘ 
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MECHANICAL ENGINEERING 
LABORATORIES OF THE 
MANCHESTER COLLEGE 

OF TECHNOLOGY. 


On page 475 of our issue for December 8, 1950, 
brief reference was made to the opening of new 
mechanical engineering laboratories at the Man- 
chester Municipal College of Technology, which is 
both the principal technical college in the north-west 
of England for day and evening students and the 
headquarters of the Faculty of Technology of Man- 
chester University. It was mentioned that the new 
buildings form the first part of an extension which 
will ultimately double the size of the premises occu- 
pied by the college since 1903, and that they are 
integral with the old, because a wise choice of the 





site and layout for the earlier buildings bad made 
such a course practicable. The need for additional 
accommodation became urgent many years ago, and 
plans were made and constructional work on the 
new buildings was begun only to be stopped after 
the outbreak of the recent war. During the war 
years, scientific progress was rapid and was accom- 
panied by a corresponding growth in technology. 
This led to a steady increase in the demand for 
technicaleducation. Since the war, the number of 
those seeking qualifications in technology has grown 
out of all proportion, owing to the large number of 
students released from the Services. 

Another problem which has faced the technical 
colleges in recent years has been the ever-increasing 
complexity of all branches of science, both pure 
and applied. The normal period of training, 
Which is based on past experience and proved 
adequate hitherto, no longer suffices to give students 
both the grounding necessary if they are to grasp 
the essentials of their subject, and the more special- 
ised training requisite for an understanding of 
modern developments in it. In consequence, the 
technical colleges are being continually forced to 
modify their basic courses and to cater more and 


more for the needs of post-graduate and research 
students and for technical graduates and workers in 
industry who require supplementary or refresher 
courses. Post-war costs and scarcities have added 
to the difficulties, for although, in recent years, 
universities and technical colleges have benefitted 
greatly by increased monetary grants from Govern- 
ment sources and by the acquisition, often at 
negligible cost, of a wide range of Government 
surplus equipment, it has usually been necessary 
for them to make do with what was readily available. 

Such considerations have, perforce, influenced 
the equipping of the new laboratories for mechanical 
engineering at the Manchester College of Technology, 
but this remark is not to be read as implying that 
the equipment installed there is inferior or inade- 
quate for the purpose in view. Aided by Govern- 








ment and University grants, advice and assistance 








It was seen that the space which had beer excavated 
under the main floor was well suited to the require- 
ments of engineering metrology, since a sound 
foundation existed for the equipment. Accord- 
ingly, the space beneath the main floor was divided 
into five metrology laboratories, leaving the central 
well as a source of direct illumination for these 
and as a means of access to them. The main 
floor above was converted into a laboratory housing 
maclifine tools and welding equipment. 

The engineering metrology laboratories are illus- 
trated in the photographs reproduced in Figs. 2 to 5, 
on pages 362 and 363. In addition to undertaking 
work for firms, the metrology section runs a full-time 
course of one year’s duration for post-graduate stu- 
dents. The laboratories contain a wide range of 
equipment of high quality, in the selection of which 
the college had the advice of the Metrology Division 
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Fie. 1. Macutyz-Toot Section oF Laboratory. 
from Government departments and scientific estab- 
lishments, and by gifts of money and equipment 
from numerous firms and industrial organisations, 
Professor Wright Baker and his staff have succeeded 
in assembling in Manchester a range of equipment 
which, though, in some respects, not so extensive 
as could have been desired, is admirably suited to 
the task of giving a sound basis of practical train- 
ing to young mechanical engineers. In certain 
branches of study, notably in that of engineering 
metrology, the range and quality of the equipment 
possessed by the college is such as to place it in the 
forefront of British educational establishments of 
its kind. : 

The photograph reproduced in Fig. 1, on this page, 
shows the interior of the new building at Manchester. 
As originally planned, it was to have housed a heat- 
engine laboratory, and a well in the centre of the 
floor was to have accommodated the condensers and 
auxiliaries of the steam plant. This well had already 
been sunk and the building partly completed 
when war broke out. When the work was resumed 
after the war, various considerations made it both 
impracticable and undesirable to continue with the 





original plan, but a suitable alternative was found. 


of the National Physical Laboratory. The equip- 
ment in the laboratory illustrated in Fig. 2 includes 
a Brookes level comparator, a Talysurf surface 
analyser and a universal measuring machine manu- 
factured by the Société Genevoise d’Instruments de 
Physique. That of the adjacent laboratory, shown in 
Fig. 3, includes various mechanical comparators, 
and an Electrolimit comparator and tool-room 
microscope, both manufactured by Messrs. Taylor, 
Taylor and Hobson, Limited, Leicester. The 
laboratories illustrated in Figs. 4 and 5 house 
various pieces of equipment for making accurate 
measurements of screw threads, gears and cutter 
forms, and for angular measurement. They also 
contain a recording unit for checking the lead 
screws of lathes. Records obtained with this 
apparatus may be subjected to harmonic analysis. 
There are also many smaller items of precision 
equipment which are not shown in the photographs. 
When the installation is complete, part of the 
metrology laboratories will be maintained at con- 
tant temperature by automatic control. 

Some of the equipment installed in the machine- 
tool laboratory on the main floor of the new build- 
ing is visible in Fig. 1. It includes a wide range of 
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machine tools of modern design and also some high- 
precision tool-room machines. Part of this equip- 
ment is used for studying the design and action of 
cutting tools, direct measurements being made of 
loading and chatter, supplemented by photo- 
graphic records of chip formation, wear, etc. One 
side of the laboratory houses light welding equip- 
ment. In addition to the normal gas and electric 
welding plant, there is equipment for spot and 
flash-butt welding and for argon-are and atomic- 
hydrogen welding. There is also equipment for 
flame cutting and for the preparation of welded 
structures. 

The removal of part of the equipment of the 
department to the new building has left more space 
in the old and has permitted some rearrangement 
of the laboratories there. Of the older laboratories, 
six are now devoted to heat technology and these 
contain a wide range of equipment. One of the 
most interesting items is that illustrated in Figs. 6 
and 7, on Plate XIX. This is an air-conditioned 
wind tunnel for heat-transmission tests, which was 
the joint gift to the college of 16 firms who supplied 
the various parts severally. During experiments, 
the. temperature and humidity of the air in the 
tunne] are maintained constant automatically. A 
controlled quantity of atmospheric air is drawn in 
by the fan through the inlet duct, seen in Fig. 6, 
and, after passing through the tunnel, is exhausted 
to atmosphere outside the laboratory through the 
ducting supported from tne roof. The design of 
the tunnel is seen more clearly in Fig. 7. In its 
passage through the lower duct, the air has its 
humidity and temperature adjusted. Increased 
humidity is obtained by spraying the air with 
water from nozzles in the air stream, and heating 
of the air to any temperature up to 150 deg. F. is 
accomplished by means of steam coils. The air 
subsequently diffuses towards the vertical end duct 
in which it is turned through two right angles, the 
turning being assisted by guide slats. A short con- 
traction follows in order to steady the air before it 
enters the working section in the upper duct. 

From the aerodynamic standpoint, the design 
of the tunnel is not all that could be desired. The 
diffuser and contraction are somewhat short and 
the turn rather abrupt. However, the limited 
space available within the laboratory did not permit 
the adoption of a more orthodox design. In spite 
of this, the velocity distribution over the working 
section is fairly steady and uniform, and sufficiently 
good for the purposes for which the tunnel is em- 
ployed. The closed working section is 18 in. wide 
by 24 in. deep in cross-section and is equipped with 
two Perspex windows which are visible in the illus- 
trations. Above the working section, and visible 
in Fig. 7, is fixed a distribution box from which 
supplies of water or brine, cooled in a refrigerator 
to any temperature down to —30 deg. F., may be 
obtained. In some work on heat transfer, a thick- 
walled copper tube of svitable diameter was mounted 
vertically in the centre of the working section and 
connected to the brine-circulating system. The 
rate of circulation and the temperature of the brine 
in its passage through the tube were determined 
and any water which condensed from the air on 
to the outer surface of the tube during the experi- 
ment was collected and measured. The humidity 
of the air was determined by dew-point apparatus 
and the temperature distribution by thermocouple 
traverses in the working section. Temperatures on 
the tube were determined by thermocouples let 
into its surface. 

The maximum air speed at the working section 
is 30 ft. per second and the selected running speed 
is kept constant by hand control, the operator 
maintaining a constant level of the meniscus on a 
micro-manometer connected to a Pitot-static tube 
in the tunnel. The manometer was designed and 
made in the college. Investigations have also been 
made in the tunnel of the relation between heat 
transfer and skin friction. The form drag of the 
tube was calculated from measurements of the 
static pressure at a number of points round a cir- 
cumference in the central plane of the tunnel and 
the total drag was obtained from the loss of total 
head in the wake as measured by a Pitot traverse. 
Using a tube of half-inch bore and 0-822 in. dia- 
meter, a range of Reynolds number from 2,000 
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to 12,000 could be covered. The same laboratory 
contains two small atmospheric tunnels for heat- 
transfer experiments ; these are visible in Fig. 7. 
There is also a large cold chamber which is used for 
heat-insulation tests. 

Another of the heat technology laboratories 
contains steam power plant complete with the 
necessary instruments and auxiliaries for boiler and 
engine tests. Part of this plant, which is illustrated 
in Fig. 8, on Plate XTX, was formerly the power 
unit of an Admiralty harbour launch. The illus- 
tration shows the boiler, condenser and engine with 
the output shaft of the latter geared to a Heenan 
and Froude waterbrake. The engine is of the com- 
pound type constructed by Messrs. Robey and Com- 
pany, Limited, Lincoln, and the plant operates at a 
boiler pressure of 100 Ib. per square inch. The same 
laboratory contains a number of smaller engines, 
a two-stage compressor, and a small turbine by 
Messrs. Greenwood and Batley, Limited, Leeds. 
In the other heat technology laboratories there are 
various gas and oil engines, plant for testing lubri- 
cating oil additives and the ignition characteristics 
of petrol engines, an integrating radiometer of the 
type developed by the Fuel Research Station, plant 
for high-temperature heat generation, transmission 
and utilisation, furnaces and other equipment for 
heat treatment, and precision equipment for calori- 
metry, gas analysis, temperature standardisation 
and radiometry. 

The principal equipment of the fluid mechanics 


laboratory is an open-ended atmospheric wind 
tunnel and a tunnel for instrument calibration and 
fan testing. The wind tunnel is of N.P.L. type 
with a bell-mouth intake and a straight run through 
to the fan. The discharge is through slats behind 
the fan and the discharged air returns to the labora- 
tory through a honeycomb wall. Much of the 
work of construction, particularly the woodwork, 
was undertaken in the college by the staff. The 
tunnel was completed in 1941. The maximum air 
velocity attainable is 80 ft. per second. The ancil- 
lary equipment includes a three-component balance 
designed in the department and mounted on the 
roof of the working section, and a two-component 
swivelling balance of N.P.L. type, for measuring 
drag and cross-wind force, installed below the floor. 
The laboratory also contains a number of items of 
instructional equipment for students of hydraulics. 
There are two long open water channels, one of 
V-section and the other rectangular, and a shorter 





| rectangular channel with a Venturi flume. Other 
equipment includes a motor-driven centrifugal 
| water pump, a Pelton wheel, a Kaplan turbine, 4 
propeller turbine and a hydraulic ram. The 
centrifugal pump is used to supply water to the 
channels and is fitted with the gauges and other 
instruments necessary for measuring the flow and 
determining the efficiency. A high-pressure fluid 
mechanics laboratory contains apparatus for the 
study of hydraulic power transmission, servo 





mechanisms and pressure calibration equipment. 
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The materials testing laboratory is illustrated in 
Fig. 9, on Plate XIX. The equipment on the right 
of the illustration is a 50-ton Buckton tensile test 
machine which can accommodate specimens up to 
8 ft. long. The laboratory is an approved test 
house and all the equipment, therefore, is main- 
tained in good order. The Avery Pulsator fatigue- 
testing machine on the left of the illustration is 
similar to the German Schenck machine and was 
installed some three years ago, having been pur- 
chased with the aid of contributions from various 
firms, who may have tests and research work 
carried out on the machine subject to the approval 
of the college. A Haigh machine is visible in 
Fig. 9 at the rear of the laboratory, and there 
are three Denison testing machines of 5, 10 and 
tons capacity, respectively. The first and 
last of _these are universal, and may be used for 
determining tensile, compressive or bending 
Strengths, as desired. For instructional purposes, 
all the machines are painted according to a colour 
code which distinguishes the functions of their 
component parts. Strain gauges, of both resistance 
and capacitance type, some of which are made in 
tbe departmental workshop, are also employed, 
and the laboratory possesses a 40-channel strain- 
Sauge resistance box for static test work. Cathode- 
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ray oscillographs are used in dynamic tests. Other 
equipment in the laboratory includes an Izod 
machine, hardness testers, a Hounsfield tensometer 
and various tensometers of other types including 
two very small ones of the Johannson type. 

There are no laboratories at the college set aside 
entirely for research, for it is part of the policy of the 
mechanical engineering department that tuition 
and research should proceed side by side. In this 
way the younger student learns from the more ex- 
perienced. He comes to understand the limitations 
of the simpler apparatus and methods which he is 
accustomed to employ to verify long-established 
principles and make approximate determinations of 
physical quantities and relationships. He sees 
how it is possible, when necessary, to refine physical 
measurements by a careful selection and design of 
apparatus and by the exercise of constant vigilance 
during an experiment. He learns the importance 
of using equipment skilfully, of examining results 
objectively, and of avoiding the pitfalls which so 
often lead to false conclusions. In short, he learns 
how to plan and tackle a job whether it be routine 
or research. Moreover, through the regular con- 
tacts with industry whichresult from the test and 
research work undertaken in the laboratories on 
its behalf, he becomes aware of the practical impor- 


tance of his studies in the day to day problems of 
the profession he aims to follow. The re-organisa- 
tion of the department is not yet complete. Further 
plans have been drawn up, but it will be some 
time before they can materialise. Meantime, it is 
clear that a good beginning has been made upon 
which all concerned are to be congratulated. 





LITERATURE. 


The Mathematical Theory of Plasticity. 

By R. Hitt, M.A., Ph.D. Oxford University Press 

(Geoffrey Cumberlege), Amen House, Warwick-square, 

London, E.C.4. [Price 35s. net.] 

THE mathematical study of stress and strain in 
plastically deformed metals has given rise to the 
subject of ‘‘ metal physics,” in which attention is 
directed to the relation of plastic and elastic proper- 
ties of metals to crystal structure and cohesive 
forces. Starting in the second half of the Nineteenth 
Century, the subject has been developed gradually 
and with increasing impetus during the war years, 
when solutions were required to outstanding pro- 
blems of military importance in several countries. 
In a systematic treatment, the aim is twofold : 
first, the formulation of explicit relations between 
stress and strain which agree with experiment as 
closely and as generally as need be; second, the 
development of mathematical methods for calcu- 
lating non-uniform distribution of stress and strain 
in materials that are permanently deformed in any 
way. Since metals are the only plastic solids for 
which there are sufficient data to justify the con- 
struction of a general treatment, the theory relates 
more especially to metals, though it may apply to 
other potentially plastic materials, as, for example, 
rock, ice or clay. In his book, Dr. Hill meets the 
foregoing requirements in a manner that is charac- 
terised by conciseness of expression and close 
acquaintance with the literature on the subject. 
Following an introductory chapter and one 
describing the foundations of the matter, the author 
proceeds to general theorems, in the exposition of 
which due attention is paid to the plastic potential, 
that is, the function defining the ratios of the 
components of the plastic strain-increments, Chap- 
ter III also contains sections which may be omitted 
in a first reading of the book, on the uniqueness of 
a stress distribution under given boundary condi- 
tions, and on variational principles ; but a working 
knowledge of those topics is essential in advanced 
applications of the theory. The utility of the 
treatment gains much from the style and order of 
presentation—for example, in the next two 
chapters, where the solution of plastic-elastic pro- 
blems is considered under two main sub-headings 
namely, instances in which there is no plastic- 
elastic boundary to calculate, because all the 
elements are simultaneously stressed to the yield 
point, and instances, in which plastic and elastic 
regions exist side by side, and the strain is restricted 
to small values. The same theory is then extended 
to cases of spherical and axial symmetry. In the 
first of these two cases, the analytical procedure is 
straightforward in principle, and for normal boun- 
dary conditions the equations can often be inte- 
grated explicitly; but problems involving axial 
symmetry are more difficult, even when the stresses 
are supposed not to vary in the longitudinal direc- 
tion, for it is then only in special circumstances that 
an explicit analytical solution can be obtained, 
lengthy numerical computations being generally 
unavoidable. Attention may be drawn, therefore, 
to Dr. Hill’s instructive treatment of the expansion 
of a cylindrical tube and of the autofrettage process, 
and, in Chapter X, to results concerning tube- 
sinking, stress distribution in the neck of a specimen 
under tension, and fundamental relations along 
slip-lines and flow-lines. 

The gap between problems with known exact 
solutions and those of more complex types is 
spanned by a chapter on plane plastic strain and the 
theory of the slip-line field, where the reader is 
concerned with the behaviour of a plastic-rigid 
material under conditions of plane strain, and, in 
particular, with certain general properties of the 
stress and the velocity distribution in the plastic 





region. This provides a reasonably easy approach 
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to two-dimensional problems, in Chapters VII to 
IX, in which the theory is brought into relation 
with workshop operations involving steady motion 
in the first place, and non-steady motion in the 
second. Thus the discussion brings under review 
many questions of interest to engineers, ranging 
from drawing and extrusion, piercing, strip-rolling, 
and the machining of plane surfaces, to wedge- 
indentation, the compression of a block between 
rough surfaces. the yielding of a notched bar under 
tension, and indentation tests for hardness, The 
foundations of the foregoing theory receive ampli- 
fication in the final chapter, under the heading of 
plastic anisotropy, and the opportunity is then 
taken to examine the ‘ earing ” of deep-drawn cups 
and other phenomena. Within the limits which 
the author has prescribed for himself, he has done 
his work so well that it is difficult to see how it 
could be bettered. The book should rank for many 
years as an authoritative source of reference. 


Industrial Electrical Plant Maintenance. 

By E. G. ANNEsS, M.I.E.E. Sir Isaac Pitman and 

Sons Limited, Pitman House, Parker-street, Kingsway, 

London, W.C.2. [Price 27s. 6d. net.] 

THE average designer, or works man, may be con- 
cerned for many years with some limited range of 
work; in electrical engineering, for instance, his 
activities may be confined to transformers. This 
does not imply that a transformer designer or 
builder will necessarily be ignorant on the subject 
of induction motors, but he may have no detailed 
experience of their construction or operation. Even 
power-station engineers, who must have a working 
knowledge of the running of the whole range of 
usual electrical plant, may have little information 
about the internal construction of much of it. The 
same applies to works managers, who probably 
know what they expect of electrical plant, but 
may not know what is the matter with it if it goes 
wrong. Maintenance engineers, however, have to 
dea] with almost any type of machine or apparatus 
which comes within their particular field and-are 
expected to know enough about it either to put it 
right if it breaks down or to report that its condition 
is such that it is in need of factory repair. 

It is the purpose of this book to furnish informa- 
tion which will assist maintenance engineers in 
carrying out efficiently their very varied duties. 
It is suggested that most of them acquire their 
technical knowledge “largely as the result of an 
intelligent interpretation of practical experience,” 
but that, generally, they are not able to make the 
direct personal contacts which would enable them to 
profit from the experience of others. To extend 
their knowledge they must have recourse to technical 
books, and this particular publication is designed 
specifically to meet their requirements. The inform- 
ation that it contains is based on the practical 
experience of the author and of various manufac- 
turers, and, though a certain amount of descriptive 
and technological matter has been included, this 
is only such as to enable maintenance men better 
to appreciate the conditions which may lead to 
breakdown. The greater part of the book is con- 
cerned with failures and their prevention. 

Most attention is paid to direct-current and alter- 
nating-current motors, and their control and protec- 
tive gear. Transformers and capacitors are dealt 
with more briefly, as repair work on plant of this 
kind is a matter rather for the manufacturer than 
for the average works engineer. This does not mean 
that instructions about proper maintenance are not 
given; questions about the quality of the oil in 
transformers are dealt with fully, and there is a 
striking photograph of a transformer winding 
choked up with the solid coke-like product of 
deteriorated oil, to act as a warning of the possible 
effect of neglect of the oil filling. Both for trans- 
formers and the various types of motor, tables are 
given setting out the various possibilities of derange- 
ment or failure and their causes. Many breakdowns 
are initiated by very minor defects and could have 
been prevented by early attention. Electric 
motors, in particular, are frequently required to 
operate under adverse conditions which may, for 
instance, take the form of gritty or conducting dust 
in the atmosphere, chemical fumes or high ambient 
temperature. The possible evil results of some of 





these conditions may be prevented by good main- 
tenance and frequent attention ; others may demand 
more extensive measures which it may not be 
within the power of a maintenance man to make, 
but he should be in a position to realise the cause of 
trouble and to report on remedial measures. This 
book reviews the various causes of trouble and 
breakdown, deals fully with the detail points of 
maintenance and with the testing and repair work 
which comes within the field of a maintenance 
term. Its outlook is practical and it should be of 
material service to those for whom it is written. 





The Story of Wortley Ironworks. 

By the Rey. C. REGINALD ANDREWS, B.A.(Cantab.). 

The South Yorkshire Times Printing Company, Limited, 

High-street, Mexborough, Yorkshire. [Price 7s. 6d. 

net.] 

Fw historians of industrial works have been better 
equipped for the task than the author of this book, 
for his grandfather and his father successively 
managed the Wortley Ironworks, in and around 
which he spent his boyhood and early manhood. 
Later, he returned to the scene as vicar of Wortley 
and so was able to resume personal contact with 
the ironworkers and their families. A footnote on 
page 6, at the end of a list of the men and their 
trades, notes that ‘‘ the last shingler to work up to 
1929, Colin Jagger, died in March, 1950.”’ Apolo- 
getically, the author admits that ‘‘a few names 
have been omitted—I have only memory to rely on, 
and it is 43 years since I left the Forge”’; but he 
has managed to recall 61, and all but four with their 
Christian names as well, which is a fair test of a 
memory for detail. 

The sub-title of the book is “‘ A Record of Eight 
Centuries of Yorkshire Industry,” though that is 
not to say that the record is a continuous one so 
far as concerns this particular establishment. 
The author has laboured long and indefatigably 
to fill the gaps, and has succeeded to the extent of 
justifying the statement, in his preface, that “‘ when 
my grandfather, exactly a hundred years ago, took 
over the works they had already at least six and a 
half centuries of activity to their credit”; but the 
reasonably detailed part of the history is from the 
beginning of the Eighteenth Century, when the 
forge was operated by Matthew Wilson, of Wortley. 
At his death, in 1739, the property passed to his 
nephew, John Cockshutt. In Matthew Wilson’s 
time, apparently, there was some reconstruction of 
the plant, commemorated by a stone, carved with a 
representation of a tilt hammer, and the date 
“1713.” The Cockshutt family carried on the 
business for some 80 years; John Cockshutt, who 
was a man of considerable scientific attainments and 
a Fellow of the Royal Society, is believed to have 
installed at Wortley the first bar mill with grooved 
rollsto be erected in Yorkshire. He was eventually 
succeeded as proprietor by Vincent Corbett, who 
relinquished the ironworks in 1849, when it was 
taken over by Thomas Andrews, sen., in partnership 
with his half-brothers, Samuel and John Burrows. 
At Andrews’ death in 1871, his son, Thomas 
Andrews, jun., acquired Wortley ; but his interests 
were scientific rather than commercial. He con- 
centrated his attention on the relatively new science 
of metallography, becoming an F.R.S. in 1888 and 
receiving many distinctions for his work on the 
properties of iron, much of which is recorded in the 
pages of ENGINEERING. When he died, in 1907, the 
business was continued by the Wortley Iron 
Company until the works were closed in 1929. This, 
in brief, is the story of the Wortley Ironworks : but 
there is much more in the book, bearing on the 
methods and development of iron working in 
Yorkshire. Not all of it is directly associated with 
Wortley, but the book is definitely the richer for its 
inclusion and. the author is to be thanked, as well as 
complimented, for having made such a notable 
addition to the literature of an industry which 
deserves to be commemorated as fully as possible. 





ViscouNT AIR LINERS FOR EUROPEAN SERVICES.— 
The first overseas orders for Vickers Viscount propeller- 
turbine air liners have been announced by Air France, 
who are to operate six Viscounts on their London-Paris 
and European routes. Aer Lingus have also announced 
an order for four Viscounts. 
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XIV.—Tue Prastics Inpustry. 


Stvce the first World War, the plastics industry 
has grown at an ever-increasing rate and now plays 
an important part in industrial development. The 
first of the many plastic materials to be developed 
was celluloid, discovered by Alexander Parkes in 
1865 and named “ Parkesine ’’ after its inventor; 
later, it was renamed ‘“‘ Xylonite.” Production, 
however, was comparatively small until the growth 
of the electrical, gramophone and radio industries 
created a large new demand for materials which 
could be moulded satisfactorily and cheaply. 

Intensive research between 1925 and 1930 led 
to the development of a wide variety of new plastic 
materials based on cellulose. Before the advent 
of cellulose-based plastics, Bakelite was used 
extensively, particularly in the radio industry. 
The dull colour of this phenol-formaldehyde product 
stimulated the development of new-moulding 
powers on urea-formaldehyde synthetic resins. 
These three materials are still among the most 
important plastic materials available to-day. Before 
1930, most of the moulding was done by compressing 
thermo-setting materials—mainly the phenolic 
resins. Between 1925 and 1930, a new process of 
moulding under combined heat and pressure was 
developed, namely, injection moulding. This pro- 
cess, which resulted in large economies in bulk 
production, could be applied only to thermo-plastic 
materials. ‘The development of vinyl resins and the 
styrene plastics has led to a vast increase in the use 
of injection moulding. 

The rapid expansion of the plastics industry 
after 1930 was accelerated by a heavy demand for 
new materials in the second World War. British 
production, which was about 30,000 tons in 1938, 
had risen to 76,000 tons in 1944 and 125,000 tons 
in 1948. The production of thermosetting plastics 
in the United States increased from 43,750 tons in 
1940 to 102,000 tons in 1947, and of thermoplastic 
materials from 8,830 to 114,000 tons. The rising 
demand in the United Kingdom has encouraged 
expansion and the Association of British Chemical 
Manufacturers reports that 38 companies making 
plastic materials, with a combined capacity of 
185,000 tons in 1948, have 89 schemes in progress 
which will increase the industry’s capacity to 
340,000 tons by the end of 1952. The general 
pattern of increased prosperity was rudely disturbed 
in 1949, however, when production fell by 9 per cent., 
to 115.000 tons. This suggested that the post-war 
boom in plastics was largely the result of two non- 
recurring factors, namely, the shortage of other 
materials, leading to the use of plastics as a substi- 
tute, and the very heavy demand for consumer goods, 
such as radio sets, electrical appliances and fancy 
goods, which could be made of plastic materials. 

In the United States, on the other hand, where 
the general recession in trade in 1949 was much 
more marked than in the United Kingdom and the 
consumption of most metals was well below war- 
time peaks, the total output of plastics did not fall, 
though different types of plastics were affected in 
different ways. The journal Modern Plastics esti- 
mated that the consumption in 1949 of “solid 
plastics, excluding paints, varnishes and the like, 
was 50 per cent. greater than in 1946, and 15 per 
cent. greater than in 1948. These figures should 
be regarded as approximate, as the various sources 
of production statistics in the United States fail to 
agree: the most reliable are probably those pub- 
lished by the United States Tariff Commission, 
shown in Table I, opposite. These are not available 
for 1948, however, and it is necessary. therefore, to 
rely on the estimates put out by Modern Plasti°s. 
Manufacturers in the United States were able to 
offset the decline in the general level of demand by 
finding new applications for the new plastics — 
polyvinyl chloride (P.V.C.) and polystyrene. It is 
reported from various sources that, whereas - 
production of thermosetting plastics fell during 
1949, the production of P.V.C. continued to mse. 
Table I shows that the output of polystyrene 
moulding powder, which is now being produced in 
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great in 1949 as in 1946, and the output of polyvinyl 
sheeting rather more than three times as great. 

In 1950, there was a rise in the production of 
plastics, both in the United Kingdom and the 
United States: the total output in the United 
States reached 745,000 tons, 50 per cent. higher 
than in 1949. The main cause of the increased 
demand is reported to be the shortages of materials 
for which plastics can be used as a substitute and 
also the public’s expectation of shortages of con- 
sumer goods, which has created a heavy demand. 

Direct re-armament orders for plastic materials 
so far have been small, but there is little doubt that 
re-armament will bring some heavy orders. If 
the present inflated demand for consumer goods 
should fall, the industry would find itself with con- 
siderable surplus capacity unless it can educate its 
market into the permanent acceptance of its pro- 
ducts. This was done effectively by the United 
States industry, largely through the development of 
the newer and cheaper plastics, but has still to be 
done by British manufacturers. The difference in 
outlook among consumers of plastic materials in the 
United States and the United Kingdom is striking— 
in the one country, it has been accepted as a material 
in its own right, but in the other it is still struggling 
to establish itself as a substitute. 

At present, however, the British plastics industry 
is preoccupied mainly with obtaining raw materials 
to meet increased demand. In the United States, 
the thermoplastics manufactured in the largest 
quantity are those in the styrene group. Moulded 
products in this material can be used as a substitute 
for glass, aluminium, steel, and die-castings. Con- 
siderable quantities are used in the manufacture of 
refrigerator parts, tiles and floor coverings. In 1950, 
the United States output of refrigerators, which 
account for about one-third of the consump- 
tion of polystyrene, using on an average 15 lb. per 
unit, was 6-6 millions, compared with 4-4 millions 
in 1949. The output of refrigerators is expected to 
fall by 20 per cent. in 1951, due to shortages of 
non-ferrous metals and electric motors. The market 
for plastic novelties and dinner ware is also con- 
siderable ; the sales of these goods, half of which 
are made of polystyrene, are estimated to amount 
to 1,000 million dollars a year. Supplies of poly- 
styrene in 1951 are likely to be considerably reduced 
because of a shortage of the raw material, styrene 
monomer. This material is also used in the pro- 
duction of synthetic rubber; and, until the end of 
the present emergency, it is estimated that 80 per 
cent. of the new rubber consumed in the United 
States will be synthetic. : 

A shortage of benzene makes it difficult to expand 
the production of styrene monomer sufficiently to 
meet the demand for both synthetic rubber and 
polystyrene. During the last two years of the war, 
when synthetic rubber production was at a high 
level, the United States had to import benzene 
from the United Kingdom. The level of production 
of polystyrene in the United States in 1951 may 
well depend upon the surplus benzene which the 
United Kingdom will be able to make available for 
export after meeting a very heavy home demand. 
aradoxically, an obstacle to the production of 
polystyrene in the United Kingdom is the inability 
of the new British plants to obtain supplies of 
Styrene monomer from the United States. It will 
be some time before this material can be produced 
in the United Kingdom, as a project for a factory 
at Grangemouth has only recently been approved. 
This factory, which is to cost 1-3/. millions, will be 
Operated by Forth Chemicals, Ltd.; two-thirds of 
the capital is held by Petroleum Chemicals, Ltd., 
and one-third by Monsanto Chemicals, Ltd. 

_ Quantity production of polystyrene did not begin 
in the United Kingdom until the Monsanto Chemi- 
cals plant at Newport came into production in the 
middle of 1950; a smaller plant, that of Styrene 
Products, Ltd., owned by Petrochemicals, Ltd., and 
Erinoid, Ltd., started production in October. 
Hitherto, polystyrene has been little known on the 
British market. Importation from the United 
States and Canada has been dependent upon the 
condition that 90 per cent. of the end products should 
be exported. The rapid growth of polystyrene 
production in the United States resulted from the 
fact that large-scale production made available 


cheap monomer, so that the polymer was the 
cheapest of all the American thermoplastics. 
Whether polystyrene will be as successful in the 
United Kingdom as in the United States will 
depend on how its price compares with that of 
cellulose acetate. Large new plants ‘for the pro- 
duction of cellulose acetate are under construction, 
and it is not clear which of the two plastics will 
have the eventual advantage on quality and price. 

Cellulose-acetate production in the United King- 
dom in 1949, shown in Table II, on page 366, was 
25 per cent. higher than in 1948 despite the general 
recession in trade, and is known to have increased 
further in 1950. In 1951, however, manufacturers 
of moulding powders are having to contend with 
cuts in the supply of acetate flake, in some cases of 
as much as 50 per cent. Wood pulp—a possible 
substitute—is also difficult to get. Moreover, 
plasticisers essential to the manufacture of cellulose- 
acetate moulding powder are scarce. Until recently, 
phthalic anhydride could be obtained easily from 
the United States, but rising consumption there has 

TABLE I. United States: Production of Plastics and 

Materials for Plastics. (1,000 1b.) 





























— 1946. | 1949, | 1950, 
| 
Cellulose acetate and mixed 
ester plastics : 
Sheets : 
Continuous (under 003 
gauge) =e are 7,650 7,063 12,000 
Continuous (003 gauge 
and upwards) - 7,500 7,787 11,200 
All other sheets, rods and 
tubes... _ - 4,715 4,322 4,300 
Moulding and extrusion 
materials _ ‘ 83,204 55,889 80,000 
Nitrocellulose plastics : 
Sheets ie _—_ on 10,932 5,611 6,500 
Rods and tubes .. - 7,229 1,446 1,500 
Other cellulose plastics 5 12,183 8,519 11,700 
Phenolic and other tar acid 
resins : 
Laminating (dry basis) .. 27,725 39,814 68,000 
Adhesives (dry basis) .. 16,121 28,615 29,500 
Moulding materials aie 139,624 129,582 217,000 
All other, including cast- 
ing (dry basis) .. ae 58,201 52,482 62,000 
Urea and melamine resins : 
Adhesives (dry basis) 40,797 | 40,826 77,000 
Textile and paper treating 
(dry basis) Ks ae 13,534 | 28,736 28,000 
All other, including lami- } 
nating (dry basis) = 35,000 | 46,167 69,000 
Styrene and styrene deriva- | 
tives : 
Moulding material 66,769 | 184,834 250,000 
Allother .. a ee — 37,662 50,000 
Vinyl resins : 
Sheeting and film, includ- 
ing safety glass sheeting 52,079 161,076 222,000 
Adhesives .. rae ia -- 11,936 18,000 
Textile and paper-treating 
resins .. - ee 11,673 29,473 44,000 
Moulding and extrusion 
materials (resin content) 61,852 82,187 106,000 
All other .. -* és 27,083 17,550 21,000 
Miscellaneous plastics and | 
resins : | 
Moulding materials sol 15,000 41,751 61,000 
All other (dry basis) a 35,690 83,796 205,000 
Total .. 734,511 | 1,107,044 | 1,654,700 
| 





severely cut the exportable surplus. The situation 
may ease later in the year, when a new plant, 
estimated to cost 4-5 million dollars, belonging to 
the Allied Chemical and Dye Corporation of New 
York, comes into production. 

The production of polyvinyl-chloride sheeting in 
the United States, including safety-glass sheet, in 
1950 was nearly four times as great as in 1946, and 
the output of moulding and extrusion resins was 
75 per cent. higher. In the United Kingdom, 
capacity to produce P.V.C. sheeting has increased 
threefold over the two years 1947 and 1948, but 
the material has been less popular here than in the 
United States. Sales have increased steadily since 
the end of the war, but not in proportion to the 
increase in capacity. P.V.C., first produced in the 
United Kingdom in 1941, is used in the manufacture 
of a wide range of products, including leather cloth, 
cable insulators, and, in a special form, for pre- 
venting corrosion in chemical plant. In the United 
States, it has captured from rubber about one-fifth 
of the market for garden hose, for, though a little 
dearer, it is crack-proof, non-rotting and long- 
wearing. The production of curtain materials of 
P.V.C. sheet in the United States is estimated at 
20 million yards a month. Vinyl resins are also 
used for the manufacture of gramophone records, 
where they are gaining at the expense of other 
plastic materials. Gramophone records constitute 





one of the best markets for plastics. Vinyl 


resins were used for gramophone records when 
shellac became scarce in 1945. Four years later, 
99 per cent. of the 250 million records produced in 
1949 were made of plastic materials, and it is 
doubtful whether shellac can ever regain its place. 
P.V.C. has now 15 per cent, of this market, and in 
1949 the production of all vinyl records (which are 
unbreakable) consumed 10 million Ib. of vinyl resin. 

Acrylic sheeting, better known by the trade 
name of Perspex, and produced by Imperial Chemi- 
cal Industries, Limited, is relatively more popular 
in Britain than in the United States. In the United 
States, production in 1950 was about’ 11,000,000 
Ib., compared with 13,000,000 Ib., during the 
war; production in the United Kingdom in 1949 
was 4,600 tons, compared with 4,700 tons in 
1944. Another thermoplastic which owes its 
origin to British research is polythene or alkathene. 
This has exceptional electrical characteristics and is 
widely used in radar, in the cable industry for inert 
tubing, for packaging which must be watertight, and 
for unbreakable bottles. The capacity for the 
production of polythene in the United States is at 
present about 28 million tons per annum. Large 
orders are expected under the defence programme, 
but the shortage of industrial alcohol may make it 
difficult to carry out expansion schemes. One 
military use is in inexpendable insulated communi- 
cations cable, and it is reported that the Army could 
absorb most of the output of polythene on this use 
alone. 

Nylon, derived from benzene, is now used for a 
wide variety of purposes other than stockings. 
Important applications are domestic and industrial 
brushes, fishing lines, surgical sutures and tennis 
racquets. British Moulded Plastics, Limited, are 
reported to be producing moulded gears from nylon, 
which are designed for use in fast-running machinery 
and are claimed to wear longer than gears made of 
metal or competitive plastics. They resist acids 
and alkalis, require no lubrication and are lighter 
and less noisy than gears made of other materials. 

The thermosetting group of plastics are especially 
important industrially. Phenolics, by far the most 
widely used of the thermosetting plastics, are used 
principally in industrial equipment and in consumer 
goods where colour is not an important considera- 
tion. Applications include liners and grinding 
wheels. Electrical and engineering accessories 
account for about 30 per cent. of the total con- 
sumption in the United Kingdom ; radio accessories, 
telephones and domestic equipment take 10 per 
cent. each ; and automobile and aircraft parts and 
bottle stoppers take 5 per cent. each, with a variety 
of miscellaneous uses accounting for the remaining 
30 per cent. The fall in the production of phenolic 
moulding powders in Britain, from 26,800 tons in 
1948 to 18,900 tons in 1949, was due largely to the 
slump in electrical goods and radio sets. 

Re-armament has temporarily brought an in- 
creased demand for many products in which pheno- 
lics are used, but, in the longer run, the level of 
production of phenolics will depend on how success- 
ful manufacturers are in finding new applications. 
New uses have been discovered in the television and 
textile industries, and a trend towards larger 
mouldings is offering new opportunities. Mean- 
while, as in the case of the thermosetting plastics, 
basic materials are in short supply. Urea mouldings 
and laminated sheet can be produced in white or 
more delicate colours than the phenolics and, 
therefore, have a much wider application in the 
field of consumer goods. Both phenolic and urea 
resins can be produced in liquid form. The liquids 
impregnated into paper and other fibrous sheet 
materials, when subjected to heat and pressure 
treatments, produce boards which can be machined 
like metal or wood. Other thermosetting plastics 
with increasing uses are melamine-formaldehyde 
(similar to urea, but with improved moisture resist- 
ance and better heat resistance and stability) and 
silicone, which is of interest mainly as a high- 
temperature electrical insulation. Silicone greases 
offer the advantage over mineral oils in that they 
possess a comparatively uniform viscosity over a 
wide range of temperatures. Plastic tableware 
made of melamine resin was introduced in the 
United States about three years ago, and already 
presents a real threat to traditional earthenware. 
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The uses of plastics are thus manifold, and 
increasing. Statistics of consumption by end uses 
are, however, totally lacking in Britain, though the 
partial Census of Production for 1946 shows the 
consumption in a few industries. The electrical wire 
and cable industry consumed about 3,000 tons, 
valued at 629,0001., in 1946, compared with 600 tons 
in 1937. Batteries and accumulators, to the 
value of 53,000/. in 1946; electric lighting acces- 
sories and fittings, 1,700 tons, valued at 267,0001., 
compared with 1,000 tons in 1937, valued at 
135,0001. Radio and telecommunications equip- 
ment consumed about 4,000 tons, valued at 657,000/., 
in 1946, and 1,500 tons, valued at 198,0001., in 1937. 
The other branches of electrical engineering ac- 
counted for 14,000 tons in 1946, to the value of 
1-3]. millions, compared with 2,800 tons in 1937. 
On the basis of these figures it appears, however, 
that the above industries accounted for only 17 per 
cent. of the British production of plastics in 


blems for the industry, particularly in the moulding 
and fabricating sections. As at present organised, 
the plastics industry falls into four main groups: 
the producers of plastic materials, the producers of 
laminated and fibrous products, the fabricators, and 
the moulders. In the first group, of 50 units, are 
some very large concerns. Imperial Chemical 
Industries, besides producing urea and phenolic 
plastics, account for the bulk of the output of 
P.V.C. and acrylic sheet, as well as the whole 
output of polythene. Monsanto Chemicals are im- 
portant producers of phenolic vinyl, amino-plastics 
(urea, etc.), cellulose acetate and nitrate, as well as 
being the first firm to manufacture polystyrene in 
the United Kingdom. Bakelite, Ltd., produce about 
50 per cent. of the phenolic plastics. Other im- 
portant companies in the field are the Distillers 
Company, through their subsidiaries, Geon, Ltd., 
and British Resin Products, Ltd.; British Indus- 
trial Plastics, the British Xylonite Company, Cour- 





1946. 


The motor-vehicle industry is a very important 


TABLE II. UNITED KINGDOM: PRODUCTION AND H 








taulds, and British Celanese—the leading manufac- 
turers of cellulose plastics—and Erinoid, Ltd. 


OME CONSUMPTION OF PLASTICS AND MATERIALS FOR 











Puastics. (TONS.) 
ae 1944, 1945. | 1946. | 1947, | 1948. | 1949. 
Synthetic resins : | 
Phenolic : 
Production .. cs si ee aa 9,644 10,058 12,959 10,970 14,169 11,040 
Home consumption oe Ae oe 9,636 10,064 12,309 11,111 12,803 10,344 
Cresylic: 
Production . . s% ia ae a 8,293 6,996 9,280 11,727 11,379 8,381 
v Home consumption ie o* Ee’ 8,436 6,964 8,768 11,115 10,712 7,806 
Tea: 
Production .. i rae i ‘a 5,905 7,902 11,744 15,487 16,423 16,919 
Home consumption ~ ae bid 5,890 7,701 9,833 12,528 13,905 14,543 
Other synthetic resins : 
Production .. ae vs ave ~~ 582 468 1,086 2,843 3,131 3,106 
Home consumption re es re 540 457 972 2,526 2,959 3,918 
Moulding powders : 
Phenolic and cresylic : 
Production .. ae > on ~ 15,249 17,531 25,221 24,723 26,807 18,853 
‘ Home consumption oa an a 14,742 15,814 22,332 26,709 24,923 18,917 
Jrea: 
Production .. ~ ea + én 2,760 3,996 6,471 7,941 8,914 10,697 
Home consumption ne KE ae 2,396 3,115 5,132 7,248 7,131 7,105 
Cellulose acetate : 
Production .. oe os we a 1,307 2,162 4,294 3,730 3,730 4,918 
Home consumption we i : 1,262 1,784 3,587 2,863 3,347 4,097 
Cellulose acetute sheet, rods, tubes and film : 
Production . . a ‘ie ac a 2,623 1,133 1,443 1,310 1,543 1,866 
Home consumption “ el oi 2,571 1,215 1,348 1,195 ~ 1,282 1,687 
** Perspex ** (acrylic sheet) : 
Production .. ee .. rs eg 4,718 1,832 3,949 | 4,361 3,853 4,555 
Home consumption 3,407 1,798 3,568 | 3,484 2,809 3,487 
Celluloid : 
Production .. a me wie oa 1,572 1,976 2,100 | 2,091 2,439 2,343 
Home consumption me 1,331 1,391 1,856 | 2,071 2,374 1,760 
Polyvinyl chloride (unplasticised) : 
Production . . a «“ 3,365 4,122 »,471 6,467 9,032 9,776 
Consumption ke e 5,892 6,122 7,932 7,941 10,248 11,590 
Polyvinyl chloride (plasticised) : 
Production vA oe aa He oa 10,082 8,463 10,774 11,278 13,393 12,771 
Consumption a or me Sui 10,025 8,736 10,280 10,890 13,468 11,280 
Casein plastic materials : 
Production .. — 1,433 2,051 2,002 2,528 2,007 2,282 
Home consumption 1,370 1,421 1,413 2,156 1,731 1,926 
Laminated material : 
Production eve ee , re a 8,474 5,929 6,321 6,562 8,070 7,115 
Consumption 8,446 5,895 6,412 6,538 7,602 6,883 


























user in the United States. Five million cars were 
produced in 1949, consuming 31,000 tons of plastics 
or about 14 Ib. each. In the United Kingdom, 
assuming the same consumption of plastics per car, 
the consumption in 1949 would have been 2,600 
tons, and, in 1946, 1,400 tons. Various other 
industrial mouldings, sheetings and laminates, 
including textile reels, bobbins and pirns, machined 
gearwheels and bearings account for a considerable 
proportion of the total production, as also do 
such domestic uses as floor coverings and table- 
ware. 

The present shortages in metals and timber 
provide a considerable incentive to the discovery of 
new applications for plastics. It is worth remem- 
bering, however, that, while plastics are already, 
under certain conditions, satisfactory substitutes 
for metals, and technological advance will enable 
further substitutions ~o be made, the extent to 
which they will be able to compensate for shortages 
of natural materials is comparatively small. Even 
if it is possible to carry out expeditiously the 
planned increase in capacity to 340,000 tons (and 
present indications are that the shortage of raw 
materials will make it impossible to achieve an 
output of this magnitude for some time), this is still 
comparatively small when compared with the 
consumption of metals in the United Kingdom. 

A relaxation of international tension, with an 
inevitable fall in the demand for plastics used as 





The laminated and fibrous products form a group 
separate from the sheet manufacturers, whose pro- 
duct is a pure thermoplastic resin with, perhaps 
some plasticiser added, and is, therefore, included, 
in the first group. Among the 15 manufacturers of 
laminated materials are Thomas de la Rue and 
Company. Fabricators—the third group of plastic 
manufacturers—use both sheet and laminated 
materials, the latter being worked usually by the 
ordinary metal-working tools. Thermoplastic sheet 
is usually processed by blow-moulding, shaping and 
forming. In this section is included extrusion work, 
which covers the manufacture of plastic cables, 
rods and tubes. Among the fabricators may be 
mentioned P. B. Cow and Company, long established 
as manufacturers of rubber goods, who have become 
leading British manufacturers of P.V.C. sheeting 
and articles made from it. The moulders’ group 
contains the largest number of companies—some 
400 to 500—though about 75 per cent. of the output 
is produced by about 120 companies. It covers 
both users of thermosetting and of thermoplastic 
powders. Some moulders concentrate on particular 
classes of goods, but the majority are “trade ” 
moulders who carry out bulk orders to customers’ 
specifications. 

This is the section of the industry which, in the 
past, has sometimes been criticised on the score of 
backwardness and inefficiency. It is largely true 
that moulders have not, in general, kept abreast of 


substitute materials, would create difficult pro-|the technological advances in plastics materials. 





The small moulder has always been handicapped by 
the high cost of moulds. In the case of consumer 
goods—and also many industrial mouldings—the 
cost of the mould has to be met before the market’s 
reaction to the products can be ascertained, and 
changing fashions have often made designs obsolete 
before the mould has been amortised or worn out. 
In an attempt to overcome the difficulty of amor- 
tising moulds, a new organisation, Tool Exchange, 
was formed to export British moulding tools to 
Commonwealth and Continental countries. British 
secondhand tools will be supplied to the other 
markets on a royalty basis. The new operators will 
have no amortisation charges to meet. and prices 
of their products should be no higher than in the 
United Kingdom. An advantage of the scheme is 
that the moulder can have sample mouldings in 
quantity to supply to potential customers and can 
learn their reactions before going into production 
and without carrying the capital cost of the mould. 
The scheme should thus be of great assistance to the 
plastics industries in the Dominions, as well as to 
British manufacturers, who should be able to 
dispose fairly easily of moulds that remain service- 
able when the demand for those particular mouldings 
falls on the home market. A quicker change-round 
of moulds, moreover, should mean a greater variety 
of moulded goods in the United Kingdom. 

It remains true, however, that the smaller 
moulders are at a disadvantage compared with the 
larger. When the buyers’ market for plastics 
returns, moulders will make profits only if they are 
able to switch readily and quickly from one type 
of mould to another, in response to technological 
change and fluctuations in demand. Large com- 
panies with substantial reserves will naturally be 
the best placed to meet heavy development costs. 
There is a certain amount of vertical integration in 
the plastic industry, and some of the large moulders 
are also producers of plastic materials ; for example, 
British Industrial Plastics and British Xylonite. 
Some, however, are wholly or mainly moulders ; 
for example, Lacrinoid Products, Ltd., and O. and 
M. Kleemans, Ltd. The rapid growth of the thermo- 
plastic moulding industry in the United States was 
brought out in a recent survey made by Modern 
Plastics. The number of injection machines in use 
increased from 1,400 in 1944 to 4,634 in 1950. In 
the four years 1947 to 1950, the numbers of injection 
moulding machines delivered were 285, 409, 700 and 
804, respectively. 

The Census of Production of 1948 gives only a 
rough indication of the extent of investment in the 
plastic goods industry in the United Kingdom, for 
plastic goods are lumped together with fancy 
articles. Nevertheless, the fact that the number 
of operatives in the plastic goods and fancy articles 
industry increased from 15,500 in 1937 to 28,087 
in 1948 may be taken as indicative of the growth 
in the plastic goods industry, since it is unlikely 
that there was any large expansion in the other 
fancy goods industries. It is probably true also 
that most of the expenditure of 806,000/. on new 
plant in 1948 in the above industries was accounted 
for by the plastics industry. The cost of the 89 
new schemes now in progress will be 22/. millions, 
but this covers the whole industry, including tne 
plastic materials section, which is by far the largest 
in terms of capital investment. 

The contribution of the plastics industry to British 
exports is not easily assessed, as plastic products 
are embodied in a very wide range of articles and 
direct exports are listed in the Trade and Navigation 
Accounts only under the general heading of * plastic 
manufactures not elsewhere specified.”’ The total 
value was 2-4]. millions in 1950—nearly four times 
as much as in 1948. Exports of plastic materials in 
1950 amounted to 35,300 tons, valued at 9-ll. 
millions. This is likely to constitute about one-fift h 
of the total production, and is 30 per cent. larger in 
volume than in 1948. Imports of plastic materials, 
on the other hand, nave increased only slightly, from 
11,100 tons in 1948 to 12,400 tons in 1950, and 
British dependence on imported materials should 
progressively decrease. Devaluation, which gave 
British manufacturers an advantage over their 
Ameriean competitors, helped considerably to 
increase exports in 1950; but competition 1s 
growing—principally from Germany. 
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OPTICAL VERSINE GAUGE FOR 
RAILWAY CURVES. 


THE method sometimes employed to determine the 
radius of curvature of a length of railway track by 
using a string or wire as the chord and measuring the 
versine, i.e., the distance between the chord and the 
centre line of the rail at the mid-length of the chord, by 
means of a rule, is a troublesome operation and is liable 
to various errors. In the first place, it is necessary to 
make the measurements on a very calm day, otherwise 
the deflection and vibration set up in the wire or 
string by even a moderate breeze will render the work 
practically impossible ; also, if a wire be used for the 
chord, the risks incurred in working on electrified lines 
are materially increased. To overcome these difficulties, 
optical methods have been used in recent years, these 
methods having the obvious advantage that the 
material chord is replaced by the line-of-sight of a 
telescope and is therefore not liable to deflection or 
vibration and cannot become entangled with any 
obstruction. 

Messrs. Hilger and Watts, Limited, 48, Addington- 
square, London, §.E.5, have recently designed and 
constructed for this purpose the optical apparatus 
illustrated on this page. It is known as the Watts’ 
railway versine gauge and consists of three compo- 
nents: a telescope, target and scale, which, for con- 
venience of illustration, are shown in Fig. 1 clipped on 
to a rail in close proximity, although they can be used 
for chords up to 120 ft. or more in length. The clips, 
which are exactly similar for all three components, are 
each fitted with four hardened-steel studs, two of 
which bear on the top and two on the side of the rail. 
A steel spring presses all four studs into contact with 
the rail and has been designed to be suitable for rail 
sections ranging in weight from 85 lb. to 113 Ib. per 
yard. It will be clear that to change the position of 
any component the clip is simply lifted off the rail and 
Snapped into its new position with a little pressure. 
The side studs, it should be noted, are located low 
enough to make contact on the unworn surface of the 
Tail and are adjusted always to bring the component 
over the exact longitudinal centre line. The spring 
can be rotated through an angle of 90 deg. in order to 
clear switches and crossings, and the clips are reversible 
80 that they can be used on either side of the rail. 
A spirit level is fitted to each clip to facilitate trans- 
verse levelling, which is effected applying a slight 
pressure to the stem of the target or aaa, a to the 





body of the telescope. Levelling screws are not re- 
quired and longitudinal spirit levels are unnecessary. 

The target, seen on the left in Fig. 1, is in the form 
of a disc, painted in any convenient manner, and is 
mounted on a vertical stem so that it can be raised, 
lowered or rotated as required. The scale is similarly 
mounted and has a range of 10 in. on each side of the 
central zero ; the graduations are marked in inches and 
tenths, and the figures are painted in the inverted 
position so that they appear correctly in the telescope, 
which is fitted with an eyepiece of the astronomical 
type. The telescope is fixed directly to the rail clip, 
the necessary adjustment in azimuth being effected by 
means of a tangent screw. The optical system includes 
a graticule with a line for sighting on to the target, 
focusing being effected by turning a focusing head 
below the eyepiece. This line is also used for indicating 
the length of the versine on the scale. For convenience 
in operation, the telescope eyepiece is arranged at a 
height of 2 ft. 6 in. above the rail level, although the 
line-of-sight is only a few inches above the top of the 
rail. A quick-release device is provided on the tele- 
scope so that observations can be made in either 
direction from the same point by turning the telescope 
through an angle of 180 deg. 

The method of using the instrument for measuring 
versines will be fairly obvious from the above descrip- 
tion of the components; all that is necessary, with a 
relatively long chord, is to sight the telescope so that 
the graticule line is on the centre of the target and to 
note the position of the same line on the scale. With 
short chords, however, the telescope is first sighted on 
to the target and the graticule line brought into posi- 
tion, the telescope then being re-focused on to the 
scale and the reading taken. It is, of course, necessary 
to know the length of the chord in order to calculate 
the radius of curvature, but it is possible to avoid 
measurement by connecting the three components by 
unstretchable cords of known length; the radius can 
easily be determined in either case. 

In addition to its use for measuring the versines of 
existing curved track, the equipment can be employed 
for laying out new curves with the aid of wooden pegs. 
For this purpose, hardened-steel adapters are provided, 
which screw into the base of each component and rest 
on the heads of nails driven into the tops of the pegs. 
In the case of the telescope, a tripod with telescopic 
folding legs is supplied. The legs rest on the ground 
and a steel point screwed into the lower end of the 
telescope body is pressed into the top of the peg, as 
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shown in Fig. 2. The equipment can also be used’to 
- a section of straight track, up to a quarter of a 
mile in leggth, preceding or following a curve, or a 
tangent between two curves. In this way a curve 
can be laid out with a correct transition to a straight 
track. 

The telescope, which weighs 93 1b., is fitted with a 
leather carrying handle and can be supplied in a leather 
or wooden case. The target and scale, each weighing 
3 Ib., are fitted together in a second case. 





CARGO-HANDLING CO-ORDINATION.—A_ preliminary 
meeting of shipowners, etc., interested in the formation 
of an international committee to co-ordinate cargo- 
handling facilities in ports and on board ship (as proposed 
in a letter from Mr. A. C. Hardy, printed on page 166, 
ante) was held in London on March 19. It is understood 
that a further meeting, which will approximate to the 
ultimate international form of the committee, will be 
held in about seven weeks’ time. 





CONSTRUCTION OF BRISTOL ‘‘ HERCULES ”? ENGINES IN, 
FRANCE.—The Société Nationale d’Etude et de Con- 
struction de Moteurs d’Aviation, France, have reached an 
agreement with the Bristol Aeroplane Company, Limited, 
Filton House, Bristol, whereby they will manufacture 
Bristol Hercules 2,000-h.p. aero engines under licence. 
The engines will be installed in the S.N.C.A.N. 2501 twin- 
engine military-transport aircraft, a number of which. 
have been ordered for Western Union defence purposes. 





SYMPOSIUM ON PACKED COLUMNS.—The Midland 
branch of the Institution of Chemical Engineers will hold: 
a whole-day symposium on “ Packed Columns” on 
Thursday, April 5. The morning session will commence - 
at 11 a.m. and the afternoon session at 2.30 p.m., and 
both will be held in the lecture theatre of the Chemical 
Engineering Department of the University of Birmingham, 
Edgbaston, Birmingham, 15. Four papers will be read 
and discussed, namely, “‘The Performance of Packed 
Absorption and Distillation Columns, with Reference to 
Wetting,” by Dr. H. R. C. Pratt; ‘“‘ Features in the 
Design of Packed Towers,” by Mr. G. J. Williamson ; 
“The Performance of Carbon Grid Tower Packing,” by 
Dr. W. 8. Norman ; and “‘ The Operation of Commercial. 
and Semi-Commercial Steadman Packed Columns,” by 
Mr. F. Morton. Further information may be obtained. 
from the secretary of the Institution, 56, Victoria-street, . 
London, 8.W.1. 
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PILOT-EJECTION SEATS FOR 
HIGH-SPEED AIRCRAFT. 


THE rise in aircraft speeds in recent years has greatly 
increased the risks in making parachute exits from 
aircraft, on account of the blast effect rendering 
escape difficult, and also the increased danger of foulin, 
the tail unit ; at high altitude there is the additiona 
hazard arising from loss of consciousness due to lack 
of oxygen. For this reason, the Martin-Baker auto- 
matic pilot-ejection seat has been evolved, in which 
the pilot and his seat are ejected by means of an 
explosive charge when escape becomes necessary, and 
a barostat-controlled timing device automatically 
opens the pilot’s parachute and releases the seat below 
an altitude of 10,000 ft. An interesting account, in 
historical sequence, of the development of the auto- 
matic ejection seat was given by Mr. James Martin, 
O.B.E., to the Royal Aeronautical Society, on Tuesday, 
March 6. Work on the seat was started in 1944; 
rough calculations showed, said Mr. Martin, that an 
ejection velocity of about 60 ft. per second would be 
required to clear the tail unit of an aircraft travelling 
at an indicated speed of 500 m.p.h. The total weight 
of the pilot, seat and equipment would be about 320 Ib., 
so that about 20,000 ft.-lb. of energy would have to be 
released. This led to the construction of a gun con- 
sisting of two telescopic tubes, provided with a breech 
to receive a single percussion cap-fired cartridge. 

To investigate the physiological aspects, a 16-ft. 
tripod structure was erected, one of the legs consisting 
of backward-sloping guide rails up which the ejection 
seat was shot; the seat was automatically arrested 
at the top of its travel by ratchet stops provided at 
intervals. The first human beings tested on this rig 
reported severe discomfort, and analysis of ciné records 
showed that the initial acceleration was of the order of 
50 to 100 g; it was therefore realised that the initial 
pressure would have to be applied slowly. A 65-ft. test 
rig was then built, and further tests determined that 
the rate of application of acceleration should not 
exceed 300 g per second, with a maximum acceleration 
of 25 g. The Mark I gun had an acceleration rate of 
220 g per second and a maximum acceleration of 
18-7 g, giving an ejection velocity of 59-2 ft. per second 
with a 42-in. stroke. Simulating a normal acceleration 
of the aircraft of 5-5 g during ejection, the rate of 
change of acceleration with time and the maximum 
acceleration were practically unaffected. 

In the case of large bombers, an ejection velocity of 
80 ft. per second would be necessary to clear the fin, 
requiring a stroke of 73 in. A telescopic gun was 
therefore developed, with two moving tubes, involving 
a sudden change of piston area after 36 in. of the 
stroke ; the multiple cartridge system was particularly 
well suited to obtain the discontinuous pressure curve 
required. 

Tests on the 16-ft. test rig showed that the subject’s 
head required support to prevent it being jerked 
forward during ejection ; this led to the invention of 
a method of firing the cartridge by the pilot pulling a 
screen over his face ; the weight of the forearms acting 
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on the face screen, which was formed to conform with 
the shape of the head, restrained the head from forward 
and sideways movement; the screen also served to 
protect the face from the high-speed air stream. A 
considerable backward slope of the guide rail was usually 
necessary to provide clearance between the pilot’s 
knees and the windscreen, but there was a critical 
value for the angle between the body line and the 
ejection path at which the weight of the forearms on 
the face screen no longer provided adequate forward 
stabilisation of the head. Footrests, required to 
support the legs at the correct spinal curvature, were 
hinged from the seat pan and spring-loaded downwards 
so that they were always on the floor, whatever the 
position of the seat pan, and thus easily located by the 
pilot. Thigh guards were found to be necessary, to 
prevent the pilot’s legs being forced outwards by air 
blast so that he could not keep his feet on the footrests ; 
in certain installations the thigh guards had to fold 
away, to allow access to the seat, and to spring into 
position only at the instant of ejection. 

The horizontal and vertical components of the 
aerodynamic drag of the seat after ejection were 
determined approximately by analysis of cinemato- 
graph films of several ejections ; and from the values 
obtained the trajectories of the seat were computed. 
It was found that the backward slope of the guide 
rail had, on the whole, a favourable effect on the 
trajectory, as regards fin clearance. 

To stabilise and slow down the seat after ejection, 
a 2-ft. diameter drogue parachute, packed in the seat 
head-rest, was employed. It was originally operated 
by a spring, but it was found that it tended to be sucked 
back and became entangled in the seat ; a drogue gun 
was therefore adopted, firing a tubular piston connected 
to the drogue by a nylon cord. When the seat was 
ejected, the gun was fired by a static line and the 
drogue was drawn clear of the turbulent seat wake, 
allowing it to develop properly. 

At very high altitudes, opening of the parachute 
must be delayed until the seat had descended to a safe 
height, in order to reduce the danger to the airman of 
exposure to low temperature and lack of oxygen; 
nevertheless, he might become unconscious during the 
descent and unable to operate his parachute, so that 
automatic release from the seat and opening of the 
parachute, after a rapid descent to, say, 10,000 ft., was 
essential. It was also necessary for the airman to 
have his parachute available for a non-ejected escape ; 
a special pack and harness had therefore been deve- 
loped, which gave excellent constraint against aircraft 
accelerations, but allowed full fore-and-aft movement 
when the shoulder harness releases were operated. 

In operation, after jettisoning the canopy, the 
airman placed his feet on the foot-rests and pulled 
the firing handle, thereby operating the face screen and 
ejecting himself with the seat from the aircraft. A 
static line then fired the drogue gun, withdrawing the 
drogue from the pack ; the drogue, which was attached 
to the top of the seat, retarded and stabilised the seat. 
A barostat-controlled timing device was set in motion 
as the seat was ejected ; provided that the seat was 
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at an altitude below 10,000 ft., the timer released the 
drogue from the seat after a delay of four seconds. 
Release of the drogue withdrew the parachute from the 
pack, and the seat fell away below the airman. In a 
descent after ejection at 60,000 ft., the airman should 
be at 10,000 ft. with his parachute open approximately 
2} minutes later. If the parachute were opened 
immediately after ejection, the time to descend to 
10,000 ft. would be some ten times greater, seriously 
affecting the airman’s chance of survival. To attempt 
a non-ejected escape, the airman would operate the 
manual override lever, releasing his combined harness 
and parachute pack from the seat and thereafter 
operating his parachute in the normal manner. 





THE PANGANI FALLS 
HYDRO-ELECTRIC SCHEME, 
TANGANYIKA, 


In 1936, the Tanganyika Electric Supply Company 
completed the first section of a hydro-electric power 
station on the Pangani Falls, the output of which was 
used to supply an extensive distribution network. 
This station has recently been extended, bringing its 
capacity up to 12-5 MW, while a further 5-MW set is 
on order. 

As will be seen from the map reproduced in Fig. 2, 
the River Pangani rises on Mount Kilimanjaro, a 
mountain 19,320 ft. high, and descends to a plateau 
about 1,000 ft. above sea level. On its way it passes 
through a considerable area of swamp and, as a result, 
both of this and the nature of its source, does not 
fluctuate in volume so much as most tropical rivers. 
The Pangani Falls are about 40 miles inland from 
Tanga and their total drop, which is some 400 ft., 
occurs over a distance of about two-thirds of a mile. 
The site of the station, which is about 10 miles from 
the Tanga-Moshi railway, is difficult of access and, 
until 1946, all the material had to be transported across 
the river by barge or pontoon. 

A concrete dam, 290 ft. long, is constructed across 
the river 1,240 ft. above the power station and the 
water enters a twin pipe line through a concrete intake, 
which embodies six scour gates. The diameter of the 
pipe is 6 ft. 6 in. for the first 418 ft., after which it is 
reduced to 6 ft. A view of the pipe line and the 
exterior of the power station is given in Fig. 1, while 
the arrangement of the interior is shown in Figs. 3 and 
4, opposite. The generating plant consists of three 
3,600-h.p., and one 7,200-h.p., horizontal Francis tur- 
bines, which were constructed by Messrs. Boving and 
Company, Limited, 56, Kingsway, London, W.C.2, and 
are designed to run at a speed of 750 r.p.m. under 4 
working head of 313 ft. The smaller units are of the 
single-runner type, while the larger is a double-runner 
machine. These sets are coupled to 2-5 and 5 MW 
alternators, which were constructed by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, and generate three-phase current at 
6-6 kV and 50 cycles. Each set is provided with a 
main exciter and pilot exciter, the latter being mounted 
on an overhung extension of the shaft. 

The rotor of the 5-MW alternator runs in its own 
water-cooled pedestal bearings and is coupled to the 
turbine through a flywheel. The turbine also runs in 
two water-cooled pedestal bearings, one of which is 
the Michell type. The alternators are cooled by 
propeller fans, air being drawn from outside the station 
during the dry weather and from inside the building 








ED 
ve 


MUNICIPAL 


+R 


STI 


4 
al 


MANCHI 


» AL 


4 
~ 


~LABORATORII 


RING 


4] 
a 


ENGINI 


-HANICAL 


os 
4 
~ 


MI 


(To I 


PLATE XIX 


Marcu 30, 1951. 


E) GINEERING, 











AUOLVYORW] ONILSAL-STVIUALV]Y “6 “Ol 





























(‘198 2bnq 908 ‘wosjdrsosaq] 40.7) 


ADOTONHOAYL AO ADAH TIOD 


IVdIDINOAW AWHALSHHONVWN LV SHIAOLVAOAV I ONIAHAHNIONGA 


“INVId YAMOd NVALS ONIMOHS “AYOLVHOEVT ANIONY-LVGY ‘8 ‘DLT 








“IVOINVHOAW 














362.) 


page 


(To fu 





& 





ENGINEERING, Marca 30, 1951. PLATE XX. 





























J 
z 
= 
La 
z 
& 
s . 
fc & 
= , 
S 
Nn i 2 
i D Z 
op < 6 
KR ro) & 
“ai & i 
ny TN 
ie, = * 
y — 
— = = 
— a fad 
o— Z 4 
- a 
<—, m = 
~ 4 —_ 
as = = 
s 
< i 
~ Zz 
—— is a 
— a] 2 
a Z 
Y) = Z 
Zz a 
= 
‘= z 4 
— al 
aA fe = 
jaa) ~ = 
_— 
y) 
(x) 
— 
a = 
./ § 
oF 
<— 2 
> 
= 
s 
Os 
‘- 
UO 3 
~ 
i 3 
| s 
| gq 
is > 
Ms 
S 
» 
& 
qa 
<) 
~ z 
A: 
~~ 
— z 
“~~ rr] 
z 
< w 
( 
— 
‘ 
Y) 
fr 2 3g 
Pe] 
O c : 
[==] — 
ra o 
<>) vA 
D 
yah N = 
" < q 
eS. r) fe 
=) es 
_ PD 
f a 
LH ° Z 
: 1 3) 
( vA 
r 3 Z, 
a a 
| el al — 
< | 
0 | 
ad A a 
rf al = 
A x 
ef = a 
wn vA 
nd Tt “ 
x S < 
c : i 
— = a 
= a 
C ¢ < 
= —_— 
_-~ . 
© oa 
S af 
ro = 
™ is 
es 











(To fa: > page 370.) 





PLATE XXI. 


ENGINEERING, Marcu 30, 195. 




















0.) 


‘ 


(For Description, see Page 3 


CONSTRUCTION OF STANDARD COACHES, BRITISH RAILWAYS. 




















‘ 
gS 
= 
a 
Po 
te 
Z : 
R a 
a = 
, Ln 
Z 
= 2 
e on 
2) ea) 
a O 
© 2) 
(aa) = 
=) 2 
‘ ; 
‘“ Z 
ba | _ 
ey 
= 
s os 
a ve 
N 
L : 
— fe) 
% 


Fic. 1 


PREPARING TO Lirt Roor FROM JIG. 


10. 


MIG 














Bopy SHELL, witH ENp FRAMES IN PLACE. 


9 


rIG. 





(To fuce page |+) 











duri 
in tl 

0 
of t 








MARCH 30, I9Q5I. ENGINEERING. 369 





GANI FALLS HYDRO-ELECTRIC SCHEME Se ee ee ee ae 
PAN - . refitted on site. For the same reason, the stator of 
the 5-MW machine was manufactured in two halves 
and, after being tested, 20 coils adjacent to each joint 
were removed for transport and were also refitted on 
site. 

The output of the four alternators is controlled by 
a cubicle-type switchboard which was constructed 
by the General Electric Company and is installed on a 
gallery. There are also three outgoing circuits which 
are connected to transformers which step-up the 
voltage to 33 kV for transmission to the main distri- 
bution system. This board is provided with duplicate 
*bus bars and there is an oil circuit breaker and two 
isolators on each circuit. There is also a ’bus coupler 
panel with an oil circuit breaker and isolators, so 
that a change over from one set of *bus bars to the 
other can be made on load. Each alternator panel is 
equipped with an indicating wattmeter, ammeters and 
a watt-hour meter and with protective relays for over- 
loads, over-voltage and over-frequency, as well as for 
the alternator windings and cables. As the gear is 
operated by Asiatic attendants, there is a complete 
— of interlocks, which prevents access bein; 
obtained to the interior of the switchgear cubicles unti 
all the associated apparatus is dead; as well as incorrect 
switching when changing over from one set of ’bus bars 
to the other, and when synchronising. Each alter- 
nator is controlled from a desk on which are mounted a 
direct-current ammeter and voltmeter, an automatic 
voltage regulator and regulators for the main and pilot 
exciters. A field-discharge pillar is also installed. 
Current transformers are provided in each feeder cubicle 
and are connected to a transformer on which the desired 
tapping is selected by a master controller. The secon- 
dary of this transformer is connected to the voltage 
regulator of each machine through a rheostat, so that 
the compounding applied to each alternator can be 
adjusted. 

The main transformers have 400-volt tertiary wind- 
ings, which are connected through isolating trans- 
formers to a distribution board. This board is 
equipped with electrically-operated oil circuit breakers 
and is arranged for three-phase four-wire operation. 
A number of two-wire and four-wire supplies are taken 
from it and are controlled by switches and fuses. In 
addition, there are two rectifier panels, a battery panel 
and a direct-current feeder panel from which the 
auxiliary circuits are supplied. 

The load on the station is principally provided by 
sisal factories, although the port of Tanga is also 
supplied. In addition, Mombasa and the adjacent 
harbour at Kilindini have recently been connected 
to the station by 90 miles of line which runs through 
difficult bush country. The area to the north and 
east of the falls, where most of the sisal plantations 
are situated, is served by a 33-kV ring main, the voltage 











4.4 - being stepped down at various points to supply a 
Fig.4. wee 11-kV system. This system, in turn, supplies a 
A — 400/230-volt four-wire network. Each plantation has 

AA ~ . S a factory equipped with decorticators, pumps and 


SS brushing and baling machines, the total load being 
- : from 120 to 250 h.p. The erection of the transmission 
and distribution lines, which was carried out by 

















ZZ Fora LAT ant Messrs. Balfour, Beatty and Company, Limited, 66, 
E TW 1 hie mS Queen-street, London, E.C.4, was rendered excep- 
Hated ob ————— pte tionally difficult, owing to the denseness of the jungle, 

a GL] the absence of good roads and the unhealthy climate. 





Clearings had to be cut through the forest not only 
for the transmission right of way but to transport the 
reinforced-concrete poles, which were 35 ft. long and 
weighed nearly one ton. 


























Nut AND Bor PrRICEs.—The maximum prices of 
certain types of bolts, nuts, studs, screws and rivets 
have been increased as from March 16, under an Order 
(S.I. No. 404) issued by the Minister of Supply. The 
Order, which consolidates the previous Control of Bolts, 
Nuts, etc., Orders, covers all items which were specified 
in those Orders, excepting afreraft bolts, nuts and 
screws. 















































CONFERENCE OF WORKS MANAGERS.—The third 
national conference of the Institution of Works Managers 
ey 4 will be held at the Prince of Wales Hotel, Southport, from 
alve =. {Crest of Wei 14! Friday, April 13, to Sunday, April 15. The object of the 
a —— conference will be to study the problems confronting 
(214.0) (------ J 29 a ia, works managers in view of the present economic situation. 
“4 6° “= Papers will be read on the “ Re-Organisation of Messrs. 
vai = Fibreglass, Limited,” by Mr. A. M. Hudson Davies, 
o O.B.E.; on “ The Selection and Training of Foremen,” 
by Mr. F. J. Burns Morton; and on “‘ Wage Payment 
Systems Based on Job Analysis,” by Brigadier N. P. 
Patterson. Further information may be obtained from 
the secretary of the Institution, 67-68, Chandos-place, 
Strand, London, W.C.2. 
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during wet weather and being discharged through ducts |forced into position by hydraulic pressure. As the 
in the concrete below the machines. maximum load which could be hauled between the 
Owing to the high speed of the sets the eight poles | railway siding and the power station was 12 tons, the 
of the rotor are dovetailed into a forging and were | poles of the 5-MW alternator were removed from the 
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STANDARD COACHES FOR BRITISH 
RAILWAYS, 


Following the publication of details of the first 
British Railways standard locomotive, the Railway 
Executive have released information on 12 types of 
standard corridor coaches which are now under con- 
struction. The principal features of the design of these 
coaches are: the widest possible route availability, to 
enable them to run freely over all regions of British 
Railways; the use of a standard body structure, 
underframe and bogie, common to all 12 types; “ all- 
steel ”’ construction, with pressed-steel members for the 
bodies, and an underframe designed for a buffing load 
of 200 tons; automatic couplers for improving the 
safety of passengers and staff; and double-bolster 
bogies, for good riding. The Executive state that, 
while every effort has been made to produce bright and 
attractive interiors (as, indeed, Fig. 2, herewith, shows), 
limitations on capital expenditure and the urgent need 
to overtake war-time arrears in the number of passenger 
vehicles have precluded the adoption of de luxe features. 
On the other hand, as a result of collaboration’ between 
the Executive’s designers and architects, works 
production staff, and commercial and operating 
departments, as well as the Hotels Executive (whose 
interest extends to restaurant cars), the best practices 
of the former railway companies, in addition to many 
new features, have been embodied.* 

The 12 types of coaches to be built thisTyear com- 
prise the following: corridor first, corridor third, 
corridor composite, corridor third brake, corridor 
composite brake, open first, open third, open first 
restaurant car (shown in Figs. 1 and 2, herewith), open 
third restaurant car, kitchen and pantry restaurant car, 
kitchen and pantry car, and brake and luggage van, 
the last two being non-passenger carrying. The princi- 
pal dimensions are: length over body, 64 ft. 6 in. ; 
maximum width over body, 9 ft.; distance between 
bogie centres, 46 ft. 6 in. ; bogie wheelbase, 8 ft. 6 in. ; 
and height to roof panels, 12 ft. 44 in. 

All vehicles will be equipped with automatic couplers 
and Pullman-type gangways, and, to enable them to be 
coupled to existing stock fitted with screw couplings 
during the transitional period, the automatic couplers 
will be of the drop-head type and the side buffers will 
be retractable. Two 22-in. diameter cylinders of the 
slipping-band type will be used for the automatic 
vacuum brakes, and direct-admission valves will give 
accelerated brake applications. The buffing load of 
200 tons which the underframe has been designed to 
withstand has been assumed to act on either the centre 
coupler or the retractable side buffers. The under- 
frame, illustrated in F gs. 3 and 4, opposite, consists of 
two centre girders from which cantilevers project to 
support the solebars ; these, in turn, carry the body- 
side structure. Standard rolled sections, fabricated by 
electric welding, are used throughout the underframe. 

The bogie, shown in Fig. 5, opposite, is of the four- 
wheel double-bolster type, with the frame constructed 
of rolled sections riveted together. The wheelbase, as 





* A paper on the “ Standardisation of New Coaching 
Stock on British Railways,” which was read to the 
Institution of Locomotive Engineers by Mr. S. G. Smith, 
on January 17, was reprinted, in abridged form, oa 
pages 87 and 113, in the issues of January 19 and 26, 
respectively. 
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already noted, is 8 ft. 6 in. and the wheel diameter is 
3 ft. 6 in. This type of bogie has been adopted as a 
result of tests with the best designs of the former 
railway companies ; it is a development of the existing 
double-bolster type which was found to have superior 
riding characteristics when compared with the single- 
bolster design. The axle journals are 9 in. long and 
4§ in. in diameter, except in the case of kitchen cars, 
which have 10-in. by 5-in. journals. The axleboxes are 
open-fronted, of cast iron, and are lubricated by a 
spring-loaded pad. 

The body frame members are made of pressed steel, 
the majority of “‘ top-hat ” section, using 10-s.w.g. and 
14-s.w.g. deep-drawing steel. The body and roof 
panels are of galvanised 16-s.w.g. steel. The body 
sides are curved continuously from the lower edge to 
the cant-rail, but the panels are pressed flat round the 
window openings to enable flat glass windows to be 
fitted. The flooring consists of #-in. resin-bonded 
plywood secured to pressed-steel floor bearers and the 
outrigger plates. Compartment and corridor partitions 
are of block-board, veneered to suit the interior 
decoration scheme. The body-side panels and the 


finishing panels on the transverse partitions are of | 
| attached to the framing by bolts or by studs welded 


#s-in. three-ply, and the panelling in the corridors and 
vestibules is of }-in. plywood, all of which is veneered. 
Ceiling panels are made of y,-in. plastic material backed 
with }-in. plywood or hard-board panels. 

Figs. 6 to 9, on Plate XX, and Figs. 10 to 13, on 
Plate XXI, illustrate the construction of the coaches. 
The bodies have been designed so that they can be 
assembled in sections preparatory to the final assembly 
on the underframe. The body-side framing is built up 
in sections, in sub-assembly jigs, as shown in Fig. 6, 





INTERIOR OF First-CLass RESTAURANT CaR. 


and then the sections are fabricated to form full-length 
body-side units. Metallic arc welding is used for the 
fabrication of all framing members. The body-side 
panelling is welded into a complete coach length on a 
semi-automatic carbon-arc welder, and is then welded 
to the framing on a “skinning” jig, a complete side 
being completed in one operation, as shown in Fig. 7. 
Similar methods are used for the body ends, as shown 
in Fig. 8. The method of constructing the roof is il lus- 
trated in Figs. 9 and 10; the same jig is used for 
welding the framing members and the roof panels. 

The procedure for assembling the coach is as follows. 
Reference jigs are mounted on the underframe, as 
shown in Fig. 11, and the body-sides are suspended on 
these jigs for welding to the outrigger plates ; the ends 
are then mounted and welded. Finally, the roof is 
secured to the body-sides, first by locating bolts and 
then by rivets, using pneumatic toggle riveters. To 
facilitate this type of assembly, the cant-rail is in two 
sections, one attached to the roof and one to the body- 
side, which are riveted together during assembly. Figs. 
12 and 13 illustrate a coach at this stage. 

The interior body-side and end finishing panels are 
attached to hardwood fairings, which are themselves 


directly to the pillars and rails. As far as possible, 
the pitch of the bolts and studs is standardised so that 
the fairings can be produced in any length and pre- 
drilled before being cut to the required lengths. _ 
The four open-type coaches comprise two, one first- 
class and one third-class, with separate chairs for use 
as restaurant cars, and two (first and third class) with 
fixed seats, so that they can be used either as dining 
cars, particularly for services where passengers are 
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Fig. 4. DRAwGEAR AND BUFFING GEAR. 


allowed to retain their seats throughout the journey, | 
or as ordinary coaching stock to supplement the 
corridor vehicles. The separate guard’s compartment 
of brake vehicles is equipped with a desk-and-cupboard 
unit, a food warmer, a steam heater and a swivel seat 
from which the guard, by means of a periscope, can 
see along the roof in both directions. These are, of 
course, in addition to the usual lockers, light controls, 
handbrake, and steam and vacuum gauges. In com- 
posite vehicles the luggage compartment is shut off 
from the corridor by a wire grille and sliding doors. 

The lighting equipment on vehicles other than kitchen 
cars comprises a 70-ampere 24/32-volt dynamo of the 
shunt-field type, driven from an axle; a regulator 
combining all the switchgear as a unit; and a battery 
of 12 lead acid cells housed in two boxes on the under- 
frame. On kitchen cars, current is supplied by two 
110-volt 10-kW generators to an anthracite-electric 
cooking installation and to the lighting circuit, the 
voltage of which is controlled by a regulator. The six 
anthracite ovens each consume from 30 Ib. to 40 lb. of 
fuel a day. Compartments in the coaches are heated 
by thermostatically-controlled steam radiators which 
an be adjusted by passengers through Arens remote 
control gear. 

British Railways plan to build 1,189 coaches of the 
new types and 1,252 other passenger-train vehicles of 
existing types during 1951. They are now preparing 
designs for non-corridor stock for both steam and 
electric services. First- and third-class sleeping cars, 
for which the standard design of underframes and 
bogies and a similar type of body framing will be used, 
are also being designed, and in due course work will be 
*ommenced on the remaining types of coaching stock, 
comprising a considerable variety of non-passenger- 
carrying stock. This summer, for the first time since 
the war, the number of passenger coaches available 
(43,000) will be about the same as in 1939. The Rail- 
way Executive point out, however, that this will only 

rendered possible by continuing to use a large 
aumber of vehicles which, though structurally sound, 

short of modern standards and would normally 
have been scrapped by now. 





CONTRACTS. 


The British Electricity Authority, during February, 
placed contracts for equipment for power stations, 
transforming stations and transmission lines amounting, 
in the aggregate, to 2,023,0837. These include cooling 
towers for Thornhill station, near Dewsbury, and for 
Huddersfield station, with the DAVENPORT ENGINEERING 
Co., LTp.; coal-handling plant for East Yelland station, 
near Barnstaple, with SPENCER MELKSHAM, LTD. ; 
dust-disposal plant for Rye House station, Hertfordshire, 
with WM. PREss & Son, LTD. ; raw-coal drying plant for 
Tir John station, South Wales, with BririsH “ Rema ” 
MANUFACTURING Co., LTD.; 132 kV 2,500 MVA switch- 
gear for Connah’s Quay station, Chester, with FERGUSON 
Palin, Ltp.; 33 kV 750 MVA switchgear for Fleetwood 
station, with the ENGLISH ELECTRIC Co., LTD.; 33 kV 
1,500 MVA switchgear for Northampton station, with 
FERGUSON PAILIN, LtTp.; 132 kV 2,500 MVA switchgear 
for Staythorpe substation, near Newark, with the 
GENERAL ELECTRIC Co., LTp.; 132 kV line from Can- 
terbury to Northfleet, with W. T. HENLEY’s TELEGRAPH 
Works Co., LTD.; 132 kV line from Bonnybridge to 
Bathgate, S.E. Scotland, with the J. L. EVE ConstTruc- 
TION Co., LTD., and 132 kV and multicore cable for 
Portishead, Bristol, with BRITISH INSULATED CALLEN- 
DER’S CABLES, LTD. 

HARRY FERGUSON LTD., Coventry, have received an 
order for agricultural tractors for Denmark, valued 
at 2,023,124. It involves 5,710 tractors and 14,822 
implements and delivery of the complete order is to be 
made this year. 

FOLLSAIN-WYCLIFFE FOUNDRIES LTD, Lutterworth, 
near Rugby, have dispatched to Holland an order for 
900 brake blocks of their C.Y. abrasion-resisting alloy. 

LEYLAND Morors, LTp., Leyland, Lancashire, have 
received an order for 209 Diesel-engined omnibus chassis, 
valued at nearly 400,0001., from Coras Iompair Eireann. 
The new vehicles will be used by the Irish administration 
mainly to replace obsolete and outworn machines. The 
bodies will be built at the Inchicore Works. 


THE BURNTISLAND SHIPBUILDING Co., LTp., Burnt- 


| island, Fife, have received a contract to build a cargo 





ENGINEERING 
Fie. 5. Boats. 


motorship of 10,500 tons deadweight capacity for the 
Compania de Navegacion Oriental de Panama, Panama. 
The propelling machinery will consist of 4,000-b.h.p. 
Diesel engines constructed by SULZER Bros., LTD., 
Wintenthur, Switzerland. 


MARCONI’S WIRELESS TELEGRAPH Co., LTD., Chelms- 
ford, Essex, have obtained an order from the South 
African Broadcasting Corporation for two further 5 kW 
medium-frequency transmitters of the Marconi Type 
TBM.672. The transmitters will be installed at the 
South African Corporation’s broadcasting station at 
Maraisburg and Welgedacht. This order brings to eight 
the total of Marconi 5 kW transmitters, ordered by the 
S.A. Union authorities in recent months. Five were 
recently delivered under an earlier order, two being 
installed at Grahamstown and three at Pietermaritzburg. 
A sixth transmitter, for Grahamstown, is now under con- 
struction at the firm’s Chelmsford works. 


THE SIEMENS AND GENERAL ELECTRIC RAILWAY 
SIGNAL Co., Ltp., East Lane, Wembley, Middlesex, have 
received a contract for the supply and installation of 
automatic signalling and interlocking equipment on the 
Yonge Street Subway, now under construction for the 
Toronto Transport Commission, and a description of 
which appeared on page 177, ante. The contract will be 
carried out in conjunction with the company’s Canadian 
representatives, RADIO ENGINEERING PRopvuctTs, LTD., 
Montreal, which will be responsible for the installation 
under the supervision of engineers from the United 
Kingdom. The value of the work is approximately 
1,200,000 Canadian dols., and is to be carried out in a 
period of 24 years. 


DRUMMOND LITHGOW & Co., LTD., 109, Douglas-street, 
Glasgow, are the contractors for the construction of a 
further reinforced-concrete 500,000-gallon water tank to 
be built for the Glasgow Corporation Water Department, 
at Cranhill on the eastern outskirts of the City. The 
estimated cost of the structure, exclusive of mains and 
pumping station, is 43,0001. The total height of the 
structure is 96 ft., the floor of the tower being 65 ft. above 
ground level. Access to the top of the tower will be by 
electric hoist capable of carrying up to four persons. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


THE STEEL-SUPPLY PosITION.—Large quantities of 
ship and boiler plates, sections, and bars are still being 
delivered to shipbuilders in Scotland, while other large 
consumers of steel are likewise still hardly feeling any 
scarcity of supplies. The prospects, however, are not 
regarded as bright for a maintenance of the present rate 
of delivery for very much longer. Competent observers 
consider it likely that users will be made aware soon of 
the reduction in the number of shifts operated at the 
rolling mills, while a further restriction in ingot outputs 
on account of dwindling scrap supplies seems imminent. 
Re-rollers, now almost entirely dependent on home 
semies, have been consuming billets, slabs, and sheet bars 
at a greater rate than they can be replaced. 

OPENCAST COAL IN MIDLOTHIAN.—Coal is now being 
produced from the lower of three seams at the opencast 
site at Arniston, Midlothian, opened up last November 
by Taylor Woodrow Construction Ltd., London. The 
enterprise is expected to yield 450,000 tons of coal over a 
period of three years. A 350-ton Diesel-electric walking 
excavator is now being erected on the site, to begin 
operating in May, when 3,000 to 4,000 tons of coal should 
be produced weekly. Thirty-five 15-ton lorries were 
required to move the excavator from Monmouthshire, 
where it had been engaged on similar opencast work. 
Top-soil to a depth of 12 in. and sub-soil to 3 ft. are being 
segregated for replacement at a later date. 

ACTIVITIES OF PoRT OF GREENOCK.—Bunkering of 
foreign vessels at G k ted to 19,204 tons of 
coal during 1950, compared with 19,199 tons in the pre- 
ceding year, according to the annual report to Greenock 
Chamber of Commerce on the work of the port and 
harbour of Greenock. Foreign exports of refined sugar 
totalled 56,740 tons, a rise of 16,000 tons. Foreign 
cargo imports amounted to 355,157 tons, an increase of 
about 49,000 tons. Sugar was the principal import at 
246,716 tons, or 6,000 tons more than in 1949. British 
Oil and Cake Mills imported 27,760 tons of palm kernels, 
a slight increase on 1949. Timber arrivals reached 
349 tons, against 34 tons in the previous year. 

CENTENARY OF A. & P. STEVEN, LTp.—Messrs. 
A. & P. Steven, Ltd., lift manufacturers, who set up 
business in Glasgow in 1850 under the title, ‘‘ Alexander 
Steven, smith and engineer,” have issued a brochure 
to mark their centenary. In the early days the work was 
varied, and the first record of the manufacture of lifts 
was in December, 1860. Until the end of the Nineteenth 
Century, the lifts produced were mainly operated by 
screws or belts, or by low-pressure hydraulic machines. 
The first order for a lift driven by electric power was in 
1897, and, within ten years, the construction of lifts had 
become the main part of the business. The turn of the 
century introduced a period of rapid growth, branches 
being opened in Manchester, London, and Birmingham. 








Routs-Royce Facrory.—Mr. Hector McNeil, Secre- 
tary of State for Scotland, has informed the East Kilbride 
Development Corporation that all the Government 
departments concerned have now agreed on East 
Kilbride as the location of the new Rolls-Royce factory. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


RE-OPENING OF BILDERSHAW COLLIERY, Co. DURHAM. 
—The Durham Divisional Board of the National Coal 
Board have decided to re-open the Bildershaw colliery, 
near West Auckland—a drift mine which was developed 
in 1930, but which had to be progressively abandoned 
between 1935 and 1944 because of the rising water level. 
The water found its way into the workings from the 
river Gaunless and from surface drainage at the outcrop. 
Nationalisation facilitated the establishment of a com- 
prehensive drainage system for the surrounding area, 
with a central pumping Station at West Auckland, to 
contain three electrically-driven submersible pumps. 
The first pump was set to work on May 26, 1950, and 
the second on June 21; the third has not been installed 
yet. To the end of February, some 900 million gallons 
of water have been pumped out, freeing an estimated 
14 million tons of coal for working, out of about 73 million 
tons affected by the flooding. 


—_— 


BELGIAN STEEL FOR TEES-SIDE.—At a meeting of the 
Middlesbrough Education Committee, held on March 19, 
it was reported that a Southport firm of contractors was 
to import Belgian steel to be used in the construction of 
& school on Tees-side, where one-fifth of the annual 
output of British steel is produced. It was reported 





that, because of the steel supply position the contractors 
would be unable to deliver steel for the school building 
during this month and next, as previously promised, but 
had been permitted to import Belgian steel, which would 
enable delivery to be made in July or August instead of 
the beginning of next year, as had been feared. The 
committee had tried to obtain the required steel from 
local firms, without success. 

SHORTAGE OF RAW MATERIAL REDUCES STEEL OUT- 
PuTt.—Owing to shortage of raw materials, the steel 
rolling mills and finishing departments at the Middles- 
brough works of the Cargo Fleet Iron Co., Ltd., have 
been working fewer shifts ; in the case of the large mills, 
the reduction has been from 17 to 15 shifts a week, and, 
in the case of the small mills, from 12 to 10. 


LANCASHIRE AND SOUTH 
YORKSHIRE. ° 


LOWER STEEL PRODUCTION.—There has been an 
enforced reduction from the recent high level of steel 
production, in Sheffield and district, owing to lack of 
sufficient melting materials. At the Templeborough 
works of Steel, Peech & Tozer, Ltd., a constituent 
company of the United Steel Companies, Ltd., one 80-ton 
open-hearth steel furnace has been taken out of pro- 
duction for want of steel scrap and pig-iron. There are 
fourteen 80-ton furnaces in the melting shop. At the 
Redbourne Hill works, Scunthorpe, of Richard Thomas & 
Baldwins, Ltd., one of the open-hearth steel furnaces has 
been closed temporarily owing to lack of sufficient scrap 
material. 

YORKSHIRE COAL OuTPUT.—The Yorkshire coal output 
has reached a million tons a week only four times since 
the inception of nationalisation. The Easter “ bull 
week ” effort was 1,034,000 tons at the pit head, and, 
after passing through the cleaning plants, the saleable 
coal tonnage was 956,700. The five-day week production 
has now caught up with the production level of a year 
ago with 2,000 fewer men. It is significant that, while 
Saturday work has been of great value, it has detracted 
from the performance in the five-day week; pay is at 
the rate of time-and-a-half on Saturdays. 





PROTECTING THE NAME OF SHEFFIELD.—The Advi- 
sory Committee of the Cutlers’ Company of Hallamshire 
continue to do good work in protecting Sheffield’s trade 
name. The Law Clerk, Mr. R. T. Wilson, @ld the 
committee at the annual meeting on March 19 that heavy 
expenses had been incurred in opposing New Zealand 
and American firms who had applied to use the word 
“ Sheffield ” in connection with their products. In 
New Zealand, a cutlery firm had agreed to Grop the 
word “‘ Sheffield ”’ from its title, and in America, after a 
protest on behalf of the Cutlers’ Company, the Customs 
authorities had refused the registration of “‘ Sheffield ” 
as the trade mark of a New York firm unless “ certain 
facts ’” could be proved. The Cutlers’ Company’s lawyer 
in the United States was stated to be of the opinion that 
the firm would be unable to prove these facts. 


THE MIDLANDS. 


BIRMINGHAM SMALL ARMS COMPANY DEVELOPMENT.— 
As is recorded on page 373 of this issue, the Birmingham 
Small Arms Co., Ltd., have acquired the share capital of 
the Triumph Engineering Co., Ltd., Coventry. It is 
in pursuance of this development that, as stated in our 
“Personal” column on page 345, ante, Mr. James 
Leek, managing director of B.S.A. Cycles, Ltd., and 
of B.S.A. Guns, Ltd., Mr. James E. MacLaren, managing 
director of B.S.A. Tools, Ltd., and Mr. J. Sangster, 
chairman of the Triumph Engineering Co., have been 
appointed directors of the Birmingham Small Arms 
Company. 

IRON AND STEEL ScraP.—The shortage of iron and 
steel scrap in the Midlands has become more marked. 
Cast-iron scrap, in particular, is very hard to find, and, 
in this region of iron foundries, the shortage is causing 
great inconvenience. An area scrap committee has been 
set up by the British Iron and Steel Federation and the 
Scrap Dealers’ Association, the chairman being Mr. P. 
Grigg, of Round Oak Steelworks, Brierley Hill, who 
appealed to Midland firms to make good use of the 
Easter holiday period by making an intensive search in 
their works for usable scrap of all kinds. 





UNAUTHORISED OPENCAST COAL WORKING.—Unau- 
thorised mining of coal from outcrops and marl holes 
has been a common practice in the Black Country for 
many years. The recent fuel shortage has led to a great 
increase in the number of people seeking coal, and, in 
some cases, trenches several feet deep have been dug— 
in one case, across a sports field. The extent to which 





coal extraction has developed in the past few weeks has 
led the Corporation of Dudley, Worcestershire, to scek 
legal advice about the ownership of the coal at a loca} 
clay pit; the pit belongs to the Corporation, but it is 
not certain whether the coal was included in the sale 
when the land was bought. 

THE TALYLLYN Raltway.—The Birmingham group 
of enthusiasts who intervened recently to prevent the 
threatened closure of the Talyllyn narrow-gauge railway, 
in Merionethshire, and who have made themselves 
responsible for working it, have acquired from British 
Railways, for a nominal sum, two 0-4-0 saddle-tank 
locomotives formerly used on the Corris Railway, now 
dismantled. The engines have been delivered to Towyn, 
the terminus of the Talyllyn line. More rolling stock is 
to be bought, and the track (of 2 ft. 6 in. gauge) relaid, 
The line, which dates from 1865, will then be re-opened 
for passenger traffic on weekdays during the coming 
summer season. The honorary secretary of the Talyllyn 
Railway Preservation Society is Mr. P. B. Whitehouse, 
18, Moorland-court, Melville-road, Edgbaston, Birming- 
ham, 16. 

INCORPORATED PLANT ENGINEERS: CONFERENCE AT 
Buxton.—The Institution of Incorporated Plant Engi- 
neers have arranged to hold their fourth annual con- 
ference at Buxton on May 22, 23 and 24, with head- 
quarters at the Palace Hotel. The proceedings will begin 
on the evening of Tuesday, May 22, with a civic reception 
by the Mayor of Buxton (Councillor Arthur Salt, J.P.), 
who will also open the Conference on the following 
morning. Mr. D. Lacy-Hulbert will then be installed as 
President in succession to Mr. E. G. Phillips. Further 
particulars of which may be obtained from the secretary, 
Mr. H. S. Seaborne, at 48, Drury-lane, Solihull, Bir- 
mingham. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


THE LATE Mr. J. J. SAUTTER.—We have learned with 
regret of the death on March 13, after a long illness, of 
Mr. John Jules Sautter, M.I.Mech.E., a director (and 
formerly managing director) of Messrs. Philip & Son, Ltd., 
shipbuilders and engineers, Dartmouth. Mr. Sautter was 
born in Liverpool in 1877 and received his general educa- 
tion in London and Switzerland. He was apprenticed at 
the Nine Elms works of the London and South Western 
Railway, and also studied mechanical engineering at the 
Goldsmiths’ College, New Cross. After some years at 
the Dockhead Ironworks of T. and J. Hosking, Ltd., he 
joined Philip & Son in 1900 as assistant to the manager, 
becoming engineer manager in 1905, and eventually 
managing director. He relinquished this position in 
1948, when he was succeeded by Mr. J. A. Philip, but 
retained his seat on the board. 





WELSH STEEL INDUSTRY.—The first iron and steel 
production figures for Wales issued since the nationali- 
sation of the industry show the highest rate of production 
ever achieved in the month of February of any year. 
In terms of yearly production, the February output was 
at an annual rate of 3,587,300 tons of steel ingots and 
castings and 1,337,700 tons of pig-iron. The average 
weekly production of ingots and castings in February 
was 68,990 tons, compared with 67,740 tons in January 
and 67,170 tons in February, 1950. The February weekly 
average for pig-iron was 25,730 tons, against 25,090 tons 
in January and 23,290 tons in February of last year. 





THE AVON VALLEY.—The Minister of Local Govern- 
ment and Planning (Dr. Hugh Dalton, M.P.) has refused 
an appeal by the Avon Leather Dressing Co., Ltd., to 
be allowed to establish a tannery in the former Avon Mill 
at Limpley Stoke, near Bath. He supported the propo- 
sals of the Wiltshire and Somersetshire County Councils 
that the valley should be preserved as “‘an area of 
special amenity ” and stated that he regarded the locality 
as unsuitable for industry. 

Hoover Facrory, MERTHYR.—Work on the exten- 
sions to the factory of Hoover Ltd., at Pentrebach, 
Merthyr, is well ahead of schedule. The extensions, 
which involve 200,000. worth of plant and machinery, 
are expected to be completed in May, when the number 
of persons employed will be increased to 1,600. With 
official approval, it is intended to treble the size of the 
original factory and to employ 2,300. 


STEEL ScraP FROM SuHIPs.—The steel sailing ships 
Passat and Pamir, which sailed recently from Penarth 
for Belgium, where they are to be broken up for scraP, 
fetched about 20,0001. each. It has been stated pomaragrd 
during the past week that the reason they oS 
Belgium, while Britain is short of scrap, was that = 
price offered was much higher than the British Iron ‘ 
Steel Corporation were prepared to pay. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF MARINE ENGINEERS.—Monday, April 2, 
5.30 p.m., 85, The Minories, E.C.3. Annual Meeting. 
Tuesday, April 10, 5.30 p.m., “‘ The Electrical Machinery 
in a Cargo Liner,” by Mr. J. B. Peacock. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section: Monday, April 2, 5.30 p.m., Victoria-embank- 
ment, W.C.2. “‘ The Automatic Monitoring of Broadcast 
Programmes,” by Mr. H. B. Rantzen, Mr. F. A. Peachey 
and Mr. C. Gunn-Russell. District Meeting: Monday, 
April 2, 7.30 p.m., The New Inn, Sandling-road, Maid- 
stone. “‘ Fifty Years’ Development in Telephone and 
Telegraph Transmission in Relation to the Work of 
Oliver Heaviside,” by Dr. W. G. Radley. Measurements 
Section: Tuesday, April 3, 5.30 p.m., Victoria-embank- 
ment, W.C.2. “An Electronic Process-Controller,” by 
Mr. J. R. Boundy and Mr. 8. A. Bergen. North Midland 
Centre: Tuesday, April 3, 6.30 p.m., 1, Whitehall-road, 
Leeds. “‘The Nervous System as a Communications 
Network,” by Dr. J. A. V. Bates. Scottish Centre: 
Tuesday, April 3, 7 p.m., Institution of Engineers and 
Shipbuilders in Scotland, 39, Elmbank-crescent, Glasgow, 
c.2. “The Design, Specification and Performance of 
High-Voltage Surge Diverters,” by Mr. H. F. Jones and 
Mr. C. J. O. Garrard. Southern Centre: Wednesday, 
April 4, 6.30 p.m., The Technical College, Weymouth. 
“Crystal Diodes,” by Mr. R. W. Douglas and Dr. 
E. G. James; and “ Crystal Triodes,” by Mr. T. R. 
Scott. Institution: Thursday, April 5, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘The Development of 
the Electrical System on the Bristol Brabazon Mark 1 
Aircraft,” by Mr. M. J. J. Cronin. 


INCORPORATED PLANT ENGINEERS.—London Branch: 
Monday, April 2, 7 p.m., Royal Society of Arts, John 
Adam-street, Adelphi, W.C.2. Discussion on “ Elec- 
tronic Motor Control.” West and East Yorkshire 
Branch: Monday, April 2, 7.30 p.m., The University, 
Leeds. Annual Meeting. South Wales Branch: Tues- 
day, April 3, 7.30 p.m., Grand Hotel, Westgate-street, 
Cardiff. ‘‘ High-Pressure Hot-Water Installations,” by 
Mr. B. Pheasant. Peterborough Branch: Thursday, 
April 5, 7.30 p.m., Offices of the Eastern Gas Board, 
Church-street, Peterborough. Film on “CO, and 
Draught,” introduced by Mr. W. S. Hudson. Dundee 
Branch: Monday, April 9, 7.30 p.m., Mathers Hotel, 
Dundee. “‘ Metallising for Industrial Plant Maintenance,” 
by Mr. J. Barrington Stiles. 


INSTITUTION OF CIVIL ENGINEERS.—Structural and 
Building Division: Tuesday, April 3, 5.30 p.m., Great 
George-street, Westminster, S.W.1. “The Structural 
Design of the ‘ Dome of Discovery ’ at the Festival of 
Britain, 1951,” by Mr. Gilbert Roberts. 


INSTITUTE OF FUEL.—Tuesday, April 3, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park, S.W.1. Papers on ‘“‘ Underground 
Gasification,’’ by Mr. C. A. Masterman, Dr. E. T. Wilkins 
and Mr. J. L. Elder. Midland Section: Wednesday, 
April 4, 7 p.m., Offices of the Midlands Electricity Board, 
Kingsway, Stoke-on-Trent. ‘‘ Tunnel Kilns for Firing 
Refractories,” by Mr. R.le Gripp. South Wales Section: 
Friday, April 6, 6 p.m., South Wales Institute of Engin- 
éers, Park-place, Cardiff. Discussion on ‘‘ Integration of 
Gas Supplies in South Wales.” North-Eastern Section : 
Monday, April 9, 6.30 p.m., King’s College, Newcastle- 
upon-Tyne. ‘‘ Atomic Energy,” by Mr. J. Diamond. 


INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
April 3, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. Research papers submitted by various 
colleges. Midland Branch: Thursday, April 5, 11 a.m. 
and 2.30 p.m., The University, Edgbaston, Birmingham. 
Symposium on “‘ Packed Columns.” For programme, 
see page 367. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, April 3, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. Annual Meeting. ‘‘ Recent 
Developments in the Electric Propulsion of Ships,” by 
Mr. M. W. T. Rees and Mr. G. J. Tuke. 


INSTITUTION OF WORKS MANAGERS.—Sheffield Branch : 
Tuesday, April 3, 7 p.m., Offices of the Sheepbridge 
Engineering Company, Limited, Chesterfield. ‘‘ The 
Value of Publicity in the Works,” by Mr. R. Pugh. 

INSTITUTION OF PRODUCTION ENGINEERS.—Lincoln 
Section : Tuesday, April 3, 7 p.m., The Canteen, Messrs. 
Ruston and Hornsby, Limited, Boultham Works, Lincoln, 
Annual Meeting. Reading Sub-Section : Tuesday, April 3, 


.7.15 p.m., Great Western Hotel, Reading. “‘ The 


Refining of Oil,” by Mr. I. A. B. Pender. London Grad- 
uate Section: Wednesday, April 4, 7.15 p.m., Institution 
of Production Engineers, 36, Portman-square, W.1. 
“Developments in Machine-Tool Controls,” by Mr. 
F. H. R. Koeller. Nottingh Secti Wednesday, 
April 4, 7 p.m., Victoria Station Hotel, Milton-street, 





Nottingham. Discussion on “ Vehicle Maintenance.” 
South Essex Sub-Section : Wednesday, April 4, 7.30 p.m., 
The Conservative Club, liford. ‘‘ The Control of Quality 
in Medium and Large Quantity Engineering Production,” 
by Mr. J. Loxham. London Section: Thursday, 
April 5, 7 p.m., Old Ship Assembly Hall, Ship-street, 
Brighton. ‘‘ Financial Aspects of Machine-Tool Replace- 
ment,” by Mr. R. McNeil. 


INSTITUTE OF ECONOMIC. ENGINEERING.—Sheffeld 
Branch: Tuesday, April 3, 7.45 p.m., Rotherham House 
Hotel, Sheffield. “The Function of the Personnel 
Officer,”’ by Miss A. Pearson. Glasgow Branch: Satur- 
day, April 7, 10.30 a.m., Christian Institute, Bothwell- 
street, Glasgow, C.2. ‘* Anglo-American Productivity,” 
by Mr. James Jackson. 


INSTITUTION OF WATER ENGINEERS.—South-Eastern 
Section: Wednesday, April 4, 2.30 p.m., Institution of 
Civil Engineers, Great George-street, S.W.1. Annual 
Meeting. ‘‘ Prestressed Concrete and Its Use in Water- 
Retaining Structures,” by Mr, P. G. Bowie. 


RoyaL SOcIETY OF ARTS.—Wednesday, April 4, 
2.30 p.m., John Adam-street, Adelphi, W.C.2. “ Fluor- 
escent Inks and Paints,’ by Mr. T. Thorne Baker and 
Mr. Geoffrey Dane. 


INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Wednesday, April 4, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “The Sunshine Problem in Air Conditioning,” 
by Mr. N. 8. Billington. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—Mersey- 
side Section: Wednesday, April 4, 7 p.m., Electricity 
Service Centre, Whitechapel, Liverpool. ‘‘ The Silicon 
Carbide Resistor as a Circuit Element,” by Mr. W. Need- 
ham. Scottish Section: Thursday, April 5, 6.45 p.m., 
Institution of Engineers and Shipbuilders in Scotland, 
39, Elmbank-crescent, Glasgow, C.2. ‘‘ Rare Elements 
in Radio and Electronics,” by Mr. D. A. Wright. 


JUNIOR INSTITUTION OF ENGINEERS.— Midland Section: 
Wednesday, April 4, 7 p.m., James Watt Memorial 
Institute, Birmingham. ‘“‘ Engineering Practice in the 
Production of Tyre Moulds,” by Mr. T. F. Luck. 
Institution: Friday, April 6, 6.30 p.m., 39, Victoria- 
street, Westminster, S.W.1. Films on “ Precision 
Machine Tools,” and “ Metallic Bearing Surfaces.” 
introduced by Mr. S. G. Jennings and Mr. F. Baxter. 


INSTITUTION OF MECHANICS.—Enjield Section: Wed- 
nesday, April 4, 8 p.m., Enfield Technical College, 
Queensway, Enfield. ‘‘ Mass Production of Pinions and 
Gears,” by Mr. 8S. V. Fountain. Bedford Section: 
Thursday, April 5, 8 p.m., 100, Midland-road, Bedford. 
“Tuning Automobile and Motor-Cycle Engines for 
Speed,” by Mr. W. Bull. 


SocrtT& DES INGENIEURS CIVILS DE FRANCE (BRITISH 
SECTION) and INSTITUTION OF STRUCTURAL ENGINEERS.— 
Thursday, April 5, 6 p.m., 11, Upper Belgrave-street, 
S.W.1. “The Tuscan Boracic ‘Soffioni’ and Their 
Development at Larderello,” by Dr. Ing. Alfredo 
Mazzoni, presented by Mr. Peter Gerard. 


INSTITUTE OF METALS.—London Local Section: 
Thursday, April 5, 6.30 p.m., 4, Grosvenor-gardens, 
Westminster, S.W.1. Annual Meeting. Discussion on 
*“ Sintering,”’ to be opened by Dr. J. C. Chaston and 
Mr. J. P. Roberts. 


INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Thursday, April 5, 6.30 p.m., South 
Wales Institute of Engineers, Park-place, Cardiff. 
Meeting of Graduates and Students. ‘ Recent Trends 
in Industrial Design,” by Mr. K. L. Brookfield. London 
Graduates’ Section: Thursday, April 5, 6.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. ‘“‘ How Fluid 
Friction Affects the Engineer,” by Mr. N. Bradley. 
Institution: Friday, April 6, 5.30 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Meeting in conjunction with 
the Applied Mechanics Group. “ Load Distribution in 
Riveted and Spot-Welded Joints,” by Dr. D. Williams ; 
and ‘“‘ Design Stresses in Fillet Weid Connections,” by 
Mr. F. Koenigsberger. AUTOMOBILE DIVISION.—North- 
Western Centre: Wednesday, April 4, 7.15 p.m., Walker 
Engineering Laboratories, The University, Liverpool. 
“Performance and Weight of Automobile Petrol 
Engines,”” by Mr. Donald Bastow. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.— 
Scottish Centre: Monday, April 9, 7.30 p.m., Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow, C.2. ‘“‘The Use of Lightweight 
Sandwich Materials in the Construction of Road Trans- 
port. Vehicles,” by Mr. F. C. Lynam. East Midlands 
Centre: Tuesday, April 10, 7.30 p.m., The Engineers’ 
Institute, Nottingham. Discussion on “‘ The Care and 
Maintenance of Sparking Plugs.” 

INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
April 10, 6.30 p.m., Caxton Hall, Westminster, S.W.1. 
“ Sanitation in Multi-Storey Buildings,’ by Mr. H. E. 





Gooding. 
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PERSONAL. 


Mr. V. A. M. ROBERTSON, C.B.E., M.C., M.I.C.E., 
M.I.Mech.E., M.I.E.E., who, as stated on page 73, anie, 
is retiring from the position of Chief Civil Engineer, 
British Railways, Southern Region, to-morrow, March 31, 
is joining the firm of Sir William Halcrow & Partners, 
consulting engineers, as a partner. 

Four appointments have been made to the Stee) 
(Rearmament) Advisory Panel, set up by the Ministry 
of Supply and of which Mr. E. W. SENIOR is chairman. 
These are Mr. W. E. A. REDFEARN and Mr. C. MUIRHEAD, 
special directors, English Steel Corporation, Ltd., MR. 
C. E. HOLMSTROM, managing director, Firth-Vickers 
Stainless Steels, Ltd., ard Dr. C. SyKEs, F.R.S., deputy 
managing director, Thos. Firth & John Brown, Ltd. 

PROFESSOR R. J. SARJANT, O.B.E., of the Department 
of Fuel Technology, University of Sheffield, has been 
appointed a member of a “ strong committce of experts ” 
to help the Minister of Fuel and Power in an advisory 
capacity. The chairman of the committee is to be 
Captain (E) W. Gregson, R.N.R., M.Sec., a past- 
president of the Institution of Mechanical Engineers. 

Lt.-GENERAL SIR LESLIE MORSHEAD, K.C.B., K.B.E., 
C.M.G., D.S.O., general manager of the Orient Line in 
Australia has been made chairman of a new committee 
formed to advise Lloyd’s Register of Shipping on matters 
which may arise affecting the Society’s work and interests 
in Australia and New Zealand. The other members are 
Mr. W. E. C. GREGORY, M.C. (The Port Line, Ltd.) ; 
Mr. N. E. JonEs (Broken Hill Pty. Co., Ltd.) ; Mr. G. K. 
KRYGER (Wilh. Wilhelmsen) ; Mr. M. V. MILLER (Union 
Steamship Co. of New Zealand, Ltd.); Mr. I. J. PARKER 
(Huddart Parker, Ltd.); and Mr. A. G. PorTerR (Birt 
& Co, (Pty.), Ltd.). 

Mr. E. J. LOwE, for many years a local director and 
works manager of Thes. Firth & John Brown, Ltd., 
Sheffield, and Mr. E. W1Lson HaGuegE, also a local director 
and general sales manager of the firm, have been elected 
directors of the company. 

ENGINEER VICE-ADMIRAL SIR HAROLD BROWN, G.B.E., 
K.C.B., has accepted the position of honorary President 
of the Engineering, Marine and Welding Exhibition, 
which is to open at Olympia, London, W.14, on August 30. 

ProFressor G. R. CLEMO, D.Sc., F.R.S., PROFESSOR 
D. H. HEY, D.Se., F.R.1.C., and PRorEssor M. STACEY, 
D.Se., F.R.S., have been elected vice-presidents of the 
Chemical Society, Burlington House, London, W.1, and 
PROFESSOR E. D. HuGHEs, D.Sc., F.R.S., and Dr. L. E. 
SuTron, M.A., F.R.S., have been appointed honorary 
secretaries. 

Mr. M. B. DONALD, A.R.C.Sc., M.Sc. (Massachusetts), 
M.I.Chem.E., F.R.1.C., has been appointed Ramsay 
Memorial Professor of Chemical Engineering, tenable at 
University College, London, W.C.1, from October 1. 

"Mr. A. B. Hircn, A.M.I.Mech.E., has been appointed 
to the staff of Brookhirst-Igranic (S.A.) Pty., Ltd., the 
newly-formed company which will promote the interests 
of Brookhirst Switchgear Ltd., and the Igranic Electric 
Co., Ltd., in South Africa. 

Mr. S. N. Duaum, J.P., B.Sc. Tech., F.Inst.F., has 
joined the staff of Powell Duffryn Technicat Services 
Ltd., 19, Berkeley-street, London, W.1, and has taken 
charge of their branch office at 26, Corporation-street, 
Manchester, 4. 

Mr. C. B. Brown, B.A.I., M.I.C.E., M.1.Struct.E., 
consulting engineer, of 16, Gloucester-place, London, W.1, 
has been joined in partnership by Dr. T. P. O’SULLIVAN, 
B.Sc. (Lond.), A.M.I.C.E. The practice is now known 
as Brown, O’Sullivan and Partners. (Telephone: WEL- 
beck 0513.) 

Sm W1itumaM S. Doveras, G.C.B., K.B.E., permanent. 
secretary of the Ministry of Health, is to retire from the 
public service as from April 30. He will be succeeded by 
Mr. J. M. K. HawTon, C.B. 


Mr. G. SEWELL, A.M.I.Mech.E., chief mechanica) 
engineer of Hopkinsons Ltd., Huddersfield, has been 
elected a director of the firm. 


Mr. F. G. Jackson, manager, Central Personne) 
Department, Dunlop Rubber Co., Ltd., has been ap- 
pointed deputy works director of their Calcutta factory. 


As from April 1, the name of the NEw INSULATION 
Co. LTp., is to be changed to PERMALI LTD. 


BRITISH INSULATED CALLENDER’S CABLES LITD., 
announce that the telegraphic address of their Helsby 
Works is Bicalbest Helsby Warrington. 


THE BIRMINGHAM SMALL ARMS Co., LTD., have 
acquired the share capital of the Triumph Engineering 
Co., Ltd., the management of which will be conducted 
by the firm’s own board of directors. 

As from April 1, the address of the Swansea district 
office of THE BRITISH THOMSON-HovusTON Co., LTD., 
formerly known as 4-5, Northampton-gardens, will be 
re-designated: 12-13, The Kingsway. (Telephone . 
Swansea 2151/2, remains unaltered.) 
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BROMBOROUGH POWER 


STATION. 








Fia. 1. 





assesses 





GENERAL View OF STATION AND CoAaL CONVEYORS. 





NEW POWER STATIONS FOR THE 
B.E.A.: V._BROMBOROUGH. 


Tue Bromborough station of the British Electricity 
Authority, which will save an ultimate capacity of 
200 MW, stands on a site of over 56 acres on the 
south bank of the Mersey estuary. The building shown 
in Fig. 1 is of steel-frame construction with brick and 
conorete filling, supported above the underlying red 
sandstone rock on grillages resting on reinforced- 
concrete bases. The main civil engineering contractors 
were Charles Brand and Son, Ltd., 25, Charles-street, 
London, 8.W.1. 

Coal will be delivered by rail into the adjacent 
sidings of Lever Brothers at Port Sunlight, and will be 
hauled by locomotives belonging to that firm on to the 
power-station site. It will then be taken by Fraser 
and Chalmers conveyors either to the boiler-house 
bunkers or to the stockyard, from which it will be 
recovered, when required, by two 30-cwt. grab cranes. 





INTERIOR OF TURBINE Room. 


Fig. 2. 


The steam-raising plant will consist of eight boilers, 
supplied by Babcock and Wilcox, Ltd., London, E.C.4. 
Each will have an output of 300,000 Ib. of steam per 
hour at a pressure of 950 Ib. per square inch and a 
temperature of 950 deg. F., and will be fired from three 
pulverisers with a capacity of 16,700 lb. per hour at 
50 per cent. grindability. Balanced draught will be 
provided by electrically-driven fans, supplied by 
Davidson and Company, Ltd., Belfast, and automatic 
control will be effected on the Bailey system. Ash 
will be removed by Hydrojet equipment and taken out 
to sea in two 700-ton hopper vessels, while the flue 
gases will be cleaned electrostatically in precipitators 
made by the Sturtevant Engineering Company, Ltd., 
Cannon-street, London, E.C.4. 

The generating plant, a view of which appears in 
Fig. 2. will consist of four 50-MW hydrogen-cooled 
turbo-alternators constructed by the English Electric 
Company, Ltd. They will generate at 11 kV and will 
be solidly connected to transformers in which the volt- 





age will be stepped up to 132 kV. The condensers will 
each have a cooling surface of 48,000 sq. ft. and will be 
supplied with river water by Drysdale pumps at the 
rate of 31,700 gallons per minute. There will be four 
stages of feed heating, the final temperature being 
390 deg. F. on full load. The six electrically-driven feed 
pumps, supplied by the Harland Engineering Company, 
Ltd., Alloa, will have a capacity of 540,000 Ib. of water 
per hour. There will also be two steam-driven feed 
pumps with a capacity of 580,000 lb., made by Peter 
Brotherhood, Ltd., Peterborough. oe 

The 132-kV substation for the generator circuits 
and the four outgoing feeders will be of the outdoor type- 
The 33-kV switchgear will also be supplied from this 
substation through 45-MVA transformers, and will 
control further outgoing feeders and the power-station 
auxiliary circuits. The switchgear was constructed by 
the English Electric Company, Ltd. It is expected that 
the first set will be commissioned during the coming 
summer. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Acccunts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 


of Canada £410 0 


£4 5 0 


As from April 1, 1951, the subscription rates, 
including postage, will be increased to £5 10s. 
in the United Kingdom and all places overseas, 
except Canada; and the rate for Canada to £5 5s. 
The price of a single copy will be 2s., plus 

e. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” ‘‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. fer fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
leation, otherwise it may be impossible to submit 
Proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years, 
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THE MOUNTING VOLUME 
OF RESEARCH. 


THE late James Agate, author and dramatic critic, 
in one of his autobiographical Ego series of books, 
launched out into a calculation of his literary output 
and computed that, in a matter of 22 years, he had 
written rather more than six million words—which 
was a full half-million words more than Charles 
Dickens produced in 34 years. ‘‘ Bulk,” observed 
Agate, “‘though not everything, is of enormous 
importance’; and, though, in his public utter- 
ances, his tongue was in his cheek quite as often 
as not, there is no reason to suppose that, in this 
instance, he was alluding obliquely to the fact that 
payment for much journalistic work is at piece 
rates. How many million words have been written 
on, about, or in the course of research during the 
past 22 years, it would be almost impossible to com- 
pute, even approximately, but there must be some 
research recorders and commentators whose outputs 
come fairly close to Agate’s total. Of those who 
write for their fellow scientists, no more need be 
said: but there is another considerable category 
whose business—or, at least, purpose—-it is to 
explain research to the less informed public (who, 
in the long or the short run, pay for it) and here it 
is permissible, perhaps, to wonder whether the 
public really appreciate what is done for them in 
this regard, much less the volume and significance 
of the research work itself. 

Admittedly, as Agate said, and Ben Jonson long 
before him, bulk is not everything ; and a distinc- 
tion needs to be drawn between “ growing like a 
tree’ and a merely morbid condition of elephan- 
tiasis. In some countries, it may be suspected, 
the worship of the great god Research has been 
carried to such lengths that a large proportion of 
what passes under that name is no more than the 
sort of common or garden inquiry that any firm or 
any man would undertake before proceeding to 





actual constructional work in a relatively unfamiliar 
field or medium. We seem to have detected occa- 
sional tendencies in that direction in this country 
also; but it is probably true to say that nowhere 
do the real working scientists allow their vision to 
be so distorted. They usually draw a clear enough 
line between the genuine research and the routine 
work of development ; at least, in their own minds— 
it may be essential, in order to be understood, to 
take slight liberties with definitions when seeking 
to explain (or to avoid precisely explaining) these 
recondite matters to the man in the street. It is 
one of the most serious difficulties confronting 
anyone who expounds to a public too large or 
scattered to be seen or visualised, to assess the 
extent of their average knowledge or their powers of 
assimilation: and this is a problem which must 
cause some concern to the compilers of the annual 
reports of the Department of Scientific and Indus- 
trial Research. These reports—the latest of which 
has just been published*—are addressed “‘To the 
King’s Most Excellent Majesty in Council,” but 
they are written, presumably, with an eye to a 
much wider public. It would be interesting indeed 
to know how many of that public actually do read 
them, and how attentively. 

The fact that the report for 1949-50 follows 
within six months of that for the previous year is, 
presumably, due to the dispute in the London 
printing industry, which upset so many publication 
schedules between the summer of 1950 and the end 
of the year. The report summarises the work of 40 
Research Associations in addition to reviewing the 
operations of the Research Advisory Council, and 
referring briefly to three grant-aided bodies, namely, 
Aslib, the Chipping Campden research station 
(administered by the University of Bristol) for food 
investigations, and the Commonwealth Mycological 
Institute. The grants to these organisations are on 
a very modest scale, however, and need not be 
referred to further. 

The period covered by the report is the twelve 
months ended March 31, 1950, during which the 
total expenditure of the Department amounted to 
4,346,5801.; this compares with 3,696,9451. in the 
previous year. Towards this expenditure, receipts 
from other sources amounted to 432,7981., making 
the net expenditure 3,913,782/.—an increase of 
rather more than 640,000/. over that of the pre- 
ceding twelve months. The staff of the Depart- 
ment, on October 1, 1950, numbered 3,916 (of whom 
135 were part-time employees), which represents 
an increase of 455 over the previous year's total. 
In all the circumstances, it must be conceded, 
therefore, that the net administrative cost, at head- 
quarters, of 91,000/. is decidedly reasonable ; though 
it should be noted that this figure does not cover all 
the overheads. Intelligence services, however—a 
somewhat elastic term—took 47,0001., and “‘ over- 
seas liaison,’ which has become a very important - 
activity in recent years, accounted for nearly 
42,0001. ; towards this last item, substantial con- 
tributions were received from the Dominions, 
amounting to 15,7001. in round figures. The annual 
grants to the Research Associations naturally con- 
stitute the largest item in the statement of expendi- 
ture, totalling 1,099,7141.; the next largest is the 
721,2511. expended on the National Physical Labora- 
tory. This is a gross figure, considerably reduced 
by receipts from industry (105,0441.) and from 
various other sources ; so that the net contribution 
of the Department to the N.P.L. was only 467,2501. 
Other net expenditures which mounted into six 
figures individually were 255,3331. for building 
research ; 226,0571. for road research ; 188,965. for 
fuel research; 185,406]. spent on food investiga- 
tion; 149,3091. on the Geological Survey and the 
Geological Museum; and 139,134]. on various 
research contracts. In addition to the grants to 
the Research Associations, other grants, totalling 
344,4101., were made for certain special researches ; 
26,6781. went in “‘ special grants to Research Asso- 
ciations” ; and 212,055/. in grants to students. 

Of the many researches of particular current 
interest, one of the most important relates to the 
production of sulphur, which hitherto has been 





* Department of Scientific and Industrial Research : Re- 
port for the Year 1949-50. H.M. Stationery Office, York 
House, Kingsway, London, W.C.2. [Price 4s, 6d. net.] 
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almost wholly imported, at an annual cost of some 
3,000,0007. It may be noted, in this connection, 
that Government approval has been announced, 
within the past few days, of a scheme for the 
erection of a plant to produce sulphur from anhy- 
drite, to an ultimate total of about 150,000 tons a 
year, at a capital cost between 3,000,000/. and 
4,000,000. In addition to this, however, the 
Chemical Research Laboratory has been investi- 
gating the possibility of producing sulphur from 
the spent oxides from gasworks, and by the action 
of sulphate-reducing bacteria ; and it is stated that 
a method of regenerating fresh sulphuric acid from 
the copperas used for descaling steel has been 
developed at the South Wales laboratory of the 
British Iron and Steel Research Association. 

A research of fundamental importance is that 
of the Fuel Research Station into the possibility of 
using pulverised coal directly as fuel for gas tur- 
bines ; this falls into the three main divisions of 
the design of combustion chambers, methods of 
dust removal, and the problems of turbine-blade 
fouling. Two types of combustion chamber, 
developed at the Fuel Research Station, are being 
studied, one being of the vortex type and the other 
a straight-through combustion chamber fitted with 
either a grid burner or a multi-jet burner. A vortex 
combustion chamber has been designed, to burn 
500 lb. of coal per hour at atmospheric pressure, 
with a heat release of about 500,000 B.Th.U. per 
cubic foot per hour—a rate considerably greater 
than is commonly attained in boilers fired with 
pulverised coal. It is stated that, with fuel rates 
ranging from 150 Ib. to 500 Ib. per hour, combustion 
efficiencies of 90 to 95 per cent. have been achieved. 
The straight-through type of combustion chamber 
gives still better combustion efficiency, but the heat 
release is only about a third of that obtained with 
the vortex combustion chamber. 

The increasing cost of coal, and the probability 
that coal supplies will become progressively more 
difficult to obtain in the desired quantity and 
quality, are problems of particular concern to the 
steel industry ; so that any method of improving 
the efficiency of steel production is of the greatest 
national importance. The report mentions, as “a 
vivid example of the effects of co-operative research 
in the steel industry,” that it has been found possible 
to increase the output from existing furnaces by as 
much as 20 per cent. by the adoption of a new and 
simpler design of air inlet, in which a single air inlet 
is used instead of the usual two. The single inlet is 
placed at the end of the furnace floor and centrally 
under the gas or oil inlet, and directs the air upward, 
almost at right angles to the incoming fuel. The 
effect is to obtain greatly improved mixing, with 
quicker and more efficient combustion. Of indirect 
interest also to steel users, in view of the difficulty 
of meeting present consumer demands, is any 
development which might enable other materials to 
be used in substitution for steel. One such research, 
arising from investigations at the Low Temperature 
Research Station of the corrosion of metals used in 
the food industry, relates to a method for the direct 
plating of aluminium with nickel and copper. The 
surface of the aluminium is etched with acid, thus 
making it suitable for the electrodeposition of the 
coating metals. 

No more than brief reference can be made to 
some of the many other directions in which research 
is proceeding under the wgis of the D.S.I.R. It is 
satisfactory to note how many of them are likely 
to have the effect of improving productivity and of 
reducing the demand on the available coal supplies 
—two considerations whith are bound to assume 
increasing importance with the passage of time. The 
production of lightweight -concrete, for example, 
and the improvement of concrete-mixing procedure 
in general, should have considerable influence on 
the national fuel bill. New raw materials for the 
production of carbon black should make possible 
appreciable economies in the manufacture of syn- 
thetic rubber. The prevention of deterioration in 
materials of all kinds offers great opportunities of 
economic benefit, though in many cases the results 
must be almost impossible to evaluate with any 
precision. The avoidance of waste of time, effort 
and natural resources are alone more than suffi- 
ciently important to justify the cost of the D.S.I.R. 





COAL UTILISATION. 


At one time, householders when ordering coal for 
domestic use were in the habit of specifying the 
class they desired such as Wallsend or Derby Brights; 
to-day they are pleased when they can obtain some 
“coal.” Anthracite still retains the status of a 
special grade, but all other types seem to be in 
danger of being regarded as a uniform article. 
There are various steam coals which can be burned 
with the production of comparatively little smoke, 
but it is apparently the favoured anthracite which 
is to be supplied to Thames tugs during the Festival 
of Britain in order that their smoke shall not annoy 
our foreign visitors. If coal is to be used in the 
most economical way, however, and this is clearly 
highly desirable in the situation in which this 
country now finds itself, it is necessary that the type 
should be selected with some reference to the use 
to which it is to be put. This applies even to 
domestic coal and the work on domestic grates and 
stoves which has been carried out by the Fuel 
Research Station, the British Coal Utilisation 
Research Association, and others, has not been 
unrelated to the class of coal dealt with. 

With the increasing use of gas and electricity for 
domestic heating and cooking, the question of the 
efficiency with which solid fuel is burned in domestic 
grates and stoves is presumably gradually becoming 
of less importance, but it will be very many years 
before all domestic coal is burned efficiently and 
before the various types of improved domestic 
grates which have been designed come into use 
on any really important scale, or before all open 
coal fires are replaced by gas or electric appliances. 
It is possible, indeed, that there may be some 
movement towards the heating of a whole dweiling 
house from a central fuel-burning stove, in place of 
the individual heating of rooms. The central 
system is common practice in the United States, 
even in areas in which the climatic conditions are 
not greatly different from those of this country. 

Whatever the generally accepted domestic-heat- 
ing system of the future may be, it is certain that 
for many years a very large number of domestic 
users in this country will continue to employ grates 
and stoves of out-of-date type. The efficiency of 
a domestic grate is not of great importance to the 
average user even if he has sufficient knowledge to 
appreciate the meaning of that word, but, in view 
of the overall coal consumption for which they are 
responsible, the efficiency of domestic grates in 
the mass is of great importance. It is, however, not 
likely that the improved grates developed at the 
Fuel Research Station and in other places have yet 
been installed in sufficient numbers to have an 
important influence on the total coal consumption. 
Most owners of houses fitted with older appliances 
have probably never heard of the new types, are 
not prepared to pay for them even if they have, or 
cannot get them if they so desire. The time lag 
between the introduction of an improved domestic 
heating appliance and its widespread adoption is 
well illustrated by the information recently given 
by the Gas Council to the effect that there are still 
about two million obsolete gas cookers in use and 
that their replacement by modern types would 
result in a saving of 700,000 tons of coal a year. 
There are some cookers in service which are more 
than 50 years old. 

This situation in the domestic field is not a reason 
for abandoning attempts to develop improved appli- 
ances, and a report* of the British Coal Utilisation 
Research Association indicates that much attention 
is still being given to this section of the wide field 
with which it is concerned. Reference is made to 
the recent development of the “‘ Stand-In Fire,” 
designed as an inexpensive expedient to eke out 
the coal ration in houses in which out-of-date open 
grates are the only means of space heating. One of 
the main features of this grate is a much reduced 
room air change as a result of a small throat area. 
It is possible that a coal shortage coupled with a 
high price may have more effect on the rate of 
replacement of inefficient appliances than the most 





* Annual Report, 1949. The British Coal Utilisation 
Research Association, 
Surrey. 


Randalls-road, Leatherhead, 


persuasive speeches by Cabinet Ministers or the 
most attractive advertisements of the Ministry of 
Fuel and Power. The report which, as will be seen 
from its title, deals with the year 1949, states that 
one of the main investigations in the domestic field 
carried out during that year concerned the burning 
of bituminous coal smokelessly in closed fireboxes 
and it is suggested that some success may be 
anticipated. Such a development would be of 
value to many householders who find it difficult or 
impossible to get adequate supplies of coke. 

These domestic matters form but one item in the 
large field covered by the work of the Association. 
Its function is “‘to promote research and other 
scientific work in connection with the utilisation of 
coal and its derivatives,” and the report indicates the 
way in which this extensive commitment is being 
dealt with. Work is carried on by three main 
divisions : domestic technical research, industrial 
technical research, and laboratory research. This 
is the first report which has been published by the 
Association since the early years of the war, and a 
brief review of the work carried on in the intervening 
period is given, in addition to information about the 
work carried on in 1949. In view of the building 
difficulties of the time, the Association seems to have 
been reasonably fortunate in obtaining premises. 
A site of 20 acres at Leatherhead was purchased in 
1943 and the permanent ‘‘ Combustion ”’ building 
was occupied in 1945. The general building position 
prevented the construction of further permanent 
buildings, but a programme covering the installation 
of eight pairs of Ministry of Works huts was started 
in 1946 and by mid-summer 1948 most of the 
staff had been accommodated at the new station. 
A second building programme was approved in 
1950; this provides for the accommodation of the 
domestic-appliance division which is now housed in 
temporary laboratories about four miles from 
Leatherhead. 

The work of the industrial research division is 
carried on by three separate departments dealing, 
respectively, with boilers, furnaces and gas pro- 
ducers. One of the earlier studies of the boiler 
department was concerned with the performance of 
shell-type boilers installed in factories. Some 
60 million tons of coal a year is consumed by 
plant of this class and a report was published 
showing the effect of excess air, ash and other 
factors on performance. Work on this matter in 
1949 was mainly concerned with the influence of 
coal characteristics and the study of heat transfer. 
For the work on coal characteristics, an Economic 
boiler equipped with a chain-grate stoker has been 
installed at Leatherhead. The work being carried 
out by the furnace department includes an investi- 
gation into the possibility of using solid-fuel firing 
for gas turbines. The Fuel Research Station is 
collaborating inthis work. As a first step, an experi- 
mental combustion equipment, designed to burn 
200 Ib. of coal per hour at or near atmospheric 
pressure, has been constructed. It is stated 
that it has given promising results. The plant 
includes equipment for pre-heating the combustion 
air and extracting dust from the combustion gases. 

The laboratory research division includes com- 
bustion, physics and chemistry departments. © As 
with the other divisions, only selected investigations 
can be mentioned here. The matter of boiler 
availability dealt with by the combustion depart- 
ment is of wide interest and importance. Boiler 
outages caused by the formation on bonded deposits 
on the heating surface of the water tubes and the 
corrosion of air-heater elements by sulphuric acid 
are stated to be major problems in the electricity- 
generating industry. It has been established that 
both deposits and corrosion are connected with the 
presence of small quantities of sulphur trioxide 
vapour in the flue gases. This can be detected by 
a dewpoint meter of special design and an analytical 
technique devised by the Association, and the 
amount of sulphur trioxide could be reduced by the 
generation of the smoke of certain eau, 
notably zinc smoke and silica fume. Recent 7 
has included study of the conditions of the fuel a 
of travelling-grate stokers and it has been foun 
that recirculating flue gas and wetting the coal have 
a favourable influence on bonded deposit and corro- 
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NOTES. 


‘Lue BrrrisH AssocraTION MEETING IN EDINBURGH. 


THE 113th annual meeting of the British Associa- 
tion for the Advancement of Science will be held 
this year in Edinburgh, from August 8 to 15, under 
the Presidency of H.R.H. the Duke of Edinburgh, 
K.G., who is the third member of the Royal Family 
to be President of the Association. His address, 
which will be delivered at the inaugural meeting 
in the McEwan Hall on Wednesday, August 8, will 
be entitled “The British Contribution to Science 
and Technology in the Past Hundred Years.” 
Since the meeting is intended to form a part of the 
Festival of Britain, many other items in the pro- 
gramme will be concerned with British scientific 
developments since 1851; it will, in fact, be the 
main non-official effort to show a century’s progress 
of science in this country by means of lectures, 
addresses and discussions. Several of the sectional 
presidential addresses will cover a century of work 
on the subject with which the section is concerned ; 
but Sir Claude Gibb, C.B.E., F.R.S., President of 
Section G (Engineering) will cover a longer period, 
the subject of his address being ‘‘ Two Thousand 
Years of Engineering.” Other subjects to be dis- 
cussed in Section G are ‘‘ Problems in the Com- 
bustion and Slag Removal of High Ash Content 
Coal”; ‘* Hydro-Electric Schemes ” ; ‘‘ Printing ” ; 
“Heat Transfer’; and “‘ High-Tension Transmis- 
sion.” “* Metals and Alloys ” will be discussed jointly 
by Section G and Section B (Chemistry), and, as 
mentioned on page 254, ante, one of the sessions 
will be devoted to the reading and discussion of 
papers by young engineers. The meetings of 
Section G will be held in Heriot-Watt College. As 
is usually the case, an attractive programme of 
general and sectional visits and excursions has been 
arranged. The attendance at the meeting is expected 
to exceed 4,000, but no difficulty regarding accom- 
modation is anticipated, as it has been estimated 
that 50,000 visitors to Edinburgh can be accom- 
modated during the three weeks of the International 
Festival of Music and the Arts, which commences 
a few days after the conclusion of the British 
Association meeting. The preliminary programme 
for the latter is now available and can be obtained 
from the secretary, British Association, Burlington 
House, Piccadilly, London, W.1; or from the City 
Education Department, 12, St. Giles-street, Edin- 
burgh. 


‘** PROCEEDINGS” OF THE INSTITUTION OF 
ELECTRICAL ENGINEERS. 


At the present time, the Proceedings of the Insti- 
tution of Electrical Engineers are issued in three 
parts. Part I, which is published in alternate 
months (January, March, etc.) deals with general 
subjects. Part II, which is also published in alter- 
nate months (February, April, etc.), covers power 
engineering, including the papers of the Measure- 
ments and Supply and Utilisation Sections, while 
Part III, which is published in the same months 
as Part I, is devoted to radio and communication 
engineering. It is now announced that, in order to 
Save paper, the Council have experimentally intro- 
duced a new method of publishing such communi- 
cations as from the nature of their subject-matter 
are unlikely to prove essential to more than a small 
minority of members. In future, such papers will 
be published not less than once a year in Part IV 
of the Proceedings, which will be available to mem- 
bers, libraries, universities and research organisa- 
tions at a price to be announced later. To avoid 
delay in placing the information they contain in 
the hands of those requiring it, these papers will, 
however, also be made available under the title of 
Institution Monographs as soon as they are in type 
and will be obtainable at the price of 1s. 3d. (post 
free). A synopsis of each paper will also be pub- 
— in the Journal as soon as it becomes available, 
while an ample digest with appropriate biblio hi- 
cal references will appear in the part of the Pro. 
ceedings most nearly related to the subject of the 
monograph. Apart from the gain in speed of publi- 
cation, it is hoped that this change will obviate the 
necessity of limiting the length of the monographs to 
10,000 words and that the “ shedding ” of papers of 


limited appeal will render the other parts of the 
Proceedings more readable and attractive. The 
new scheme is to start forthwith and will be 
reviewed after about 12 months. 


Tue WuitwortuH Socrery. 


The normal procedure at the annual dinners of 
institutions and societies is for the toast to the 
success of the body concerned to be proposed by a 
visitor from outside. This procedure cannot be 
followed at functions of the Whitworth Society as 
attendance is restricted to Whitworth men. In 
these circumstances, the toast has to be proposed by 
someone who is himself a member. This was 
pointed out by Mr. R. J. Welsh in proposing the 
toast at the 26th Annual Commemoration Meeting 
and Dinner, at Kettners Restaurant, London, on 
March 19. Mr. Welsh indicated, however, that he 
was only just a member, as he obtained his Exhibi- 
tion in the last year in which that distinction was 
awarded. The toast was replied to by the President, 
Mr. H. H. Johnson, who mentioned that the presiden- 
tial office had not previously been held by an old 
student of the late Dr. Hele-Shaw. The Society was 
initiated by Dr. Hele-Shaw in 1923 and he was its 
first president. He introduced various procedures 
which have become traditions and one of these is 
that the President, when proposing the toast of the 
**New Whitworth Scholars,” who attend as guests, 
should give some account of his early career. This 
practice was followed by Mr. Johnson, and in the 
course of a comparison between the conditions ruling 
some fifty to sixty years ago and those of to-day, as 
they affected engineering apprentices and students. 
he remarked that one of the things that was the 
matter with the present-day world was that people 
were not doing enough work. It is usual at these 
dinners, after the formal toasts have been disposed 
of, for a general discussion to arise, and in this 
instance this expression of opinion by the President 
led to a lively and interesting controversy which 
prolonged the meeting considerably beyond the 
usual hour. It was announced in the course of the 
evening that Dr. S. F. Dorey had been elected next 
president of the Society ; he would take office at the 
summer meeting to be held towards the end of May. 
Finally, it should be saij that the success of the 
function was in great measure due to preparatory 
work by the honorary secretary, Dr. F. T. Barwell. 


Rapio CONVENTION. 


The third Radio Convention, which is being 
organised by the British Institution of Radio Engi- 
neers, 9, Bedford-square, London, W.C.1, will be 
held in London and at Southampton and Cambridge 
during July, August and September next. There 
will be six separate sessions. The first will take 
place at University College, London, on Tuesday 
and Wednesday, July 3 and 4. The chair will be 
occupied by Dr. D. Taylor, and papers dealing with 
applications of radioactivity in industry, and the 
techniques employed in the associated electronic 
apparatus, will be read. On Thursday and Friday, 
July 5 and 6, the second session will also be held 
at University College, when the chair will be taken 
by Mr. J. W. Ridgeway, and different aspects of 
valve techniques and manufacture, including 
cathode-ray tubes and special-purpose valves, will 
be discussed. The third session will take place on 
Tuesday and Wednesday, July 24 and 25, at 
University College, Southampton, under the chair- 
manship of Mr. P. Adorian, when 16 papers on 
radio-communication and broadcasting will be 
presented. Radio aids to navigation will be the 
subject for discussion at a session at University 
College, Southampton, on Thursday and Friday, 
July 26 and 27, at which the chairman will be 
Mr. F. S. Barton. From Tuesday, August 21, to 
Friday, August 24, there will be a meeting at 
King’s College, Cambridge, under the chairmanship 
of Mr. L. H. Bedford. The programme will embrace 
papers on every aspect of television engineering 
and will include the delivery of the first Clerk 
Maxwell Memorial Lecture by Professor G. W. O. 
Howe. The final session will be held at the Rich- 
mond Hall, Earl’s Court, London, from Tuesday, 
September 4, to Thursday, September 6, during the 
National Radio Show. The chairman will be Mr. 





H. J. Leak and the subject for discussion will be 





audio-frequency engineering. At each session there 
will be informal discussion meetings, and visits to 
places of technical interest are being arranged. 
Residential facilities will be available at South- 
ampton and Cambridge, and those desiring to attend 
are requested to communicate with the secretary as 
soon as possible. 


JUBILEE OF First Etectric TRAMWAY IN LONDON. 


The fiftieth anniversary of the opening of the 
first electric tramway in London occurs on April 4, 
though the formal opening of the line, which ex- 
tended from Shepherd’s Bush to Acton and from 
Shepherd’s Bush and Hammersmith Broadway to 
Kew Bridge, did not take place until three months 
later, on July 6, 1901, when an extension from 
Kew Bridge to Hounslow was brought into use. 
Four days later an extension of the Acton line to 
Southall was inaugurated. The first part of the 
tramway developed from a line operated by horse 
trams which had been in use since 1876. The 
equipment was designed and constructed under the 
supervision® of Mr. (later Sir) Clifton Robinson, 
managing director and engineer of the tramway 
company—London United Tramways, Limited. The 
plant and wiring were installed by the British 
Thomson-Houston Company. The opening of the 
tramway was delayed by fears that the use of an 
earth-return via the track would interfere with the 
instruments of Kew Observatory; the tramway 
company had eventually to agree to pay towards 
the cost of removing the Observatory to Teddington. 
The service was started with 50 open-top cars, to 
which another 50 were added a few days later. 
In 1907, when the last L.U.T. extension was com- 
pleted, the route mileage was 554, and there were 
about 300 cars. No part of the former L.U.T. 
system remains operated by trams to-day, as most 
of it was converted to trolley-’bus operation between 
1931 and 1935. 


ELEcTRICAL EXHIBITION AT BIRMINGHAM, 


On March 20, at the College of Technology, 
Suffolk-street, Birmingham, an exhibition designed 
to demonstrate 50 years’ progress in electrical 
engineering was opened by the Lord Mayor of 
Birmingham (Alderman A. Paddon Smith); it has 
been arranged by the South Midland Centre of the 
Institution of Electrical Engineers to celebrate the 
50th anniversary of the establishment of the Centre. 
At the opening ceremony, the Lord Mayor was 
supported by the President of the Institution 
(Sir Archibald Gill) and by Mr. D. H. Kendon, the 
Chairman of the South Midland Centre. The 
exhibition is arranged in four main sections, dealing, 
respectively, with electricity supply, measurement, 
utilisation and radio; and, in each section, either 
actual apparatus or (as in the case of power stations) 
models showing the latest practice can be compared 
directly with their prototypes of half a century ago. 
In the radio section, for example, there are models of 
Marconi’s transmitting station at Poldhu, Cornwall, 
from which the first transatlantic wireless message 
was sent, and one of the Sutton Coldfield television 
transmitter. The exhibition closes to-morrow, Satur- 
day. 





CENSUS OF DISTRIBUTION.—A notice issued by the 
Board of Trade last Tuesday draws the attention of all 
firms which are required by the Census of Distribution 
Order to furnish returns to the Department, that the 
forms in question are due to be completed and returned 
by March 31. The forms were distributed to those 
concerned some weeks ago. 





ILLUSTRATIONS OF RAILWAY TRAVEL.—Three series of 
coloured pictures have been prepared for decorating the 
compartments of London Midland Region railway car- 
riages, in place of the scenic photographs which have 
been used for many years. One series, painted by Mr. C. 
Hamilton Ellis, depicts travel at five-year intervals over 
the period 1845 to 1920; most of the pictures illustrate 
trains drawn by historic locomotives of the railway com- 
panies which now constitute the London Midland Region, 
but there are others which show travel by "buses and 
steamships. The second series deals with notable civil- 
engineering and architectural features, and the third 
with the scenery of less-known places in the Region. 
It is hoped to make copies of the pictures available for 
sale to the public in the near future; full details will be 
available from the Public Relations and Publicity Officer, 
London Midland Region, Euston House, London, N.W.1. 
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LETTER TO THE EDITOR. 
THE PROFESSIONAL ENGINEERS 
APPOINTMENTS BUREAU. 


To THE EprTor oF ENGINEERING. 


Sir,—Your summary, on page 332, ante, of the 
report for 1950 of the Professional Engineers 
Appointments Bureau, deals very adequately with 
the data in the report, but there are two small 
points which, I think, should be clarified. 

The statement in the first paragraph of your 
summary, reading: ‘‘ Of those enrolled in 1950, 
87 were civil engineers, 207 were mechanical and 
115 were electrical,”’ is not correct, as the numbers 
enrolled in 1950 were those stated later—468, 924 
and 555, respectively; the previous figures were 
those on the register at December 31, 1950, num- 
bering 409 in all. This, of course, alters your 
observation that, since the register was established, 
the total number of enrolments was 1,947; that 
figure actually represents the number of enrolments 
during 1950. I regret any inconvenience which 
may have been caused by the report not being 
completely clear, and trust that this letter will 
enable you to issue the necessary correction, 

Yours faithfully, 
J. Mutt, 
Registrar and Secretary. 
9, Victoria-street, 
Westminster, 8.W.1. 
March 21, 1951. 





OBITUARY. 


PROFESSOR C, BATHO., 


WE regret to record the death of Professor 
C. Batho, which occurred in Birmingham on Friday, 
March 23, at the age of 65. He was well known for 
his researches into different phases of structural 
engineering and for his contributions to the sciences 
of elasticity and thermodynamics. 

Cyril Batho was born in Liverpool on June 21, 
1885, and was educated at Liverpool College and 
Liverpool University. He graduated with first-class 
honours in civil engineering from the latter insti- 
tution in 1904, and was subsequently engaged for 
a time as research student under Professor W. H. 
Watkinson, In 1907 he was appointed assistant 
lecturer in civil engineering at McGill University, 
Montreal, and in 1911, after a year as post-graduate 
student at the Technische Hochschule, Charlotten- 
burg, returned to Canada as assistant professor in 
the same university. In addition to his scholastic 
duties he spent a year in obtaining office experience 
with Mr. G. H. Duggan, who was then acting as 
chief engineer for the construction and erection of 
the Quebec Bridge. During this period, Batho 
gained a great deal of useful knowledge in this 
branch of civil engineering. 

During the 1914-18 war he acted as research 
officer to the Canadian Machine Gun Corps, both in 
the Dominion and in this country ; and from 1918 
to 1920 he was senior technical assistant at the Royal 
Aircraft Establishment, Farnborough, where he was 
engaged in conducting structural tests on aeroplanes 
and aeroplane parts, as well as in experimental 
flying. After a short time as lecturer at Trinity 
College, Cambridge, he returned to Canada as Asso- 
ciate Professor of Applied Mathematics and Hy- 
draulics at McGill University, and occupied this 
position until 1924, when ke was appointed Professor 
of Civil Engineering in the University of Birming- 
ham. On his retirement from this chair in 1949, he 
was accorded the title of emeritus professor. During 
his tenure of the professorship he carried out a 
considerable amount of research on structural engi- 
neering, among which mention may be made of the 
tests he conducted on airship R 101. 

Batho was elected an associate member of the 
Institution of Civil Engineers in 1924 and was 
transferred to the class of member in 1931. He 
was awarded the degree of Doctor of Science by 
McGill University for his work on structural engi- 
neering and was the author of a number of papers 
on this subject in the Proceedings of the Canadian 


Society of Civil Engineers and the Journal of the 
Franklin Institute. Among these was one which 
resulted in modifications being made to the American 
specification for highway bridges. From 1929 to 
1936 he was a member of the Steel Structure 
Research Committee. 





COLONEL A. E. LE ROSSIGNOL, C.B. 


ELECTRICAL engineers of the older generation, 
who served in the Corps of Electrical Engineers 
(London Division) in the early years of the century 
and during the 1914-18 war, will learn with regret 
of the death of Colonel A. E. Le Rossignol, which 
occurred at Headon Cottage, Farnham, Surrey, on 
Wednesday, March 21. He was in his 81st year. 

Alfred Ernest Le Rossignol, who belonged to a 
well-known Jersey family, was born in London and 
was educated at Marlborough. He received his 
technical education at the Technische Hochschule, 
Hanover, and at Finsbury, and subsequently held a 
position with Siemens Brothers and Company. He 
was then appointed electrical engineer of the Glas- 
gow Corporation Tramways, at a time when this 
system operated its own power-station, and after- 
wards occupied a similar position with the New- 
castle-on-Tyne Corporation Tramways. In 1905, 
he started practice as a consulting engineer in 
London, but after a short time ceased active work. 

When as a result of representations made by the 
War Office to the Institution of Electrical Engineers, 
the Corps of Electrical Engineers, Royal Engineers 
(Volunteers) was formed in 1898, initially under the 
command of John Hopkinson and then under 
Crompton, Le Rossignol was one of the first to 
obtain a commission. He took an active part in 
the work of the unit both at that time and when 
the Territorial Force came into being, serving both 
as company commander and field officer. He 
succeeded H. M. Leaf in command, with the rank 
of lieutenant-colonel, just before the outbreak of 
the 1914-18 war, and thus became responsible for 
training the large number of men who were soon 
required for coast defence, and especially for anti- 
aircraft, searchlight work. For his services in 
carrying out these duties he was appointed a 
Companion of the Bath in 1917 and promoted to be 
full Colonel a year later. 

The employment of searchligbts for anti-aircraft 
work necessitated many modifications in the equip- 
ment used, and Le Rossignol played a large part 
in considering and suggesting the various improve- 
ments that were put forward. A small research 
department was formed for this purpose during the 
war and in 1919 this was re-organised as the Search- 
light Experimental Establishment, Royal Engineers. 
He was appointed the superintendent of this 
organisation, a position he held until 1923. 

Le Rossignol was elected a member of the Insti- 
tution of Civil Engineers in 1904. He joined the 
Institution of Electrical Engineers as an associate 
in 1894, and was transferred to the class of member 
in 1899. He was also a member of Council of 
the Junior Institution of Engineers from 1918 to 
1920, and vice-chairman for the following two 
years. 





SIR THOMAS KENNEDY. 


WE note with regret the death of Sir Thomas 
Kennedy, a director of Messrs. Glenfield and Ken- 
nedy, Limited, which occurred in Glasgow on Tues- 
day, March 20. He was 67 years of age. 

Thomas Sinclair Kennedy was born at Kil- 
marnock on February 11, 1884, and was the son of 
Thomas Kennedy, at that time managing director 
of Messrs. Glenfield and Kennedy, Limited. After 
being educated at Fettes College, he received his 
engineering training with the firm and for a number 
of years acted as their representative in the Far 
East. During the 1914-18 war he served with the 
Royal Scots Fusiliers, the Royal Engineers and on 
the General Staff. After the cessation of hostilities, 
he returned to India, where he played a large part 
in the local affairs of Bombay, becoming Sheriff in 
1941. He received the honour of knighthood in 
1942, and became a director of Messrs. Glenfield 





and Kennedy, Limited, in 1944. 


THE INSTITUTION OF 
NAVAL ARCHITECTS. 


(Continued from page 352.) 


In last week’s issue, we recorded the proceedings 
at the opening session, on March 14, of the Spring 
Meeting of the Institution of Naval Architects, down 
to the conclusion of the address delivered by the 
President, Admiral of the Fleet Viscount Cunning- 
ham of Hyndhope. The meeting then proceeded to 
a discussion of the first of the five papers in the 
programme, this being ‘‘Some Observations con- 
cerning Resistance and Propulsion,” by Sir Amos 
L. Ayre, K.B.E., D.Sc. 


RESISTANCE AND PROPULSION OF SHIPS. 


The realisation of the effect of laminar flow in the 
results of ship-model experiments, Sir Amos pre- 
mised, had brought about a situation which called 
for a general reconsideration of the subject of 
resistance. The predicted results were fairly closely 
attained, as a rule, when the ship trial was carefully 
conducted under fine-weather conditions corres- 
ponding to the tank experiment ; but sometimes 
the ship gave results better than the tank prediction, 
which raised doubis regarding the dependability of 
present knowledge of resistance and propulsion. 
The investigation of the differences would be 
facilitated if the various tanks would adopt a 
uniform method in presenting their data, in making 
the necessary allowances for appendages, etc., and 
in determining the dimension to be taken as the 
length of the vessel. Other points requiring 
examination or re-examination were the relation- 
ship of the block and midship-area coefficients, the 
angle of entrance and the effect of a raked stem, and 
the variation in effective horse-powers obtained 
from model experiments. With regard to pro- 
pellers, there were many questions to be elucidated : 
for example, the location of the propeller of a single- 
screw ship in relation to the aperture, the clearance 
at the blade tips, the relationship of the propeller 
diameter to the breadth and form of the hull, the 
advantage, if any, resulting from the adoption of an 
aerofoil section for the blades, and the effect of 
reducing the pitch towards the blade roots, Some- 
times the values of the quasi-propulsive coefficient, 
over a range of speeds, increased as the higher speeds 
were approached, and sometimes the curve of 
revolutions, plotted to a base of speed, was concave 
to the base line: could such features be correct ? 
Sir Amos also objected to the use of the term “ shaft 
horse-power ” without any indication of the end of 
the shaft to which it applied ; and he suggested that 
the use of ‘“‘the ugly term ‘ quasi-propulsive co- 
efficient ’” should be abandoned, and “ propulsive 
coefficient ” only used to indicate the ratio of 
“effective horse-power” to “delivered horse- 
power.” 

Mr. R. W. L. Gawn, O.B.E., who opened the 
discussion, described the paper as one of outstanding 
quality ; it implied a tribute to those responsible for 
the speed of merchant ships, since the author stated 
that a large measure of success had been obtained by 
predictions from model experiments to a close degree 
of accuracy. But Sir Amos said also that, in a few 
cases, this high standard had not been maintained 
and he was naturally concerned to rectify the posi- 
tion. According to theory, if laminar flow could be 
created over the whole of the hull surface, the resis- 
tance would be remarkably small and consistent. 
On the other hand, if the flow were wholly turbulent, 
the resistance would still be consistent, but greater. 
The difficulty was that, with some models of full 
type, the flow seemed to be largely turbulent, but 
with sufficient laminar zones to create difficulty. 
Strictly, therefore, the condition was one, not of 
laminar flow or turbulent flow, but of transitional 
flow. Realising that full laminar flow on the ship 
was no more than a dream, the experimenter 
endeavoured, with some success, to ensure consis- 
tency in determining the resistance of models by the 
artificial creation of turbulence. Clearly, however, 
he could not assess the accuracy of predictions from 
models tested in stimulated turbulent flow until 
results of ship trials were available. Sir Amos had 





filled that gap, so that the task was now to achieve 
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accuracy in prediction, retaining consistency in the 
experimental results. 

Physically, a trip wire was not an unreasonable 
device, since it was intended to interrupt the 
boundary layer and thus eliminate any laminar 
flow. If the diameter of the wire were too large, 
however, it would extend beyond the boundary 
layer and would constitute an arbitrary excrescence 
on the hull. The resistance of the wire itself could 
vary, but additional complications might arise 
when the wire was in close contact with the hull 
of the model. On the ship itself, the geometrical 
equivalent to the trip wire was a rod approaching 
1 in. diameter, fitted down each side of the ship 
abaft the bow. It was conceivable that, by increasing 
the rubbing velocity, the trip wire over-stimulated 
and might promote additional eddy resistance. 

It was evident, from some recent researches, that 
some laminar flow occurred on full models. The 
point requiring clarification was the influence on 
ship predictions. Recent researches had empha- 
sised the need for caution in interpreting the results 
of resistance tests on models without trip wires. 
One lesson from the paper was that caution could 
not be disregarded in interpreting results when trip 
wires were fitted. At one extreme, the trip wires 
frequently induced a large increase in hull resistance. 
At the other extreme, a detached strut fitted ahead 
of the bow, in the expectation that turbulence would 
be stimulated, led to a reduction of resistance of 
some models. It seemed inherent in the author’s 
remarks that some intermediate device was called 
for. Until the complicated physics of the problem 
had been further elucidated, tests should continue, 
both with turbulence stimulation and without. 
Information would then be available for correlating 
ship trial results with both sets of model data, and 
for evaluating appropriate correction factors. 

Regard should be paid to the propeller as well as 
to the hull. If the hull resistance were increased 
by turbulence stimulation, greater delivered horse- 
power would be predicted, on account of the addi- 
tional thrust and because of the increased slip and 
consequent reduction in propeller efficiency. The 
predicted delivered horse-power was subject to 
correction on account of the small size of propeller 
model and of any difference in wake between ship 
and model; those effects might be large. The 
Admiralty practice was to ignore the prediction 
from the delivered horse-power as measured on the 
model and to reiy on predictions from methodical 
series propeller results for the propulsive coefficient, 
qualified by the factors of hull efficiency, relative 
rotative efficiency, and appendage resistance. By 
that means, a propulsive coefficient was evaluated 
which was more favourable than that of the ship, 
having regard to bearing friction, air resistance, 
surface condition of hull and propeller, sea condi- 
tions and cavitation. In many classes, the difference 
was not large, however, and on the average the ship 
propulsive coefficient was about 90 per cent. of that 
obtained in the manner indicated. That method of 
prediction had the advantage that any scale cor- 
rection involved was consistent, whereas the scale 
correction in predictions from the propelled model 
tests depended to some extent on the size of pro- 
peller fitted to the ship model. It might help pre- 
dictions with single-screw merchant ships if that 
method were considered in conjunction with the 
usual method, referred to in the paper. 

On the author’s plea for uniformity in the pre- 
Sentation of results from model experiments, Mr. 
Gawn said that some advance had been made, 
thanks to the International Ship Tank Superin- 
tendents’ Conferences, the lead given by the British 
Shipbuilding Research Association in compiling a 
nomenclature. As to the confusion between length 
on the water line and length between perpendiculars, 
he added that, for many years, the Admiralty had 
adopted the wetted length, with satisfactory 
Tesults ; it was synonymous with the length on the 
waterline in many classes of ship, though there were 
types in which the wetted length differed slightly 
from the waterline length. 

Dr. J. F. Allan, discussing the change of the 
allowance factor from 8 to 10 per cent, said that 
the adjustment of the allowance on the effective 
horse-power was made because the method of 
obtaining the propulsive coefficient had beep 





changed ; the adjustment made no difference to the 
predicted power. The other change was an increase 
of resistance caused by the use of a trip wire. 
Anything which increased resistance on the model 
would cause a corresponding increase in the power 
predicted ; but, equally clearly, the addition of a 
wire in the model tests made no difference to the 
performance of the ship. The problem was being 
pursued in close collaboration with the B.S.R.A. 
The main source of evidence to re-establish a 
consistent and reliable link between the model and 
ship predictions was to secure extensive trial trips 
and to compare the results with those of specially 
conducted model tests in the exact conditions that 
had applied to the ship when running the mile. 
Another two years would probably elapse before it 
would be possible to see definite results. 

The use of a trip wire or other turbulence- 
stimulating device on the model was vital. The 
author had stated that the predicted effective horse- 
power of a ship was increased by 16 per cent. as the 
result of a trip wire on the model, but Dr. Allan 
thought that was exceptional; the average figure 
from turbulence stimulation was more of the order 
of 4 to 8 per cent. If the figure were 16 per cent., 
it should be fairly easy to identify the effect ; when 
it was 4 per cent., or even 5 or 6 per cent., it was not 
so easy to tie that down in the ship trials. In spite 
of what had been said about the general satisfaction 
of predictions of power and speeds of ships, a careful 
examination of the data available led to the con- 
clusion that there was not such an extensive accumu- 
lation of actual ship results, with which a comparison 
could be made. 

Extensive tests had been made at the National 
Physical Laboratory in which small projecting pins 
or beads inside the bow profile of the model were 
used to stimulate turbulence. The results were 
closely comparable with those of the trip wire. 
The pins were placed just here and there, and the 
fact that the results resembled those obtained with 
wires seemed to dispose of the suggestion that the 
diameter of the trip wire had a significant effect on 
the flow. Sir Amos Ayre had suggested the aban- 
donment of the term “‘ quasi-propulsive coefficient ” 
(QPC); but Dr. Allan urged that it should be 
retained because it meant something precise, an 
actual effective physical efficiency, whereas ‘‘ pro- 
pulsive coefficient ” did not. 

Dr. S. Livingston Smith, commenting on the use 
of struts to produce turbulence artificially on the 
model, said that, in his experience, struts were not so 
reliable as the trip wire. When he had asked the 
aerodynamicists whether the degree of turbulence 
made any difference, or whether turbulence could 
be over-stimulated, they said this was not so. The 
author was correct when he cited models of full form 
in which the effect of the trip wire was to increase the 
predicted E.H.P. of the ship by as much as 16 per 
cent. ; it had been proved that the effect of the trip 
wire was solely to stimulate turbulence in place of 
laminar flow on the model, which was confirmed by 
aerodynamics experience. Tests sponsored by the 
B.S.R.A. had shown that the recorded difference in 
resistance of the model with and without trip wire 
was exactly equal to the calculated difference, using 
the appropriate skin-friction coefficients for the area 
of laminar flow ; that area, which occurred when no 
trip wire was used, was measured by turbulence- 
detecting paint. Within the limits of experimental 
error, self-propulsion tests gave the same propulsive 
coefficient, with and without the trip wire ; which 
meant that, at the model end, the true resistance for 
turbulent flow was now known, 

The difficulties arose in extrapolating from the 
model to the ship; it was there that the factor of 
ignorance lay. The trip wire removed one of the 
unknowns and permitted true comparisons to be 
made between models of different form; and, 
incidentally, it removed from model work the sort 
of instability of flow which could give different 
results on different days of the week, and even at 
different times of the same day. But the linkage 
between model and ship next needed attention, 
and, just as the old linkage (without trip wire) was 
built up on years of experience, a new linkage was 
now required which would be at least one step 
forward towards making the seience of resistance 
exact. The way to reach that desirable condition 





was to have as many loaded trials and corresponding 
model tests as possible. With that in mind, the 
B.S.R.A. was represented on as many loaded ship 
trials as possible. Arrangements were made for 
the measurement of torque, and, where possible, of 
thrust. When the data were obtained in good trial 
conditions, the tank tests were repeated in co- 
operation with the Ship Division at the N.P.L. ; 
and the solution of the problems would follow when 
a sufficiency of model and ship comparisons had been 
obtained. He felt certain, too, that the results of 
the Lucy Ashton experiments would produce most 
valuable data. 

Commenting on the diagrams in the paper, 
Dr. Livingston Smith said that one of the advan- 
tages of the author’s C, method of obtaining effec- 
tive horse-power was that it served as a yardstick 
to show up models which were conspicuously good 
or obviously in error. The extraordinary merit of 
the late Dr. G. S. Baker’s famous model 56C was 
clear from one of the diagrams. Such remarkable 
models should be the subject of further investi- 
gations. 

Mr. W. T. Butterwick, C.B.E., welcomed the way 
in which the author had drawn attention to small 
differences which were most serious contributing 
causes to wide differences in results. Over a long 
period of years, they had been able to rely reasonably 
on tank prediction, though, at the present time, he 
felt personally rather in a state of chaos. 

Mr. J. Lenaghan said that, in recent years, ship- 
builders had had cause to doubt some of the results 
obtained ; however, he did not think those doubts 
would persist for very long. From loaded trials, 
something more realistic should be obtained, giving 
results which could be relied upon, though, with 
cargo ships, it was difficult to get loaded trials— 
they spent more than half of their time in ballast. 
Having regard to the changes in shipping, there 
were many factors to be considered ; the allowance 
for appendages must be in question, and he had 
noticed a general tendency to go back to the “‘U”’ 
forward section. Owners to-day were taking a 
considerable interest in tank tests ; they knew that 
a lot of changes had been made and they wanted 
to see the results. Referring to some recent loaded 
trials with a twin-screw ship, he said that those 
concerned were a little doubtful about the power, 
but thought that they would get the speed; but 
the tank technique had changed and they found 
that, apparently, they could not get the speed. 
They added two cylinders to the engines, giving an 
increase of 800 brake horse-power. The ship was 
designed for 12} knots and, on the loaded trials, 
achieved 133 knots. At sea, she made a steady 
13 knots; but the increase of power meant a loss 
to the owner of 300 tons of deadweight. That was 
more important than an extra } knot, which, 
apparently, could not be used on the service on 
which the ship was run. 

Mr. J. A. Milne said he was satisfied that the 
actual resistance of the trip wire could account for 
only a very small increase in the model resistance ; 
he believed it had been tacitly agreed that the 
physical effect of the trip wire as a resistance, and 
not as a turbulence stimulator, was balanced by the 
laminar flow that could exist previously between 
the stem and the place at which the trip wire was 
fitted. Therefore, any increase of model resistance, 
above that of the model without the trip wire, 
could be attributed to stimulation of turbulent 
flow. Why, he asked, should it be concluded that 
the present attempts to reach some more exact 
sciences of prediction was suspect because a few 
abnormal results were found? The matter was 
admittedly urgent, but more results should be 
awaited before the principle of turbulence stimula- 
tion was condemned—particularly, more converted 
results between model and ship. The position at 
which the trip wire was used possibly was not the 
best position for it, and the use of pins might be 
as good a means of promoting turbulence as the 
trip wire. There might be still other methods ; 
the search should be continued until it was certain 
that 100 per cent. turbulence was being obtained 
before concluding that the results were too varied 
to be relied upon. 

Professor L. C. Burrill thought it well that such 
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papers as Sir Amos Ayre’s should be presented, in 
which the practitioner challenged tank procedure, 
for the tank must then defend itself; he believed 
that it would carry the day. Would the critics of 
the present procedure of using a trip wire like to 
omit it, with the risk of obtaining a result which 
was much too favourable ? He believed that the 
answer would be ‘‘ No,” and that they must at 
least know what happened with the trip wire fitted. 
On propulsion, he urged, as a propeller designer, 
that there should be the biggest clearance that could 
be provided between the propeller and the sur- 
rounding structure ; he would be sorry if remarks 
made in the paper led to a return of the practice of 
placing propellers within about 4 in. of the posts 
and rudders. The results were vibration, erosion of 
the blades and stern frame, and loosening of rivets 
and bolts. There should be a clearance of at least 
7 per cent. of the propeller diameter between the 
trailing edge of the blades and the fin or nose of 
the stern post. A matter to which Sir Amos had 
directed attention, and about which little was 
known, was the clearance above the propeller; it 
did not seem to matter very much, but guidance on 
the subject would be worth while. 

A reference in the paper to the minimum diameter 
of the propeller in relation to breadth, Professor 
Burrill continued, was not in accordance with 
accepted ideas on ship propulsion; the diameter 
should be determined by the revolutions in relation 
to the power that was to be used. With regard to 
aerofoil-section propellers v. ordinary round-blade 
propellers, it had been found that, in merchant ships, 
there was a gain from the aerofoil propeller because 
of the low resistance of the section; that applied 
over all sizes. 

It was true that a pitch reduction at the root 
was customary; but there was no difference in 
efficiency whether the pitch were reduced or in- 
creased by 15 per cent. at the root. With a pitch 
reduction, however, the blade angles were low; 
and, in fitting the propeller to the boss, a lower 
pitch enabled a wider section to be used. As a 
designer, he would not like to have sections of the 
root acting at a high angle of incidence, and there- 
fore, would continue to use the lower angle. He 
agreed with Dr. Allan that the term “‘ quasi- 
propulsive efficiency ” should be retained, despite 
its awkwardness ; it represented a clear relationship 
between the thrust h.p. that was supposed to be 
coming from the propeller and the power that was 
put into the propeller. 

Sir Amos Ayre, acknowledging Mr. Gawn’s 
remarks on Admiralty practice, recalled his opinion, 
in regard to the problem of laminar flow, that tests 
should continue, with and without turbulence 
stimulation, ‘‘ until the physics of the problem had 
been further elucidated ” ; there was a great deal in 
that expression. Commenting on Dr. Allan’s con- 
tribution, he thought that there should be the utmost 
concentration on the correlation of model and full- 
size ship results; he would not dispute that the 
solving of the problem would take two years. An 
essential provision, which would help the ship- 
builder to take his part of the responsibility, guided 
by the results from the tanks, would be the E.H.P. 
curve with and without the trip wire. An increase 
of 16 per cent. in the predicted E.H.P. of a ship as 
the result of using a trip wire on the model was not 
exceptional; in an American paper, he nad seen a 
reference to an increase of 20 per cent. at the service 
speed of a particular ship. Dr. Allan had suggested 
that it should be more of the order of 5 or 6 per cent., 
but Sir Amos thought that the resulting difference, 
for the single-screw cargo ship, between the turbu- 
lent and laminar conditi n in the measured resistance 
on the model might be '0 per cent. on the average. 

He assured Professor Burrill that he had no wish 
to attack the tanks; his sole point was that they 
should see where they were on every occasion, with 
and without the trip wire, and should be able to 
explore the problem much more thoroughly. With 
regard to propeller clearances, he had not made any 
qualification in the paper concerning the type of 
rudder; and, as to the clearance at the top of the 
aperture—in the days of cast-iron propellers, there 
was a certain clearance which, as a rule, avoided 
erosion, and that should point the way to the correct 
clearance. The point that a more efficient pro- 





peller could not be obtained by reducing the pitch 
rather confirmed the statement in the paper. 
Finally, he was still in favour of dropping the use of 
the term “‘ quasi-propulsive coefficient.” 

This concluded the session on the morning of 
March 14. In the evening, as recorded on page 319, 
ante, the Institution dinner was held in the Con- 
naught Rooms. 

(To be continued.) 





HIGH-TEMPERATURE 
MATERIALS FOR GAS 
TURBINES. 

(Concluded from page 352.) 

WE complete below our report of the discussion 
on the papers of the ‘‘ Symposium on High-Tempera- 
ture Steels and Alloys for Gas Turbines,” held in 
London under the auspices of the Iron and Steel 
Institute on February 21 and 22. The chair 
at the final session of the meeting, held from 2.30 
until 5 p.m. on Thursday, February 22, was again 
occupied by Mr. D. A. Oliver. 


User Aspects, RESEARCH AND Futur NEEDS. 


The afternoon was devoted to a joint discussion 
of the papers in Group IT on “‘ User Aspects,” and 
in Group VIII on “ Research and Future Needs.” 
Those in Group IL comprised ‘‘ Materials and Per- 
formance,” by Dr. A. T. Bowden and Mr. W. 
Hryniszak; ‘‘ Gas-Turbine Performance and Mate- 
rials,” by Mr. J. B. Bucher; ‘‘ Influence of Operat- 
ing Temperature on the Design and Performance 
of Gas Turbines,” by Mr. 8S. L. Bragg; and 
‘* Stresses in Gas-Turbine Discs and Rotors,’’ by 
Dr. R. W. Bailey, F.R.S. There were two papers 
in Group VIII, namely, ‘‘ Research and Develop- 
ment on High-Temperature Materials,’’ by Mr. C. A. 
Bristow and Dr. H. Sutton ; and ‘‘ Future Needs in 
Materials for Land and Marine Gas Turbines,” by 
Dr. J. M. Robertson. 

The rapporteur, Mr. R. G. Voysey, said that if he 
were to summarise the papers in Group II, in one 
sentence, this would be that the engineers were still 
asking for higher-temperature materials. In their 
paper, Dr. Bowden and Mr. Hryniszak pointed out 
that the high cost of the modern alloys introduced 
for gas-turbine work and the difficulty of their 
preparation in the form of large-size rotors and very 
special blade shapes were causing concern in com- 
mercial circles. More needed to be known regarding 
the long-term life, and, in particular, assurance 
was needed that creep curves carried an adequate 
factor of safety against variations in specimens 
and the difference between long-term and short-term 
behaviour. Mr. J. B. Bucher, the author of the 
second paper, showed that the closed-cycle designer 
was more interested in materials which withstood 
stresses of from 1 to 2 tons per square inch for 
100,000 hours at about 700 deg. C., than in materials 
such as those used in open-cycle gas turbines which 
must withstand stresses of from 5 to 6 tons per 
square inch, at 650 deg. C. for shorter periods. 
The difficulties of providing 100,000-hour tests on a 
range of alloys were realised; consequently, the 
importance of a few check points at from 20,000 
to 80,000 hours was emphasised. In view of the 
importance of operating temperatures, it was con- 
cluded that a search should be made for corrosion 
inhibitors to be present either in the fuel or in the 
blade material, or for processes which would remove 
vanadium and other harmful constituents from the 
fuel in an economical manner. While the demands 
of high-temperature parts of a design were most 
severe, the proportion of material used in these parts 
was small, and economics suggested that there was 
scope for a material intermediate in quality and 
price between the present types of ferritic and 
austenitic steels. 

The third paper, by Mr. Bragg, included a detailed 
analysis of the factors affecting the design of gas 
turbines and made a very strong case for blade 
materials which could withstand higher tempera- 
tures. In the last paper on ‘‘ User Aspects,”’ Dr. 
R. W. Bailey examined the differences between 
ferritic and austenitic steels for discs. It was 
suggested that controversy over the relative 





importance of tensile strength and ductility could 
be resolved if the difference between the two kinds 
of steel were realised. The good plastic properties 
of ferritic steels led to the maximum tensile strength 
being an adequate criterion, but the possible 
presence, in austenitic steels, of brittle networks 
might lead to the full plasticity not being available, 
and it was suggested to be good practice, with 
austenitic steel discs, to assume only about 80 per 
cent. of the test tensile strength in design. 

Of the two papers in Group VIII, that by Mr. 
Bristow and Dr. Sutton dealt with research and 
development on high-temperature materials. The 
authors stated that the theoretical possibilities of 
alloys and metals were, in practice, limited by the 
relative abundance of the metals. Thus the future 
role of titanium was governed by the fact that it 
would be a fairly abundant element, whereas such 
materials as molybdenum, although of considerable 
importance in many high-temperature alloys, might 
become comparatively rare. Conservation and reco- 
very were of importance, particularly with such 
elements as cobalt and niobium. Dr. Robertson, in 
his paper, said that the maximum usefulness and 
conservation of materials were gained only by close 
collaboration between the producers and users of 
materials for gas turbines. The most outstanding 
need must always be for better stress-temperature- 
time behaviour in the application of materials and 
for exact knowledge regarding this. The properties 
of an alloy could be very much affected by the 
making, shaping and treating factors, and welding 
and brazing must receive greater attention. 

Dr. H. Roxbee Cox, who opened the discussion, 
felt that the question of the cost of the materials 
in a gas turbine was of great importance, though 
it should always be viewed in the right light. 
One method of overcoming vanadium attack was to 
devise a material which would be immune to it, 
and attention should continue to be devoted to 
this aspect of the problem. Another method of 
overcoming vanadium attack, which would need 
collaboration between chemists and metallurgists, 
would be to coat the material with a substance 
which withstood the attack. One question which 
Dr. Bailey might answer was whether the adoption 
of laminar discs held out any advantageous pros- 
pects. These had certain advantages from the 
manufacturing point of view and also from the 
standpoint of thermal and other stresses. 

Dr. C. Keller stated that work on the closed-cycle 
turbine made him realise that the problems of this 
type of engine were much nearer to those of the 
steam turbine than to those of the gas turbine. 
The British collaborators of his firm, Escher Wyss, 
Limited, Switzerland, were John Brown and Com- 
pany, and he would like to express his thanks to the 
steel manufacturers. Their first big plant to be 
built, the 13,000-kW closed-cycle installation in 
Paris, would soon be running and all the steel for 
the turbines, for the rotors and for the blades had 
been furnished by English manufacturers. He 
believed his friends in the Sulzer and Brown Boveri 
Companies would agree that, without the help of 
the English metallurgists the present position could 
not have been attained. 

In reply to the question which Dr. Roxbee Cox 
had propounded, Dr. R. W. Bailey said that he 
would regard the laminated disc as largely a prob- 
lem of construction. There would be a certain 
amount of inequality in the stressing of the discs 
and the problem would be one of holding the 
plates together. The next speaker, Dr. N. P. Allen, 
stated that what the engineer asked metallurgists to 
do was to adapt a material to his ideas, whereas 
the obvious solution to many of his problems was 
for the engineer to adapt his ideas to the properties 
of the material. One method of getting rid of 
troubles due to vanadium pentoxide and other 
corrosive agents was to pay careful attention to 
the cleaning of the turbine and to ensure that the 
products of corrosion did not accumulate. If the 
amount of slag and ash on the turbine blading were 
small in relation to the amount of metal present, 
the risk of loss of strength was very much less. It 
was @ question of designing the turbine from the 
beginning in such a manner that it could be readily 
cleaned. This was a very important point. The 
one problem of a fundamental kind which seemed 
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to be most important was this question of the 
brittness of chromium. If only a solution to 
that problem could be obtained, many of the troubles 
confronting metallurgists would be overcome. 

Mr. W. Huber stated that all the turbine plants 
so far built were too expensive. Naturally, this 
was to be expected with new developments but 
closer research showed that the effort to reduce 
prices must begin with construction but must 
cover also manufacture and especially materials. 
Compressor and turbine blades formed a consider- 
able proportion of the cost of a turbine plant. In 
one recent installation these were milled from 
bars, with the result that the finished blade repre- 
sented only about 13 per cent. of the original 
material, 87 per cent. having been machined away. 
There were other methods; for example cast 
blades could be produced, or stampings, or the 
stationary blades, namely, those not subjected 
to centrifugal forces, could be made from profile- 
formed steel. Great possibilities were open in the 
field of precision casting although much develop- 
ment work was still necessary. The next speaker, 
Dr. J. S. Blair, said it was 30 or 40 years since creep 
had been realised to be of some importance, yet, 
in the whole of that time, with one or two excep- 
tions, no one had ever done any really long-time 
work. He made a plea, therefore, for long-time 
creep tests to be put in hand now by industrial 
concerns, institutions and other bodies, with the 
intention that they should run for over 10 years, 
or 100,000 hours. Moreover, the results of scaling 
tests of a few thousand hours were known, but no 
tests extending over a few years had been con- 
ducted. ‘This applied to scaling in steam, in air, 
and in the presence of lagging materials, particu- 
larly in connection with steam pipes. 

Mr. G. T. Harris said that the percentage of 
failures of austenitic discs over the last few years 
had been exceedingly low. They, at Wm. Jessop 
and Sons, Limited, had had considerable experience 
in supplying GI1S8B steels, and the percentage of 
disc failures was 0-02 per cent. In not just thou- 
sands, but tens of thousands of discs, the number of 
failures had been‘less than five. None of these, for- 
tunately, had taken place in the air; they all 
occurred on the test bed, some of them under 
somewhat suspicious circumstances. The next 
speaker, Dr. N. Stephenson, said that tests at 
700 deg. C. had shown that oxides of calcium, zinc, 
magnesium, aluminium and iron, when added to the 
fuel, had brought about reduced attack on the 
turbine blades. Mr. E. R. Robinson, who spoke 
next, said that in the United States there was an 
embarrassing shortage of such materials as niobium, 
tungsten and cobalt, because the Government 
controlled their use. The question of how to 
employ most effectively the resources of certain 
materials available on both sides of the Atlantic 
needed further discussion. 

Mr. H. W. G. Hignett said that apart from a 
few points, engineers did not appear to have pro- 
vided metallurgists with much in the way of 
guidance for future work. Instead, they consis- 
tently and persistently emphasised their need for 
more long-term data. The overdue discovery by Mr. 
Bucher that 100,000 hours exceed 11} years was 
to be welcomed. It was very unlikely that, for 
the turbines which Mr. Bucher and his engineering 
colleagues were designing at present, they would 
have much interest in the materials which metal- 
lurgists would have put under test 11} years pre- 
viously, and it would appear equally unlikely that 
any designers 114 years hence would have any 
interest at all in the materials which would be put 
under test to-day. He suggested in all seriousness 
that ten 10,000-hour tests had just ten times the 
value of one 100,000-hour test. The next speaker, 
Dr. R. Graham, stated that several suggestions 
had been made concerning the “ doping ” of the fuel 
4s a protection against vanadium attack. The Shell 
Refining and Marketing Company, Limited, had 
given this matter a good deal of thought but did not 
feel at all hopeful concerning the position. There 
was a good deal of experimental evidence to show 
that deliberate additions of further deposit-forming 
materials to fuel did not offer any promise that 
the slighly obnoxious effects of vanadium could 

Overcome. 





Dr. A. T. Bowden, in a brief reply, said that in a 
large industrial-type gas turbine the cost of the 
bl&des formed a formidable proportion of the total, 
namely, some 12 to 15 per cent. The cost of the 
spindles was similarly high. In answer to Mr. 
Huber, there was little difference in cost between 
the various methods of making the turbine blades, 
namely, by machining from bar stock, by using 
precision forgings, rough stampings and machining, 
or by precision casting. There was some difference 
in the manufacturing time and in the amount of 
material used, but the actual final cost was almost 
the same in all cases. For some time, exhaustive 
tests on additions to fuel oil had been carried out 
in his firm’s laboratories (Messrs. C. A. Parsons and 
Company, Limited), and it was doubted very much 
whether this was at all economical. Probably 
distillation, in the end, was cheaper than the making 
of additions to the oil. In answer to Mr. Hignett, 
he would emphasise that the designers needed the 
assurance that the creep strain and stress-to- 
rupture curves supplied by the steelmaker had 
in themselves a factor of safety which took cogni- 
sance of divergence between specimen and specimen, 
and between short- and long-term results ; or more 
simply, that the material he was using was better 
in quality than that indicated by the creep curves 
supplied to him. 

Mr. J. B. Bucher, who also replied, said that Mr. 
Hignett had told the meeting that ten 10,000-hour 
creep tests were worth ten times as much as one 
100,000-hour test. That did not agree with some 
of the information given by eminent metallurgists 
present at the meeting. These had maintained 
that creep-test results could not be extrapolated 
until what was really. happening was known. He 
reiterated the suggestion that some long-term 
creep curves should be determined to find out how 
materials behaved. Even if designers were not 
using in eleven years’ time the materials available 
now, it would be instructive to have an idea of how 
austenitic steels behaved after they had been in 
use for 100,000 hours or more. Tests had shown 
that, of materials which could be added to oil to 
mitigate vanadium attack, the one which gave 
the best results was rather too expensive to add in 
sufficient quantity to be effective. Hence the 
point was reached at which it was cheaper to use a 
distillate. Nevertheless, many of the substances 
mentioned by Dr. Stephenson were effective, and, 
while they might not prevent the attack completely, 
even some of the cheapest powders, such as chalk, 
did cut down the rate of attack very considerably. 

At this stage, the chairman, Mr. D. A. Oliver, 
declared the meeting at an end and votes of thanks 
to all the authors of the papers for their contributions, 
to the rapporleurs, to the Council of the Institution 
of Civil Engineers and their staff for the facilities 
they had afforded for the meeting, to the chairman 
and to all others who had contributed to the success 
of the symposium, terminated the proceedings. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 


Tuis list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 








A Srupy or Dryrine.—Various dates between Wed- 
nesday, January 3, and Wednesday, April 25, in London 
and provincial cities. Organised by Institute of Fuel, 
18, Devonshire-street, London, W.1. (Telephone : 
LANgham 7124.) See also our issue of December 15, 
1950, page 499. 

Lyons INTERNATIONAL Fatr.—Saturday, March 31, 
to Monday, April 9, at Lyons, France. Agents: Messrs. 
Robert Brandon and Partners, Limited, 47, Albemarle- 
street, London, W.1. (Telephone: REGent 0901.) 


ENGINEERING CONFERENCE, BRISBANE.—Monday, 
April 2, to Saturday, April 7, at Brisbane. 21st con- 
ference, organised by the Institution of Engineers, 
Australia, Sparkes Building, 183, Wickham-street, 
Valley, Brisbane, N.1. Further particulars available 
from the honorary conference organiser, Mr. W. McMaster, 
P.O. Box 140, Fortitude Valley P.O., Brisbane N.1, 
Queensland. 

RoyaL NETHERLANDS INDUSTRIES Fairs.—Spring 
Fair: Tuesday, April 3, to Thursday, April 12, at 
Utrecht, Holland. Autumn Fair: Tuesday, Septem- 





ber 11, to Thursday, September 20. Agent: Mr. W. 
Friedhoff, 10, Gloucester-place, London, W.1. (Tele- 
phone : WELbeck 9971.) 

STRESS ANALYSIS GROUP, ANNUAL CONFERENCE.— 
Wednesday, Thursday and Friday, April 4, 5 and 6, at 
the University, Liverpool. Apply to the honorary 
secretary, Mr. E. K. Frankl, Engineering Laboratory, 
Cambridge. 

PHYSICAL SoOcrETy’s EXHIBITION.—Friday, April 6, 
to Wednesday, April 11, at the Royal College of Science 
main building, Imperial Institute-road, and the Huxley 
Building, Exhibition-road, South Kensington, London, 
S.W.7. Organised by the Physical Society, 1, Lowther- 
gardens, London, S.W.7. (Telephone: KENsington 
0048.) See also page 30, ante. 

PETROLEUM INDUSTRY EXHIBITION.—Various dates 
between Friday, April 6, and Saturday, July 28, at 
London and other university centres in the United 
Kingdom. See also page 311, ante. 

COPENHAGEN INTERNATIONAL MOTOR-CYCLE EXHIBI- 
TION.—Friday, April 6, to Sunday, April 15. Organised 
by the Association of Motor-Cycle Manufacturers and 
Importers in Denmark, Amaliegade 22, Copenhagen, K., 
Denmark. 

Swiss INDUSTRIES Fair.—Saturday, April 7, to 
Tuesday, April 17, at Basle. Apply to Division Econo- 
mique, Swiss Legation, 18, Montague-place, London, 
W.1. (Telephone: PADdington 0701.) 


EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
TEST GEAR FOR THE RADIO, TELEVISION, ELECTRONIO 
AND TELECOMMUNIOATIONS INDUSTRIES.—Tuesday, April 
10, to Thursday, April 12, at Grosvenor House, Park- 
lane, London, W.1. Particulars from the Radio and 
Electronic Component Manufacturers’ Federation, 22, 
Surrey-street, Strand, London, W.C.2. (Telephone: 
TEMple Bar 6740.) 


NORTH OF SCOTLAND HyYDRO-ELECTRIC BOARD EXHI- 
BITION.—Tuesday, April 10, to Saturday, April 14, at 
Caird Hall, Dundee. Apply to the offices of the Board, 
16, Rothesay-terrace, Edinburgh, 3. (Telephone : 
Central 1361.) 

THIRD NATIONAL CONFERENCE OF WORKS MANAGERS, 
—See page 369. 

Symposium ON HuMAN FAacToRS IN EQUIPMENT 
DESIGN.—Wednesday, April 18, to Saturday, April 21, at 
the University, Birmingham. Organised by the Ergo- 
nomics Research Society (joint honorary secretary, Mr. 
H. Murrell, Mizbrooks, Capel, near Dorking, Surrey). 
Apply to symposium secretary, Miss B. G. Murrell, 
219, Cromwell Mansions, Cromwell-road, London, S.W.5. 
(Telephone: FRObisher 6927.) N.B.—Alteration of 
dates. 

BRUSSELS INTERNATIONAL FArR.—Saturday, April 21, 
to Sunday, May 6, at the Palais du Centenaire, Brussels. 
Apply to the organisers of the fair at that address. 


LifcE INTERNATIONAL Fatr.—Saturday, April 21, to 
Sunday, May 6, at Coronmeuse, Liége. Apply to the 
Foire Internationale de Liége, 17, Boulevard d’Avroy, 
Liége, Belgium. 

Paris INTERNATIONAL Fair.—Saturday, April 28, 
to Monday, May 14. Organised by the Foire de Paris, 
23 Rue N.D. des Victoires, Paris. Agent: Mrs. M. Hyde, 
4, Park-lane, London, W.1. (Telephone: GROsvenor 
5480.) 

INVENTIONS EXHIBITION AND COMPETITION.—Satur- 
day, April 28, to Monday, May 14, at Paris. Apply to 
the Association des Inventeurs et Petits Fabricants 
Frangais, 79, Rue du Temple, Paris, 3e. 

GERMAN INDUSTRIES FAIR, HANOVER.—Heavy Indus- 
tries Fair: Sunday, qpril 29, to Tuesday, May 8. 
Organisers: Deutsche Messe- und Ausstellungs-A.G., 
Hanover, Germany. Agents: Messrs. Schenkers, Limi- 
ted, 27, Chancery-lane, London, W.C.2. (Telephone : 
HOLborn 5595.) 

British INDUSTRIES FaiR.—Monday, April 30, to 
Friday, May 11, at Earl’s Court, S.W.5, and Olym- 
pia, London, W.14 ; and Castle Bromwich, Birmingham. 
Particulars from the Director, British Industries Fair, 
Board of Trade, Lacon House, Theobald’s-road, London, 
W.C.1 (Telephone: CHAnocery 4411); or the general 
manager, British Industries Fair, 95, New-street, Bir- 
mingham, 2 (Telephone: Midland 5021). 

INTERNATIONAL INTERNAL-COMBUSTION ENGINE OON- 
GREsS.—Tuesday, May 8, to Saturday, May 19, in Paris. 
Organisers: Le Syndicat des Constructeurs de Moteurs 
& Combustion Interne, 11, Avenue Hoche, Paris, 8e. 
See also our issue of December 1, 1950, page 438. 

BRITISH SCIENTIFIC INSTRUMENTS EXHIBITION.— 
Friday, May 11, to Thursday, May 17, at the Sorbonne, 
Paris. Organised by the British Council, 65, Davies- 
street, London, W.1. (Telephone: GROsvenor 8011.) 
See also page 291, ante. 

THIRD GAUGE AND TOOL EXHIBITION.—Tuvsday, 
May 15, to Friday, May 25, Royal Horticultural Hall, 
Vincent-square, London, S.W.1. Organised by the 
Gauge and Tool Makers’ Association, Standbrook House, 
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Old Bond-street, London, W.1. (Telephone: REGent 
3451.) 

SweEpisH INDUSTRIES FAIR.—Saturday, May 19, to 
Sunday, May 27, at Gothenburg. Agenis: Messrs. 
John E. Buck and Company, 47, Brewer-street, Picca- 
dilly, London, W.1. (Telephone: GERrard 7576.) 

NEDERLANDS PACKING FaIR.—Thursday, May 24, to 
Friday, June 1, at Amsterdam. Organisers: N.V. Het 
Raedhuys, Tesselschadestraat 5, Amsterdam, Holland. 

THIRD WORLD PETROLEUM CONGRESS.—Monday, 
May 28, to Wednesday, June 6, at the Ridderzaal, 
The Hague, and the Kurhaus, Scheveningen, Holland. 
Further information obtainable from the secretary, 
the Institute of Petroleum, 26, Portland-place, London, 
W.1. (Telephone: LANgham 2250.) 

CANADIAN INTERNATIONAL TRADE F'aIR.—Monday, 
May 28,to Friday, June 8,at Exhibition Park, Toronto. 
Apply to Miss M. A. Armstrong, Canadian Government 
Exhibition Commission, Canada House, Trafalgar-square, 
London, 8.W.1. (Telephone: WHItehall 8701.) 

METAL AND WOODWORKING MACHINERY EXHIBITION 
(“ TECHNI SHOw ”’).—Wednesday, May 30, to Saturday, 
June 9, at Rotterdam. Apply to the organisers of the 
exhibition, 64, Eendrachtsweg, Rotterdam, Holland. 

JOINT ENGINEERING CONFERENCE.—Monday, June 4, 
to Friday, June 15, in London. Organised by the Insti- 
tutions of Civil, Mechanical, and Electrical Engineers. 
See also page 49, ante. 

BRITISH PLASTICS EXHIBITION AND CONVENTION.— 
Wednesday, June 6, to Saturday, June 16, the National 
Hall, Olympia, London, W.14. Organised by British 
Plastics, with the collaboration of the British Plastics 
Federation. Apply to the editor, British Plastics, 
Dorset House, Stamford-street, London, S.E.1. (Tele- 
phone: WaATerloo 3333), or to the general manager 
of the Federation, 47 and 48, Piccadilly, London, W.1. 
(Telephone : REGent 4681.) 

BUSINESS EFFICIENCY EXHIBITION.—Wednesday, June 
6, to Saturday, June 16, at Olympia, London, W.14. 
Organised by the Office Appliance Trades Association, 
11-13, Dowgate-hill, Cannon-street, London, E.C.4. 
(Telephone : CENtral 7771.) 

INTERNATIONAL AERONAUTICAL SHOW.—Friday, June 
15, to Sunday, July 1, at Paris. Apply to the organisers, 
6, Rue Galilee, Paris. 

THIRD BRITISH ELECTRICAL POWER CONVENTION.— 
To be held during week commencing Monday, June 18, 
at Brighton. Information obtainable from the secretary 
of the Convention, 16, Stratford-place, London, W.1. 
(Telephone : MAYfair 6411.) 

ROYAL AGRICULTURAL SHOW.—Tuesday, July 3, to 
Friday, July 6, at Cambridge. Apply to the Royal 
Agricultural Society of England, 16, Bedford-square, 
London, W.C.1. (Telephone : MUSeum 5905.) 

BRITISH ASSOCIATION.—Wednesday, August 8, to 
Wednesday, August 15, at Edinburgh. Apply to the 
joint local secretaries : Dr. G. B. Warburton, 11, Grace- 
mount-road, Edinburgh, 9, and Mr. J. D. Robson, 
Engineering Department, Edinburgh University, May- 
field-road, Edinburgh 9. See also page 377. 

“MODEL ENGINEER” EXHIBITION.—Wednesday, 
August 22, to Saturday, September 1, at the New Royal 
Horticultural Hall, Greycoat-street, London, S.W.1. 
Organisers: Messrs. Percival Marshall and Company, 
Limited, 23, Great Queen-street, London, W.C.2. (Tele- 
phone : CHAncery 6681.) 

18TH NATIONAL RapIOo SHOw.—Tuesday, August 28, 
to Saturday, September 8, at Earl’s Court, London, 
S.W.5. Applications to be made to the Radio Industries 
Council, 59, Russell-square, London, W.C.1. (Tele- 
phone: MUSeum 6901.) 

8TH INTERNATIONAL CONGRESS OF REFRIGERATION.— 
Wednesday, August 29, to Tuesday, September 11, at 
Church House, Westminster, London, 8.W.1. Held 
under auspices of International Institute of Refrigeration. 
Apply to the secretary of the Congress, Dalmeny House, 
Monument-street, London, E.C.3. (Telephone: AVEnue 
6851.) See also page 77, ante. 

ENGINEERING AND MARINE EXHIBITION.—Thursday, 
August 30, to Thursday, September 13, at Olympia, 
London, W.14. Organisers: Messrs. F. W. Bridges and 
Sons, Limited, Grand Buildings, Trafalgar-square, Lon- 
don, W.C.2. (Telephore: WHItehall 0568.) 

EvuROPEAN MAOHINE-TOOL EXHIBITION.—Saturday, 
September 1, to Monday, September 10, at Paris. Further 
particulars obtainable from the General Commissary of 
the Exhibition, 2 bis, Rue de la Baume, Paris, 8e. See 
also page 34, ante. 

LEerpzia Farrs.—Autumn Fair: Sunday, Septem- 
ber 2, to Friday, September 7. Organised by Leipziger 
Messeamt, Platz des Friedens 8, Leipzig C.1, Germany. 

THIRD ANGLO-AMERICAN AERONAUTICAL CONFERENCE. 
—Monday, September 3, to Friday, September 7, 
at Brighton. Convened by the Royal Aeronautical 


tical Sci 





Society, and the Institute of the A 
(of America). Apply to the secretary of the Royal Aero- 
nautical Society, 4, Hamilton-place, London, W.1. 





LABOUR NOTES. 


UNFLINCHING opposition to the closed-shop policy 
of the Durham County Council was expressed at a 
public session, on Easter Monday, of the annual 
conference of the National Union of Teachers. In his 
report to the conference on this subject, Mr. Ronald 
Gould, the Union’s general secretary, stated that, 
while the N.U.T. subscribed to the view that every 
teacher should be a member of a professional organisa- 
tion, it insisted that this should be the voluntary act 
of a free individual, who exercised his choice without 
having pressure put upon him by his employers. It 
was no part of the duty of a County Council to recruit 
members for their Union or for any other organisation, 
and the N.U.T. did not need any such assistance. 
Without the help of the Durham County Council, Mr. 
Gould declared, the N.U.T. had enrolled in its ranks 
more than 90 per cent. of all members of the teaching 
profession in the Durham area. 





Threats by the Council to dismiss all employees who 
did not prove that they belonged to a trade union or4 
professional organisation had not been put into opera- 


wage earners received about 40 per cent. of the national 
income. That was, indeed, a fairly constant percent- 
age. By 1949, however, the figure had increased to 
48 per cent., but this shift of the nation’s wealth to 
what Mr. Beard calls the wage-earning class brought 
with it some additional liabilities, including income tax. 
These, especially income tax, have greatly increased in 
amount. The cost of living, Mr. Beard continues, has 
risen by 80 per cent. on the figures ruling in 1939, but, 
side by side with that increase, the wages of industrial 
employees have risen by 90 per cent. and, where over- 
time work and bonus additions were in operation, the 
percentage had increased still further. 





It should not be forgotten, Mr. Beard declares, that» 
although wages, in the main, lag behind prices, when 
they do catch up they have an effect upon prices, if 
the increases in wages are not linked to increased pro- 
ductivity. Taking industry as a whole, quite 60 per 
cent. of the value of the nation’s output is represented 
by wages and salaries. The increases in the price of 
coal and home-grown foodstuffs, which commodities 


are hardly affected by increases in the costs of imports, 





tion so far, Mr. Gould informed the conference, but a 


are broadly due to wage improvements. In both these 





form of pressure which was even more objectionable, 
had been introduced during the weeks immediately 
preceding their meeting. Individual teachers seeking 
appointments in the service of the Council had been 
questioned regarding their membership of a trade union, 
but Durham teachers regarded this interrogation as an 
infringement of their personal freedom and a violation 
of their professional self-respect. It was abhorrent to 
them. The N.U.T. had asked the Council to refrain 
from questioning in this way applicants for teaching 
vacancies and to defer making new appointments, 
until negotiations had taken place. Although there 
had been no answer to the Union’s request, the N.U.T. 
desired to reach a settlement of the problem by nego- 
tiation and to avoid an open conflict. 





Some 2,500 delegates attended the annual conference, 
which was the 79th to be held by the N.U.T. It 
opened at Llandudno on March 24 and ended yesterday. 
In his presidential address on the opening day, Mr. 
A. Granville Prior reminded the conference of the 
necessity for teachers to refrain from allowing any 
kind of political belief to colour their teaching. It 
was their duty to produce in their pupils a tolerant 
understanding of their fellows. There could be no 
doubt, he stated, that more building of schools, training 
of teachers, and provision for education had taken 
place in Britain during the post-war years, than at 
any time previously. He was of the opinion that 
classes would tend to grow larger in the near future 
owing to the insufficiency of trained teachers. 





A number of other unions held conferences during 
the Easter holidays. The annual conference and 
representative council of the Association of Engineer- 
ing and Shipbuilding Draughtsmen met at Scar- 
borough. On March 26, the Association’s conference 
passed a resolution urging upon the Government the 
pressing need for more houses. The conference asked 
that the number of houses to be constructed annually 
should be substantially increased and that “ greater 
resources from the national economy” should be 
granted by the Government. It was stated that many 
factory employees were inadequately housed and that 
production suffered on that account. The annual 
conference of the Co-operative Party at New Brighton 
passed a resolution on March 27, asking for the removal 
of purchase tax from essential articles, especially from 
those for household use. Demands for the prompt 
rescinding of the Conditions of Employment and 
National Arbitration Order No. 1305 were approved 
by the Independent Labour Party at a session of its 
annual conference on March 26, which was held at 
Blackpool. 





Some outspoken comments on wages, prices, profits, 
and the cost of living are contained in the March issue 
of the Monthly Report of the United Patternmakers 
Association. In his editorial article, Mr. W. B. Beard, 
O.B.E., the Association’s general secretary, states that 
many branches and individual members have written 
to him complaining ‘‘ with considerable justification ” 
that there is no point in obtaining wage increases, when 
these are almost immediately absorbed by the cost of 
living rising still further. Would it not be better, they 
inquire, to prevent costs rising than for workpeople to 
be for ever “ chasing the shadow.” This question is, 
Mr. Beard points out, a very complex one and it is not 
possible to give a simple answer. 





The cost of living, he states, is not the whole story. 


cases, wages are three times as high as they were in 
pre-war years. Operatives in the textile industry, in 
the engineering industry, and in many others, are 
now receiving wages at double the pre-war rates. 





Profit was necessary, Mr. Beard emphasises, but it 
was essential for his readers to be clear in their minds 
as to what the term meant, as there were “ideas 
abroad that profit is somehow solely connected with 
the capitalist system.” This was not so. It was, in 
fact, the basis upon which every undertaking func- 
tioned, for, without profit, there could be no progress, 
Even in the case of public undertakings and trade 
unions, the alternative to profit was loss. He quotes 
the National Coal Board as an example and states 
that, if this body did not make a profit over a number 
of years, it would either have to increase its prices, 





which would probably reduce the sale of coal abroad 
and add to the costs of other British industries, or it 
would have to reduce the wages of the miners, or, 
alternatively, borrow money in an endeavour to pro- 
vide the mechanisation necessary to cheapen produc- 
tion. 





Interest on money lent, whether in the form of 
savings certificates, accounts in the Post Office savings 
bank, in building societies, or otherwise, represented 
profit to the individual lender. Indeed, Mr. Beard 
points out, interest on trade-union funds was derived 
from similar investments and all such profits had to 
be paid for by production of some kind. No industry, 
moreover, whether public or private, could pay good 
wages unless it was prosperous and made a balance or 
profit. Such profit created a reserve for expansion 
and industrial re-equipment. Objection could not be 
taken, therefore, to profit as such, except in cases 
where the sums distributed were excessive, and it had 
to be remembered that 60 per cent. of distributed 
profits was absorbed by taxation. Price fixing, other- 
wise than on a simple profit percentage, also presented 
problems. If the average cost of articles for this 
purpose were based on the production of the most 
efficient firms, those less efficient would go out of busi- 
ness; employees would have to be dismissed, and there 
would be redundancy and complaints from trade unions. 
If the average cost were based on production by the less 
efficient firms, then the more efficient would make large 
profits. 





Engineering employees in- Government industrial 
establishments are to receive increases in their wage 
rates as the result of an award by the Industrial Court. 
Following the rejection of the men’s demands by the 
employers, the claims were brought before the Indus- 
trial Court at a hearing on March 16. These included 
requests for the minimum basic rates for the non-craft 
grades employed in the London area to be increased 
by 8s. a week, and for an addition of 45 per cent. in 
respect of the basic rate for piecework employment. 
The men also asked for an increase of 45 per cent. for 
work performed under other payment-by-results 
schemes. 








A new wage agreement between the Iron and Steel 
Trades Employers’ Association, the Iron and Steel 
Trades Confederation, and the National Union of Blast- 
furnacemen was announced on March 26, by which 
increases of from 1s. to 2s. 6d. a shift will be granted to 
iron and steel employees, according to the recipient's 

e. A clause in the agreement provides for the 
raising of the sliding-scale figure from 67} points to 
75 points above the standard The cost-of-living bonus 

ill be raised from 1-2d. to 1-3d. per point for each 

advance of the interim-index figure. 





Before the last war, and for many years before then, 
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840-H.P. ELECTRIC-BATTERY LOCOMOTIVE. 
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840-H.P. ELECTRIC-BATTERY 
LOCOMOTIVE. 


Brrore the war, the then London Passenger Trans- 
port Board had nine electric-battery locomotives in 
service, which were employed for hauling maintenance, 
cable-laying and constructional trains, as well as for 
emergency duties when the normal power supply was 
interrupted. On six of these locomotives, the control 
system was of the General Electric Company’s manu- 
facture. The satisfactory performance of these units 
has resulted in the London Transport Executive 
adding seven more to the fleet, all of which have 
electrical equipment designed by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2. “The mechanical parts were built by Messrs. 
R. Y. Pickering and Company, Limited, Wishaw, 
Scotland, and the batteries were supplied by the 
_ Battery Company, Limited, Bakewell, Derby- 

As will be seen from Fig. 1, the locomotives are of 
the double-bogie type; each bogie is mounted on 
four 3-ft. diameter wheels with the axles spaced at 
i-ft. centres. The centres of the bogies are 31 ft. apart 
and the overall length over the coupler faces is 54 ft. 
4tin. The height from the rail to the top of the centre 
ag sheets is 9 ft. 54, in., which is within + in. of 

e loading gauge. The maximum width is 8 ft. 84 in. 
—_ is a cab at each end, the floor of which is below 
: © centre longitudinals. The two cabs are connected 
y 4 central gangway. The locomotive is designed for 
°peration both from the conductor rails through four 
— and two negative collector shoes and from a 

ttery. This battery is arranged on each side of the 
centre gangway and has a capacity of 1,008 ampere- 





hours at the five-hour discharge rate, compared with 
768 ampere-hours in the pre-war series, thus giving a 
higher factor of availability. Any cell can be removed 
by a small lifting device, which is mounted on runners 
permanently built into the body. In this way it is 
possible first to raise the cell and then lower it through 
a trap door in the floor. This procedure is more 
convenient than the original system of lifting the cell 
out through removable portions of the roof by an 
external crane. Charging can be effected from the 
conductor rail by closing a hand-operated switch. The 
operation is under fully automatic control, the rate 
varying according to the condition of the battery. It 
is stopped when the battery is fully charged. Arrange- 
ments are also provided for giving the battery a passing 
charge in the sheds through two plugs one on each 
side of the locomotive. 

The locomotive is equipped with four 600-volt 
motors, which have an output of 210 h.p. on a one- 
hour rating and 150 h.p. on a continuous rating. 
This compares with the 138 h.p. one-hour rating of 
the motors on the origina! units, but as they all have 
the same characteristics both pre-war and post-war 
locomotives can be operated in multiple. It was 
specified that in track-laying operations two loco- 
motives in multiple-unit were to be capable of hauling 
a 200-ton train at 30 m.p.h. on the level when supplied 
from the conductor rail or at 15 m.p.h. when supplied 
from the batteries. They were also to be capable 
of inching the train forward on rough tracks on gra- 
dients as steep as 1 in 30. During cable-laying opera- 
tions a single locomotive was to be capable of being 
driven continuously at speeds as low as 3 m.p.h. 

These requirements have been met by using three 
combinations of the four motors—all in series, two 


e 


series pairs in parallel, and all in parallel—in conjunc- 
tion with multi-notch resistance stepping and suitable 
resistance ratings. All three combinations are obtained 
on one controller handle, which provides a total of 
28 notches. The control lines, of two coupled loco- 
motives are connected through 20-line couplers. The 
motor cut-out is arranged so that when one pair of 
motors is out of circuit the associated “leg” of 
resistance is also cut out. Although this method may 
give rough notching under cut-out conditions, it is 
claimed that it has the advantage that the locomotive 
can be handled under its own power in many more 
cases than with the usual system which covers motor 
failures only. A view of the control gear, which is 
operated electro-pneumatically, appears in Fig. 2. The 
change-over from conductor-rail to battery supply is 
effected by a master switch of the key type, through 
an electro-pneumatic isolator, interlocks being in all 
the circuits concerned to prevent irregular or faulty 
operation. 
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OPERATING EXPERIENCE WITH A 
750-KW GAS TURBINE.* 


By G. B. R, Fermpen, M.A., M.I.Mech.E. 


(Continued from page 359.) 


THE first part of this paper dealt with the performance 
and design of the turbine as a whole, It is now pro- 
posed to comment separately on the performances of 
the various components of the machine, dealing first 
with the air-inlet filter. 

During the design stages of this component, very 
little information was available regarding air filtration 
requirements for gas turbines. On the one hand, 
certain gas turbines were reported to have given 
satisfactory performance when running without any 
air-filtration arrangements, while others had shown 
themselves to be particularly prone to loss of efficiency 
resulting from blade fouling. It was decided to follow 
a middle course and provide a fabric filter of the Vokes 
Kompak type. The filter is fitted in a separate com- 
partment adjacent the engine room, and ducted to the 
atmosphere. As will be seen from the photograph 
of this unit reproduced in Fig. 9, on this page, it 
consists of 32 elements arranged on four faces of a 
cubic frame. Each element is individually removable 
for cleaning or inspection, and when the filter medium 
in an element is fouled it may be replaced with new 
material. An idea as to the condition of the filter 
elements can be obtained from the illustration, which 
shows that a ‘considerable amount of dirt has been 
deposited on the outer surface. Nevertheless, after 
1,100 hours operation, the elements still had a sub- 
stantial service life left before replacement. It should 
be added that the gas turbine is operating in a typical 
industrial atmosphere, the air inlet being adjacent to 
a boiler house in which coal-fired steam boilers are 
installed, while factories, a main-line railway and a 
goods yard are in the vicinity. 

An inspection of the plant at the end of the first 
33 hours running disclosed that a number of foreign 
particles had passed through the compressor, causing 
some damage to the leading edges of the blades. 
Examination of the air filter revealed that the fit of 
several filter elements to the filter casing left much 
to be desired, and some quite large gaps existed through 
which foreign matter could enter the clean-air duct. 
To remedy this defect a modified type of filter element 
sealing strip was fitted, and no further trouble has been 
experienced. 

Although a dry-fabric filter will remove all relatively 
large particles of dust from the inlet air, some blade 
fouling does, nevertheless, take place. The photograph 
reproduced in Fig. 10, for example, shows the condi- 
tion of the compressor after 230 hours running, and 
it will be noted that accretions of dirt have formed 
at the leading edges of all stages of the blading. The 
profile of the blading had, however, remained relatively 





* Paper presented before a meeting of the Diesel 
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Fie. 10. Compressor Rotor ON COMPLETION 
oF ENDURANCE Run. 








Fig. 12. Heat-Excuancer Tuses AFTER 
70 Hours SERVICE. 


clean except in the first two or three stages, where 
deposition had been aggravated by lubricating oil 
drawn in from the front bearing of the compressor. 
Notwithstanding the appreciable deposits of dirt on 
the blading, only a relatively small fall in the efficiency 
of the compressor was measured, amounting to slightly 
more than 2 per cent. at full power. In view of a 
number of pessimistic prophecies which have been made 
about the effect of fouling on the blading of axial-flow 
compressors, particularly in small sizes similar to the 
plant under review, this result is regarded as decidedly 
encouraging. 

From the tests carried out so far it appears that, with 
the present design of compressor, dirt builds up on the 
leading edges of the rotor blades to a certain magnitude, 
after which particles are thrown off by centrifugal force. 
The particles pass through the compressor without 
adhering to the blade profiles, which remain nearly 
clean, and it is reasonable to hope that some 5,000 hours, 
or about one year’s running, may be achieved without 
the necessity for cleaning the compressor blading. 
This statement is made on the assumption that no 
leakage of lubricating oil takes place into the com- 
pressor. It has already been found that oil leakage 
may be cured quite effectively by pressurising the 
compressor front bearing oil seal. No attempt has 
been made so far to clean the Ruston compressor by 
injecting kerosene or other cleaning fluids while the 
plant is running, as the performance of the compressor 
has remained satisfactory without this expedient. 
Work in other quarters has shown, however, that the 
performance of an axial compressor may be restored 
very nearly to its original value by passing coarsely 
atomised kerosene through the compressor when it is 
running at a low speed. 

On leaving the air-inlet filter, the air passes to the 
compressor, so it will be logical to deal with this item 
next. The thirteen-stage axial-flow compressor was 
designed to have 50 per cent. reaction blading. Forty- 
nine rotor blades are used in each stage, the blades 
being identical in profile throughout the compressor, 
but shortened in length as the high-pressure stages 
are reached. Similar remarks apply to the design of 
the stator blades between the rotor stages, but special 
stator blades are employed at the inlet and exit of the 
compressor, to allow for the different velocity triangles 
applying at these [points. For the initial tests, com- 
pressor blading made from R.R.56 aluminium alloy 
was fitted. This material was chosen as rapid delivery 
combined with relatively low price could be obtained 
and the profiles of the pressed blades were found to 








have a fair degree of accuracy. It was realised that 
‘the fatigue properties of this aluminium alloy were | 
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inadequate for long life, but the blades have fulfilled 
a useful function in our development programme, and 
withstood over 1,000 hours running before fractures 
were found in two of the twelfth-stage rotor blades. 
Performance measurements on the compressor showed 
that it was giving an efficiency of 84-0 per cent. at full 
power, compared with the design estimate of 82-5 per 
cent. As soon as this fact had been established, orders 
were placed for rotor and stator blades in stainless steel. 
These blades are now fitted to the plant, and are giving 
a very satisfactory performance. 

While discussing the compressor, it may be of interest 
to mention that the noise level from the plant is 
relatively low. With the heat-insulating cover in 
position, normal conversation can be carried out along- 
side the plant without difficulty. The noise from the 
installation may be divided approximately equally 
between mechanical noise from the reduction gear and 
a whistle from the air inlet ; no noise can be detected 
from the low-velocity exhaust duct. Hitherto it has 
not been considered worth while to silence the air intake, 
but experience with other axial-flow compressors 
suggests that there will be no difficulty in further 
reducing the noise level of the set, if a minimum of 
sound is necessary for a particular installation. 

The next item in order of gas flow is the heat ex- 
changer. In this unit, 5,832 tubes in Yorkalnic 
aluminium-bronze-nickel alloy, having an outside 
diameter of }, in. and a bore of } in., are used. The 
tubes are arranged in nine bundles, each of which 
contains 648 tubes 12 ft. long. The high-pressure air 
from the compressor passes through the bore of the 
tubes, while the exhaust gases pass in a counterflow 
direction over the outside. A general impression of 
the construction of the heat exchanger may be obtained 
from the photograph reproduced in Fig. 11. Securing 
the large number of small tubes into their headers 
presented a difficult problem, but after a series of 
tests, silver-brazing was adopted with Easyflo brazing 
material and flux. It was found essential to clean 
both the tube plates and tube ends very thoroughly 
if reliable wetting by the brazing flux and spelter 
was to be obtained. To remove traces of flux after 
brazing, the tube bundle headers were pickled in hot 
acid and subsequently hosed down with water. 

Inspection of the tube bundles on conclusion of the 
first 33 hours running showed that the gas inlet, oT 
hot end, appeared to be in excellent condition, though 
some deposition of gummy carbon had taken place at 
the cold end. This deposit was diagnosed as — 
been caused by partially burned lubricating oil whicl 
had leaked into the gas stream from the turbine _— 
cating system. After this leak had been rectified, the 
tube bundles were replaced in the heat exchanger 
casing without cleaning. Following the resumption 
of running, it was found that the gummy deposit ee 
beginning to flake off as shown in Fig. 12. This a mo 
is of particular interest, as it shows that a tu a 
heat exchanger, even when fitted with quite sm 
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tubes, may have some self-cleaning tendency. A 
further example of this effect arose subsequently when 
modifications to the combustion system were being 
made. With one combustion arrangement, an appre- 
ciable amount of smoke was visible in the exhaust, 
and this reacted upon the heat exchanger by forming 
quite heavy deposits of soft carbon at the gas-outlet 
end, though the gas-inlet end remained free from 
deposits. Notwithstanding the heavy deposition, the 
air-temperature rise in the heat exchanger was scarcely 
affected. In fact, throughout the testing of the gas 
turbine, it has not been possible to detect any variation 
in the thermal ratio of the heat exchanger when 
operating under a given set of conditions. 

During endurance running of the set, a reduction in 
overall performance was noted, and the cause of this 
was not finally established until the plant was examined 
on completion of the endurance run. It was then found 
that serious corrosion had taken place adjacent the 
header-plates at the hot end of the heat exchanger, and 
26 tubes had broken right away from their plates. 
As a result of this failure, a considerable loss of high- 
pressure compressor air had been taking place, and it 
is surprising that the plant had continued to run as 
well as it did. Examination of the fractured tubes in 
the laboratories of the Yorkshire Copper works showed 
that the cause of failure was corrosion from brazing 
flux residues which had not been removed during the 
pickling and washing operations, and had subsequently 
absorbed atmospheric moisture while the plant was 
standing between tests. The question that immedi- 
ately arose was why corrosion had taken place only 
at the hot ends of the tube bundles, as there was no 
reason to believe that the corrosive residues had been 
more effectively removed from the cold ends than from 
the hot ends of the bundles. Further examination 
showed, however, that any residues left on the cold 
ends of the tube bundles, had been “ insulated” from 
atmospheric air by the remains of the gummy oil 
deposits which were formed during the first 33 hours 
of running. It is concluded that these deposits sealed 
the brazing flux residues from contact with atmospheric 
moisture, and thus prevented the residues from 
deliquescing and becoming chemically active. The 
tube bundles have now been repaired by cutting off 
the corroded tube ends, refitting the header assemblies, 
and securing the tubes in place by a very small roller 
expander. Apart from the difficulty with corrosion, 
however, the heat exchanger has given a good account 
of itself, and it is felt that this type of construction, 
though admittedly bulky, is one which may be expected 
to give long life and satisfactory recuperation in gas 
turbines, 

The combustion system is, logically, the next part 
of the turbine to refer to in detail. During the early 
design Stages of this plant, little experience existed in 
Great Britain on combustion systems for industrial gas 
turbines. A considerable fund of experience, however, 
was available on aircraft gas-turbine combustion 
a and Messrs. Joseph Lucas used their know- 
a this field when designing the twin combustion 
a er arrangement. Combustion designers at that 

were cautious about undertaking to burn the 
complete quantity of fuel in a single chamber, as the 
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total heat release involved was appreciably higher than 
had hitherto been achieved in metal-walled combus- 
tion chambers. In addition, scale effects were uncer- 
tain, and large scale pressure testing facilities were not 
readily available. For this reason, the twin combus- 
tion chamber arrangement was adopted in which 
each passed 10 Ib. of air per second. The design of 
flame tube was so arranged that the separate sections 
are kinematically supported to allow for the wide 
temperature variations which exist in the chamber 
between its hot and cold conditions. Moreover, the 
use of separate sections of flame tube wall permits 
replacement of any section should oxidation or any 
other factor render this necessary. The combustion 
chambers were given a high pressure rig test before 
being fitted to the plant, which simulated as closely 
as possible the conditions which would apply on the 
turbine when running at full power. The performance 
of the combustion equipment during this test was 
encouraging, the flame barely reaching the end of the 
flame tube, and the flame-tube wall not reaching an 
excessive temperature in spite of the fact that the air 
supply was pre-heated-to a temperature equivalent to 
that obtaining at the outlet of the heat exchanger. 
When tested on the turbine, however, the perform- 
ance of the combustion chambers did not entirely 
reproduce the results obtained on the test rig in spite 
of uniform air inlet conditions. The most marked 
difference was in the wall temperature of the flame 
tube, the section nearest the fuel atomiser glowing at 
bright cherry-red heat. Some 70 hours running was 
carried out with the combustion chambers in their 
original form, and this included a test of the plant 
up to full power on the water brake. At the end of 
this period, it was considered desirable to effect some 
slight modifications in the air flow through the com- 
bustion chamber, with the objects of shortening the 
flame and reducing the wall temperature in the primary- 
combustion zone. The initial modifications consisted 
of fitting fuel atomisers having a narrower spray angle, 
slightly modifying the air flow through the primary 
swirler, and fitting three film-cooling bands to each 
flame tube. While these modifications were successful 
in reducing the wall temperature of the flame tube, 
the quality of combustion was seriously impaired. 
Whereas the turbine exhaust had been perfectly clear 
under all conditions, a noticeable tendency to smokiness 
was now visible when the plant was developing a power 
in excess of one quarter full load. A consequence of 
this smoky combustion was the deposition of soft 
carbon at the outlet end of the heat exchanger, to 
which reference has already been made. More serious 
was the formation of hard carbon in the neighbourhood 
of the fuel atomiser. Fig. 13, on this page, illus- 
trates this carbon formation in the primary zone, which, 
in the original form of the combustion chamber, 
had remained free from any deposit. On examination 
of the blades of the compressor-driving turbine after 
running with these modifications to the combustion 
system, it was found that some lumps of hard carbon 
were lodged in the first stage of the stator vanes, while 
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of the damaged blades is reproduced in Fig. 14. Once 
this damage had been discovered, it became evident 
that further improvement to the combustion chamber 
was essential. 

After a series of trials, satisfactory results were 
obtained by blanking-off one row of air-admission 
holes in the tertiary zone, and fitting an annular 
washer to blank-off the outside diameter of the swirler ; 
the washer is shown in position in Fig. 15. This 
modification had the effect of somewhat reducing 
the violence of the reverse flow in the centre of the 
swirler and thereby reducing the re-circulation of 
burning oil droplets on to the swirler vanes, which 
had previously been responsible for the build-up of 
hard carbon adjacent to the atomiser. Fig. 15 shows 
the appearance of the combustion chamber “ hot end ” 
on completion of 1,030 hours running and it will be 
noted that there is only a light dusting of carbon on 
the fuel-atomiser head. This appearance should be 
obtainable in any properly designed gas turbine com- 
bustion system, even when burning residual fuel oils, 
but the consequences of a maladjusted combustion 
system can be clearly seen in the damage to the turbine 
rotor blades which we experienced in our own tests. 

In addition to the difficulties which arose in obtain- 
ing satisfactory combustion in the individual chambers, 
we had considerable trouble in reaching approximate 
equality in the outlet temperatures of the two chambers. 
This was due to differences in the output of the two 
fuel atomisers which developed as a result of partial 
blockage of the fuel passages by particles of cracked 
fuel. On starting up with a clean pair of atomisers, 
the outlet temperatures of the two chambers were 
equal within a few degrees, and would remain so 
throughout the following run. On shutting down, 
however, heat soaked into the atomiser heads and 
caused the fuel cracking just referred to. 

Various expedients were tried to overcome this 
difficulty, including blowing air through the atomisers 
after shutting down, and mounting the atomisers with 
their fuel-inlet connections horizontal instead of verti- 
cal. The latter expedient produced some improvement, 
but it was still necessary to clean the atomisers at 
intervals if a large spread in the outlet temperatures of 
the two chambers was to be avoided. It became 
evident that the difficulty was fundamental to the 
type of ‘‘ fully immersed ”’ atomiser used in the present 
design and a positive remedy was, therefore, sought. 
The solution was provided by the use of a spill-control 
atomiser, developed for us by the Shell Petroleum 
Company, in which the orifice is positively shut off 
by means of an internal needle valve whenever the 
difference between the fuel-inlet and spill pressures 
falls below a pre-set value. The closing of the orifice 
enables fuel to be continuously re-circulated without 
any fuel escaping from the orifice, until the atomiser’s 
surroundings have cooled to a temperature below the 
cracking point. After some adjustment to the setting 
of the pressure at which the valves closed, these burners 
gave satisfactory service, the outlet temperatures of 
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atomiser has an additional advantage in a gas turbine 
burning heavy fuels, as all parts of the fuel system 
may be warmed up to the desired temperature before 
the plant is started. It is hoped that this will render 
unnecessary systems in which a light fuel is used when 
starting and stopping. 

As a result of the trouble experienced in matching 
the twin combustion chambers on the prototype tur- 
bine, it has been decided to fit a single combustion 
chamber to all future plants. Since 1946, when the 
present design was settled, much progress has been 
made in the design of combustion chambers for indus- 
trial gas turbines and there is now no difficulty in 
designing a satisfactory single combustion chamber to 
handle the full air and fuel quantities of a gas turbine 
of 1,000-kW output, or even considerably higher. 

On completion of the endurance test, examination 
showed that there had been negligible loss of metal 
by oxidation, and that the sheet-metal work was in 
good condition. Some slight buckling was observed 
in the hottest section of the flame-tube wall, and some 
cracks had developed in the welds which secure the 
supporting bosses to the flame-tube walls. Neverthe- 
less, the writer considers that these defects may be 
regarded as relatively unimportant, as they can easily 
be avoided by introducing additional mechanical 
flexibility into the design. Steps have also been 
taken further to reduce the flame-tube wall tempera- 
ture, which have the effect of lessening thermal fatigue 
effects as well as of reducing scaling and expansion 
difficulties. 

(To be continued.) 





ELECTRIFICATION OF RAILWAYS 
IN GREAT BRITAIN.* 


Wiru the rapidly-increasing use of electricity for all 
purposes at the present time, it is inevitable that 
attention should be directed to the extension of electri- 
fication on British Railways. The economic and operat- 
ing advantages of electric traction have long been 
recognised ; and in a number of countries a progressive 
policy of conversion from steam to electric operation 
has been pursued, with the result that electricity is 


TABLE I.—Mileage Statistics: Railway and London 
Transport Eecutives, December 31, 1949. 











Single-Track Miles. 
Route — —_———— — 
‘ Miles, R 7 | 

-y = Sidings. | Total. 
Not electrified . 18,635 34,273 15,620 49,893 
Electrified F 1,118 2,608 267 2,875 

Electrification , 
proceeding 75 228 90 318 








TABLE Il.—Rolling Stock ,(Hxcluding Service Vehicles), 
Railway and London Transport Executives, December 31, 





technical basis. Accordingly, in the light of accumu- 
lated experience, recent technical advances and pro- 
bable traffic developments, the Committee has re- 
viewed the regulations prescribed by the Railways 
(Standardisation of Electrification) Order, 1932, in 
accordance with the recommendations of the Railway 
Electrification Committee (1927),* commonly known 
as the Pringle Committee. 

The Pringle Committee recommended the use of 
direct-current at a maximum pressure of either 1,500 
or 750 volts at the substation ’bus-bars, provided that 
application might be made for approval to use a 
voltage of 3,000 volts in special circumstances. All 





TABLE III.—Train Miles, Wagon Miles and Net Ton- 
miles (Freight), Railway Executive Lines, 1948. 























| 
Coaching a 
Train Miles, Freight | 
Loaded and Train "ag ' 
: maine Miles, Miles, Net Ton- 
Region. Ply. Loaded | Loaded miles 
and e — (Freight). 
i RK , Impty. | 
Steam. | Electric. maapey. . ’ 
000's. | 000’s. 000’s. 000’s. 000’s. 
London 
Midland | 55,979 | 5,748 45,789 1,633,518 7,882,081 
Western. .| 38,021 —_— 23,443 779,33 3,847,987 
Southern 19,583 | 36,441 7,082 209,667 865,351 
Eastern ..| 33,200 394 25,674 918,964 4,418,360 
North 
Eastern | 13,496 | 1,301 14,281 440,512 1,942,172 
Scottish 23,965 —_— 21,175 573,826 2,500,891 
Total . .| 184,244 | 43,884 137,444 4,555,818 | 21,456,842 











TABLE [V.—Traffic Density ; British Railways, 1949. 




















Single- 
Track 
Traffic Density. Route | Percen- | Mileage | Percen- 
Mileage.| tage. (Run- tage. 
ning 
Lines). 
Trailing ton-miles per 
annum per mile of 
single-track running 
line— 
More than 5 million 3,000 16-3 9,000 26-5 
More than 4 million, but 
less than 5 million 1,000 5-4 2,500 7°5 
More than 3 million but 
less than 4 million ..| 1,500 8-1 3,200 9-4 
More than 2 million but 
less than 3 million ..} 1,500 8-1 2,800 8-1 
Less than 2 million .| 11,500 62-1 16,500 48°5 
18,500 | 100-0 | 34,000 | 100-0 





Direct Current. 


The case for electrification, where no substantial 
stimulation of traffic can be anticipated, is dependent 
on traffic density. It is estimated that the average 
traffic density on all lines in the six regions was about 
2,600,000 trailing ton-miles per annum in 1948, com- 
pared with 3,000,000 trailing ton-miles on the basis 
of conditions prevailing in 1929. Table IV represents 
reasonable approximations of the distribution of 
traffic density on lines that are not already electrified 
or in course of electrification. The geographical distri- 
bution of these traffic densities is shown on the map 
reproduced in Fig. 1, opposite. 

The following is a brief summary of the main elec- 
trified lines in operation (excluding the electrified 
system of the London Transport Executive) : Southern 
Region: From the London termini to Gillingham 
(Kent), Maidstone, Sevenoaks, Hastings, Eastbourne, 
Seaford, Newhaven, Brighton, Littlehampton, Bognor. 
Portsmouth, Alton, Windsor and Reading; route 
mileage, including suburban lines, 720; system, 660 
volts, direct-current, third rail. London Midland 
Region: Euston/Broad Street to Watford, Croxley 
Green, Rickmansworth and South Acton (Kew Bridge), 
service partly provided by London Transport trains ; 
route mileage, 38; system, 630 volts, direct-current, 
fourth rail. Liverpool to Southport and Ormskirk ; 
route mileage, 37}; system, 630 volts, direct-current, 
third-rail. Liverpool Central to Rock Ferry and Bir- 
kenhead Park; route mileage, 5; system, 650 volts, 
direct-current, fourth rail, earthed negative. Birken- 
head Park to New Brighton and West Kirby ; route 
mileage, 10}; system, 650 volts, direct-current, third 
rail. Manchester (Victoria) to Bury and Holcombe 
Brook ; route mileage, 14; system, 1,200 volts, direct- 
current, third rail. Manchester (London Road) to 
Altrincham ; route mileage, 8}; system, 1,500 volts, 
direct-current, overhead line. Lancaster to Morecambe 
and Heysham ; route mileage, 9} ; system, 6,600 volts, 
25-cycle single-phase alternating current, overhead line. 
North Eastern Region: Newcastle to South Shields, 
Whitley Bay and Gosforth; route mileage, 42; 
system, 630 volts, direct-current, third rail. Hastern 
Region: Liverpool Street/Fenchurch Street to Shen- 
field ; route mileage, 23; system, 1,500 volts, direct- 
current, overhead line. (Section between Fenchurch 
Street and Bow Junc. not operating electrically.) 
Manchester to Sheffield and Wath under construction : 
route mileage, 75; system, 1,500 volts, direct-current, 
overhead line. Bromley (Campbell Road Junc.) to 
Upminster; service wholly provided by London 
Transport trains; route mileage, 12}; system, 630 
volts, direct-current, fourth rail. Western Region: 
Paddington to Westbourne Park and North Pole June. 





TABLE V.—APPROXIMATE MILEAGE OF RAILWAY ELECTRIFICATION IN ALL COUNTRIES ON DIFFERING 
SYSTEMS AND VOLTAGES. 
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the motive power for a large proportion of the total 
traffic. For various reasons the growth of railway 
electrification in Great Britain has been comparatively 
slow. There have been, however, striking develop- 
ments in the Southern Region and on the London 
Transport railways. Very little has, however, been 
done to convert the main lines which carry the heaviest 
traffics, although a start has been made on the line 
between Manchester, Sheffield and Wath, one of the 
most heavily loaded sections of the British Railways. 

On the whole, conditions are not less favourable to 
electrification now than they were at the time of the 
publication of the report of the Committee on Main 
Line Railway Electrification (1931), known as the Weir 
Report.t In certain respects they may indeed be 
considered more favourable and there is good reason 
to believe that changing conditions will, in future, 
accentuate the advantages of electrification. It is 
reasonable therefore to look forward to a considerable 
conversion from steam to electric traction during the 
next quarter century ; and it is of the first importance 
that such a programme should proceed on the best 





* Extracted from Electrification of Railways : Report 
of a Committee appointed by the Reilway Executive and the 
London Transport Executive. British Transport Commis- 
sion, 5, Petty France, London, S.W.1. [Price 7s. 6d. net.) 

t See ENGINEERING, vol. 131, page 577 (1931). 


motors for either systems were to be capable of operat- 
ing satisfactorily on both the higher or lower voltages. 
Generation was to be on the three-phase 50-cycle 
alternating-current system. The method of collection 
was to be overhead with uninsulated return by the 
running rails for the higher voltage (third-rail collection 
would be allowed in special cases), and third rail with 
uninsulated return by the running rails for the lower 
voltage, provided that a fourth insulated rail might be 
permitted for tube lines. The’ method of contact 
was to be under contact with overhead conductor for 
the higher voltage and top contact with rail conductor 
for the lower voltage. All electric locomotives were 
to be constructed within one or other of two specified 
loading gauges and those intended for inter-running 
were to be equipped with both bow and rail collectors. 
The standardisation of the positions, dimensions, etc., 
of the third-rail and overhead equipment was recom- 
mended and suggestions were made for preventing 
electrolysis and inductive interference. Table I gives 
the route and single-track miles of the lines for which 
the Railway Executive and London Transport Execu- 
tive are responsible and shows the mileages of lines not 
electrified, electrified and on which electrification is 
proceeding. Table II gives particulars of the rolling 
stock. Table III shows the volume of coaching and 
freight traffic operated in the six regions (i.e., excluding 
London Transport) during 1948. 











* Ibid., vol. 126, page 621 (1928). 


to Earl’s Court Junc.; service between Paddington 
and Westbourne Park provided by London Transport 
trains; route mileage, 34; system, 630 volts, direct- 
current, fourth rail. With regard to the Eastern 
Region, the first line provides essentially for suburban 
passenger traffic, and the second for heavy goods and 
mineral as well as passenger traffic. It should be noted 
that the line from Liverpool Street to Shenfield is also 
part of the main-line route to the Eastern Counties ; 
for the time being the main-line trains will continue 
to be worked over the electrified section by steam 
locomotives. The line from Manchester to Sheffield 
and Wath is part of the through routes from Manchester 
tc London (Marylebone), Doncaster and Grimsby. _ 
These lines have a total route mileage of 9994 miles 
and 2,664 miles of single track. In the Southern 
Region there are 1,636 motor and 1,653 trailer coaches 
in operation; in the London Midland Region, 296 
motor and 490 trailer coaches ; in the North Eastern 
Region, 84 motor and 88 trailer coaches ; and in the 
Eastern Region 92 motor and 184 trailer coaches (with 
an additional eight motor and 16 trailer coaches for 
the Manchester-Sheffield line under construction). _ 
The primary justification for railway electrification 
is economic; that is, there must be 4 reasonable 
expectation that the saving in operating costs OF 
an increase in revenue will be sufficient to meet the 
additional annual charges on the heavy initial capital 





expenditure. Availability of coal or an abundance of 
water power; increased line and terminal capacity ; 
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greater flexibility and improved working of suburban 
services with multiple-unit trains; amelioration of 
conditions in long tunnels ; improvements in working 
on heavy gradients; advantages in reversibility of 
locomotives, availability of motive power with little 
preparation, and smoke abatement, have all been 
factors in the electrification of railways in other parts 
of the world. A no less important economic factor has 
been the increased revenue which has followed the 
introduction of a faster, cleaner, more frequent and 
more regular passenger service. A recent example of 
this in the London area is afforded by the projection of 
the Northern Line electric services of London Transport 
over the steam-worked branches of the former London 
and North Eastern Railway to High Barnet and Mill 
Hill East. In this case the annual number of originat- 
ing journeys rose from 3} millions in 1934 (before 
electrification) to over 12 millions in 1947. An example 
abroad is the electrification of the Copenhagen suburban 
lines, where the population virtually doubled in the 


suburban territory served, while the total number of 
journeys increased from 64 millions in the year 1928-29, 
| prior to electrification, to 46 millions in the year 1946-47, 
On the former Southern Railway in this country, the 
electric services have led over the years to a marked 
outward movement of population from London in 
that railway’s territory, and have stimulated a very 
considerable growth in travel for recreation and 
shopping. Further, the extensive electrification beyond 
suburban limits in recent years has also been accom- 
panied by notable increases in traffic. For instance, 
on the Gillingham-Maidstone lines, electrified in July, 
1939, the total number of passenger journeys rose from 
43 millions in 1938 to 8} millions in 1947, while on the 
Reading-Camberley lines, converted in January, 1939, 
the corresponding figures were 14 millions in 1938 and 
4? millions in 1947. Again, on the Portsmouth main 
line via Guildford; electrified in July, 1937, the total 
number of passenger journeys increased from 3 millions 





in 1947; on the Portsmouth line via Horsham and 
associated routes, electrified in July, 1938, the total 
number of passenger journeys amounted, in 1947, to 
84 millions, compared with 3} millions in the twelve 
months ended June, 1938. 

Interest and renewal charges, in so far as they are 
based on the cost of the line equipment, sub-stations 
and transmission lines, are in general independent of 
the traffic density. Economic justification for electrifi- 
cation must therefore be sought in a reduction of 
working expenses or an increase in revenue, or both 
in conjunction, more than sufficient to meet the 
additional fixed charges. So far as main-line, as 
distinct from suburban, electrification is concerned. 
the economic justification depends to a considerable 
extent on a reduction in working expenses, as the 
scope for increased revenue is necessarily limited. The 
basic factor is the traffic density, and it should be 
theoretically possible to arrive at a critical figure of 
density for which the anticipated savings balance the 
additional fixed charges. Thus, for example, a critical 
figure of 2,300,000 trailing ton-miles per annum per 
mile of single-track running line is given in Appendix II 
to the Weir Report, based on certain assumptions and 
on estimates and calculations prepared for the year 
1929. In practice, such a theoretically-determined 
critical figure cannot be rigidly applied to any one 
selected main line since, for reasons of practical and 
economic operation, certain secondary lines must 
necessarily be included in any scheme of electrification. 
Present-day conditions, particularly as regards cost 
of plant and equipment, price of coal and the level of 
wages, are very different from those ruling in 1930, 
and, though the changes tend to offset one another, the 
figure of 2,300,000 cannot now be accepted without 
examination. 

Revised estimates and calculations based on up-to- 
date prices and rates of pay indicate that the minimum 
figure for British Railways lies between three and four 
million trailing ton-miles per annum per mile of single- 
track running line. These figures are quoted with the 
qualifications that no allowance has been made for 
electric shunting in marshalling yards or coaching- 
stock depots ; the critical figure depends to some extent 
on the proportions of passenger and freight traffic ; 
local conditions may affect the cost of the fixed 
| installation, particularly the expenditure on civil 
engineering works and the arrangements for taking a 
supply from the grid; no account has been taken of 
special traffic conditions, particularly inter-running 
with adjacent non-electrified sections ; and that electri- 
fication at a lower figure than this criterion may, how- 
ever, be justified if the further extension of a route 
already worked electrically enables steam traction over 
existing electrified lines to be eliminated. The limits 
mentioned above can therefore be regarded only as a 
broad indication to be taken in conjunction with the 
approximate analysis of traffic density given in Tables 
III and IV, and Fig. 1. No similar criterion can be 
suggested for suburban electrification, the economic 
justification for which must be related mainly to the 
possibility of a substantial increase in net revenue. It 
may well be, however, that the traffic on a main-line 
section which it is proposed to electrify will include a 
proportion of suburban passenger trains in addition to 
the long-distance passenger and freight trains. 

A forecast of future conditions shows that the 
number of long-distance day expresses may be expected 
to increase to meet the public demand for more frequent 
and faster services. The result is likely to be a reduc- 
tion in the amount of seating required per train, 
and therefore in the weight of the trains. In many 
cases the reduction may be as much as 30 per cent. 
Sustained speeds of some 80 m.p.h. on suitable stretches 
of track are to be expected. It is anticipated that 
many local branch lines will be closed to passenger 





traffic, road services having been re-organised to link 
up country districts with main-line stations. Pleasure 
| ened fostered by cheap excursion fares, may call 
for a considerable increase in special passenger train 
mileage. Suburban passenger traffic is expected to 
increase in volume where electric traction has super- 
| seded steam operation. Further, town planning will 
influence the volume and direction of the traffic flows 
on some of the routes into London and the larger cities. 
The continued demand for faster outer-suburban 
services will doubtless be met on some routes by electrifi- 
cation, and on others by improved track and signalling 
facilities. 

So far as goods services are concerned, the pressure 
from trade and industry for next-day deliveries is 
likely to result in a much higher proportion of freight 
trains being partially, or completely, fitted with 
automatic brakes, and the setting up of zonal collection 
and delivery centres may also call for the introduction 
of additional booked freight services of fitted trains. 
In the interests of quicker transit, higher running 
speeds and more through loading to destination (or 





in the twelve months ended June, 1937, to 7} millions 


zonal centre), designed to eliminate transhipment and 
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loss of time at intermediate marshalling yards, appear 
to be natural developments. These changes would 
lead to an appreciable reduction in the size and weight 
of merchandise trains, and it may well be that train 
loads of 35 wagons will replace many of the 50-wagon 
trains, with a corresponding increase in the number 
of trains required. The anticipated increase in speed 
and numbers of passenger and goods services must 
accentuate the difficulties of allocating paths for slow- 
moving heavily-loaded coal trains, except on those 
routes which are equipped with multiple running lines. 
It may be expected that these conditions will be met 
by speeding up the latter class of train at the expense 
of some reduction in load. The limit under these 
conditions, varying on the different routes, may be 
in the neighbourhood of 850 tons, although, on lines 
provided with multiple-tracks, trains from 1,000 to 
1,100 tons may still be operated. The probable condem- 
nation during the next few years of a large number of 
wagons fitted with grease-lubricated axleboxes, and 
the relegation of those remaining in service to local 
workings or internal use in works and yards, should 
make for some future increase in the speed of coal 
trains. In addition, there may be a tendency to 
introduce on the long-distance runs a service of express, 
partially-fitted, coal trains; but this is conditional 
upon the adoption of the policy of fitting coal wagons 
with automatic brakes. The provision of a certain 
number of fitted wagons next to the engine would, 
nevertheless, overcome the principal obstacle to faster 
movement with heavily-loaded trains. Experience 
may show that traffic generally can be moved with 
greater expedition only by securing a greater degree 
of uniformity in freight-train speeds. 

From this appreciation of the probable trend of 
future operating conditions on British Railways, it 
can be inferred that no electric locomotive with a 
capacity of more than about 3,500 h.p. is likely to be 
required. It may be noted here that locomotives of 
this power might give rise to difficulties both in design 
and operation with a 750-volt conductor rail system. 
The French National Railways have, however, experi- 
enced no difficulty with locomotives of even greater 
power on their 1,500-volt overhead-line system. 

Table V, on page 386, shows the extent to which the 
basic systems of railway electrification are in use 
throughout the world. These figures exclude urban 
systems, such as London Transport and associated lines, 
underground and elevated lines in New York, Chicago, 
Paris, Berlin, Moscow, etc. It will be seen that the 
extent of electrification on the low-voltage direct- 
current and three-phase alternating-current systems is 
comparatively small and that the mileage using higher- 
voltage direct-current is about the same as that 
employing single-phase alternating current. 

After discussing certain features of the direct-current 
and single-phase alternating-current systems in relation 
to the design of motors, siting of signals and spacing 
of substations, it is pointed out in the report that since 
1928 there have been no outstanding advances in the 
principles of design and construction of electric traction 
plant. Certain developments have, it is true, taken 
place, but these are not such as to have any material 
bearing on the recommendations of the Pringle Com- 
mittee. Of these advances, perhaps the most important 
is the development of the mercury-are rectifier as its 
use has effected a marked reduction in first cost and 
an increase in conversion efficiency at 3,000 volts from 
85 to 95 per cent. Its employment has now been 
extended experimentally to the single-phase system of 
electrification, while by mounting it on the locomotives 
direct-current can be used to supply the motors. 
Another development is the flywheel locomotive, which 
enables gaps in the third rail to be bridged, although its 
application to the haulage of heavy mineral trains on 
steep gradients over track layout with lengthy gaps is 
doubtful. 

Considerable improvements have also been made 
in the design of low-frequency commutator motors, 
while experiments have been conducted, both in 
Germany and France, on the use of single-phase 
50-cycle alternating current for traction purposes. 
Other recent developments include improvements in 
the design of the auxiliary equipment and of the trac- 
tion motors, and the !atter has resulted in a higher 
power output per unit weight of material. Mainten- 
ance costs have also been reduced by the use of better 
insulation methods and materials. Direct-current 
motors can now be designed with a wide range of speed 
and power variation by field control, while several 
forms of rotating direct-current voltage transformers, 
taking current from the line and delivering current at 
a variable voltage to the motors, have been put into 
service. These replace the usual resistor control and 
provide for regenerative braking. 

As regards future lines of development, higher direct- 
current voltages have been considered and up to 
6,000 volts would present no new problems as far as 
the overhead line is concerned. Difficulties would, 





however, arise in designing the track-feeder circuit 
breakers and the disturbance in parallel communication 
circuits due to faults would tend to be greater if the 
distances between the substations were increased. 
The design of the electrical equipment for the loco- 
motives and motor coaches would become more difficult 
and the Committee therefore considers it unnecessary 
in deciding on the system for future electrification to 
take into account the possibility of utilising direct- 
current at any voltage above 3,000. An analysis of 
the position in other countries indicates that in recent 
years the direct-current system at this voltage has been 
widely adopted for new schemes of railway electrifica- 
tion, and some conversions to this system have also 
been carried out or are impending. 
(To be continued.) 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Wooden Containers and Sealing Tapes.—Revisions 
of two sections of the British Standard Packaging 
Code, originally issued in 1943, have now been published. 
They are Section 8, which relates to wooden containers, 
and Section 14, concerning adhesive closing and sealing 
tapes. Section 8 covers all types of sawn-wood and 
plywood cases and boxes, casks, barrels and crates. 
It also includes a section on closures for returnable 
cases. Useful features are the inclusion of a chart to 
assist in calculating various details of skids for large 
framed cases and a graph showing the sizes of nails 
to be used. Section 14 covers gummed-paper and 
gummed-cambric tapes and self-adhesive cloth, proofed- 
fabric, coated-film and paper closing and sealing tapes. 
Clauses setting out tensile strengths, adhesive properties 
and other characteristics of the tapes are included. 
[Price of Section 8, 10s. 6d., and of Section 14, 3s., 
both postage included.] 


Steel Drums.—Since the Institution issued the first 
specification for mild-steel drums in 1936, developments 
have taken place in the industry and a new programme 
of standardisation for drums has been embarked upon. 
The first two specifications of the new series have 
now been issued, consisting of B.S. No. 1702, concerning 
heavy-duty mild-steel drums with fixed ends, and 
B.S. No. 814, covering light-duty mild-steel drums with 
fixedends. B.S. No. 1702 supersedes B.S. No. 670-1936 
and No. 829-1939, while the present B.S. No. 814 is a 
revision of B.S. No. 814-1938. The latter concerned 
only drums for lubricating oils, but the new edition 
has been extended to cover light-duty drums for 
general use. Both specifications stipulate the quality 
and gauge of metal to be employed and give details 
of construction, dimensions, closures, testing and mark- 
ing. [Price of each specification, 2s., postage included.] 


Sizes of Tins for Paints and Varnishes.—Legislation 
introduced during the war of 1939-45 limited the 
sizes of tins which could be used in the United Kingdom 
for many products. The paint industry found that 
such limitation had many advantages in practice and, 
we understand, is anxious not to revert to the pre-war 
situation in which almost every paint manufacturer 
used different sizes of small tins. The Institution, at 
the request of the paint industry, has issued a specifica- 
tion, B.S. No. 1262: Part 2, which lays down the 
diameters of round lever-lid tins, tapered-top tins 
and flat-top tins, in sizes between }-pint and 1-gallon 
nominal capacity. The diameters and _ capacities 
stipulated allow adequate ullage in relation to the 
nominal capacity. The height of the tins is not speci- 
fied because the fundamental differences in the designs 
of lever rings and caps made by different manufacturers 
results in different depths of closure. [Price 2s., 
postage included. ] 

Graphical Symbols for Instrumentation.—A new speci- 
fication, B.S. No. 1646, covers graphical symbols for 
instrumentation. The system of instrument symbols 
described provides a means of graphical representation 
suitable for use on any engineering or process-line 
diagram. It is also suitable for use in engineering and 
industrial reports and in plant arrangement and layout 
drawings. The symbols, it is pointed out, are not 
primarily intended for use in electrical wiring diagrams, 
neither are they intended to detail any particular type of 
instrument or control. The system has been made as 
simple as possible to enable any combination of instru- 
ments or control equipment to be shown in relation 
to the units of the plant with which they are associated. 
It is designed to be flexible so that alterations of instru- 
mentation at successive stages of design may be readily 
shown on a line diagram in such detail as the system 
permits. [Price 2s. 6d., postage included.] 





TRADE PUBLICATIONS. 


Air Brush.—A detailed illustration and operating 
instructions for the latest air brush, type N.S.A., are 
given in a leaflet published by the Aerograph Co., Ltd., 
Lower Sydenham, London, 8.E.26, which also includes 
particulars of their foot pump, air compressors and 
pressure-regulating tank for use with the air brush. 

Wattmeters, Frequency and Power Factor Meters.— 
Leaflets recently received from the Record Electrical 
Co., Ltd., Broadheath, Altrincham, Cheshire, deal with 
induction and dynamometer wattmeters, as well as 
with frequency and power-factor meters. Another leafiet 
describes the instrument switches designed by the firm. 


Socket-Head Screws.—The Unbrako Socket Screw Co., 
Ltd., Burnaby-road, Coventry, have issued a catalogue 
of their socket-head screws, which are made of heat- 
treated nickel-chromium alloy steels. The dimensions 
and prices of a wide range of screws of this type are given, 
as well as notes on their manufacture, advantages, 
applications, etc. 


Electric Lifis.—Marryat & Scott, Ltd., Wellington- 
road South, Hounslow, have sent us a well-illustrated 
catalogue dealing with the lifts manufactured by them. 
The constructional details and operation are fully 
described and some useful information is given about 
the cost of operation and the methods of dealing with 
various types of breakdown. 

Slide Rules and Calculators.—Kosine, Ltd., 104, High 
Holborn, London, W.C.1, have issued illustrated lists of 
their mathematical slide rules and specialised calculating 
instruments and rules for timber and plywood; weights 
and dimensions of steel flats, sections, and sheets; bolts, 
nuts and screw threads ; cutting speeds, revolutions, etc., 
of machine tools ; oxy-acetylene welding, and electric-are 
welding, etc. 

Thickness Gauge and Dosemeter.—The Baldwin Instru- 
ment Co., Ltd., Dartford, Kent, have sent us leaflets 
relating to two instruments recently produced by them. 
The first is an ‘‘ Atomat” radiation thickness gauge 
which measures by the aid of beta radiation the weight 
per unit area of a material passed through it. The 
second is a portable sub-standard X-ray dosemeter which 
is operated by dry batteries. It consists essentially of a 
small ionisation chamber and a valve electrometer which 
is used to measure the ionisation current. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “ FENGNING.”—Single-screw cargo vessel, with 
accommodation for seven passengers, built and engined 
by William Gray & Co., Ltd., West Hartlepool, for the 
far eastern services of the China Navigation Co., Ltd., 
London, E.C.3. Second vessel of an order for two. 
Main dimensions: 310 ft. between perpendiculars by 
47 ft. by 27 ft. 6 in. to upper deck ; deadweight capacity, 
3,200 tons on a draught of 18 ft.6in. Triple-expansion 
steam engines and two oil-fired boilers to develop 1,970 
ih.p. at 96 r.p.m. Service speed, 12 knots. Trial trip, 
February 19. 

M.S. ‘‘ WANDERER.”’—Single-screw cargo vessel, built 
and engined by William Doxford and Sons, Ltd., Sunder- 
land, for Thos. and Jas. Harrison, Ltd., Liverpool. 
Third vessel of an order for four. Main dimensions: 
460 ft. overall by 59 ft. 6 in. by 37 ft. 8 in.; deadweight 
capacity, about 10,000 tons on a draught of 26 ft. 6 in. 
Doxford four-cylinder opposed-piston oil engine, to 
develop 3,300 b.h.p. at 108 r.p.m. Service speed, 
about 124 knots. Launch, February 21. 

M.S. “‘ BERNARD HANSSEN.”’—Single-screw oil tanker, 
built and engined by William Gray & Co., Ltd., West 
Hartlepool, for Skibsaktieselskapet Athos (Managers: 
Bernhard Hanssen & Co.), Flekkefjord, Norway. Main 
dimensions : 470 ft. between perpendiculars by 62 ft. 6 in. 
by 35 ft. 6 in.; deadweight capacity, about 12,500 tons 
on a mean draught of 28 ft. Two Gray-Polar six-cylinder 
oil engines coupled to a single shaft through Vulcan 
hydraulic clutches and reduction gearing supplied by 
David Brown & Sons (Huddersfield), Ltd., Huddersfield, 
with total output at propeller shafting of 4,380 b.h.p. at 
110 r.p.m. Speed, 134 knots. Launch, February 22. 

M.S. “ BRITISH WARRIOR.”—Single-screw oil tanker, 
built by Joseph L. Thompson & Sons, Ltd., Sunderland, 
for the British Tanker Co., Ltd., London, E.C.2. Main 
dimensions: 430 ft. overall by 56 ft. by 30 ft. 1 in.; 
deadweight capacity, 8,400 tons on a draught of 25 ft. 
Three-cylinder opposed-piston reversible oil engine, t0 
develop 2,500 b.h.p. at 108 r.p.m., constructed by 
William Doxford & Sons, Ltd., Sunderland. Service 
speed, 11 knots. Launch, February 22. 

S.S. “ CANADA.”—Single-screw tug, built by Cochrane 
& Sons, Ltd., Selby, Yorkshire, for Alexandra Towitg 
Co., Ltd., Liverpool. Main dimensions: 99 ft. between 
perpendiculars by 26 ft. 6 in. by 13 ft.; gross tonnage, 
230. Triple-expansion engines, to develop 1,000 i.h.D., 
constructed and installed by Chas. D. Holmes & ©o., 
Ltd., Hull. Launch, February 23. 
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PEAT-FIRED POWER 
STATION AT 
PORTARLINGTON, EIRE. 


TueE supply of electricity in Eire is controlled by 
the Electricity Supply Board, which operates water 
power stations at Ardnacrusha* (85-5 MW) on the 
River Shannon and at Pollaphuca (30 MW), Golden 
Falls (4 MW) and Leixlip (4 MW) on the River 
Liffey. It also operates thermal stations at Pigeon 
House, Dublin (95 MW), Portarlington (25 MW), 
North Wall, Dublin (12-5 MW) and Cork (5 MW), 
the first and fourth of these being fired by coal, 
the third by oil, and the second by peat. In addi- 
tion, water power stations are under construction 
at Cliff (10 MW) and Cathaleen’s Fall (45 MW) on 
the River Erne, and at Carrigadroid (8 MW) and 
Innissurra (20 MW) on the River Lee. Two further 
peat-fired stations are in course of erection at 
Allenwood, in County Kildare (40 MW), and at 





many Irish country districts. Hand-winning is still 
largely practised and for organised projects the bog 
is first drained by digging main trenches 6 ft. to 
10 ft. deep leading to outfalls, and then connecting 
them by cross drains, about 3 ft. wide and 3 ft. 
deep, cut at about 100 ft. centres. Drainage 
occupies a minimum of four to five years, after 
which “‘sleans” are used to cut the peat, working 
from the outer edge of the bog towards the centre 
between March and July. The sods are then laid 
out flat with a small space between each one, and 
when they are sufficiently firm, generally after 
two or three weeks, they are “‘footed” or built 
into tripods. After another month, they are 
re-stacked in ricks from 4 ft. to 8 ft. high. This 
process of natural drying, the time taken for which 
depends on the weather conditions, reduces the 
moisture content to an extent which allows the 
product to be satisfactorily burned. 

In the case of machine winning, which is now 
widely practised in Eire, main drainage trenches 


the sods has fallen naturally to 70 per cent., a condi- 
tion which is generally reached two or three weeks 
after cutting, “footing” is carried out by hand. 
After from three weeks to two months in the foot- 
ings, by which time the moisture content has fallen 
to 40 or 50 per cent., the sods are loaded by hand on 
to portable chain-plate conveyors, which deposit 
them in heaps at the sides of the spreading ground. 
They are then built into ricks about 6 ft. to 10 ft. 
wide and of the same height, and are subsequently 
loaded into wagons running on temporary tracks. 
Finally, when the moisture content is from 30 to 
35 per cent., the peat is placed in ricks, which 
are “clamped ” for storage during the winter. 

The advantages of machine over hand winning 
are not only increased output and reduced labour 
costs; the product is also superior, owing ‘to the 
fact that the sods formed artificially from macerated 
peat are firmer than hand-won sods with the same 
moisture content and are therefore not so liable to 





deteriorate if exposed to persistent rain. Moreover, 





Fie. 1. AERIAL ViEW OF STATION AND PEAT-STORAGE GROUND. 


Ferbane, in County Offaly (40 MW), as well as two 
coal-fired stations at Ringsend, in Dublin (60 MW), 
and at Marina, in Cork (30 MW). 

The stations in commission are inter-connected 
by about 640 miles of 110-kV transmission line and 
1,755 miles of 38-kV transmission line and cables. 
There are also 4,600 miles of 10-kV and low-tension 
transmission Jines. The 110-kV system is con- 
nected to six substations in which power is stepped 
down to either 38 kV or 10 kV, the aggregate 
capacity of the transformers being 184 MVA. 
There are 102 38-kV substations with a total 
capacity of 330 MVA, and 2,273 10-kV substations 
with a total capacity of 254 MVA. The output 
during the year ended March 31, 1950, was nearly 
785 million kilowatt-hours. 

Of the thermal stations, the most recently to be 
commissioned is the 25-MW peat-fired station at 
Portarlington, on the north bank of the River 
Barrow. It draws its supplies of fuel a distance of 
some four miles from the Clonsast moor, which 
covers an area of about 4,000 acres. Before des- 
cribing the station in detail, it may be recalled that 
for many centuries peat or, as it is known locally, 
turf, has been the staple fuel for those living in 





See ENGINEERING, vol. 131, pages 250, 340 and 526 
(1931), 


leading to the main outtalls are again cut, but at 
about 825-ft. centres. These trenches are excavated 
to a depth of about 3 ft., after which cuts of not more 
than 1 ft. are made. Ample time is allowed between 
successive cuts to allow for seepage, otherwise the 
walls and floors of the drains might “‘ heave.”” The 
final depth depends on the fall and may be 10 ft. to 
13 ft., or the full depth of the bog. Cross drains 
are also cut at 300-ft. intervals, the sides of these 
being tumbled inwards to provide a covered channel. 
Until recently, owing to the nature of the ground, 
this digging was carried out by hand, but special 
tractors are now being developed for this purpose. 
When the moisture content of the bog has been 
reduced to about 90 per cent. by drainage, the 
surface is stripped and levelled mechanically and 
the voids over the cross drains are filled to provide 
a level surface on which the cutting machines can 
run. These machines, a view of one of which appears 
in Fig. 3, Plate XXII, are of the German “ bagger ” 
type and are electrically operated from overhead 
lines. They are capable of dealing with about 
350 cub. ft. of raw peat per hour, and work parallel to 
the main drainage trenches, the sides of which form 
the initial cutting face. The extruded peat from the 
macerator in the maehine is received on a spreader, 
which deposits the sods on the bog, as shown in 





Fig. 4, Plate XXII. When the moisture content of 





machine winning enables peat to be taken evenly 
from the depth of the bog, at the bottom of which 
the high-grade non-fibrous black organic peat is 
found. Machine-won peat has a net calorific value 
of 6,164 B.Th.U. per pound at 30 per cent. moisture 
content, and is sold on that basis by Bord na Mona 
(Irish Peat Board) to the Electricity Supply Board. 
Peat for power generation can, however, be burnt 
without great loss of efficiency at higher moisture 
contents. The ultimate analysis of the peat on a 
dry ash-free basis is: carbon, 53 to 63 per cent. ; 
hydrogen, 5-5 to 7-0 per cent.; and oxygen, 30 to 
41 per cent. 

Machine-winning of peat has been in operation 
at Clonsast, which supplies the Portarlington 
generating station, since 1936. The estimated 
annual output from the bog is 120,000 tons, which 
is equivalent to an electrical output of 90 million 
kWh. Supplies should be obtainable for at least 
another 25 years. The peat is conveyed from the 
bog to the station in 5-ton wagons, which are hauled 
by Diesel or peat-fired locomotives along a single- 
track railway with a 3-ft. gauge. It is delivered 
either into the boiler-house bunkers or into a 
store, which has a capacity of about 40,000 tons. 
This tonnage requires a relatively large storage 
Space, as peat averages 95 to 100 cub. ft. per 
ton. The fuel store is visible in the background of 
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the aerial view of the station, reproduced in Fig. 1, 
and its position is indicated in the plan given in 
Fig. 2. The store is spanned by an 8-ton trans- 
porter with a capacity of 60 tons per hour, which is 
illustrated in Fig. 5, Plate XXII. This lifts the 
wagons off their bogies and tilts them so that 
one end opens automatically to discharge the 
load. Peat is recovered from the store by a 2-ton 
grab, which discharges into a movable hopper, 
the latter being shaped so that the fuel is evenly 
spread in wagons. To supply the three 300- 
ton boiler-house bunkers direct, the wagons are 
hauled on to railed gantries and their bodies removed 
by two 8-ton jib cranes, each with a capacity of 
60 tons per hour, as shown in Fig. 6, Plate XXII. 
Before bunkering, each wagon load is weighed and 
samples are taxen for analysis. The contractors for 
the fuel-transport cranes were Sir William Arrol and 
Company, Limited, Glasgow: and Oerlikon, 
Limited, Southampton-row, London, W.C.1, sup- 
plied the boiler-house cranes. 

The bottom of each boiler-house bunker converges 
into a vertical shaft, in which the peat is dried to 
reduce its moisture content and thus to assist 
combustion. At the bottom of this shaft is a hopper, 
which is fitted witk a horizontal row of steel spikes 
spaced 12 in. apart. These spikes can be driven 
into the fuel mass by manually-operated rack qgnd 
pinion gear, so as to control the flow. To prevent 
fire developing at the bottom of the bunkers the 
hopper is also provided with nozzles through which 
saturated steam can be admitted in emergency. 
Each hopper is connected by a vertical refractory- 
lined feed shaft, which extends across the front of 
the boiler and through which the fuel gravitates to 
the travelling stoker. A series of ports is provided 
in this shaft, through which hot air can be admitted 
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supply. The firing floor is illustrated in Fig. 9. 
The steam-raising plant consists of three boilers 
constructed by Messrs. Babcock and Wilcox, 
Limited, Farringdon-street, London, E.C.4, each 
of which has a maximum continuous rating of 
150,000 Ib. of steam per. hour at a pressure of 425 lb. 
per square inch and a final temperature of 850 deg. 
F. The feed temperature at the economiser inlet is 
275 deg. F. Each boiler, the construction of which 
is shown in Fig. 8, Plate X XITI, has a single steam 
and water drum, which is integral with the main 
circulating system, and a subsidiary system for 
cooling the furnace side walls. The drum, which has 
an overall length of 39 ft. 84 in. and an internal 
diameter of 4 ft. 6 in.. is of fusion-welded mild steel 
1§ in. thick. The main circulating system consists 
of 425 straight solid-drawn mild-steel tubes, 20 ft. 
long and with an external diameter of 4 in., which 
are arranged in 50 sections of eight and nine tubes 
alternately and are expanded into forged headers at 
each end. The sections are set in the furnace space 
inclined upwards from back to front and are con- 
nected to the drum by a set of downcomer and up- 
riser tubes, so as to provide natural circulation. The 
lower, or fire, rows of each section are widely spaced 
to form a slag screen and are set at an average height 
of 16 ft. over the grate. The two water-cooled side 
walls are of the Bailey type. They have been 
specially-designed to allow peat with a moisture 
content of 45 per cent. to be burnt and to limit the 
furnace temperature, so that trouble from fused ash 
slag is avoided. The walls consist of cast-iron blocks 
bonded to 62 mild-steel tubes, with an external 
diameter of 3} in., the latter being expanded top 
and bottom into water boxes. These boxes are, in 
turn, incorporated in the circulating system. The 
total heating surface of each boiler is 10,927 sq. ft. 
of which 327 sq. ft. is represented by the side-wall 
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The combustion chamber has a total volume of 
6,015 cub. ft. and is fitted with front and rear 
refractory arches of the Karenna suspended type. 
The front arch, the area of which is 130 sq. ft., 
begins 5 ft. above the stoker grate and inclines 
upward to the rear at an angle of 30 deg. to the 


horizontal. The rear arch is short and rounded ; 
and both are provided with a row of nozzles for the 
admission of preheated air at high pressure. The 
thickness of the fuel bed is regulated by a water- 
cooled door, which is manually operated from the 
firing floor. The travelling stoker is of the twin 
chain-grate type 29 ft. wide and with an active area 
of 580 sq. ft. Generally speaking, it is of the 
same design as a normal stoker, except that an igni- 
tion grate of step construction, supported by two 
water-cooled pipes, is arranged in the fuel drying 
shaft mentioned above. Each grate is driven at 
a speed of up to 68 ft. per hour by a 4-h.p. motor, 
which is controlled from a central desk. The ashes 
from the rear and centre of the grate and the riddlings 
from the front are discharged into three separate 
hoppers underneath the stoker, while the fly ash is 
collected in other hoppers at the boiler and econo- 
miser outlets. 

The superheater, the total heating surface of 
which is 5,830 sq. ft., is of the integral type and 
consists of 244 14-in. external diameter mild-steel 
tubes, which have an average height of 60 ft. 4 in. 
and are bent into elements terminating in top 
and bottom boxes. The two outlet pipes from the 
top box are connected to an attemperator, which 
reduces the temperature when it exceeds 825 deg. 
F. by passing part of the steam through cooling 
tubes. The quantity of the steam by-passed is 
regulated by a pneumatically-operated valve, the 
opening of which is initiated by a thermostat m 
the outlet main of the superheater. The control 








for drying peat of specially high moisture content. 
This air is obtained from the main pre-heated air 


cooling system. 


equipment for this purpose was supplied by Bailey 
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Meters and Controls, Limited, Progress Way, 
Croydon. The economiser, which is of the steaming 
type, has a heating surface of 8,312 sq. ft. and 
consists of 756 tubes, each of which is 21 ft. long 
and 2 in. in external diameter. The air heater 
is of the tubular type and consists of 2,300 tubes 
10 ft. 6 in. long and 2} in. in external diameter, 
giving a heating surface of 32,500 sq. ft. 

Each boiler is provided with one induced-draught, 
two forced-draught, and two secondary-air fans, 
manufactured by Messrs. Davidson and Company, 
Limited, Belfast. The induced and forced-draught 
fans are mounted on a platform above air heater 
level at the rear of the boilers,and have each normal 
outputs of 93,500 cub. ft. and 27,350 cub. ft. of air 
per minute, respectively. They are electrically 
driven by 330-h.p. and 105-h.p. induction motors 
through Vulcan-Sinclair fluid couplings of the scoop 
type, which were supplied by the Hydraulic Coupling 
and Engineering Company, Limited, Isleworth, Mid- 
dlesex. The secondary-air fans are mounted on the 
firing floor at each side of the boiler and are driven 
at constant speed by 45-h.p. induction motors. The 
oil for the induced-draught fan bearings and hydrau- 
lie couplings, and for the secondary-air fan bearings, 
is treated in coolers, which are supplied with water 
from storage tanks on the boiler-house roof. This 
water is returned toaraw-water tank in the turbine 
room and forms part of the make-up to the feed 
System, 

The fan and stoker motors are started and 
Tegulated from a control desk of the totally-enclosed 
cubicle type on the firing floor. This desk also carries 
steam temperature and pressure gauges, feed-water, 
air and flue-gas temperature indicators, feed-water 


gauge, which indicates the pressure in the steam 
range. The various instruments were manufactured 
by the Electrofio Meters Company, Limited, Park 
Royal, London, N.W.10. 

Ash is removed from all three boilers by a suction 
plant, that from the clinker hopper being crushed 
in a portable crusher. It is discharged into an ash 
receiver, with a capacity of 5,000 cub. ft., which is 
outside the boiler house, where it is quenched and 
delivered into wagons for removal. 

The generating plant consists of two turbo- 
alternators of the Stal-Ljiingstrom type, which were 
supplied by Asea Electric Limited, Fulbourne- 
road, Walthamstow, London, E.17. Their appear- 
ance will be clear from Fig. 7, Plate XXIII. Each set 
has a normal output of 12-5 MW at 10-5 kV and a 
power factor of 0-8 when running at 3,000 r.p.m., 
and is operated by steam at a pressure of 400 Ib. per 
square inch and a temperature of 800 deg. F. The 
turbines are of the double-rotation radial-flow type 
in which the blading is fixed concentrically on two 
opposing discs mounted on separate shafts. The 


‘blading of one disc is interleaved with that of the 


other and they rotate in opposite directions. Each 
turbine rotor is coupled to an alternator rotor, which 
generates half the output, the two being electrically 
connected. The blading system consists of 35 radial- 
flow stages and one axial-flow stage, the blades in 
the latter being of wedge construction. The radial 
blades of one turbine wheel act as guide blades for 
the other ; no stationary guide blades are therefore 
necessary. Each side of the turbine is provided 
with an overload valve, which is set to operate at 
13-6 MW and admits steam from the steam chest 
through a set of annular ports to the lower-pressure 


flow indicators, CO, recorders and indicators and | stages 


stoker speed indicators. Mounted on the wall above 
the instrument panel is a centre-reading pressure 


Both alternators are of the same construction, the 





stator windings being connected in parallel and 





the rotor windings in series. They are excited by a 
single main exciter, which is driven by one main 
shaft and supplies from 98 to 240 amperes at 220 
volts. It, in turn, is excited by a pilot exciter which 
is driven from the other main shaft and has an out- 
put of 1-5 kW at 115 volts. The neutral points 
of each alternator are joined and are connected 
to the primary of a 14-3-kVA 6-kV/180-volt trans- 
former, the secondary of which is earthed through a 
resistance. Protections against differential fault, 
reverse power, over-voltage, earth fault, field-wind- 
ing fault, inter-turn fault and over-current protec- 
tion are provided. All these, except the earth fault 
and over-current protection, trip the alternator, 
circuit-breaker and the turbine emergency stop- 
valve, as well as operating the field-discharge equip- 
ment. The over-current protection operates the 
main circuit-breaker only. The operation of any of 
the protection schemes gives an audible alarm and 
lamp signal in both the turbine and control rooms. 
The temperatures of important points are also indi- 
cated in the same places and there are alarms in the 
turbine room. The turbine control and relay panels 
are of the totally-enclosed cubicle type and are placed 
side by side on the turbine-room floor. Each control 
panel carries instruments for indicating the electrical 
output, the steam and oil pressures, circulating- 
water pressure, condenser absolute pressure, the 
steam-flow and the steam and condensate tempera- 
tures. The relay panel carries the signalling switches 
for communicating with the control room, and the 
temperature indicating instruments, signals and 
alarms. 

Steam from the turbines exhausts into a twin 
condenser, which was constructed by Stal, Finspong, 
Sweden, with tubes supplied by Imperial Chemical 
Industries, Limited, Buckingham Gate, London, 
S.W.1. It has a total cooling surface of 17,200 
sq. ft. Circulating water is delivered by two 
horizontal pumps with an output of 6,250 gallons 
per minute, which are driven by 190-h.p. induc- 
tion motors. These pumps obtain their supplies 
from a cooling tower, which is designed for cooling 
1,800,000 gallons of water per hour from 80 deg. F. 
to 70 deg. F. when the relative humidity is 75 per 
cent. As will be seen from Fig. 1, the tower is 
of hyperbolic shape. It was erected by the Irish 
Engineering and Harbour Construction Company, 
Limited, Dublin, to the design of Messrs. Mouchel 
and Partners, Limited, 36, Victoria-street, London, 
8.W.1, and has an overall height of 236 ft. The 
capacity of the pond is 750,000 gallons. Make-up 
water to replace the losses incurred by evapora- 
tion is obtained from the River Barrow, the chemi- 
cal composition of which is such that it requires 
preliminary softening and conditioning. This is 
effected by a Chlorotol chlorinator supplied by the 
Candy Filter Company, Limited, Hanwell, Middle- 
sex, in which chlorine is supplied continuously at a 
rate which is regulated automatically in accordance 
with the amount of make-up. The control panel is 
of the Candy Chlorexchange type in which the 
change from an empty to a full drum of chlorine is 
made automatically. Provision is also made for the 
addition of Calgon to the make-up water to reduce 
scale formation in the system. 

The condensate is pumped at a temperature of 
about 90 deg. F. through a feed line to an oil cooler, 
air ejector, low-pressure heater, gland-leakage con- 
denser, and intermediate pressure heater to a 
de-aerator, the temperature at this point being 
about 200 deg. F. It then passes through a surge 
tank to the feed pumps, and finally through a high- 
pressure heater, in which the temperature is raised 
to 275 deg. F., to the economiser. There are two 
electrically-driven and one steam-driven feed pumps, 
which were constructed by Messrs. Mather and 
Platt, Limited, Manchester. Each of these pumps 
is of the horizontal multi-stage type and is de- 
signed to deliver 250,000 lb. of water per hour 
at a temperature of 200 deg. F. against a pressure 
of 592 Ib. per square inch. The electrically-driven 
pumps are coupled to 330-h.p. 380-volt screen- 
protected squirrel-cage motors and the steam-driven 
pump to a 330-h.p. single-stage impulse turbine, 
which is supplied with steam at 425 lb. per square 
inch and 825 deg. F. and exhausts to the atmosphere. 

As the make-up feed water, which is also obtained 
from the River Barrow, has a hardness of 250 p.p.m 
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and contains some suspended matter, it is treated 
with lime, soda and alumina, the mixture taking 
place in a flocculating chamber where preformed 
sludge is also added. The water is then passed 
through a blanket of sludge, where final clarification 
takes place. The mixing of the chemicals is carried 
out in tanks fitted with agitator gear, which, like 
the rest of the plant, was supplied by the Candy 
Filter Company, Limited. There are also a Candy 
automatic proportioning apparatus by which caustic 
soda and sodium sulphate can be added to the feed 
water, and two variable-stroke pumps, each ofwhich 
is capable of delivering 20 gallons of phosphate 
solution per hour direct to the boiler drums. 

The output from the alternators is transmitted 
through electrically - operated low-oil circuit 
breakers, with a rupturing capacity of 350 MVA, 
to the 10-kV ’bus-bars in the main building, and 
thence, with the exception of a small proportion 
which is used for operating the station auxiliaries, 
through underground cables to the outdoor trans- 
former and switchgear compound. In this compound 
the voltage is stepped up to 110 kV in two 20 MVA 
transformers,'from which current is supplied through 
circuit-breakers to an overhead transmission line 
connecting Portarlington to Portlaoighse, a dis- 
tance of 12 miles. Both the switchgear and the 
iransformers were constructed by Asea Electric, 
Limited. The station auxiliaries are supplied 
through two 2,000-kVA, 10-5-kV/394-volt trans- 
formers. 

The control room is situated in the main station 
building above the 10-kV and low-tension switch- 
gear. The 10-kV and 110-kV switchgear is con- 
trolled from this point and communication can also 
be established with the Board’s other main stations 
over a high-frequency telephone system. 

The Portarlington station began commercial 
operation on January 19, 1950, with one boiler and 
one generating set. The two other boilers were 
placed on load during the year and the second 
generating set in December, 1950. Between 
January 19 and September 30, 1950, the station 
generated 47-9 million kWh and consumed 56,400 
tons of peat with an average moisture content of 
31 per cent., the price being 39s. 6d. perton: During 
the six months from April 1 to September 30, 1950, 
the station was maintained at nearly full load on a 
three-shift basis, the average fuel consumption 
being 2-55 Ib. per kilowatt-hour. Since then it has 
been operated on a two-shift basis, the fuel con- 
sumption consequently rising to about 3-0 lb. per 
kilowatt-hour generated. The total capital cost of 
the station when completed will, it is estimated, be 
1,280,0001., or 51-21. per kilowatt, and the total 
running costs 1-028d. per kilowatt-hour generated, 
of which fuel will account for 0-635d. 

As regards operation, one boiler steaming at its 
normal rating consumes between 300 tons and 
310 tons of peat in 24 hours, the average fuel bed 
thickness being about 16 in. The moisture content 
of the fuel is, as already stated, about 30 per cent. 
at the inlet to the drying shaft, but is reduced to 
about 15 per cent. before entering the furnace. 
The weight of peat consumed is about twice that 
of coal for an equivalent boiler output. 





ELECTRICITY SuPPLY STATISTICS.—During February, 
1951, 5,340 million kWh were generated in the stations 
under the control of the British Electricity Authority, 
the North of Scotland Hydro-Electric Board and the 
Lochaber Power Company, compared with 4,720 million 
kWh in the corresponding month of last year, an increase 
of 13-1 per cent. The maximum load during 1950 was 
11,915 MW and the average installed capacity in Decem- 
ber of that year 14,930 MW, compared with 13,913 MW 
twelve months earlier. 


SUPPLY AND DISTRIBUTION OF MAGNESIUM.—The 
Ministry of Supply will assume responsibility for the 
supply and distribution of all virgin magnesium in the 
United Kingdom from May 1. Consumers are required 
to submit returns relating to stocks held and estimated 
requirements ; forms for this purpose are being sent to 
known consumers, but those not receiving such forms 
should apply to the Ministry of Supply, M2 Branch, 
Room 948, Shell Mex House, London, W.C.2. During 
April, supplies can be obtained, as far as stocks permit, 
from Magnesium Elektron, Ltd., Clifton Junction, 
Manchester. 


LITERATURE. 
Radar Systems and Components. 

By members of the technical staff of Bell Telephone 
Laboratories; with an introduction by MERVIN 
J. KEtLY. D. Van Nostrand Company, Incorporated, 
250, Fourth-avenue, New York, 3, U.S.A. [Price 
7-50 dols.] and Macmillan and Company, Limited; 
St. Martin’s-street, London, W.C.2. [Price 56s.] 


Tue subject of radar is still sufficiently new for a 
study of its history to be both interesting and 
instructive. It is so well established as an essential 
factor in military tactics that it is sometimes diffi- 
cult to realise that most of those who took part in 
the early experiments in aircraft detection in East 
Anglia are still young men ; not that Radar Systems 
and C. is a historical review of the subject, 
but, throughout this collection of papers by the 
staff of one of the two major centres of radar 
development in the United States, it is found that 
its history is only just hidden beneath the surface. 

The emphasis in these papers is less upon radar 
systems than upon their essential components. 
The story of radar is that of the development of 
micro-wave techniques, and radar, indeed, remains 
almost their sole field of application. Half this 
book is taken up by three comprehensive papers 
on the magnetron, the klystron, and on resonant 
cavities, respectively. The development, in this 
country at the beginning of the war, of the multiple- 
cavity magnetron as a generator of high pulse 
power at micro-wave frequencies was of unique 
importance. The section dealing with this vital 
component is equally divided between a discussion 
of the basic theory and the case histories of the 
many magnetrons actually developed by the Bell 
Telephone Laboratories. The theoretical treat- 
ment is adequate for the understanding of all 
aspects of magnetron design. The arguments 
leading to the strapping of cavities and the “ rising 
sun” anode block as means of solving the funda- 
mental problem of achieving a stable mode of 
oscillation are clearly expounded. Methods of 
tuning magnetrons, and their limitations, are 
discussed. 

The need for a low-power source of continuous 
oscillations for use in the radar superheterodyne 
receiver, and for general low-power testing purposes, 
has been met by the reflector klystron. This valve 
is covered in a similar way to the magnetron, by a 
semi-quantitative theoretical treatment and a 
discussion of the problems arising in the actual 
design of tubes operating down to millimetre 
wavelengths, and of both the electrically and 
thermally tuned types. The third main subject 
covered, that of cavity resonators, is introduced by a 
short chapter on the quantitative testing of radar 
systems in service—a major problem which is often 
given insufficient attention in the design stages. 
If electronic equipment generally is to achieve 
the high serviceability of electrical and mechanical 
devices, one of the first essentials is for built-in 
rapid testing facilities. The high-Q resonant 
cavity has been widely used in overall system 
testing, although the critical dimensions and the 
need for mechanical ‘‘ tuning” of the cavity raise 
acute manufacturing problems and render the 
“echo box” a dubious standard after a period of 
average misuse. The theory of resonant cavities, 
however, is of fundamental importance, and is well 
illustrated by shadow diagrams to show the various 
modes of oscillation. Design data for test cavities 
is admirably presented in the form of tables and 
graphs. 

The longest of the remaining sections deals with 
radar aerials. The brief theoretical introduction 
explains the concepts of aerial gain and effective 
area, essential to the theoretical quantitative 
evaluation of radar systems, followed by discussions 
of various basic types of aerial commonly used. 
These are mainly based upon the use of paraboloidal 
reflectors, and many examples, designed to give 
pencil or specially shaped beams, and fed from both 
point and linear sources, are included. Brief 
mention is made of the use of metal-plate lenses. 
Shorter sections deal with pulse-modulator valves, 
spark gaps, transmit-receive switches, crystal recti- 


valves. A composite chapter on the radar receiver 
covers the fundamentals of the centimetric common 
aerial system, and also circuits commonly used for 
automatic frequency control, displays, and inter- 
mediate-frequency amplifiers. 

The Massachusetts Institute of Technology and 
the Bell Telephone Laboratories performed in the 
United States the same function as half a dozen 
Government establishments, loosely co-ordinated, 
in this country. For this reason, perhaps, the 
recording and publication of the theory and practice 
of radar, once decided upon as a policy, was more 
readily carried out in the United States. Certainly, 
the results are more impressive. The admirable 
Bell Telephone Laboratory Series of text-books, in 
which Radar Systems and Components is included, 
will, for some time yet, occupy a unique and pre- 
eminent position in the literature of the subject. 
Each of those volumes, however, is for the specialist 
in some branch of the art. The present book, while 
not presenting an ideally balanced review of the sub- 
ject, will prove valuable to the general student. 





THE PRODUCTION OF 
TIDAL POWER BY THE 
TWO-BASIN SYSTEM. 


By G. 8. Cottyns, M.C., A.M.I.C.E. 


Stnce Mr. Norman Davey published his excellent 
work in 1923, much has been written on tidal power 
and various papers on the subject have been 
addressed to learned societies. Nearly all have 
dealt with the Severn Barrage Scheme and the means 
by which its intermittent output might be utilised 
to the best advantage. Most authors have only 
touched on the production of continuous power by 
the two-basin system, inferring that it is of academic 
interest only and would have little practical value. 
The writer does not share this view and desires to 
show, in this article, that two-basin operation 
deserves a great deal more consideration than it 
has received hitherto. There is no intention to 
enter into a scientific investigation of tides and tidal 
power; this can be readily studied elsewhere. 
The object is to point out a few facts which, it is 
hoped, will provide food for thought and a desire 
to investigate the subject further. It should be 
noted that all estimates of costs given in this article 
are based on 1948 prices. 

Since the power available from a tidal basin 
varies, roughly speaking, directly as its area and 
as the square of the tidal range, it is not thought 
advisable at present to deal with places where the 
neap tide range is less than 10 ft. An exception is 
made in the case of Chichester and Langstone Har- 
bours, which, it is thought, are suitable for develop- 
ment as a pilot scheme. 

For the benefit of those who are not conversant 
with the study of tidal power, it may be necessary 
to describe briefly how the two-basin system works. 
It consists of an upper basin provided with inlet 
sluices for the rising tide to enter, and a lower 
basin with outlet sluices so that it can drain off 
with the latter half of the falling tide. One-way 
flow passes continuously through the turbines, which 
are sited between the basins. This flow is so con- 
trolled that there is always sufficient head (say, a 
minimum of 6 ft.) between the respective water 
levels. 

Fig. 1, opposite, shows a typical arrangement of 
a two-basin layout. It should be noted that the 
sluices and turbines are sited as near to the shore 
as possible, to avoid having to build long cofferdams 
extending out into deep water. If the topography 
permits and the adjacent land is not valuable, it 
may be possible to site the sluices and turbines in 
the dry land adjacent and to dredge channels to 
them after installation ; thus expensive and often 
unsatisfactory cofferdams may be avoided alto- 
gether. 

Fig. 2, opposite, shows the operation diagram- 
matically in section. In the case represented, the 
mean tidal range is 16 ft. The flow from the upper 
basin is so controlled that, in the interval between 
the closing of the inlet sluices at one high tide and 
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levelis 3ft. Similarly, the lower basin, between the 
times of closing its outlet sluices at low tide and 
their opening on the next falling tide, rises 7 ft. 
Thus a difference in level is always maintained. It 
might appear from the figure that the minimum 
head would be 6 ft., but it is actually much greater, 
because the time of lowest water in the upper basin 
precedes the time of highest water in the lower 
basin by several hours. The best results are 
obtained when a tidal inlet is divided into two 
nearly equal basins, i.e., so that, during operation, 
the fall in the upper is about equal to the rise in the 
lower. Owing to the configuration of any natural 
inlet, this condition cannot be effected for all tidal 
ranges, but an effort should be made to reach it at 
heap tides, when maximum output is most needed. 

If a tidal inlet is divided into two basins, as 
described, to the best advantage, it can produce 
‘s much power per annum as the whole inlet would 
if operated as a single basin. There appears to be a 
Widespread opinion that, on account of the longer 
embankments usually necessary, a two-basin layout 
must inevitably be more costly, but this is far from 
how the case, as the following considerations will 

Ow, 

The two-basin system requires little over half 
the turbo-generator capacity to effect the same 
output per annum. As turbines for such low heads 
cost some 251. per kilowatt installed, this is a matter 
of paramount importance. For instance, if the one 





PRODUCTION OF TIDAL 


Fig.5. 


CHEPSTOW 


River Wye Diversion} 
River Wye Dan 


s ¥ 
Sills-25 _ x 
Bridge er 
or Adjacent) / is - 





POWER. 







River Wye 





LA 

Locks, 7 
G27 Turbines 

m PP (Bridge Adjacent) 


~ 


es 


ni 
a 
» 

°D 

— 








eb 
Legg 
-HALLEN MARSH |. 
JUNCTION 
AE-Outlet Sluices | 
Sills at-25 Ft 
(Bridge Over 
on 
1 ti) 1 2 Miles 
(9996.44) 


system requires 800,000 kW capacity and the other 
500,000 kW to give the same annual output, the 
saving is about 74/. millions. This sum will go a 
very long way in building banks. 

As the maximum current to be carried is halved, 
distribution will be far less costly. Turbine and 
sluice dams will be only half the length so they 
will not reach out into such deep water. (See Figs. 
3 and 4, on this page.) The consequent saving in 
cofferdam construction may easily amount to 60 
or 70 per cent. It may be possible in some cases 
to site the shorter lengths of turbines and sluices 
partly or wholly in the dry land adjacent, and to 
dredge channels to them afterwards, so coffer- 
dam construction would be reduced to a minimum 
or eliminated altogether. The spoil thus dredged 
would be used in building the dams. 

Consider siltation in relation to annual charges. 
The water flowing from the outlet sluices would 
usually be dirtier than that entering the upper basin 
because the flow through the turbines would 
stir up the mud. Unless, therefore, there were 
large silt-carrying rivers to contend with, the 
tendency would be to scour rather than silt up, and 
dredging should be unnecessary. On the other 
hand, in single-basin operation the water is held 
undisturbed for two considerable periods on each 
tide, so silting up is bound to occur. In this 
connection, the writer is by no means convinced by 
the results of the tidal model experiments given in 
the Severn Barrage Report. In view of the enor- 
mous amount of silt brought down by the Severn, 
he feels sure that silting would prove a major 
problem and maintenance dredging a much more 
costly item than is indicated in the Report. 

The rate of production can be controlled within 
limits at any state of the tide. When warning is 
received that a peak load is to be met, it is only 
necessary to reduce the output for a time and so 
to conserve the head, and then to increase the flow 
to produce the power required. The minimum 
peak load that can be met in this way is at least 
double the average output at neap tides. The cost 
of construction, operation and maintenance of a 
steam plant of this capacity, with the resultant 
consumption of coal, would therefore become 
unnecessary. It must be pointed out, however, 








that such control (though it can, at certain states 
of the tide, increase the average output) will usually 
decrease it. 

If a dam is constructed across an estuary it must 
prove of great public advantage for road and 
possibly railway traffic. It would be far less costly 
to construct bridges over the shorter lengths of 
sluices in a two-basin layout than over the great 
lengths of turbines and sluices of a single-basin 
scheme. 

Next to cost, the saving of coal is of the first 
importance. The writer computes that, for an equal 
annual output, continuous production will, on 
average, save 30 per cent. more coal than inter- 
mittent production. If the reduced quantity of 
manufactured plant required be taken into account, 
the saving will be even more. 

Perhaps the most important point to emphasise is 
that continuous tidal-power production, if developed 
on a sufficiently extensive scale, can supplant steam 
power. Intermittent production cannot supplant 
one kilowatt in steam-plant capacity without 
recourse to expensive and inefficient secondary 
storage. 

The most difficult problem to overcome in any 
tidal power scheme is the great disparity in: output 
at spring and neap tides, respectively. If this 
country were almost entirely dependent on tidal 
power, some solution would have to be found. 
The writer has suggested that individual factories 
might be induced by differential rates to store 
power in air compressors at spring tides for the 
regeneration of electricity at neaps, but he is by 
no means sure that this is practicable. 

In the drawings that follow, the positions of 
dams, locks, turbines, sluices, etc., are simply 
indicative. The most economical locations could 
only be found as a result of detailed surveys. 

Two-Basin System Adapted to the Severn Estuary : 
No. 1 Scheme.—With the idea that the necessity for 
economy was paramount, the layout shown in 
Fig. 5,* with its constant-flow diagrams, Figs. 6 
and 7, on page 394, was devised for the production of 
continuous power from the Severn estuary. It was 
~* Fig. 5 is based upon the Ordnance Survey map, 
with the sanction of the Controller of H.M. Stationery 
Office. 
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submitted to the Ministry of Fuel and Power 
in January, 1948, with the request that it might be 
considered by their experts. Some months later, a 
reply was received, stating that it had been turned 
down because it would not save as much coal as the 
far more costly Severn Barrage Scheme. 

The author’s proposals were based on the following 
assumptions. Taking the datum at all levels as 
being the mean tide level, the area of the upper 
basin would be 30 square miles at + 21 ft. (= high 
water, spring tides) ; 29 square miles at + 16 ft. ; 
27 square miles at + 11 ft. (= high water, neap 
tides) ; and 24 square miles at + 6ft. In the lower 
basin, the areas would be 2 square miles at — 21 ft. 
(L.W.S.T.) ; 5 square miles at — 11 ft. (L.W.N.T.) ; 
6 square miles at mean tide level; and 7 square 
miles at +11 ft. (H.W.N.T.). It was further 
assumed that the minimum head allowable would be 
6°5 ft.; that the average efficiency of the turbo- 
generators would be 85 per cent. ; and that the tidal 
ranges (as indicated by the levels mentioned above) 
would be 42 ft. at spring tides and 22 ft. at neap 
tides. The diagrams are drawn to represent the 
result of constant flow during each tide. 

On these assumptions, it was possible to derive 
the flows and power outputs given in Table I, 
herewith. The approximate average overall capa- 
city worked out at 188,000 kW and the annual 
output at approximately 1,640 million kWh, which 
might be increased to 1,800 million kWh by dredging 
the lower basin, as indicated below. 

It is believed that this layout utilises the topo- 
graphy of this part of the estuary for the production 
of continuous power in the most economical way 
possible. Unfortunately, it is not feasible, without 
disproportionately increasing the cost, to construct 
the two basins with approximately equal areas, so 
nearly one-third of the potential annual output 
from the whole enclosed area cannot be developed. 
This is regrettable, but it was the writer’s desire 
to show how electricity could be produced at the 
least possible cost per kilowatt-hour. The works 
required are indicated in thé layout. They could all 
be put in hand simultaneously but for the sake of 
— they should be completed in the following 

er. 

First, two locks of the required dimensions 
should be constructed in the neck of land between 
the Wye and the Severn, with movable bridges 
spanning them, and a navigation channel excavated 
to them. Then the River Wye should be dammed, 
as indicated in Fig. 5, and diverted into the Severn, 
fish passes being provided at this dam, and a bridge 
over the diversion. Just north of the locks, inlet 
sluices should then be constructed, with sills at 
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surplus required being dredged from the lower 
basin. 

As stated previously, about one third of the 
potential annual output cannot be developed, 
because of the great difference in capacity of the 
two basins. Any enlargement in volume of the 
smaller basin, therefore, will effect a very important 
increase in output. Fortunately, some 10 million 
cubic yards of rock and spoil can be very conveni- 


SEVERN SCHEME. 























Fall of Rise of Approximate | Approximate | Approximate | Approximate 
_—_ Upper Basin. | Lower Basin, low, — Head, | Average Gross Average 
Ft. Ft. Cusecs. t. Output, H.P. Net kw. 
Spring tides a ee ea 9-5 33 200,000 22-1 514,000 324,000 
eap tides a va 4:5 14-5 80,000 13-3 124,000 78,000 
Mean tides - = 140,000 17-7 288,000 182,000 











— 30 ft., and with sufficient area to admit the rising 
tides to the upper basin. A bridge should be built 
over the sluices and an inlet channel excavated. 

Next, turbo-generators should be installed capable 
of producing 400,000 kW, in Aust Cliff, a bridge 
provided adjacent to them and the head and tail 
races excavated. The Severn can then be closed 
between Beachley and Aust Cliff with a rock and 
earth dam, thus providing the upper basin. The 
next stage would be to install the outlet sluices 
and to excavate an outlet channel near Hallen 
Marsh Junction, a lizht bridge being built over it. 
Finally, a rock and earth dam would be built, 
roughly following the low-water mark of spring 
tides from the Severn Dam near Aust Rock to the 
outlet sluices. This dam, about seven miles long, 
would form the lower basin. 

Practical engineers will appreciate the great 
advantages gained by installing the foundations 
for locks, sluices, turbines and bridges in the dry 
before excavating the channels to them. Thus 
costly, and often unsatisfactory, cofferdams are 
eliminated and pumping is reduced to a minimum. 
The banks would be built with rock and spoil 





excavated from the foundations and channels, the 


ently dredged below mean tide level in the lower 
basin and used in the building of the long embank- 
ment, thus enabling the annual output to be in- 
creased to 1,800 million kWh per annum. This 

can be accepted as the potential output, 
though it would be possible to continue dredging 
economically till the output exceeded 2,000 million 
kWh annually. 

The neap-tide output could be increased, when 
desired, to some 160,000 kW to meet a peak load ; 
therefore, this scheme could replace a steam plant 
of that capacity, which would cost around 81. mil- 
lions to build. The Severn Dam between Beachley 
and Aust Cliff eould well serve for road and railway 
traffic in place of the proposed bridge, and thus 
effect a saving of some 8I. millions, besides a great 
quantity of fabricated steel. 

Without detailed surveys, it is impossible to give 
a satisfactory estimate of cost, but, having in view 
the prices at which rock is excavated at great 
depths on opencast coal sites, the writer is of opinion 
that it would not exceed 171. millions at 1948 prices. 
If annual charges are assumed at 5 per cent. of the 
capital expenditure, 1,800 million units could be 
produced for 850,0001., i.e., 0-113d. per unit. 





If a financial comparison is made between this 
scheme and the Severn Barrage Scheme, to} the 
estimated cost of the latter should be added the 
161. millions represented by the steam plant and 
the bridge indicated above, for it saves neither 
steam-plant capacity nor the proposed bridge. 
Thus it will be seen that 78 per cent. of its output, 
estimated at 2,300 million kWh per annum, would 
be produced at less than one-third of the cost. 
Also, if the writer’s computation is correct, it will 
save quite as much coal. 


(To be continued.) 





THE INSTITUTION OF SANITARY ENGINEERS.—We have 
received from the Institution of Sanitary Engineers, 
118, Victoria-street, London, S.W.1, a copy of their 
recently-published “‘ Particulars of Examinations,” 1950 
edition. This is a reprint of the 1946 edition containing 
several revisions in the regulations and an addition 
to the syllabus. It is now possible to take the Institu- 
tion’s associate-membership examination in several 
parts. Concessions as to fees are granted to candidates 
who obtain a qualifying pass in all parts, provided that 
they take the whole examination without claiming any 
exemptions. The addition to the syllabus relates to the 
alternative subjects for part 2 of the examination, the 
candidate now having the further choice of a higher 
paper on “ Sanitation of Buildings.” 





THE CHEMICAL SocteTy.—The research fund of the 
Chemical Society provides grants for the assistance of 
research in all branches of chemistry. About 700l. per 
annum is available for this purpose, the income being 
derived from a donation of the Worshipful Company of 
Goldsmiths, from the Perkin Memorial Fund, and from 
other sources. Applications for grants from the fund 
will be considered in November, and should be submitted 
on the appropriate form not later than Tuesday, May 1, 
1951. Applications from Fellows of the Society will 
receive prior consideration. Forms of application, 
together with the regulations governing the award of 
grants, may be obtained from the General Secretary, The 
Chemical Society, Burlington House, Piccadilly, London, 
W.i1. 
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THE INSTITUTE OF 
METALS. 


(Continued from page 341.) 


WE continue below our report of the annual 
general meeting of the Institute of Metals, held in 
London on March 13, 14 and 15, and now deal 
with the all-day discussion on the symposium on 
“Metallurgical Aspects of the Cold-Working of 
Non-Ferrous Metals and Alloys,”’ held on Wednes- 
day, March 14. The five papers contained in the 
symposium were summarised on page 340, ante. 


METALLURGICAL AsPEcTs OF CoLD-WoRKING. 


The President, Professor A. J. Murphy, called 
upon Professor F, C. Thompson, who had been 
appointed rapporteur, to introduce the five papers 
contributed to the symposium. Professor Thompson 
stated that the purpose of the first paper, by Dr. M. 
Cook and Dr. T. L. Richards, was to provide a back- 
ground, as far as could be done in the light of 
existing knowledge, of the mechanism of the changes 
which took place when metals’ and alloys were 
plastically deformed. In the second paper, Mr. 
§. F. Chisholm had shown that the lubricant 
selected for any particular cold-working operation 
could be the factor that determined more than any 
other whether the operation was a failure or a 
success. In order to obtain the maximum benefit 
from both high-viscosity and low-viscosity oils, the 
aim was to combine load-carrying and lubricating 
characteristics by suitable additions, an important 
subject on which more light might be thrown by 
discussion. Finally, he rather deprecated the use 
of the terms “‘slippage ” and “lubricity,” which 
the author employed. 

In Mr. C. E. Davies’s paper on the cold-rolling of 
non-ferrous metal sheet and strip, the scope was 
limited to the two materials forming the bulk of the 
output of the non-ferrous metal mills, namely, copper 
and aluminium and their alloys. Though they had 
many features in common, the plant employed and 
the techniques practised differed somewhat sub- 
stantially. One of the most important contribu- 
tions to the progress of rolling-mill design had been 
the development of more efficient roll bearings. 
Until the problem of the considerable frictional 
losses in these bearings had been solved by the 
production of roller bearings capable of carrying the 
heavy loads involved and the later development of 
the fluid-film oil-lubricated bearing, little advance 
in rolling speeds had been possible. Until the 
introduction of these vital improvements in the 
mechanical efficiency of the cold-rolling mill, the 
frictional losses in the roll-neck bearings were quite 
normally as high as 50 per cent. of the total power 
consumption of the mill, and, in some cases, were 
as high as 90 per cent. 

The technique of, and the equipment for, wire- 
drawing was considered by Mr. F. T. Cleaver and 
Mr. H. J. Miller. They emphasised that the use of 
4 correct die contour was most important in deter- 
mining that the wire should be worked more or 
less uniformly throughout the section. The trend 
had been towards standardised reductions per 
draft, of the order of 20 to 25 per cent., and rarely 
exceeding 30 per cent., in the case of any of the 
non-ferrous materials. Annealing had been elimi- 
nated wherever possible, and, at the present time, 
copper could be drawn through all stages from the 
tod onwards without interstage annealing. Dr. 
J. D. Jevons, the author of the last paper, on deep 
drawing and pressing, stated that the continued 
insistence on the advantages of the hydraulic press 
by those having a scientific outlook was being 
confirmed by the practical man on the floor of the 
shop. The substitution of such presses for crank- 
operated ones, however, was seriously hindered by 
their high first cost, their unsuitability for high 
operating speeds and the need for specialised engi- 
neering skill to maintain them. In connection with 
the use of sintered carbide for press tools, it was 
pointed out that a combination of less obvious 
iavantages often justified its adoption where long 
ife alone would not. The excellence of the surface 
of the product, lowering subsequent polishing costs ; 
the deeper draws reducing the number of press 
°perations; and the much closer dimensional limits 





maintained over long periods were among the 
advantages offered. 

Mr. W. C. F. Hessenberg, who opened the dis- 
cussion, said that Mr. Davies had made a brief 
reference to the automatic control of strip gauge, a 
technique which the British Iron and Steel Research 
Association was at present actively investigating. 
Automatic gauge control was perfectly feasible in 
principle and the problem was essentially one of 
devising suitable servo-mechanical equipment to 
operate it. The difficulties involved were not as 
serious as those which had been successfully over- 
come in the field of naval gunnery and aerial 
navigation, to mention but two of the well- 
established applications of servo mechanics. Of the 
need for automatic gauge control there was no 
doubt. The traditional procedure of watching the 
flying micrometer and making occasional adjust- 
ment to the rolls by power-operated but manually- 
controlled screws was altogether too slow in relation 
to modern rolling speeds. Mr. E. C. Larke, who 
spoke subsequently, said that throughout Mr. 
Davies’s paper the main theme was that of increas- 
ing the production. Investigation had shown that 
neither doubling the rolling speed nor doubling the 
length of the coil was very significant as regards 
increase inoutput. To achieve a significant increase 
it was necessary to double both the speed and the 
coil length. An equally important point was the need 
to consider ways of reducing non-productive time. 

Mr. W. A. Fowler said that he had been most 
interested to hear Mr. Davies’s opinion on the use of 
the four-high mill for single-sheet rolling. In the 
works of the British Aluminium Company, the 
four-high mill had been found most useful for 
the intermediate stages of rolling but not for the 
final finishing. The trouble was that, to obtain a 
shape suitable for the after-treatment or flattening, 
the reductions per pass had to be confined to some- 
thing well below the power capacity of the mill; 
thus, although a uniform cross-section could be 
obtained with the four-high mill, the economics of 
single-sheet finishing were little, if any, more 
favourable than for a two-high mill. For the 
medium and strong alloys, at least, some tensioning 
of the sheet, during rolling, was essential. 

Mr. N. H. Polakowski said that Dr. Jevons had 
referred to reverse drawing, in which the cup pro- 
duced by the first draw was turned inside out over 
the radiused end of a hollow die. This method had 
received increasing publicity in recent years. The 
outstanding differences between the unidirectional 
and the reverse method lay in the different sequences 
and amplitudes of bending during re-drawing and in 
their effect on the properties and behaviour of the 
pressed material. Experiments had demonstrated 
clearly the superiority of reversed drawing over the 
conventional method and had also explained why 
slightly larger blanks were required in the reverse 
process for the same end product. This was caused 


by the large uniform extensions, which involved |’ 


much less thinning of the walls near the bottom of 
the cup than was the case in straight drawing. The 
next speaker, Mr. A. B. Ashton, said that in the old 
days of single-hole wire drawing, lubrication was 
achieved by applying to the wire a pure non- 
aqueous lubricant such as tallow or rape oil. The 
material was chosen for its lubricating properties 
only and nothing else was demanded of it other than 
that it should not induce discoloration of the copper 
by chemical action. The advent of the carbide die, 
however, and the consequent development of high- 
speed multi-die drawing introduced another require- 
ment, namely, that of cooling, and it was this 
requirement which now dominated the whole 
process of lubrication in wire drawing. Lubricating 
properties had been sacrificed in the interests of 
cooling, and attention should be devoted to the 
development of materials which were superior, as 
lubricants, to the soap solutions now used. In 
order to carry further this principle of improved 
lubrication, while still complying with the necessary 
requirement of cooling, resort might have to be 
made to two separate fluids ; for, what was primarily 
a good lubricant might not be an efficient cooling 
medium. 

Mr. R. B. Sims endorsed Mr. Chisholm’s views on 
the importance of strip lubricant in cold-working 
operations. It would be interesting, he stated, to 





know what steps the oil manufacturers were taking 
to ensure that the lubricants they provided possessed 
the necessary properties. Another matter which it 
would be interesting to have from the oil manufac- 
turers would be data on the composition of the 
lubricants. The analyses of the synthetic rolling 
vils which had been put on the market had never 
been disclosed, and to a serious student of rolling it 
would be valuable to have this information. The 
next speaker, Major P. C. Varley, referred to the 
advantage, in certain circumstances, of having the 
metal slightly warm when deforming it in a press. 
He also emphasised the importance of the close 
control of metal temperature in any inter-stage 
annealing process during deep-drawing. A metal 
such as aluminium was liable to grow large crystals 
if it were annealed after a critical amount of strain. 
A subsequent speaker, Mr. D. A. Barlow, stated 
that Dr. Jevons had written that, of the aluminium- 
magnesium alloys, the low-magnesium alloys 
behaved best under the press. This would depend 
upon the type of operation and would not always be 
the same. He (Mr. Barlow) had found that for a 
wide variety of aluminium-manganese, aluminium- 
magnesium, and aluminium-magnesium-manganese 
alloys the softest condition and the softer alloys 
were preferable in that the ductility remaining after 
ironing was greater, enabling the flanging and later 
the seaming of the drawn container to be carried out 
with less danger of fracture. 

Mr. Edwin Davis stated that season-cracking was 
not confined to finished products and, in fact, it 
was not uncommon for an intermediate product to 
be more susceptible to this type of fracture than 
the completed article. Thus intermediate annealing 
of products with high internal stress should not be 
unnecessarily delayed if stress-corrosion-cracking 
were to be avoided. He was in sympathy with 
Dr. Jevons’s plea for more co-operation between the 
supplier and the user, but would point out that only 
too often the user did not know what was required. 
Dr. Jevons had emphasised the difficulty of assessing 
the suitability of sheet metal for press work, from 
the results of the usual mechanical tests and metal- 
lurgical examination, and until the manufacturer of 
sheet received further information, he could do little 
to improve the situation. This meant that more 
research into the fundamental aspects of deep- 
drawing operations must be carried out, and 
although this was the task of those primarily 
interested in making deep-drawn products, it was 
certain that the manufacturers of non-ferrous metal 
alloys would gladly co-operate. Dr. Jevons had 
suggested that 70:30 brass work-hardened less 
rapidly than 63:37 brass, but if the latter were 
free from the f constituent, as it was when supplied 
for deep drawing, the differertves in the rate of work- 
hardening were negligible. In his reference to 80 : 20 
brass for cold-drawing operations, Dr. Jevons sug- 
gested that the alloy might be even more suitable if 
the grain size were small, but sheet in this condition 
would be much harder than was usually considered 
acceptable. 

At this stage of the proceedings the President 
adjourned the discussion on the symposium until 
after the luncheon interval. 

(T'o be continued.) 





SUMMER SCHOOL OF PRODUCTION ENGINEERING.—The 
second annual summer school of production engineering, 
organised by the Institution of Production Engineers, 
will be held in University College, Durham, from Wed- 
nesday, August 29, until Sunday morning, September 2. 
The theme of the school will be ‘“‘ Development in the 
Study of Production Technology and Management.” * 
The lectures and evening addresses to be delivered will 
deal with such subjects as ‘“ Standards of Industrial 
Performance,” ‘‘ Science and Industry,” ‘ Product 
Design,” ‘The Armed Services and Industry,” 
“‘ Materials Handling,’ and “‘ Education and Industry.” 
There will be group discussions and questions will be 
dealt with. Accommodation has been limited to, 75, 
in order to ensure maximum benefit from the lectures 
and discussion groups. Durham Castle is now used by 
the University College, and a considerable portion of the 
summer school proceedings will take place in it. The 
inclusive charge, which will cover accommodation, 
meals, gratuities and a copy of the proceedings is 51. 10s. 
Applications should be addressed to the secretary of 
the Institution of Production Engineers, 36, Portman- 
square, London, W.1. ' 
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75-B.H.P. OIL-ENGINED 
MINING LOCOMOTIVE. 


THE range of Diesel-engined mining locomotives 
produced by Messrs: Ruston and Hornsby, Limited, 
Lincoln, was extended recently with the introduction 
of the 10-ton 75-h.p. machine illustrated in Fig. 1, 
on this page. The new locomotive incorporates 
several outstanding features, care having been 
taken at the design stage to ensure maximum 
visibility for the driver, ease of control, accessibility 
and reliability. As will be seen from Fig. 1, maxi- 
mum visibility has been obtained by providing a 
driving station at each end so that the driver has 
an unobstructed view forward, regardless of the 
direction of travel; furthermore, this arrangement 
affords more protection than usual as at no time 
is it necessary for the driver to lean out of the cab. 
To give simplicity of control, only two levers are 
used, one for brake application and the other for 
gear changing, these levers being detached and 
taken by the driver from one end of the locomotive 
to the other when changing driving stations. This 
arrangement is, of course, not new, having been used 
on tramcars for some time, but it is probably the 
first time it has been applied to a Diesel-engined 








mining locomotive. The gearbox control mechanism 
is designed so that four forward gears and one 
reverse gear for backing up to trains can be selected 
from each driving position. 

Unit construction has been employed throughout 
and the locomotive may be considered as consisting 
of six major components. These comprise: the 
engine, together with fuel tanks and compressor ; 
the radiator and fan assembly ; the gearbox cover; 
the gearbox; the two driving stations ; and the 
main frame and running gear. The disposition of 
these various units will be apparent from the 
drawings reproduced in Figs. 2 and 3, on Plate 
XXIV, Fig. 2 showing a longitudinal part-sectional 
elevation, and Fig. 3 a plan view of the complete 
locomotive. A cross-section is reproduced in Fig. 11, 
opposite. The gearbox cover, or canopy, incorporates 
the air receiver and brake valves, and the maiu 
frame the ballast weights, which are situated 
between the two side members. The brake assem- 
blies fitted at each side of the locomotive can be 
removed as complete units without having to 
dismantle the working parts and the whole design is 
arranged so that any major unit may be removed 
without affecting adjacent units. No working parts 
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are arranged under the machine, so that adjust- 
ments can be’ carried out without the need for an 
inspection pit, and all parts, other than the main 
frame, axles, and jackshaft, are interchangeable 
between, different machines of the same type irre- 
spective of the gauge. Furthermore,as the complete 
locomotive, with certain minor exceptions, is pro- 
duced in the Lincoln factory of Messrs. Ruston and 
Hornsby, there is no divided responsibility. 

The power unit comprises a Ruston and Hornsby 
4YEL vertical oil engine. This, as the type number 
suggests, is a four-cylinder unit and develops 75 h.p. 
on the 12-hour rating, the speed range being from 
500 r.p.m. to 1,500 r.p.m. The drive is trans- 
mitted to the gearbox through a Vulcan-Sinclair 
fluid coupling ; this is of the standard pattern and 
is not fitted with a scoop control. The gearbox, as 
previously indicated, is designed to give four speeds 
in both directions of travel. Photographs of this 
unit are reproduced in Figs. 6, 7 and 8, on Plate 
XXV, Fig. 6 showing the complete gearbox as 
installed in the locomotive, Fig. 7 the main box 
with the cover removed, and Fig. 8 the final- 
drive component removed from the main, box. It 
is of the fully constant-mesh type and each ratio is 
selected by a hydraulically-operated cone clutch, 
all the clutches being of the same pattern and inter- 
changeable with each other. The method by which 
the gears are engaged can, perhaps, best be under- 
stood by reference to the drawings reproduced in 
Figs. 9 and 10, opposite, Fig. 9 showing a plan 
view of the input shaft, the clutch shaft and part 
of the layshaft, which, as will be seen from Fig. 7, 
lie in the same horizontal plane, while Fig. 10 
shows a sectional elevation through part of the 
layshaft and the final-drive component. 

The hydraulic coupling is connected to the input 
shaft of the gearbox through an involute-tooth claw 
coupling and it will be noted from Figs. 7 and 9 
that the gearbox input shaft has integral with it a 
bevel pinion. This meshes with two bevel wheels 
mounted on, but free to rotate about, the clutch 
shaft, the wheels, of course, moving in opposite 
direction. Between the bevel gears is a dog clutch, 
which is splined to the clutch shaft and arranged to 
engage with either the left-hand or right-hand bevel 
gear, the direction of rotation of the clutch shaft 
and, therefore, of the locomotive driving wheels, de- 
pending on the gear selected. To facilitate engaging 
the dog clutch with the bevel gears, synchronising 


elements are arranged at each side of the clutch. 








LOCOMOTIVE. 


AND HORNSBY, LIMITED, LINCOLN. 





First- and top-speed gears and associated cone 
clutches are arranged at one end of the clutch 
shaft, and second- and third-speed gears at the 
opposite end of the shaft. Each gearwheel is free 
to rotate about the clutch shaft and it will be noted 
that, instead of the usual needle-roller bearings, 
short roller bearings are fitted at the sides of each 
gearwheel with a spacer in between, this form of 
construction having been adopted to prevent 
“ skewing ”’ of the rollers. 

A separate clutch is provided for each ratio, 
and in Fig. 9, those for first and top speeds are 
shown, in section. The female sections of each 
clutch are lettered a in each case, and it will be 
seen that they are bolted to a dise which, in turn, 
is keyed to the clutch shaft. The male section of 
each clutch is lettered 6 and each is connected to 
its relevant gearwheel by internal splines machined 
in the clutch hub which mate with external splines 
integral with the boss of the gearwheel. Oil under 
pressure is led to each clutch assembly through 
drillings in the clutch shaft which communicate 
with further drillings in the disc; for the sake ot 
clarity, only those drillings for engaging first 
speed are shown in Fig. 9. Selection of the gears, 
as previously indicated, is controlled by a lever 
at the driving position, and when this is moved to 
the first position, the dog clutch between the two 
bevel wheels is moved into engagement, the bevel 
wheel actually engaged depending, of course, on the 
direction of motion selected. Further movement ol 
the lever selects first gear and admits oil through 
the drillings already referred to, into the clutch 
assembly. 

Each clutch is designed so that engagement takes 
place in two phases, the clearance being taken up 
in the first phase prior to fullengagement. When the 
oil enters the drilling in the disc it flows through 
the port lettered c in Fig. 9, into the annular space 
at the back of the clutch ring, d, the pressure of the 
oil against the ring being sufficient to move the 
cone to the right and make contact with the female 
portion. As soon as the clearance is taken up, the 
oil pressure rises and moves the valve e against its 
restraining spring; this causes the port f to be 
uncovered and permits the oil to enter behind the 
cone and bring it into full engagement with 1ts 
mating surface, the drive, in consequence, being 
transmitted to the first-speed pinion. 

Exactly the same procedure is followed for e 
gear change. the control mechanism being designed 
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80 that it is impossible to select more than one gear 
at any instant. Selection of the different ratios is 
controlled by four piston valves which, in turn, are 
actuated by oil pressure, admission of which to 
the top of any one valve causes it to be depressed 
and connect the appropriate clutch to the oil delivery 
line. When the pressure is removed from the valve, 
it returns under the influence of a spring and opens 
the clutch chamber to exhaust. As a safeguard, 
each piston valve incorporates a poppet valve, 
the underside of which is in direct communication 
with the main oil supply, so that, in the unlikely 
event of a piston valve sticking down when the 
pressure is released from the top surfece, the 
poppet valve lifts and automatically opens the 
clutch chamber to exhaust. Oil under pressure for 
Operating the clutches is supplied by a gear-type 
pump dirven from the input shaft and arranged 
accessibly on the front of the casing. The two gears 
forming the pump can be seen in Fig. 7, on Plate 
XXV, just below the input coupling, the pump body 
having been removed. 

_ Unlike most locomotives of this type, the engine 
18 arranged to operate at two speeds only, namely, 
idling speed when in neutral, and at a set working 
Speed selected in accordance with the engine 
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characteristics. This arrangement encourages the 
driver to make full use of the gears, simplifies 
control, there being no speed regulator, and permits 
the engine to operate at its best speed at all times. 
The control mechanism is designed, therefore, so 
that, when changing up, the fuel-pump rack is 
returned to the idling position during each gear 
change and the engine accelerated only when the 
gear is actually engaged. On changing down, the 
engine is not affected and it continues to operate 
at its maximum speed. The speed of the engine is 
altered automatically by means of an oil-operated 
servo mechanism, a toggle being incorporated in 
the linkage for shutting down the engine. 

The gears on the clutch shaft are, of course, in 
constant mesh with the corresponding gears keyed 
to the layshaft, and the drive is transmitted to the 
jackshaft through double-reduction gearing arranged 
below the layshaft in a separate detachable casing. 
This portion of the gearbox is illustrated in Fig. 8, 
on Plate XXV, where it is shown removed from the 
main box, and in Fig. 10. The jackshaft is driven 
through splines formed in the bore of the final-drive 
spur gear; these mate with corresponding external 
splines machined in the jackshaft so that, by remov- 
ing one bearing and the opposite flycrank, it is 
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possible to take away the complete shaft without 
dismantling the gearbox, which subsequently can 
be lifted clear of the locomotive as a complete unit. 
This arrangement can be seen in Fig. 10, where the 
jackshaft is shown in chain dot, and it will be noted 
that, as viewed in the drawing, removal of the jack- 
shaft entails dismantling the right-hand flycrank 
only. This is a particularly valuable feature as it 
enables the complete gearbox to be removed from 
the locomotive without breaking any oil-tight joints. 

The flycranks are of the split type and are secured 
to the jackshaft by through-bolts ; the method by 
whith this is achieved can be seen in Fig. 5, on 
Plate XXV, which shows a locomotive in course 
of erection. Steel coupling rods of the fabricated 
type are used and these are fitted with oil-Iubricated 
floating bushes, the design being such that new 
bushes can be fitted without removing the rod. 
The wheel centres are machined from steel castings 
and are fitted with rolled-steel tyres, each wheel 
being pressed on to the axle and keyed. The axles 
run in bronze journals instailed in cast-steel axle- 
boxes; these are carried on coil springs and 
the faces which bear against the horn guides are 
provided with renewable steel liners. The frame is 
of the plate type and is built up from heavy section 
material which is welded together to form a single 
unit. Westinghouse straight air brakes are fitted, 
but, if required for man-riding duties, train-pipe 
connections can be installed on those locomotives 
having a gauge of 2 ft. or more. As previously 
mentioned, the brake gear is made in two inter- 
changeable units, one at each side of the locomotive 
frame between the axles. The brakes can be applied 
by hand for parking purposes ; only the brakes at 
one side can be applied in this way, however, those 
at one side being applied from one driving position 
and those at the opposite side from the other driv- 
ing position. ..One of the brake assemblies can be 
seen in Figs. 4 and 5, on Plate XXV, which shows 
the locomotive partially erected. 

The buffers and couplings are arranged to suit 
the requirements of individual collieries. If link- 
and -pin couplings are used, a multi-slot beam of the 
type illustrated in Fig. 1 is fitted at each end of the 
locomotive, but should automatic or semi-automatic 
centre-type couplings be required, the design allows 
the shanks of the couplings to be recessed into the 
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ends of the locomotive, thereby reducing the overall 
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length to a minimum. Sanding gear of the air- 
operated type is provided and is arranged for 
sanding the wheels in, both directions of travel. Air 
is used also for starting the engine, the air for this 
service and for operating the sanding gear and 
brakes being provided by an engine-driven com- 
pressor and stored in a reservoir which forms an 
integral part of the superstructure above the gear- 
box. 

The locomotive can be used in gassy as well as 
naked-flame mines, the engine being flameproof. 
Flame traps are fitted to the induction and exhaust 
systems and, in addition, an exhaust-gas con- 
ditioner is installed in front of the engine and 
between the frames. This is filled with water and 
provided with baffle plates which ensure that 
the exhaust gases pass through the water on 
their way to the atmosphere, thereby effectively 
removing the major portion of the irritants. As a 
further precaution, a continuous spray of water is 
injected into the exhaust downcomer, excess water 
spilling through the exhaust-flame trap—an arrange- 
ment which assists materially in cooling the gases 
and in cleaning the flame trap. Water for this 
service is stored in a tank located in the locomotive 
superstructure and is fed to the sprayer unit by an 
engine-driven pump, the capacity of the tank being 
sufficient to permit three to four hours operation 
without refilling. Both the inlet and exhaust 
flame traps are readily accessible and a spare 
exhaust trap is provided to permit continuous 
operation of the locomotive. It should, perhaps, 
be emphasised that the exhaust-gas conditioner is 
designed so that it is impossible for water to be drawn 
back into the engine should it be run in reverse. 
Reverse running of the engine is, however, most 
unlikely owing to the incorporation of a fluid 
coupling in the transmission. The engine is, of 
course, water cooled, and the radiator is composed 
of two elements disposed approximately midway 
along the locomotive. Cooling air is drawn through 
these elements by an engine-driven centrifugal 
fan and is discharged through a vent arranged in the 
opposite side of the locomotive superstructure. 
The radiator compartment is isolated from the 
engine so that the latter is not exposed to any dust 
drawn in by the fan. 

In working order, the complete locomotive weighs 
10 tons, and the minimum recommended weight of 
rail is, therefore, 25/30 lb. per yard. The overall 
length measured over the buffer beams is 
13 ft. 10} in. the height 4 ft. 11 in. and the wheel- 
base 4ft. The locomotive can be supplied in various 
gauges ranging from a minimum of | ft. 7§ in. to a 
maximum of 3ft.6in. The width measured at the 
height of the axles, therefore, varies, and is equal 
to the gauge plus 1 ft.24in. Over 1 ft. 9 in. above 
rail level, however, the maximum width is the same 
for all gauges, namely, 2 ft. 1l in. An idea as to 
the performance of the locomotive can be gained 
from the following figures which have been supplied 
by the manufacturers. In first gear the maximum 
drawbar pull is 5,400 Ib. and the speed 2-625 miles 
anhour. Insecond gear the speed rises to 4-0 miles 
an hour, the drawbar, pull remaining the same, 
while in third gear the speed is 6-5 miles an hour 
and the drawbar pull 3,530 lb. The maximum speed 
in top gear is 10-25 miles an hour and the drawbar 
pull 2,180 Ib. 

The maximum load which the locomotive can 
haul depends, naturally, on the rolling resistance 
of the train, but assuming a starting resistance of 
20 Ib. per ton in first and second gears and a rolling 
resistance of 151b per ton in third and fourth gears, 
the locomotive can haul on the level 270 tons in 
first and second gears, 235 tons in third gear, and 
145 tons in fourth, or top, gear. When ascending 
an incline of 1 in 50, these figures are reduced to 
76 tons in first and second gears, 51 tons in third 
gear and 29 tons in top gear; the corresponding 
figures for a gradient of 1 in 20 are 32 tons, 19 tons 
and 8 tons, respectively. These figures assume a 
factor of adhesion of 4 and only apply when the 
locomotive is working on a straight track. Due 
allowance should be made, therefore, for curves, 
and, in this connection, it should be noted that the 
recommended minimum radius of curvature the 
locomotive will negotiate when light is 30 ft. and, 
when hauling, 40 ft. 


THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 380.) 

Two papers were presented and discussed at the 
morning session, on Thursday, March 15, of the 
Spring Meeting of the Institution of Naval Archi- 
tects, held in London on board the sloop Wellington, 
the headquarters of the Honourable Company of 
Master Mariners. They were entitled ‘‘ The Safety 
of Small Ships,” by Mr. H. E. Skinner, O.B.E., 
B.Se., R.C.N.C.; and “‘ Further Ship Resistance 
Similarity,”’ by Professor E. V. Telfer, D.Sc., Ph.D. 


Tue Sarety oF SMALL Sutps. 


Quoting from the papers given by Mr. C. V. 
Manley in 1949 and 1950, on the statistics of merchant 
ships reported abandoned, foundered and missing, 
Mr. Skinner observed that nearly 75 per cent. of 
world shipping consisted of vessels of 400 ft. length 
or less, and that about three quarters of these were 
about, or less than, 200 ft. long ; and that, for ships 
loaded with cargo, there were about six times as 
many such casualties among ships from 201 ft. to 
400 ft. in length as in the group over 400 ft. Thirty- 
eight per cent. of the total losses were in United 
Kingdom and North European waters, and practi- 
cally all these ships were under 300 ft. long. He 
then proceeded to consider the rolling, stability, 
freeboard and general seaworthiness of such ships, 
and, in the light of bis investigation, submitted an 
improved design for a coaster, 174 ft. long, with 
raised quarterdeck and machinery aft, which would 
have better stability and subdivision such as to keep 
her afloat with one compartment flooded, without 
adversely affecting commercial earning power. The 
design increased the gross tonnage from 600 to 
645 tons and added 3 in. to the moulded depth, but 
presented advantages which, he suggested, more 
than outweighed the cost of the extra steel weight. 
In presenting the paper, Mr. Skinner said, with 
reference to the stability curves of ships fully 
loaded with timber or homogeneous cargo, that he 
had discussed the matter with a shipmaster of long 
experience in the timber trade. This master had 
stated that it was his practice, when loading timber, 
to pick up from the quay a weight of a ton or a 
couple of tons with his derrick, traverse it to the 
opposite side of the ship, and note the effect. If the 
ship “‘ followed the weight,” he considered that he 
had loaded enough; and he then filled two of his 
ballast or double-bottom tanks before putting to sea, 
This confirmed the author’s previous impression. 
namely, that no experienced master would load his 
ship completely with timber without filling one or 
more double-bottom tanks. 

The discussion was opened by Mr. C. V. Manley, 
who said there was no doubt that losses of merchant 
ships reported abandoned, foundered or missing 
were extremely low in relation to the total tonnage 
owned. Most ofthe casualties were small ships, and 
the author was right to assume that most of the 
casualties were to one-deck ships. An appreciable 
proportion were of the well-deck type ; the number 
of shelter-deck or awning-deck ships was relatively 
small. Inastatement by the Ministry of Transport, 
which the author had quoted, the cases were analy- 
sed of 20 cargo ships, the losses of which, between 
1929 and 1947, were suspected to be due to lack of 
stability. The Ministry pointed out that the figure 
was exceedingly small, averaging only one ship a 
year; and it was noteworthy that only seven were 
found to be primarily due to deficient stability. 
Losses of ships carrying timber cargoes were fairly 
evenly divided between the summer and winter 
voyages. Dr. James Montgomerie, in a paper read 
in the United States in 1936, in which he examined 
records of ships of all types and service which had 
been abandoned or had foundered or were missing, 
expressed views which agreed in many respects with 
those of Mr. Skinner; but, in regard to the sub- 
division of cargo ships, his conclusion was that a 
reasonable compromise had been reached between 
the claims of safety and those of economic operation. 
An important factor in considering losses was the 
difficulty of assessing the number of rhips at risk 
at any given time. Could the author suggest any 





reliable method of arriving at such an assessment ? 


Mr. H. E. Steel, after giving figures to support 
Mr. Manley’s point concerning the small losses of 
cargo ships, and the very small ratio of casualtics 
to small ships which were due primarily to deficient 
stability, commented on the statement that shifting 
of cargo was unlikely to be a basic cause of the 
loss of small ships when fully loaded. There was 
no such thing, he said, as a small ship stuffed 
completely full of bulk cargo that could not shiit, 
as distinct from a ship loaded down to her marks. 
The report of the Safety Conference observed that 
experience had shown that deficient stability was a 
less frequent primary cause of casualties than 
shifting of cargo, access of water into ships or slug- 
gish recovery from lurching or rolling through 
deficient freeing ports. The entry of only moderate 
quantities through airpipes, ventilators, etc., might 
affect stability adversely by free surface, by being 
confined or absorbed on one side of the ship, by 
inducing a shift of bulk cargo, or by causing choking 
of pump suctions. He drew attention to the third 
report of an informal committee investigating losses 
of colliers, to which reference was made in the paper. 
The shifting of coal cargoes was a real problem and 
was confined mainly to home trade and coasting 
ships. Timber, smooth pig iron, and certain chemi- 
cal cargoes which became semi-fluid under the 
effect of movement and vibration were among other 
cargoes which might shift. He assured the author 
that the stability of small mercantile ships was by 
no means a neglected subject. Twenty-five years 
ago, few builders of small ships were familiar with 
G Z curves for the ships they built, but that position 
was very different to-day, for which the Ministry of 
Transport must claim credit. No less attention was 
given to the cargoes they carried and to their general 
seaworthiness. 

Mr. W. J. G. Hawkins said that the author had 
concluded that the high incidence of losses among 
the smaller ships must be due to insufficient stability 
or lack of other seaworthy qualities. He had 
suggested that the statical stability curve must have 
such an area as to indicate that the ship could 
withstand being hit by a wind of 28 Ib. per square 
foot pressure over the whole of the side, from the 
water line to the top of the bulwark. In addition, 
it must withstand the dynamic force of water on 
the lee side to 12 in. above the top of the bulwark 
and must also include a margin for imaginary 
contingencies. Knowing that many small ships 
had not that criterion of stability under certain 
conditions of loading, again he had concluded that 
they lacked stability and other seaworthy qualities. 
Mr. Hawkins suggested that the author should 
give cases of small ships known to have been lost 
solely as the result of inherent lack of stability, or 
of missing ships in connection with which there 
was very good evidence that the most probable cause 
of loss was lack of stability or of seaworthiness 
inherent in the design; he might find that very 
difficult. Of course, the stability should be as good 
as was practically possible, but the author had not 
proved his point that the relatively large number of 
losses among small ships was due to instability or 
other unseaworthy qualities inherent in the present 
design of such ships. It was surprising that the 
author had instanced a whalecatcher in his investi- 
gation into the stability of a small cargo ship. The 
whalecatcher had to do a special job ; its form was 
designed for quick manceuvring and to enable it 
to achieve a speed of 14 or 15 knots. He was a 
little suspicious that the author’s ultimate object 
was to achieve a design of ship which would give a 
sufficiently high ratio of freeboard to draught to 
make it possible’ for his ship to possess a one- 
compartment standard of subdivision. That was a 
very desirable object, but Mr. Hawkins did not 
think that it would be advanced by suggesting that 
the present design of small ships led to instability 
and unseaworthiness. 

Mr. A. R. Mitchell said that the majority of the 
small ships with which he was concerned were 
shallow-draught lake and river vessels, where the 
ratio of beam to draught was often as much as 
10 to 1; he asked whether the author had available 
the value of coefficient C for vessels of that type. 
He agreed with the conclusion that range of stability 
was much more important than initial G.M.; 





many of the vessels started with a G.M. of as much 
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as 20 ft., but their range was very limited, due to the 
fact that the maximum righting moment occurred 
under 10 deg. heel at the point when either the deck 
edge was immersed or the bilge emerged. In some 
cases, the range could be extended by fitting an 
effective superstructure, but nothing could be done 
to prevent the bilge coming out. In ordinary cireum- 
stances, on inland waters, the range was ample, 
but cases had occurred where such vessels had been 
struck by squalls of high velocity and had over- 
turned, due to the coincidence of the wind moment 
occasioned by the large superstructure and the 
righting moment occurring at the completion of a 
roll to windward after being struck by an earlier 
squall. He supported the author in the stress 
placed on the importance of range of stability 
rather than initial stability, because owners fre- 
quently specified the G.M. required, where range 
would be a better indication of the safety of the 


ship. 

Mr. D. W. Avey thought it rather pessimistic to 
work to a centre of lateral resistance which was 
approximately at the mid-draught; but, on the 
other side—in defence of the measures that had 
been adopted to obtain a sound basis—the author 
had neglected to consider any initial angular 
momentum a ship might have in the same direction 
as the elements. He had also omitted to take into 
account the reduced stability when the ship was on 
the crest of a wave; presumably, with a sudden 
change in wave slope, the back wave slope must be 
deducted directly from the supposed range of the 
ship. Suggesting that more attention might be 
paid to increasing the stability of the ahead motion 
of ships in general, either by fining the outer body 
lines, or by introducing extra stern trim, Mr. Avey 
said he had met cases where the trim of merchant- 
men was rather out of line with that way of 

Mr. Skinner, replying to the discussion, commented 
on Mr. Manley’s point in connection with the 
Ministry of Transport memorandum that the 
number of ships suspected of having been lost on 
account of instability was very small. In making 
the report, however, the issue was prejudged ; 
for example, if a ship had been heeling over to a 
large angle and, in so doing, had broken a ventilator 
and flooded, or if water had entered through a 
hatchway, it would have been said that the loss 
was not due primarily to instability, but to the fact 
that the hatch cover was not tight. Before accept- 
ing that the number of cases investigated in the 
memorandum represented the total of ships whose 
loss could be ascribed to instability, it was necessary 
to make sure that there were not any ships which 
had been discounted ; Courts of Inquiry did not 
always get at the truth in matters of that kind. 
Those who had considered the value of the merchant 
marine in war-time must agree on the need to have 
the best possible subdivision in every ship, com- 
patible with commercial requirements; and those 
commercial requirements must be correctly assessed. 
Mr. Steel was looking for something which differ- 
entiated the losses of small ships from the losses of 
big ships. Cargo shifting occurred just as much in 
large ships as in small ones, and, therefore, the per- 
centage loss of ships should not vary’ much on 
account of that factor. 

To disprove what was stated in the paper, Mr. 
Hawkins had said that, because he could produce 
two cases, the whole of the argument fell to the 
ground ; but, as he had rightly observed, no really 
final conclusion could be arrived at without the most 
careful and detailed investigation. All that the 
paper tried to do was to point to a probable line of 
investigation which, pursued faithfully and logically, 
might throw light on the subject. With regard to 
the criticisms that he had chosen a “‘ whaler” for 
part of his investigations, he said that that was 
merely an expression for a vessel of whaler form. 
She was not actually employed as a whaler, but was 
chosen because she had a very small freeboard/ 
draught ratio, and was very deeply loaded. On the 
return of the ship from the South Atlantic, the 
master had said that he was uneasy about the ship 
because she had rolled through 60 deg. 
* The meeting then proceeded to consideration of 
Professor E. V. Telfer’s paper on “ Further Ship 


Sure Resistance SIMILARITY. 


In the absence of the author abroad, Professor 
Telfer’s paper was presented on his behalf by Dr. 
G. Hughes. It consisted of a comparative scrutiny 
of the work, on resistance, of William Froude, 
Kempf, Lackenby, Schoenherr, and other investi- 
gators, with special reference to the possible adoption 
(a matter to be discussed at the 1951 Conference of 
Ship Tank Superintendents, to be held in Washing- 
ton in September) of a uniform means of trans- 
ferring model results to the full-sized ship, indepen- 
dently of the size. of the model. Such a step, 
Professor Telfer observed, would probably be 
regarded as a departure from Froude; but, he 
considered, ‘“‘ the Froudian foundations in frictional 
resistance are stronger thanever,”’ and the paper was 
intended to show that ‘‘a lot of the basic Froude 
methods are capable of better understanding ”’ and, 
because of this, of rational development. A correct 
system of extrapolation must provide, in the first 
place, a means of assessing correctly the turbulent 
frictional resistance of any size of model in present 
practical use. Independently of the size of the 
model, it must then produce the same positive 
specific residuary resistance at Froude corresponding 
speeds. It must respect Reynolds’s law; and, 
without presuming the first two requirements, it 
should admit automatically of the correct inter- 
polation of data from geometrically similar models. 
The advent of the welded ship called for a more 
intimate knowledge of the resistance of smooth 
ship surfaces at high Reynolds numbers and, in turn, 
for a greater knowledge of roughness resistance. 

Dr. Hughes, having presented the paper, was 
invited by the chairman (Sir Stanley Goodall) to 
open the discussion. He recalled that he had 
criticised rather severely the theoretical basis of 
Professor Telfer’s 1949 paper, and, as the basis of 
the present paper was precisely the same and 
Professor Telfer had made no attempt to refute the 
criticism of the earlier paper, Dr. Hughes said he 
adhered to his previous criticism. An excellent part 
of the present paper was the attention drawn to the 
various factors which made for dissimilarity in 
plank work; in particular, the lack of geometrical 
similarity which was determined by the L/D ratio. 
The neglect of the effect of that feature in the past 
had seriously obstructed efforts to obtain a proper 
view of the friction problem, and Professor Telfer’s 
attention to the effect of L/D ratio was most 


could necessarily be represented in the way that the 
author had shown, but he urged that much more 
account should be taken of it than in the past: The 


of “‘edge effect’; but he entirely endorsed the 


important matter. 
With reference to the possible adoption, at the 


transferring model results to the full-sized ship, 
Dr. Hughes hoped that that would be done, and 
mentioned that, at the National Physical Laboratory 
a big effort was being made to produce new data 
over @ fairly wide range of Reynolds numbers ; 
proper consideration was being given to the question 
of L/D ratio, and steps were also being taken to 
ensure that turbulent flow was dealt with. During 
the past few months, also, he had been engaged on 
a comprehensive analysis of all the existing plank 
work. When his conclusions were published, he 
believed that, in many respects, they would be found 


this statement did not necessarily mean that he had 


ments, it would be premature to ct nt on the 
practical value of the Telfer extrapolator formula. 








Resistance Similarity.” 





Mr. W. C. 8. Wigley commented, concerning com- 
parisons between model and ship results, on the 
general virtual ignorance of the subject, so far as 
scientific accuracy was concerned. He thought| Research, Limited, Duxford, Cambridge, are arranging 
that no one could claim to be able to forecast the| * *mmer school on the technology of synthetio-resin 
horse-power of a ship from tank experiments to an 


surement. The difficulty had arisen from the birth 
of the ship-model tank. The first obvious thing to 
do, since the laws which governed wave-resistance 
similitude between ships and model in a perfect 
fluid were known, was to increase the power from 
the model to the ship in terms of the law prescribed 
by the ordinary conditions of similarity. That, of 
course, gave too much resistance, and William 
Froude had made a very ingenious correction based 
on planks; he assumed that he could make a 
correction on a model of a certain wetted surface 
which would be the same as the correction on a 
plank of the same wetted surface. That brought 
the results much nearer, and, in effect, was the 
method used everywhere, except that, in some 
cases, different values were taken for the curve 
for a plank; they were not very different. It was 
now known that, in fact, the resistance of a model 
could not be separated into the skin friction of the 
equivalent plank, plus the wave resistance of the 
model. 

There were at least three reasons why that could 
not be done. In the first place, the flow round a 
model was not the same as the flow round a plank, 
so that the skin friction of the model was not the 
same as on a plank of the same wetted surface. 
Secondly, the wave-making round the model affected 
the skin frictional resistance independently of the 
change in streamline flow of the model, because of 
the difference between a model and a plank, due 
to the model’s beam, and the change caused by the 
different velocities round the hull, due to the wave 
flow. Thirdly, when the scale was changed, the 
wave motion was affected by the viscosity, and it 
was affected differently by the viscosity at different 
Reynolds numbers—by how much, was not known. 
Professor Telfer appeared to have some glimmering 
of that, in his suggestion that several sizes of model 
should be run in any particular condition ; but the 
difficulty was that, even assuming, say, five models 
of 4 ft., 8 ft., 12 ft., 16 ft. and 20 ft. long, and 
that accurate measurements were made of their 
resistance, still the means of extrapolation was not 
known. The ordinary methods might give results 
within 10 per cent. of the truth; but, to achieve 
scientific accuracy, it would be necessary to know, 
much more closely than at present, the real effects 
of the interference between the wave motion and 
the skin friction. The British Shipbuilding Research 
Association was measuring the resistance of the 


timely. Dr. Hughes did not agree that that effect full-size ship, which was the only true method of 


trying to solve the problem. The average tank 
superintendent would not run six different models 
for every job; and, even if he did, he would not 


effect had not been entirely neglected—it had been learn —— much. The answer was to -_ ke tests 
considered by most experimenters under the heading | ©" full-size ships, and on @ number of ships. The 


other method was the theoretical mathematical 


emphasis placed by Professor Telfer on that very solution of flow in a viscous fluid; that was tried 


in 1930, but was not yet far advanced. 
Sir Stanley Goodall, from the chair, suggested 


é : stone -.| that the younger members could take comfort in 
i. cananae fo hr gent ge the thought that there was still a lot for them to 


find out, and that tank experts did not know 
everything. He thanked Dr. Hughes for having 
read completely the author’s conclusion referring to 
the need for the adoption of a uniform means of 
transferring model results to the full-sized ship; 
and he emphasised the statement that, after all, the 
practitioner had been able to use the model experi- 
ment as a very practical device. William Froude, 
many years before, when Sir Stanley was working 
under him at Haslar, remarked that, in engineering, 
consistency of error was often more to be desired 
than absolute accuracy. At the time, Sir Stanley 


to be similar to those given in the paper, though had thought that was heresy ; but, as he had become 


older, he learned to appreciate what a great deal 


found any evidence to support Professor Telfer’s of wisdom th ere was behind that statement. 
pee = formule, In —— of those develop- Nevertheless, it was for the younger men of to-day 


to strive after absolute accuracy. 
(T'o be continued.) 





COURSES ON SYNTHETIC-RESIN ADHESIVES.—Aero 


adhesives, to be held at their works and at St. Catharine’s 
College, Cambridge, from September 23 to 29. One 


order of accuracy such as 1 per cent. By the aid course is for the woodworking industries and the other for 
of experience, it was possible to get very near t0| the engineering and allied industries. Further particulars 
accurate results, but that was not scientific mea-| are available from the firm. 
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5-IN. BILLET-SHEARING MACHINE. 
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Fig. 1. 


5-IN. BILLET-SHEARING MACHINE, 


To meet the need for a heavier billet shear, the 
Head, Wrightson Machine Company, Limited, Com- 
mercial-street, Middlesbrough, have introduced the 
5-in. billet-shearing machine illustrated in Figs. 1, 2 
and 3 on this page. It has been designed primarily for 
cutting mild-steel and alloy-steel billets in the cold 
condition but can be used, with good effect, for cutting 
hot billets. In general, the design follows that of a 
number of units supplied recently for the cold and hot, 
cutting of 3 in. square billets but a number of improve- 
ments have been incorporated and due allowance made 
for the considerable increase in loadings. 

The main frame of the machine is built up from 
substantial top and bottom main castings and side 
members. It is formed into a rigid frame by four 
large tension rods pre-stressed by shrinking into posi- 
tion, the four castings being located relative to each 
other by keys. The crankshaft, which is machined 
from a steel forging, is supported by bronze bushes 
mounted in the top frame and provided with wedges for 
initial setting up. One end of the crankshaft is fitted 
with a large-diameter wormwheel which meshes with 
a worm in the lower portion of the worm-drive 
casing ; this can be seen in Fig. 1, which shows a general 
view of the drive side of the machine. The wormwheel 
consists of a hard-wearing bronze rim secured to a 
cast centre piece and the complete assembly is keyed to 
the crankshaft. Heavy-duty taper-roller bearings are 
fitted to each end of the worm shaft, and the worm is 
arranged so that it runs in an oil bath, thereby ensuring 
adequate lubrication. 

Running freely on roller bearings fitted to an exten- 














GENERAL VIEW OF SHEAR SHOWING Drivina GEAR. 


sion of the worm shaft is a heavy flywheel designed to 
meet peak shearing loads. It is engaged with the 
wormshaft by means of an air-operated multi-plate 
clutch arranged to give rapid response when the opera- 
tor depresses the control pedal. The flywheel is driven 
through multiple V-belts from an electric motor 
mounted on vertical slide rails which, in turn, are 
bolted to one side of the machine base ; this arrange- 
ment will be clear from an examination of Fig. 1. 

The crankshaft is fitted with a robust cast-steel 
Pitman arm, the lower extremity of which is machined 
to form a cylinder with its axis in the horizontal plane. 
This engages with a corresponding cylindrically shaped 
cavity formed in the top of the apron and the two 
parts are held in the correct relationship by a com- 
pressed-air balance gear. The apron carries the top 
shearing blade and is guided during its vertical move- 
ment by phosphor-bronze guides secured to abutments 
integral with the main side frames. These guides 
extend for a considerable distance below the point of 
cutting to ensure positive location of the apron at all 
times. The bottom bolster is a heavy steel casting 
which, in addition to carrying the bottom blade, is 
fitted with the support roller used in connection with 
the hold-down. 

When billets are being cut into short pieces continu- 
ously, as in drop-stamping work, there is a danger 
that the piece remaining at the end of the bar will be 
too short to permit proper clamping in the hold-down. 
In such a case, the billet would tilt and subject the 
machine to very large rupturing forces thereby causing 
serious damage. To avoid this danger as far as 
possible, the bottom bolster is provided with a safety 
device consisting of shear pins arranged so that, if 
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Fic. 3. Hoxtprne-Down Gear. 


the safe load is exceeded, they are ruptured and the 
bolster slides back clear of the top blade. This move- 
ment also cuts off the air supply to the machine and 
therefore prevents further cuts being taken until the 
offending piece has been removed and the shear pins 
replaced. The device is particularly effective and, 
should it come into operation, only causes a delay of 
approximately ten minutes. 

To ensure that the cuts are, as nearly as possible, 
square to the axis of the billet or other material being 
sheared, an efficient holding-down is provided. Part 
of this gear can be seen in Fig. 3; it consists of a 
heavy clamping block located between guides and 
mounted on two large-diameter screws, the upper 
extremities of which have wedge-shaped faces. These 
engage with, and are held captive by, corresponding 
wedges fitted to the underside of a horizontal ram 
arranged across the front of the machine and pro- 
vided at each end with a single-acting air cylinder. 
When the control pedal is depressed, air enters one 
of the cylinders and moves the ram to one side, 
thereby causing the wedges fitted to the ram to 
react against the head of the bolts and force the clamp- 
ing block downwards towards a heavy V-shaped roller. 
Similarly, when the shearing operation is completed, 
air is admitted to the opposite cylinder and the ram 
returns to its original position, the action of the wedges 
causing the clamping block to be lifted. The air 
piping and control mechanism are arranged so that 
positive gripping of the billet is ensured before cutting 
commences and the cutting cycle is controlled by 
cam fitted to the end of the crankshaft which, at the 
appropriate part of the stroke, exhausts the clutch 
cylinders, releases the hold-down and applies a brake 
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which stops the shear at top dead-centre ready for the 

next cut. The height of the hold-down relative to the 

bottom roller is adjustable and it is set as close as 
ible to the blades to prevent jamming of pieces 

— the blades, to which reference has already been 
e. 

To ensure accuracy in the weight of the cut-off pieces, 
the shear is provided with a robust back gauge which 
gives a rough adjustment in stages of 3 in. and a fine 
adjustment. The gauge is arranged to lift when 
gutting commences so as to permit the cut pieces to 
drop clear. It can be seen in Fig. 2, which shows part 
of the back of the machine. All the major moving 
parts are lubricated by grease which is fed to the 
various bearings by means of a central mechanically- 
operated lubricator. For drop-forging work where 
wpe short pieces are required in large numbers, 

e shear may be used for continuous cutting, in which 
case a power-feed table is required and the speed is set 
to give approximately 17 cuts per minute, a simple 
change-over valve being provided for selecting either 
continuous or intermittent cutting. The machine 
has been tested on a wide variety of alloy steels as well 
as mild steel and during a demonstration it was 
noticed that the cuts are free from “ rags” and burrs 
and are relatively square to the axes. 





ROUGHENING TREATMENT FOR 
CONCRETE, GRANITE AND OTHER 
SURFACES, 


Tae Metropolitan Construction Company, Limited 
66, Queen-street, London, E.C.4, hoe aodeael a 
method of roughening hard surfaces which has been 
successfully applied to concrete and granite-sett roads 
pe Ps —— smooth in service, and to concrete 

-floors improve the keying of toppings and 
dressings. _ The treatment may | be Sensi easel for 
other applications. 

The apparatus, which is shown in use in Fig. 1, 
herewith, consists of four pneumatic drills, fitted with 
cross-headed bits and mounted in a two-wheel carriage 
ae is manually propelled. Compressed air is sup- 
plied from a mobile compressor. The operator pushes 
the machine slowly forward, imparting a weaving 
motion to it so that a strip approximately 24 in. wide is 
covered. Fig. 2 shows a small area of granite setts, part 
having been treated and part not treated. The depth of 
je removed, in the form of very small chippings, 

oes not exceed about ¥ in. or } in. and the rate of 
treatment is about 10 square yards an hour. As a 
a of increasing the coefficient of friction of a road 
~ hg is particularly valuable, since the level 

: © road remains practically unaltered ; thus it is 
~ necessary—as it may be when a road is asphalted— 
s — the levels of gulleys and manholes, and there 

no loss of kerb height. For the same reason, special 
*reas Such as "bus stops, pedestrian crossings, etc., can 
a Screens are normally hung round the 

ine to reduce the dust nuisance and to prevent 

Amage due to flying grit. Traffic is not much dis- 


TREATING A CONCRETE_FLooR. 





located, since it is only necessary to provide space for 
the air compressor and a 6-ft. wide strip of road on 
which several machines can be operated. The texture 
of the roughening can be varied by using different types 
of bits in the pneumatic drills. 

Some time ago, the Road Research Laboratory of the 
Department of Scientific and Industrial Research 
carried out tests on a length of street in Glasgow to 
determine the effect of the treatment on the “ sideway 
force coefficient.” The tests were undertaken shortly 
after the treatment in November, 1949. The principal 
results of these tests are given in the accompanying 
table (reproduced by permission of the Laboratory), 
which shows that there was a marked increase in the 











Skiddin Sideway Force 
Gitenes, Coefficient.t 
-- in feet, 
from 
30 m.p.h.*) 5 m.p.h. | 30 m.p.h. 
Bush-hammered setts, 
tested downhill .. 42 44 0-81 0-64 
Bush-hammered setts, 
tested uphill és oe 42 0-71 0-71 
Untreated setts, tested 
downhill .. iis ~ 77 0-66 0-29 
Untreated setts, tested 
uphill oe oa “« 70 0-50 0-39 














* Calculated from curves showing the variation of sideway 
_— coefficient with speed, and making no allowance for reaction 

me. 

+ The values are taken from smooth curves drawn through 
plotted points. 


coefficient. The setts were of the nidged type, of a 
porphyritic stone from Furnace quarry, Argyllshire, and 
were laid in 1932. The exposed surface of each sett 
was 12 in. by 6 in., and the nidged surface had been 
almost completely worn away. The street had a 
gradient of 1 in 15. The coefficient used by the 
Laboratory is measured by a special apparatus and in 
the present context, therefore, the values quoted for it 
have only relative significance. Nevertheless, the 
Laboratory’s report states that the increase of approxi- 
mately 0-3 in the coefficient at 30 miles an hour indi- 
cates “a considerable improvement in the skidding 
resistance of the surface.” A qualification is added, 
however: ‘‘ Before the value of this treatment can be 
assessed, further work is necessary to determine how 
long it remains effective, and to study its use on setts 
made from other types of stone.” 

It is five years since the first section of concrete road 
was tested, in the Southern Counties, and about 28,000 
square yards have since been roughened for the author- 
ity concerned. Another authority, in the Midlands, 
had 11,000 square yards treated, and similar work has 
recently been carried out in the Lea Bridge-road for the 
Hackney Borough Council, London. The Metropolitan 
Construction Company, who contract for these works, 
believe that the treatment may be of service in other 
fields. Several leading flooring specialists have used 
the machine to prepare sub-floors for keying the top- 
pings and dressings. 


Fic. 2. 





TREATED AND UNTREATED GRANITE SETTs. 


DERAILMENT OF A TRAIN NEAR 
MANSFIELD. 

In a recently published railway accident report,* 
Brigadier C. A. Langley, an inspecting officer of rail- 
ways, concludes that the train wag derailed, though 
travelling at only a moderate speed, because of a 
slight but periodic variation in the cant of the track 
which synchronised with the hunting periodicity of 
the engine, the effect being worsened by the failure 
of the side-control gear of the pony truck to restrain 
its lateral movements. The train consisted of three 
coaches and an 0-6-2 class N2 side-tank engine which 
was travelling chimney first. Its speed was probably 
not more than 25 to 40 miles an hour. 

The train was totally derailed on plain straight 
track, the engine and two leading coaches being over- 
turned down a 10-ft. embankment but the rear coach 
remaining on the formation tilted at an angle of 20 deg. 
The derailment occurred about 110 yards beyond a 
curve of 100-chains radius. The prescribed cant on 
this curve was 1} in., and the actual cant varied between 
1 in. and 1} in., though it had dropped to } in. for 
about 10 yards at a place where the gauge was slack. 
There were, however, variations in cross levels on the 
straight track; the levels varied with first one rail, 
and then the other, from % in. to § in. low. These 
variations were peculiarly regular, and continued up 
to the point of derailment. The pitch averaged 27 ft., 
which would produce oscillations at the rate of 147 per 
minute at a speed of 45 miles an hour and 130 per 
minute at 40 miles an hour. 

The tanks of the engine were about half full at the 
time of the accident. The leading and trailing coupled- 
wheel springs were of the laminated type with a 
periodicity of 147 oscillations per minute; the pony- 
truck springs were also laminated, with a periodicity 
of 164 per minute. The driving wheels were fitted 
with double helical springs with a periodicity of 198 

rminute. Side movement of the truck was restricted 
S two helical springs which came into action as soon 
as the axlebox side-play was taken up, though each 
spring produced a force of only 15 cwt. when com- 
pressed 2 in. It was found that the top plate of the 
left. trailing-wheel spring was broken and one of the 
right-hand helical springs on the driving wheel was 
fractured through the top coil. Both these breaks 
were old. The pony-truck side play, which should 
have been } in. on each side, ie. a total of } in., 
amounted to 14 in., made of fy in. wear on the left- 
hand liner, }-in. normal play and in. due to the right- 
hand liner being missing; thus the force exercised by 
the side-control springs was negligible. 

An investigation after the accident showed that 
variations of § in. to § in. in cross level are not easily 
discerned by a ganger in the course of a normal inspec- 
tion, and even if he did observe them he might well 
miss the significance of a regular pitch from side to side. 


* Ministry of Transport; Railway Acridents: Report 
on the Derailment which occurred on September 2, 1950, 
near Mansfield in the Eastern Region, British Ratlwayes. 
H.M. Stationery Office. [Price 2s. net.] 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


INOREASES IN CosT OF GAS AND ELECTRICITY.—The 
Scottish Gas Board announced on March 27 that, after 
the next meter reading, the price of gas would go up by 
1d. a therm in many areas of the country. The increase 
would apply to the four principal cities and practically 
all the large towns. The dependence of the gas industry 
in Scotland on appreciable quantities of English coal 
entailed an addition of 100,000/. to the transport charges. 
In their statement the Board said that, during 1949-50, 
they had operated at a loss of 284,0001. To offset an 
estimated 650,0001. increase in operating costs during 
1951-52 the South-West Scotland Electricity Board have 
decided to incre their charges as from May 1 next. 
About 385,0001. of the additional revenue will be found 
by raising the running or unit charge in the commercial, 
domestic, and farm tariff from 0-75d. to 0-85d., together 
with the raising of a few other unit charges to 0-85d. 
The remaining revenue will be obtained by increasing 
the fixed or primary charge components of the industrial 
and commercial tariffs. 





GRANGEMOUTH OIL REFINERY.—The completion of 
more than two years’ work at the Grangemouth refinery 
of Scottish Oils, Ltd., was reached on March 27 when a 
6,000,0001. extension to the works was put into produc- 
tion. The new plant represented a fifth phase of a large- 
scale development at the refinery, estimated to cost 
19,000,0007. The aim is to increase fourfold the pre-war 
output of refined products and to provide a number of 
chemical products. 

SOLID-FUEL PROBLEMS.—Addressing a conference on 
fuel efficiency and economy in Glasgow on March 21, 
Mr. Alfred Robens, Parliamentary Secretary to the 
Ministry of Fuel and Power, emphasised that the shortage 
of coal was not a passing phase. He told his audience 
of 400 technicians, representing West of Scotland indus- 
trial firms, that there was a long way to go before they 
could say that coal supplies were adequate. The Earl 
of Balfour, chairman of the Scottish division of the 
National Coal Board, said that the shortage would 
probably mean that industrialists would have to take 
coal that was not ideal for their particular plant. 





NorRTH OF SCOTLAND HyYDRO-ELECTRIC BOARD: 
KILMELFORT SCHEME.—The North of Scotland Hydro- 
Electric Board have published their Constructiona) 
Scheme No. 61, covering the provision of a generating 
station on the River Oude, near its outlet into Loch 
Melfort. The catchment area is 11 square miles, with an 
annual rainfall of about 74 in. A dam on Loch na 
Sreinge will impound water which will be led into Lochan 
®’Bhailis and Loch Tralaig. The latter loch, which will 
have a dam at its outlet to the Oude, will be the main 
storage reservoir, with a capacity of 133 million cub. ‘ft. 
The water will flow down the Oude to a headpond in 
the Pass of Melfort, and thence through a tunnel and 
pipeline to the generating station, which will contain a 
turbo-alternator of 3,000 kW, operating under a gross 
head of 365 ft. 





CLEVELAND AND THE NORTHERN 
COUNTIES, 


SHORTAGES OF Raw MATERIALS AND ScRAP.—The 
outstanding features in the Cleveland iron and steel 
industry are shortages of raw materials and inadequate 
supplies of iron and steel scrap. The dearth of shipping 
at Mediterranean iron-ore ports is marked and freights 
remain at a very high level. Scrap deliveries are much 
below users’ demands and the outlook is perturbing. 
Little war scrap from the Continent is now reaching the 
North-East Coast and supplies from home sources have 
not increased sufficiently to deal satisfactorily with the 
position. 





CLEVELAND IRON AND STEEL INDUSTRY.—North-East 
Coast iron and steel producers are not keen to add to 
their delivery obligations and the outlook for the second 
quarter of the year is somewhat obscure.” The obstacles 
to market transactions are difficult to surmount and the 
production capacity of Tees-side works is likely to 
be severely tested as the re-armament programme is 
unfolded. Inadequate distributable tonnages of pig irou 
and of steel ingots and castings continue to engage close 
attention and some early improvement in the position is 
considered not unlikely. Sheet-steel deliveries are much 
below the needs of consumers. 





DEVELOPMENT PLAN FOR CouNnTy DURHAM.—A new 
draft development plan for County Durham, drawn up 
under the general supervision of Mr. W. A. Geenty, the 
County Planning Officer, is now being considered by the 


35 local authorities within the vounty. The plan involves 
a total expenditure of 210,000,0001., spread over the 
next 20 years, and to be spent en housing, roads and 
sewerage schemes, schools and the development of land 
for industry. 

TEES CONSERVANCY COMMISSION.—The volume of 
shipping using the River Tees in the first two months of 
the present year was less than in the corresponding period 
of 1950. Statistics submitted at a meeting of the Tees 
Conservancy Commission, held on April 2 at Middles- 
brough, showed that the number of ships entering the 
Tees in the first two months of 1951 numbered 623, as 
compared with 648 for the corresponding two months of 
1950. The registered tonnage, of the 623 ships was 
613,347, compared with 694,352 for the 648 ships a 
yearago. This year’s imports for January and February, 
however, totalled 151,992 tons, as compared with 138,874 
in the corresponding period of 1950. 


LANCASHIRE AND SOUTH 
YORKSHIRE, 


ELectriciry LOAD SPREADING.—The arrangements 
made for electricity load spreading in industrial and 
commercial establishments in the East and West Ridings 
this winter expired on March 31. Firms have been 
warned that load spreading will again be necessary next 
winter owing to the heavy demand for electricity which, 
it is stated, will exceed the generating capacity of the 
power stations. Next winter’s problems are being 
considered now and firms will be given as early an 
intimation as possible of the requirements. 

GROWING SHORTAGES.—Some rolling mills at Sheffield 
are on short time on account of a shortage of steel, and 
others are hampered by a scarcity of labour. A further 
batch of 20 men has been put off at the works of Cravens 
Railway Carriage and Wagon Co., Ltd., Darnall, Sheffield, 
bringing the number to 145. This action is due to 
insufficient supplies of steel. The firm has a large 
proportion of export orders on its books, but no steel 
priority is afforded for this overseas business. 

CHANGE FROM TRAMS TO OMNIBUSES IN SHEFFIELD. 
—The Sheffield Transport Committee have approved 
in principle the change-over from tramways to omni- 
buses in Sheffield over a 15-year period. The tram- 
ways, operating on 48 miles of track, are carrying 
about 175,000,000 passengers yearly—64 per cent. of the 
total carried. The omnibuses, operating on 120 miles 
of route within the city, carry 100,000,000 passengers 
yearly, or 36 per cent. Four years ago the tramways 
carried 71 per cent. of the total. 

TRANSPORT USERS’ CONSULTATIVE COMMITTEE.—The 
Minister of Transport (the Rt. Hon. Alfred Barnes, M.P.) 
has formally appointed the Transport Users’ Consultative 
Committee for the North-Western Area. The chairman 
is Alderman H. Hodkinson and the secretary is Mr. G. H. 
Fieldsend, of the District Goods Superintendent’s Office, 
London Midland Region, Railway Executive, Manchester. 
The offices of the committee will be the Smoke Room, 
Hunt’s Bank Offices (adjoining Victoria Station), Man- 
chester. 





BuRST FLYWHEEL IN LANCASHIRE MILL.—On the after- 
noon of Friday, March 30, a 25-ton flywheel burst at the 
cotton mill of the Marland Spinning Co. (1920), Ltd., at 
Castleton, Rochdale. The mill was driven by a steam 
engine of 1,250 h.p. The engine and engine house were 
extensively damaged, and fragments of the wheel caused 
some damage to the surrounding property, but there was 
no loss of life, nor, apparently, was any person injured. 


THE MIDLANDS. 


SMOKE ABATEMENT.—The Nottingham Health Com- 
mittee announce that the increased supply of boiler plant 
to industry in the city has justified the more energetic 
abatement of smoke nuisances. The adoption of a 
new by-law is proposed which will define in strict terms 
to what extent the emission of black smoke constitutes 
a@ nuisance. The by-law will not impose any new obliga- 
tion, but will make clear to industrialists that if, for a 
period of more than two minutes in one half-hour, their 
chimneys emit black smoke, prosecutions may follow. 





MATERIAL SHORTAGES AND THE LABOUR SITUATION.— 
A shortage of many different kinds of material remains 
the principal problem facing Midland industry today. In 
the early stages of the materials shortage it was fre- 
quently stated that if some labour became redundant as 
& result of failure to obtain the materials required, other 
branches of industry would absorb the dismissed person- 
nel. The problem is now seen to be more complex than it 





appeared at first. The effect of the shortage is becoming 





marked in two different ways. In the first place, where 
there is a concentration of factories making a particular 
product, as is the case of Coventry, with its motor-car 
industry, the difficulties in one factory are felt equally in 
the others, and there is little likelihood of any redundancy 
in one works being cancelled out by vacancies in another. 
Secondly, the shortages are causing unbalanced pro- 
duction between departments of individual factories. 





THE COVENTRY CENTRAL AREA.—The scheme preposed 
by the Coventry Corporation Planning and Re-develop- 
ment Committee for the district heating of the central 
area of the city has been abandoned. The terms sug- 
gested for heating a proposed large retail-store building 
in the area have been rejected by the firm proposing to 
erect the store. The building will be in the smokeless 
zone (mentioned in these notes on page 286, ante) and, 
whatever form of heating is eventually decided upon, it 
will have to conform to the regulations for this zone, 
The Committee are to consider a possible future scheme. 





PRODUCTION OF Om SEALS.—At the annual general 
meeting of Super Oil Seals and Gaskets, Ltd., Factory 
Centre, King’s Norton, Birmingham, 30, held on 
March 22, the chairman, Mr. R. H. Roberts, said that the 
company are now producing seals and mouldings at the 
rate of one and a half millions per month ; about 80 per 
cent. of the total is forexport. The number of employees 
at Birmingham has been practically doubled during the 
past twelve months, and, to deal with the space problem, 
the company have taken a lease of a Government- 
owned factory at Cardiff for 21 years. The hose division 
of the business will be transferred to Cardiff. 





THE INSTITUTION OF WORKS MANAGERS.—At a 
meeting of about 70 works managers in Wolverhampton 
on March 20 it was agreed to form a Wolverhampton 
branch of the Institution of Works Managers. The 
formal inception of the branch was moved by Mr. 
E. ©. Fryer, director and general works manager of 
Josiah Parkes and Sons, Ltd., Willenhall, Staffordshire. 

WELDING ScHOOL AT WILLENHALL.—Invicta Elec- 
trodes, Ltd., Bilston Lane, Willenhall, Staffordshire, have 
opened a welding school at their works to give specialised 
instruction in arc welding to the employees of their 
customers. Invicta Electrodes, Ltd., a member of the 
Rubery Owen group of companies, was originally at 
King’s Norton, Birmingham, but moved to the present 
site shortly before the war. 

TRANSPORT USERS’ CONSULTATIVE COMMITTEES.—The 
Minister of Transport (the Rt. Hon. Alfred Barnes, M.P.) 
has now appointed the Transport Users’ Consultative 
Committees for the East and West Midlands Areas. The 
chairman of the committee for the East Midlands Area 
is Professor R. Peers, O.B.E., M.C., and the secretary 
is Mr. W. J. Ruse, whose office is in that of the District 
Commercial Superintendent, Railway Executive (Notting- 
ham /Derby) at Derby Station. Brigadier F. Lane, C.B.E., 
is the chairman of the West Midlands Area Committee, 
and the secretary is Mr. N. Platt, whose address is the 
District Goods Superintendent’s Office, Railway Execu- 
tive, Birmingham. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


AIRCRAFT PRODUCTION IN GLOUCESTERSHIRE.— On 
March 28, Mr. G. R. Strauss, the Minister of Supply, 
visited two firms of the Hawker Siddeley Group, namely, 
A. W. Hawksley, Ltd., of Brockworth, and the Gloster 
Aircraft Co., Ltd., Hucclecote, near Gloucester, and met 
their joint production committees. Messrs. Hawksley 
are at present building light-alloy prefabricated houses, 
but they are to change over gradually to the production 
of Rolls-Royce jet engines. At the Gloster works, the 
Minister saw the main assembly lines where Meteor ‘ 
trainers, Meteor 8 fighters, and Meteor 9 and 10 recon- 
naissance aircraft are in production; from there he 
went to Moreton Valence, where Meteors are flight- 
tested, and made a flight in a Meteor 7 aircraft. The 
rearmament programme, said Mr. Strauss, was progress- 
ing steadily and ultimately 20 to 25 per cent. of the 
engineering industry, some 500,000 people, would be 
producing defence equipment. 





WELSH CoaL InDUsTRY.—The production of coal in 
the South-Western Division, the bulk of which comes 
from South Wales and Monmouthshire, fell heavily 2 
the week containing Good Friday, though there was n° 
holiday. At 474,500 tons, it was 52,000 tons below that 
of the previous week and about 1,200 tons below the level 
reached in the corresponding period of last year. Absen- 
teeism following Easter Monday, which was a holiday at 
the pits, was on a heavy scale. According to a National 
Coal Board statement, it amounted to 23 per cent. of 
the total man-power throughout the Division, compared 
with 22 per cent. a year ago, and 29 per cent. after the 
Christmas stoppage. 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre: Monday, April 9, Royal Station Hotel, 
Neweastle-upon-Tyne. 6.15 p.m., Annual Meeting. 
7 p.m., Conversazione. Mersey and North Wales Centre: 
Monday, April 9, 6.30 p.m., Royal Institution, Colquitt- 
street, Liverpool. Annual Meeting. London Students’ 
Section : Monday, April 9, 7 p.m., Victoria-embankment, 
W.C.2. “CO, Equipments,” by Mr. D. W. Foster and 
Mr. W. E. M. Arundel. District Meeting: Monday, 
April 9, 7.30 p.m., Royal Hotel, Norwich. ‘ Detection 
by Oscillographic Methods of Winding Failures During 
Impulse Tests on Transformers,” by Mr. E. C. Rippon 
and Mr. G. H. Hickling. North-Western Centre: Tues- 
day, April 10, 6.15 p.m., Engineers’ Club, Manchester. 
* London-Birmingham Television Radio-Relay Link,” 
by Mr. R. J. Clayton, Dr. D. C. Espley, Mr. G. W. 8S. 
Griffiths and. Mr. J. M. C. Pinkham. Radio Section: 
Wednesday, April 11, 5.30 p.m., Victoria-embankment, 
W.C.2. 
vey on 90 Mc/s,” by Mr. H. L. Kirke, Mr. R. A. Rowden 
and Mr. G. I. Ross; and ‘‘ Propagation of Metre Radio 
Waves Beyond the Normal Horizon,” by Dr. J. A. 
Saxton, Mr. G. W. Luscombe and Mr. G. H. Bazzard. 
Scottish Centre: Wednesday, April 11, 7 p.m., Heriot- 
Watt College, Edinburgh. Informal Lecture. Southern 
Centre: Wednesday, April 11, 7.30 p.m., R.A.E. Tech- 
nical College, Farnborough. “Electrical Properties of 
Nerve and Muscle,” by Dr. W. E. Floyd. Thursday, 
April 12, 7 p.m., The Guildhall, Southampton. Faraday 
Lecture on “‘ Lamps and Lighting,”’ by Mr. L. J. Davies. 
Utilization Section: Thursday, April 12, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘‘ Modern Developments 
in Electric Welding,”’ by Dr. H. G. Taylor. 

INSTITUTION OF PRODUCTION ENGINEERS.—Sheffield 
Section: Monday, April 9, 6.30 p.m., Royal Victoria 
Station Hotel, Sheffield. ‘‘ Modern Marking Methods,” 
by Mr. A. Throp. Derby Sub-Section: Monday, April 9, 
7 p.m., School of Art, Green-lane, Derby. ‘‘ Rubber and 
Allied Materials,” by Mr. A. Reynolds. Dundee Section : 
Tuesday, April 10, 7.30 p.m., Mathers Hotel, Dundee. 
“ Starting a New Factory,” by Mr. A. R. Northover. 
Liverpool Section: Wednesday, April 11, 7.15 p.m., 
Exchange Hotel, Tithebarn-street, Liverpool. Annual 
Meeting. Southern Section : Thursday, March 12, 7 p.m., 
Polygon Hotel, Southampton. ‘‘ Use of Rubber as an 
Engineering Material,’’ by Mr. G. W. Trobridge. Roches- 
ter Sub-Section: Thursday, April 12, 7.30 p.m., Sun 
Hotel, High-street, Chatham. ‘‘ Production of Auto- 
mobile Gears,” by Mr. T. Vickerman. 


INSTITUTE OF FUEL.—North-W estern Section : Monday, 
April 9, 7 p.m., Radiant House, Bold-street, Liverpool. 
Annual Meeting and Film Display. Scottish Section: 
Wednesday, April 11, 6 p.m., 39, Elmbank-crescent, 
Glasgow, C.2. Annual Meeting. ‘‘ Comparative Tests on 
Commercial CO, Recorders,” by Mr. L. J. Flaws and 
Mr. W. Hill. East Midland Section: Thursday, April 12, 
6.15 p.m., Gas Board’s Showrooms, Nottingham. ‘“‘ Un- 
derground Gasification,’’ by Mr. C. A. Masterman. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
Centre: Monday, April 9, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. ‘‘ Use of Lightweight Sandwich 
Materials in the Construction of Road-Transport Vehi- 
cles,” by Mr. F. C. Lynam. East Midlands Centre: 
Tuesday, April 10, 7.30 p.m., Engineers’ Institute, Not- 
tingham. Discussion on ‘‘ The Care and Maintenance of 
Sparking Plugs.” South Wales Group: Friday, April 13, 
7 p.m., South Wales Institute of Engineers, Park-place, 
Cardiff. Open-Discussion Meeting. 

INCORPORATED PLANT ENGINEERS.—Dundee Branch : 
Monday, April 9, 7.30 p.m., Mathers Hotel, Dundee. 
“ Metallising for Industrial-Plant Maintenance,” by Mr. 
J. Barrington Stiles. East Midland Branch : Wednesday, 
April 11, 7 p.m., Welbeck Hotel, Nottingham. ‘‘ An 
English Oilfield,” by Mr. C. M. Adcock. Kent Branch: 
Thursday, April 12, 7 p.m., Technical College, Maidstone. 
* Power and Process Heat Balance,’’ by Mr. Oliver Lyle. 
Newcastle-upon-Tyne Branch: Thursday, April 12, 7.30 
p.1a,, Royal Turks Head Hotel, Grey-street, Newcastle- 
upon-Tyne. Discussion on “ Welding and Equipment.” 

[INSTITUTION OF CIVIL ENGINEERS.—Public-Health 
Engineering Division: Tuesday, April 10, 5.30 p.m., 
Great George-street, S.W.1. ‘‘ Civil Engineering and 
Medicine in the Field of Environmental Health,” by Dr. 
N. R. Beattie. Midlands Association: Thursday, 
April 12, 6 p.m., James Watt Memorial Institute, Bir- 
mingham. ‘“ Aluminium as a Structural Material,” by 
Mr. E. Longbottom. 

CHEMICAL ENGINEERING GROUP.—Tuesday, April 10, 
5.30 p.m,, Geological Society, Burlington House, Picca- 
dilly, W.1. ‘‘ Man and the Chemical Industry: A Con- 
sideration of Physiological Adaptability,” by Mr. M. W. 
Goldblatt. 


““A Very High-Frequency Field-Strength Sur-. 





INSTITUTE OF MARINE ENGINEERS.—Tuesday, April 10, 
5.30 p.m., 85, The Minories, E.C.3. ‘ Electrical Machi- 
nery ina Cargo Liner,” by Mr. J. B. Peacoek. 


ILLUMINATING ENGINEERING SOCIETY.—Tuesday, 
April 10, 6 p.m., 2, Savoy-hill W.C.2. ‘“‘ Recent Develop- 
ments in Gas Street Lighting,” by Mr. P. Crawford Sugg. 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, April 10, 6 p.m., Mackworth 
Hotel, Swansea, “ Industrial Design and Its Relation 
to Machine Design,” by Mr. H. G. Conway. Institution : 
Friday, April 13, 5.30 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. ‘“‘ Steam Piping for High Pressures and 
High Temperatures,” by Dr. R. W. Bailey, F.R.S. 
AUTOMOBILE DIVISION.— Derby Centre : Monday, April 9, 
7.15 p.m., Mechanics’ Institute, The Wardwick, Derby. 
“Engineering Aspects of the B.R.M. Racing Car,” by 
Mr. Raymond Mays. London: Tuesday, April 10, 
5.30 p.m., Storey’s-gate, S.W.1. ‘‘ Development of the 
de Havilland Series of Engines for Light Aircraft,” by 
Mr. J. L. P. Brodie. Western Centre: Thursday, April 
12, 6.30 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. ‘‘ Automobile Test Rigs,’’ by Mr. 
L. H. Dawtrey. 

INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
April 10, 6.30 p.m., Caxton Hall, Westminster, S.W.1. 
*‘ Sanitation in Multi-Storey Buildings,” by Mr. H. E. 
Gooding. 

Roya AERONAUTICAL SocrETY.—Tuesday, April 10, 
7 p.m., 4, Hamilton-place, W.1. “ Simulators,” by 
Mr. W. R. Thomas. Thursday, April 12, 6 p.m., Institu- 
tion of Civil Engineers, Great George-street, S.W.1. 
“Planning and Production Methods as Applied to the 
Comet,”” by Mr. H. Povey. 

INSTITUTION OF WORKS MANAGERS.—West Midland 
Branch: Tuesday, April 10, 7 p.m., Grand. Hotel, 
Birmingham. ‘‘ Value of Statistical Methods of Control,” 
by Mr. P. Lyle. Tees-Side Branch: Thursday, April 12, 
7.30 p.m., Vane Arms Hotel, Stockton. Annual Meeting. 
Manchester Branch: Friday, April 13, 7 p.m., Grand 
Hotel, Manchester. Annual Meeting. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Bolion Branch: Tuesday, April 10, 7.15 p.m., York 
Café, Great Moor-street, Bolton. ‘‘ Distribution,’”’ by 
Mr. J. Yates. Crewe Branch: Friday, April 13, 7.30 
p.m., Crewe Arms Hotel, Crewe. ‘‘ Battery Vehicles,” 
by Mr. R. D. Morgan. . 

RoyaL Socrety oF ARTS.—Wednesday, April 11, 
2.30 p.m., John Adam-street; W.C.2. “1851-1951: 
A Century of British Education,” by Sir John Maud. 


NEWcOMEN SOCIETY.—Wednesday, April 11, 5.30 p.m., 
Science Museum, South Kensington, 8.W.7. ‘ Some 
Notes on Dutch Water Mills,” by Mr. E. M. Gardner; 
“Three Types of Windmills in Southern Brittany,’ by 
Mr. G. Huard, Mr. Rex Wailes and Major H. A. Webster ; 
and ‘‘ Notes on the Berton Sail, and the ‘ Caviers’ or 
Hollow Post Mills of Anjou,” by the late Mr. H. 0. 
Clark and Mr. Rex Wailes. 

INSTITUTE OF PETROLEUM.—Wednesday, April 11, 
5.30 p.m., 26, Portland-place, W.1. Symposium on 
“Petroleum Standardisation.” 

BRITISH INSTITUTION OF RADIO ENGINEERS.—-North- 
Eastern Section: Wednesday, April 11, 6 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘‘ Elements of Pulse Code 
Modulation,’ by Major 8S. R. Rickman. South Midlands 
Section : Wednesday, April 11, 7.15 p.m., Public Library, 
Malvern. ‘‘The Germanium Triode,” by Dr. E. G. 
James. North-Western Section: Wednesday, April 11, 
7.15 p.m., College of Technology, Manchester. ‘‘ Measur- 
ing Equipment for Frequency Modulation,’ by Mr. E. D. 
Hart and Mr. A. G. Wray. 

WOMEN’S ENGINEERING SOCIETY.—London Branch: 
Thursday, April 12, 7 p.m., 35, Grosvenor-place, S.W.1. 
Discussion on “‘ London’s Water Supply.” 

INSTITUTE OF BRITISH FOUNDRYMEN.—Lincolnshire 
Branch: Thursday, April 12, 7.15 p.m., Technical 
College, Lincoln. Short Paper Competition. Newcastle 
Branch: Saturday, April 14, 6 p.m., Neville Hall, 
Newcastle-upon-Tyne. Annual Meeting and Film Dis- 
play. 

NorTH-EAST Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, April 13, 6.15 p.m., Neville Hall, 
Newcastle-upon-Tyne. ‘‘ Improvement of Environmen- 
tal Conditions in Ships’ Machinery Spaces,’”’ by Dr. 
Margaret Fishenden and Mr. 8. A. M. Davidson. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, April 13, 
6.30 p.m., 39, Victoria-street, S.W.1. ‘‘ Uses of Models 
in Industry, Education, Invention and Recreation,” by 
Mr. R. H. Fuller. 





THE OLD CENTRALIANS.—The April luncheon of the 
Old Centralians (the association of former students of the 
City and Guilds Engineering College) will be held on 
Friday, April 13, at 12.45 for 12.55 p.m., at the restaurant 
“Chez Auguste,” 47, Frith-street, London, W.1. The 
speaker will be Mr. Ian Orr-Ewing, 0.B.E., M.P., whose 
subject will be ‘‘ The Future of Television.” 





PERSONAL. 


The Governors of the College of Aeronautics, Cranfield, 
Bedfordshire, announce the appointment of ATR MARSHAL 
Sir Victor GoppaRD, K.C.B., C.B.E., M.A., to succeed 
Mr. E. F. REL, C.B.E., A.R.O.Sc., F.R.Ae.S., F.R.S., 
as Principal of the College. Sir Victor will commence 
his duties on September 1. 

Mr. C. M. MERRICK, managing director of Shell-Mex 
and B.P., Ltd., Shell-Mex House, Strand, London, W.C.2, 
has retired. His successor is Mr. C. M. VIGNOLES, O.B.E. 

Dr. E. C. ROLLASON, M.Sc. (Birm.), has been appointed 
Professor of Metallurgy at the University of Liverpool 
and is relinquishing his present post of director and 
research manager of Murex Welding Processes Ltd., 
Waltham Cross, Hertfordshire, on September 28. 

Mr. I. Lupspock, M.A. (Cantab.), M.I.Mech.E., 
M.1.H.V.E., F.Inst.P., head of the internal-combustion 
turbine section of the sales technical advisory depart- 
ment, the Shell Petroleum Co., Ltd., St. Helen’s Court, 
Great St. Helen’s, London, E.C.3, retired on March 31, 
after nearly 28 years of service. 

Mr. F. L. PaRKIN, B.Sc., M.I.E.E., A.M.I.Mech.E., 
has resigned his position as chief electrical engineer to 
the Steel Peech and Tozer branch of the United Steel Cos. 
Ltd., Sheffield, to take up the appointment of general 
manager to Aerex Ltd., fan engineers, 46, Rutland Park, 
Sheffield, 10. 

Cc. S. ALLotr & SON, consulting engineers, North 
Parade, St. Mary’s Parsonage, Manchester, 3, have 
taken into partnership their two senior associates, Mr. 
ARNOLD BAILEY, A.M.I.C.E., and Mr. STANLEY GLEAVES, 
M.1.Struct.E. The name of the firm is unchanged. 

Mr. G. A. HEsLIP, M.I.Mech.E., has relinquished his 
position with the Climax Rock Drill and Engineering 
Works Ltd., Carn Brea, Redruth, Cornwall, to take up 
duties as manager to Armstrong Patents Co., ,Ltd., 
Beverley, Yorkshire. 

Mr, H. H. Noroross has relinquished his directorship 
of B. O. Morris, Ltd., Morrisfiex Works, Clay-lane, 
Coventry. Mr. H. S. Royce and Mr. M. B. E. MASTERS 
have been elected to the board of the company. 

Two engineers of the South Eastern Division, British 
Electricity Authority, have received appointments with 
the Hydro-Electric Power Commission of Ontario, 
Canada. Mr. G. R. MorGan, A.M.I.E.E., hitherto 
generation engineer, operation, North Group of the 
Division, will be responsible for the administration of all 
steam plant belonging to the Commission. Mr. E. D. 
Houpup, M.Se., A.M.I.Mech.E., A.M.I.E.E., hitherto 
superintendent of Kingston “ B” power station, is to 
become superintendent of the new J. Clark Keith power 
station, Windsor, Ontario, to commence operation this 
autumn. 

Mr. S. N. Dueump, J.P., B.Sc. Tech., F.Inst.F., who, 
as stated on page 373, ante, has now taken charge of the 
Manchester branch office of Powell Duffryn Technical 
Services Ltd., has been elected chairman of the Executive 
Council of the National Smoke Abatement Society, in 
succession to the late Mr. CHARLES GANDY, of Manchester. 

Mr. JAMES MorTON, O.B.E., M.Inst.Mar.E., engineer 
superintendent of the British and Burmese Steam 
Navigation Co., Ltd., 95, Bothwell Street, Glasgow, C.2, 
is retiring after 46 years of service with the company. 

Mr. J. W. MacManon, has been made sales manager 
industrial oils department, C. C. Wakefield & Co., 
Ltd. Mr. B. S. Davis, Mr. D. 8S. Kirkpatrick and 
Mr. J. E. S. ELWELL are to be eastern, western, and 
northern regional sales managers, respectively. 

Mr. WALTER WHITE, general sales manager at the 
Cambridge-street, Manchester, branch of the Dunlop 
Rubber Co., Ltd., and a local director, in Manchester, of 
the firm’s northern group, has retired after 45 years of 
service with the company and Charles Macintosh & Co., 
Ltd., acquired by the Dunlop Oo. in 1926. 

A new company, the SocmtTt pES REV#iTEMENTS 
CEMETEX, S.A., flooring and decking contractors, Saint 
Maur-des-Fossés, near Paris, has been formed to operate 
in France under licence from SEMTEX LTD., a constituent 
firm of the DUNLory RUBBER Co., Ltp. The managing 
director is Mr. R. CHEvrRoT, general manager of the 
French Dunlop Co., and the other directors are MR. 
F. G. MorrersHaw, of Semtex Ltd., Mr. E. Hout, of 
the Dunlop Co., and Messrs. G. LaTTaRD, M. DEGLOS 
and E. Gmon, all of whom are senior executive officers 
of the French Dunlop Co. 

SruaRT Davis Ltp., Much Park-street, Coventry, have 
been appointed sole selling agents, in the United King- 
dom, for MALMEDIE UND Co., makers of cold forging 
machines and other machine tools, Disseldorf, Germany. 

Feropo Lrtp., Chapel-on-le-Frith, Stockport, have 
removed their Leeds depot to more commodious premises 
at Ferodo House, 80, North-street, Leeds, 2; Mr. F. 
Booru remains the manager. The firm’s Aberdeen depot 
will be moved on April 17 to Ferodo House, 27-29, 
Virginia-street, Aberdeen; Mr. W. WyYs8E remains the 
manager. 
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SKELTON GRANGE POWER STATION. 





NEW POWER STATIONS FOR THE 
B.E.A.: VI.—SKELTON GRANGE. 


Tue Skelton Grange station of the British Electricity 
Authority is situated on the River Aire, a short distance 
to the south-east of Leeds and its external appearance 
is illustrated in the aerial photograph reproduced in 
Fig. 1. An interesting feature is that the turbine house 
is framed in reinforced concrete with a thin concrete 
curved shell roof of Chisare construction. An illus- 
trated description of this building appeared on page 609 
of our 168th Volume, in the issue of December 9, 1949. 
The ultimate capacity of the station will be 360 MW, 
and the first boiler and set will be started up at the 
end of March. 

Coal: will mainly be delivered by rail and will be 
transported either to the boiler house or the store by 
conveying plant constructed by International Com- 
bustion Limited, 19, Woburn-place, London, W.C.1. 
Firing will be by pulverised fuel on the unit system 
and long-flame horizontal tilting burners will be used. 
The steam-raising plant will consist of nine boilers 
constructed by the same firm, six of which will generate 
360,000 Ib. of steam and three 550,000 lb. of steam per 
hour at a pressure of 975 lb. per square inch and a 
temperature of 940 deg. F. The flue gases will be 
cleaned by electrostatic precipitation. 

There will be six 60-MW turbo-alternators. These 
machines, which can be seen in course of erection in 
Fig. 2, will be hydrogen-oooled and are being erected 
by Messrs. C. A. Parsons and Company, Limited, 
Neweastle-upon-Tyne. They will generate three-phase 
at 11 kV and will be direct-connected to the transform- 
ers, supplied by the English Electric Company, in 
which the voltage will be stepped up to 132 kV. 
Switching will take place at this pressure on outdoor 
gear supplied by the British Thomson-Houston Com- 
pany, Limited, Rugby, which is situated in a compound 
to the rear of the station, as shown in Fig. 3. The 
main and pilot exciters being used for this purpose will 
be gear-driven. 

Cooling water will be drawn mainly from the Aire, 
the effect at low flow being increased by using a re- 
circulating system consisting of three miles of water- 
way. In addition, however, the whole of the sewage 
effluent from Leeds will be passed to the station, as 
will the water circulated through the bacteria beds of 
the adjacent sewage works. As a result, the cooling 
towers will only be required for two of the sets and 
then only when the river is below a certain level. 
The condensate will be passed to the boilers through 
five stages of feed heating—two low-pressure and three 
a The consulting engineers for the station 
are Messrs. Merz and Mclellan, with whom Sir 
Alexander Gibb and Partners are associated as con- 
sultants for the civil-engineering work. 








Fie. 1. AxRiaL View OF Power STATION. 








FNGINFERING 


Fie. 2. Interior oF TURBINE Room. 
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Fic. 3. 132-KV Susstation. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Acccunts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.’ Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
- stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


£4 5 0 


_ As from April 1, 1951, the subscription rates, 

including postage, are increased to £5 10s. 

in the United Kingdom and all places overseas, 

except Canada; and the rate for Canada to £5 5s. 

— of a single copy is now 2s,, plus 
e. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
gs of “Appointments Open,” “ Situations 
Wanted,” “Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six ; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
current week’s issue must be received not later 
than first post Wednesday. 


Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
cation, otherwise it may be impossible to submit 
Proofs for approval. 


The Proprietors will not hold themsel i 

) ves responsible 

for advertisers’ blocks left in their possession be more 
Wo years. 
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A CHEERLESS PROSPECT. 


Tomas CaRLYLE is not commonly regarded as a 
prophet, but his description of political economy 
as “‘the dismal science” appears to display some 
prophetic insight when regarded in the light of the 
Government's Economic Survey for 1951.* The 
picture that it presents is, indeed, “harsh and 
unpleasant,” to quote the words of the concluding 
chapter, even without the gloomy warning that, 
“Even so, many of the assumptions on which it is 
based may well prove to have been optimistic.” 
The need for re-armament is indicated as “ the 
main and unavoidable cause’; a statement which 
may not receive invariable agreement. That need 
is undoubtedly real enough, and the efforts to satisfy 
it must react adversely on all other activities ; but, 
turning from one depressing page to another, it is 
difficult to avoid a feeling that many of the problems 
and complications might have been reduced in 
severity if the normal life of the British community 
had not:been so extensively disrupted by the pursuit 
of purely political aims, often excellent in theory, 
but of dubious worth in practice. 

As a compilation of more or less related statistics, 
the 1951 Survey reflects credit on the industry of its 
compilers, whether their deductions be accepted at 
face value or not; though there is still an uneasy 
suspicion engendered that all this concentration of 
effort and money—for the preparation of this 
pamphlet of 48 pages must have cost a considerable 
sum—might have been applied more profitably in 
other directions. The Victorian writers of moral 
tracts for the delectation of the impressionable 
young liked to point out that, if the time and effort 





* Cmd. 8195. H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. [Price 1s. net.] 





that a juggler expended in mastering the art of 
balancing a billiard cue on his nose had been directed 
into more academic channels, he might have become 
a Senior Wrangler—conveniently disregarding the 
possibility that, if he had done so, he might not have 
derived any greater benefit from the accomplish- 
ment. There are times when the balancing of the 
national books seems to be almost equally futile. 
Everyone knows that the nationalised industries 
are only kept going at the expense of those that are 
not nationalised, and most observers have a shrewd 
idea of the reasons. They know, from hard experi- 
ence, that productive work is the only sort that 
really matters, and that comparisons of one year 
with another on a basis of monetary values are 
ceasing to have any meaning because the basis is 
changing even as they read ; within 24 hours of the 
appearance of the 1951 Survey, the Postmaster 
General announced new increases in the price of 
postal services which are a serious additional charge 
on every industry and most individuals. 

The Survey is divided into five chapters, the first 
being a generalised dissertation on the new defence 
programme and its economic consequences. Chap- 
ter II deals with “ Prospects for Output,” discussing 
under separate headings the manpower situation, 
industrial productivity in general during 1951, and 
the position and outlook of eight major industries 
or fields of activity. The third chapter is concerned 
with the balance of payments—a somewhat arid 
region which few readers among the general public 
are likely to explore with real understanding ; and 
the fourth, presented in what may seem more 
familiar phraseology, sets out the national income 
and expenditure. The final chapter, giving “ Con- 
clusions,” is the one from which we took the cheer 
less observations, quoted above, about the prospects 
for the immediate future. 

Of the manpower situation, not a great deal is 
said—considerably less, in fact, than appeared in 
our “ Engineering Outlook ” article on that subject, 
on page 36, ante, though the Survey has the advan- 
tage of rather more recent figures. Between June, 
1945, and June, 1948, it is stated, the male working 
population declined by 300,000 and the female by 
1,000,000—about 6 per cent. reduction in all; but 
since 1948 there has been a rise of about 1} per cent. 
(most of which, the Survey omits to mention, has 
been rendered nugatory by various influences). 
The total is expected to rise further, but not at 
apy greater rate, unless through “ pressures or com- 
pulsions entirely unacceptable in peace-time.” It 
is suggested that something could be done to 
encourage more people to go to work by making 
special arrangements (i.e., adjustments of working 
hours) to allow more women with domestic duties 
to work in industry, and to retain the services of 
the elderly and the disabled. There is no mention 
of the alternatives—that fit men might work harder 
or better or longer; or even (in the following 
section, on “ Coal”) of reducing voluntary absen- 
teeism. These, presumably, are among the things 
that are “entirely unacceptable in peace-time ”— 
peace-time, of course, being the time when there is 
no formal state of war. It is reckoned, however, 
that about 175,000 additional personnel will be 
required in the course of the next two years, for 
work in aircraft factories and Royal Ordnance 
Factories. There is a hint that, “if it appears 
later that exceptional measures are required to 
ensure necessary supplies of labour, the Government 
will not hesitate to take them.” Meanwhile, we 
understand, the considerable reductions in railway 
services have not rendered any railway labour 
redundant; and the staff affected by the cut in 
Government expenditure on the British Broadcast- 
ing Corporation are to be found other work—in the 
B.B.C. It is all very puzzling. 

The coal output in 1950 was 216 million tons, of 
which 12 million tons came from opencast workings. 
The estimated production for 1951 is 219 to 222 
million tons, 11 to 12 millions being opencast coal. 
Home consumption in 1950 amounted to 201-7 mil- 
lion tons, and exports and bunkers to 17-5 millions 
—a total of 219-2 million tons, which is 3-2 million 
tons more than the stated output. The actual 
imports of coal are not given, but the import orders 
(placed “as an insurance”) totalled 1-1 million 
tons. Even if all this had been delivered before 





406 


ENGINEERING. 


APRIL 6, 1951. 








the end of the year, which it was not, this still 
would not make up the difference ; so it is evident 
that there was a heavy cut into reserve stocks. 
Inland consumption is expected to increase by 
3 to 4 per cent. during 1951, mainly because of 
greater demands by power stations, coke ovens, 
gasworks and industry in general, so that a con- 
siderably enhanced production will be needed if, 
as is desired, exports and reserves are to be increased 
as well. There is still, however, “ real risk of power 
shortages causing serious interference with indus- 
trial production.” 

' It is estimated that 16-75 million tons of ingot 
steel could be produced in 1951 if full supplies of 
raw materials could be assured; the actual figure 
for 1950 was 16-29 million tons of ingots and cast- 
ings. The expectation is that the raw materials will 
not be forthcoming in sufficient quantity, so that “ it 
would be unwise to rely on a crude steel production 
of more than 16 to 16-25 million tons”; as it is 
stated that “ even this may prove to be an optimistic 
forecast,” it is clear that the reduced figure, com- 
pared with the output in 1950, cannot be relied 
upon—it can only be hoped for. The new mills 
at Margam and Trostre are expected to produce 
130,000 tons of sheets and 40,000 tons of tinplate in 
the current year, but this may be partly at the 
expense of other types of steel production if the raw 
materials position does not improve. 

Other raw materials considered in the Survey 
include sulphur, copper, zinc, lead, tin, aluminium, 
rubber, cotton and wool, timber, and papermaking 
materials. Sulphur presents a serious problem, 
and, though steps are being taken to improve home 
production, these cannot become effective for a 
couple of years or so. Of the metals other than 
steel, zinc causes the most concern, as supplies in 
1951 are expected to fall considerably below the 
1950 level, when 237,000 tons were consumed, 
much of this coming from reserve stocks. The 
demand for copper also necessitated drawing a 
large quantity from stock in 1950, and it is stated 
to be doubtful whether imports in 1951 can be 
maintained at the 1950 level. The aluminium 
situation has been eased somewhat by the arrange- 
ments recently made with the Canadian producers, 
but it is expected that there will still be a shortage. 

Industrial productivit yis stated to have increased 
by an average of 7 per cent. per annum during the 
past three years in the industries described as 
“manufacturing, mining, building and public 
utilities ” ; though no indication is given of how this 
figure is derived. The Survey assumes an increase 
of 4 per cent. in 1951 ; but this assumption depends 
upon other assumptions, which may not appear 
justified to anyone who has read through the 
preceding sections. It is not clear whether due 
allowance has been made for the interruptions 
caused by changing over from normal manufac- 
tures to defence requirements, though there are 
references to the need for retooling in existing 
plant and the difficulties that may be encountered in 
providing the new tools. To what extent retooling 
is really necessary is a matter of debate ; Mr. J. B.S. 
Gabriel, the retiring President of the Machine Tool 
Trades Association, speaking at the annual dinner 
of that Association last month, indicated that, in 
his opinion, much of the intended expenditure on 
imported machine tools might be avoided if the 
existing tools were used to their full capacity. 

The chapter of “Conclusions” is, perhaps, the 
least satisfactory of any in this particularly bleak 
Survey, being, in fact, little more than the old 
familiar homily on the need to produce more, 
export more, consume less, and “accept with 
patience the shortage: and high prices ”—for which 
world re-armament is chiefly held to blame. “ At 
best,” according to the Government’s prophets of 
woe, “‘ we face in the immediate future a decline in 
the rate of increase in the national output, a worsen- 
ing of the balance of payments, a fall in supplies 
of some consumer goods, and a continuing rise in 
prices.” Next week, we also face the Budget, 
which is hardly likely to brighten the outlook 
appreciably ; and then British Railways will try 
to improve their finances by closing some hundreds 
of of line. As we have said, it is all very 
puzzling. Much of it is also avoidable, “if England 
to itself do rest but true.” 





ROAD AND TRAFFIC 
INVESTIGATIONS. 


THE terms of reference under which the Road 
Research Board operates contain the statement that 
it is “ to advise on the conduct of research on roads, 
including road safety, and on cognate subjects.” 
The original name of the organisation was the Road 
(Materials and Construction) Research Board, and 
it was in January, 1946, that the present title was 
adopted and the scope of the work of the Board 
extended to include “ road safety.” That this new 
commitment is being given its full share of attention 
is clearly shown in the latest* report, in which, in 
the section contributed by the Director, which gives 
details of work carried out, more space is devoted 
to “ Road Safety and Traffic Flow ” than to “ Mate- 
rials and Methods of Construction.” It is not that 
road construction, which is the primary work of the 
Board, is being neglected ; road safety would not 
be promoted by failure to pay attention to the 
physical factors on which the construction and 
maintenance of good roads depend. “ Materials 
and Methods of Construction,” and ‘‘ Road Safety,” 
are interdependent subjects, as was well illustrated 
by the case of a section of road in Hampstead in 
which wood blocks were replaced by hot-rolled 
asphalt. In the two periods, each of 12 months, 
before and after the change ,the number of accidents 
when the road was wet was reduced from 37 to 7. 
The dry-road accidents increased, but, while the 
reduction in the wet-road accidents is attributed to 
reduction in the number of cases of skidding, the 
increase in dry-road accidents was due to “ pedes- 
trians stepping into the road, boarding buses, etc.” 

This case clearly brings out the intractable 
nature of the problems facing the Board in its new 
field of work. Skidding is a matter of road surfaces 
and, to some extent, of vehicle condition. It is not 
a simple problem, as it is necessary to try to reconcile 
the conflicting qualities of the wet and dry states. 
It is, however, an engineering problem, which may 
be dealt with by scientific investigation and trial. 
On the other hand, “ pedestrians stepping into the 
road” appear to present a problem almost beyond 
control. Accidents are the only features of road 
traffie which receive much attention from the general 
public and are the subject of a large amount of 
uninstructed criticism. The matter cannot be taken 
out of the hands of propaganda bodies—they have a 
right to express their opinions—but it is fortunate 
that the subject has now been referred to a scientific 
organisation which can investigate it without the 
handicap of preconceived ideas. 

Figures for the number of road accidents are pub- 
lished regularly, but unanalysed totals do not form 
any guide to methods of effecting their reduction. 
The statistical staff is giving attention to this 
matter. Coded accident forms are now used by 
the police in reporting accidents and these forms 
require that the “ cause ” of an accident should be 
given. The report states that doubts have been 
expressed about the wisdom of requiring the police 
to assign causes, and an examination of the records 
of 48 accidents by members of the Committee on 
Statistics showed, in nearly every case, “ that there 
were a number of factors without any one of which 
the accident might not have happened.” It is 
suggested that the practice of assigning a first cause 
is liable to lead to erroneous conclusions regarding 
the nature of road accidents. 

There is a considerable body of opinion to the 
effect that road layout is an important factor in 
road accidents and it is contended that the neglect 
of important road reconstruction is a primary cause 
of the very serious totals which have to be recorded. 
The official reply to this contention is that funds 
are not available, for instance, for the conversion of 
important lengths of busy road to dual-carriageway 
form. This may be true under the present financial 
administration, but basically the matter is one of 
how the country likes to spend its money. A dual 
carriageway not only reduces the likelihood of cer- 
tain types of accident, but also results in a speed-up 
of traffic. There is an association in this country 





* Report of the Road Research Board with the Report of 
the Director of Road Research for the Year 1949. H.M. 
Stationery Office. [Price 3s. 6d. net.] 





which would contend that this latter effect is 
undesirable, but in view of the economic importance 
of road traffic and its cost to industry, this conten- 
tion is of doubtful validity. Observation on Western- 
avenue showed that 40 per cent. of the traffic was 
made up of heavy goods vehicles. The mean speed 
of all vehicles was 29-3 m.p.h. on the three-lane 
sections and 33-5 m.p.h. on the dual-carriageway 
sections. This difference may well represent an 
important saving in the cost of road transport. 
It is true that heavy goods vehicles are not officially 
permitted to travel at 33-5 m.p.h., and probably 
many of them did not, as the figure is given as the 
average for all vehicles ; but many, probably most, 
goods vehicles on the open road frequently travel at 
speeds exceeding their legal maximum. The 
present regulations are unenforceable and should be 
withdrawn. As an indication of the growing 
importance of road transport to industry, it may be 
mentioned that surveys made over routes in central 
London in September, 1947, and October, 1949, 
showed that at the latter date, as compared with the 
former, private traffic had decreased by 18 per cent, 
but commercial traffic had increased by 8 per cent, 

The section of the report concerned with materials 
and methods gives brief details of an extensive 
range of investigations. In two senses, the basic 
factors in a road, especially if it is to carry heavy 
traffic, are the nature and condition of the under- 
lying ground. In general, it has to be accepted 
as it is found, though the report gives some parti- 
culars of road construction over ground composed 
of peat, in which that material was displaced by 
explosives and a road base made up of sand or 
gravel. Normally, the procedure is to compact the 
underlying earth, and the work on, soil compaction 
which has been in hand for some years was continued 
in 1949. Four makes of 2-cwt. power rammers, a 
4-cwt. vibrating smooth-wheel roller and a 2-ton 
vibrating plate were tested on gravel-sand-clay, 
on a sand and on three types of clay. All the power 
rammers compacted all the soils effectively, but 
gave their best performance when the soils were 
drier than is normal in this country. This matter 
of soil moisture may have a bearing on the fact 
that the consolidation of soils with sheep’s-foot 
rollers, so successfully practised in America, has 
not always given comparable results here. The 
vibrating roller gave good results with sand and 
gravel-sand-clay, but its effectiveness decreased 
with increase in the clay content. The vibrating 
plate machine consisted of a heavy base plate 
carrying a Diesel engine running at 1,200 r.p.m. 
It gave very good compaction on the lighter soils 
but, with heavy clay, only at low-moisture contents. 

Soil stabilisation is closely allied to soil compac- 
tion and work is being carried out in collaboration 
with the Ministry of Supply on the stabilisation of 
sandy soil and heavy clay. Assistance is also being 
given to various local authorities in connection 
with soil-cement construction, an example being 
furnished by the laying of 14 miles of cement- 
stabilised soil road at a new housing estate at 
Stockley, in Middlesex. A cement content of 
10 per cent. was employed. The completed thick- 
ness of the stabilised base was 6 in., and a single 
tar surface dressing was used. One point mentioned 
is that the very dry and harsh concrete now used 
in road work has introduced problems associated 
with the mixing process. Investigations made with 
an experimental vibrating machine appear to 
show that better compaction is given by a vibration 
period of 1,500 per minute than 3,000 per minute. 

In the section of the report dealing with bitu- 
minous materials, it is stated that the laboratory 1s 
developing thin surfacings to restore good riding 
qualities to heavily trafficked streets paved with 
well-worn or uneven wood blocks or stone setts. 
It is clear that this development may be of valuable 
service at a time of restricted major works. For 
roads of bituminous construction, the cost of all 
materials is given as from 70 to 75 per cent. of the 
total cost and it is suggested that improvements 1m 
the techniques of surface dressing are not likely to 
lead to a saving of more than 0-5d. per square yard. 
If, however, the average life of a surface dressing 
could be increased from five to seven years, aN rer 
saving of 0-3d. per square yard on an annual cost 0 
1-2d. per square yard would result. 





Clay 
sity, 
poss 
boul 
surfé 
Lab 
laye: 
tube 
in 
tem} 
sity, 
popy 
in t 
effec 
it is 

on a 
valv 
ment 
chest 
perti 
tion 

mens 
and 

the 
rangs 
on a 
by u 
folloy 
plane 
ment 
minit 
The ] 
dioxi 
temp 
Claus 
some 
heat 

was | 
of the 
the ai 
it is 

down 
count 
Bran, 
closec 
on ti 
Coun 
Instit 
Elect: 
in cer 
In ad 
has | 
activi 
and t 


count; 
meeti 
Centn 
pared 
for th 





APRIL 6, I95I. 


ENGINEERING. 








NOTES. 


THE INSTITUTION OF MECHANICAL ENGINEERS. 

At the annual general meeting of the Institution 
of Mechanical Engineers on Friday, March 30, the 
chair was taken from the outset by the new Presi- 
dent, Mr. A. C. Hartley, C.B.E., B.Sc. (Eng.), owing 
to the indisposition of Dr. S. F. Dorey, C.B.E., 
Wh.Ex., F.R.S., whose year as President concluded 
that evening. Mr. Hartley presented the Annual 
Report of the Council for the Year 1950 (a brief 
summary of which is given below), and called upon 
Sir George Nelson to present the accounts. After 
several members had spoken on matters arising 
out of the report and accounts, these were adopted. 
Mr. Hartley then vacated the chair and was formally 
inducted by Dr. H. J. Gough, C.B., M.B.E., F.R.S., 
past-President. A vote of thanks to the retiring 
President, Dr. Dorey, was proposed by Captain (E) 
W. Gregson, R.N.R., M.Sc., and seconded by Sir 
George Nelson. 


ANNUAL REPORT OF THE INSTITUTION OF 
MEcHANICAL ENGINEERS. 

The membership, of all grades, according to the 
annual report, increased during 1950 from 33,319 to 
35,095, the principal increases being in the es 
of associate member (620) and graduate (1,319). 
The record of researches in progress or completed 
during the year and financed out of the James 
Clayton Fund shows that, at Cambridge Univer- 
sity, experiments were carried out in flight on the 
possibility of obtaining laminar instead of turbulent 
boundarydayer flow on aircraft by making the 
surfaces porous and applying suction from within. 
Laboratory tests were also made in thin boundary 
layers with specially designed very small Pitot 
tubes. The research into the stresses in gear teeth 
in motion, by photo-elastic methods, has been 
temporarily suspended. At Birmingham Univer- 
sity, experiments on the flow characteristics of 
poppet valves have shown a serious discontinuity 
in the flow behaviour due to certain humidity 
effects. This phase has been investigated and, now 
it is complete, the main programme of observations 
on a simplified system equivalent to the poppet 
valve is being resumed. A theoretical and experi- 
mental investigation has been completed, at Man- 
chester College of Technology, on the fatigue pro- 
perties of metals, and particularly of stress distribu- 
tion in a semi-circular notch on cylindrical speci- 
mens subjected to fatigue loading for alternating 
and pulsating loads. For some of the specimens 
the tests have been taken well into the plastic 
range. At Imperial College progress is being made 
on a problem of three-dimensional photo-elasticity 
by using the method known as “stress freezing ” 
followed by the cutting of slices in appropriate 
planes. A special heating oven and an experi- 
mental rolling mill have been designed for deter- 
mining stresses by this method in rolled specimens. 
The latent heats of mixtures of ethylene and carbon 
dioxide have been accurately determined at known 
temperatures and the results compared with the 
Clausius-Clapeyron equation. The researches throw 
some doubt on the accepted values for the latent 
heat of pure ethylene. For carbon dioxide there 
was agreement with accepted values. This stage 
of the research has been completed. Ina summary of 
the activities of the local branches of the Institution, 
it is recorded that the China Branch was closed 
down owing to the changed circumstances in that 
country, and that the Committee of the River Plate 
Branch have recommended that the Branch be 
closed down so that its activities can be focused 
on the Argentine Joint Overseas Group. The 
Council are collaborating with the councils of the 
Institution of Civil Engineers and the Institution of 
Electrical Engineers to provide facilities for members 
iy certain territories overseas to hold meetings, etc. 
In addition to the Group in the Argentine, another 
has been formed at Abadan. Reports on the 
activities of the local branches of the Institution 
and the centres of the Automobile Division in this 
country show that the average attendance at 
meetings of the latter varied from 27 for the Derby 
Centre to 91 for the North-Western Centre, com- 
pared with 54 for the South Wales Branch and 152 
for the Midland Branch, in spite of the fact that the 





total membership of the Automobile Division is 
only 3,559—one-tenth of the Institution member- 
ship. During the latter half of 1950 the front 
library of the Institution has been partly recon- 
structed ; bookcases have been extended, a gallery 
had been added, and the electric lighting has been 
improved. The stock of books is now over 47,000, 
and the number of loans during the year reached a 
record figure of 11,807. Under the general heading 
“Inventions and Research,” it is recorded that, at 
King’s College, London, a small-scale differential 
analyser has been completed, and various test 
equations have been solved with it. Work at 
Leeds University includes curvature corrections for 
helical torsion springs of round wire and an investiga- 
tion into shot peening. At Manchester College of 
Technology the results of research into taps and 
tapping have been recorded in an Institution paper. 


JUBILEE OF British StanDaRDs INSTITUTION. 

The year 1951 marks the fiftieth anniversary of 
the British Standards Institution, and to celebrate 
the occasion an exhibition supported by practically 
the whole range of British industry will be held at 
the Science Museum, South Kensington, London, 
S.W.7, during the ten days commencing June 18, 
1951. The Institution was formed in 1901 as the 
Engineering Standards Committee of the Institutions 
of Civil, Mechanical and Electrical Engineers, the 
Institution of Naval Architects and the Iron and 
Steel Institute, and this Committee was incorporated, 
in 1918, as the British Engineering Standards 
Association. Owing to the widening of its scope 
and activities, a Supplemental Royal Charter 
authorising a second change of name to the “ British 
Standards Institution,” was applied for and was 
granted in December, 1931. As Great Britain 
was the first country to organise industrial stan- 
dardisation on a national basis, it is fitting that the 
first exhibition devoted to this subject should be 
staged in London during the national Festival year. 
The benefits derived from standards, standardisation 
and simplification will be graphically presented at 
the Exhibition and each industry will show how 
standards have simplified production, reduced costs 
and maintained quality, and how, in turn, standards 
have benefited the users of the industry’s products. 
The Exhibition will be opened at 11.30 a.m. on 
June 18 by the President of the Board of Trade. 
Admission will be free, and the Exhibition will be 
open from 10 a.m. until 7 p.m., each day, except 
Sunday, until June 28. 

Tue InstTrTUTE OF MaRInE ENGINEERS. 

As recorded in our issue of December 29, 1950, 
on page 562, a new class of member, that of proba- 
tioner student, has been introduced by the Council 
of the Institute of Marine Engineers. The annual 
report of the Institute for 1950, which was presented 
at the annual general meeting on April 2, shows that 
by December 31 last, six probationer students had 
been elected and that the total membership was 
6,434, against 6,189 on January 1, 1950. Among 
the losses by death recorded during the year covered 
by the report were Engineer Vice-Admiral Sir John 
Kingcome, K.C.B., Mr. A. F. C. Timpson, M.B.E., 
Mr. J. Peacock and Mr. A. H. Parker. Anew publi- 
cation, The Chartered Marine Engineer, which made 
its first appearance last April, is now issued monthly 
to members. It contains notes on the Institute’s 
activities, personal notes, book reviews, particulars 
of forthcoming events and an article of general 
interest. Nineteen junior lectures were arranged 
by the Education Group Executive Committee and 
delivered in various parts of the country. The 
southern junior branch of the Institute and the 
Institution of Naval Architects, and the three local 
sections, at Cardiff, Swansea and Sydney, New 
South Wales, have all had active and eventful years 
during which lectures, discussions and visits were 
held. The National Certificates and Diplomas in 
Mechanical Engineering, issued and signed by the 
President during 1950, comprised 726 Ordinary 
National Certificates and 21 endorsements thereof ; 
291 Higher National Certificates and eight endorse- 
ments thereof ; and 24 Ordinary National Diplomas 
and 17 Higher National Diplomas. At a special 
meeting of the Council it was re-affirmed that the 
building which it is proposed to erect for the Insti- 
tute’s new headquarters should be in the City of 
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London, and investigations are now proceeding with 
regard to a site which, if it can be obtained, the 
Council consider will prove eminently suitable for 
the Institute. At the annual meeting on April 2, 
Dr. 8. F. Dorey, C.B.E., F.R.S., Wh.Ex., was 
elected President for the ensuring year, but owing 
to his absence due to illness, his predecessor, Sir A. 
Murray Stephen, M.C., B.A., now the immediate 
past president, was unable to induct him into the 
chair. 
LIVERPOOL OBSERVATORY AND TripaL INSTITUTE. 
The annual report of the Liverpool Observatory 
and Tidal Institute for the year 1950, as presented 
to the Governing Committee by the Director, 
Dr. A. T. Doodson, F.R.S., records that it has now 
been possible, as a result of staff changes, to relieve 
the senior computers of much of the routine work 
which previously had retarded the progress of their 
more specialised research work. Dr. Doodson was 
thus able to complete for publication papers on 
“The Analysis of High and Low Waters,” which 
have been accepted by the International Hydro- 
graphic Bureau at Monaco and will appear shortly 
in the International Hydrographic Review. Research 
on storm surges in the North Sea have been con- 
tinued by the Deputy Director, Mr. R. H. Corkan, 
on whom, it is recorded, the University of Liverpool 
has conferred the degree of D.Sc. for this work and 
for his investigations of the tilting of the Earth’s 
surface under tidalload. A principal activity of the 
Observatory staff during the year was the super- 
vision of the construction of two tide-predicting 
machines ; one, a 42-component machine, is for 
the use of the Tidal Institute itself, and the other, 
with 30 components, is for the Coast and Geodetic 
Survey of the Republic of the Philippines. Both 
machines were made by Messrs. A. Légé and Com- 
pany, of London, to the designs of Dr. Doodson. 
Two other machines were also under construction at 
the end of the year, these being a 30-component 
machine for the Hydrographic Department of Siam 
and one of 42 components, for the Survey of 
India. It is stated that the Director has also col- 
laborated with Messrs. Légé in the design of a 
small tide-gauge, which can be produced at a price 
only about a quarter of that of the larger gauges 
previously available. The number of full tidal 
predictions prepared by the Institute during 1950 
was 154 for the year 1951 and 153 for 1952. The 
summary of meteorological observations made 
during the year shows that the mean barometric 
pressure was 29-876 in., which compares with the 
normal mean of 29-927 in. The highest reading 
recorded in 1950 was 30-591 in., on March 6; and 
the lowest, 28-84 in., on February 13. Tempera- 
tures ranged from 26 deg. F. on January 26 to 
87-2 deg. F. on June 6; and the highest wind speed 
observed was a gust of 82 miles an hour on April 10. 
For comparison, a note is provided of the extreme 
values ever recorded at the Observatory. These 
were : maximum barometric pressure, 31-02 in. on 
January 9, 1896, and the minimum, 27-75 in. on 
November 9, in the same year; maximum and 
minimum temperatures, 89-1 deg. F. and 8-5 deg. 
F., on July 22, 1873, and January 26, 1881, re- 
spectively ; and the maximum wind gust, 104 miles 
an hour, on February 10, 1928. 


WarteER-PowER DEVELOPMENTS IN SCOTLAND. 

On Friday, March 16, the North of Scotland 
Hydro-Electric Board published the Orrin hydro- 
electric scheme (Constructional Scheme No. 29), 
which deals with the development of the river of 
that name in Ross-shire and is intended to produce 
an annual output of 74 million kWh from an 18-MW 
plant. Itis the third stage of a group of schemes in 
the River Conon basin, the total capacity of which 
will be about 107 MW with an annual output of 
442 million kWh. Of these, the Fannich scheme, 
with a capacity of 24 MW and an annual output of 
83 million kWh, began operation in November, 1950 ; 
and work is starting on the Glascarnoch-Luichart- 
Torr Achilty scheme, which will have a capacity 
of 65 MW and an annual output of 280 million kWh. 
The Orrin scheme will include the construction of 
a dam 120 ft. high and 972 ft. long. The reservoir 
thus formed will be fed from a catchment area of 
54 square miles, in which the annual rainfall is 
68in. Water will be taken from it through a tunnel 








# 


_ 408 


ENGINEERING. 


APRIL 6, I95I. 

















to a power station in Strathconon, near Achonokie, 
on, the southern shore of the loch that will be formed 
by building the Torr Achilty dam ; thence the water 
will be used again in the Torr Achilty station. 
On Friday, March 23, the North of Scotland 
Hydro-Electric Board also published details of 
the Breadalbane Scheme (Constructional Scheme 
No. 25), which is designed to produce an annual 
output of 304 million kWh by using the resources 
of an area of 186 square miles of Perthshire. One 
section of this scheme will comprise the construc- 
tion of a dam across the River Lyon near Lubreoch 
in which a power station will be built. A second 
station will be constructed at Giorra and will be 
supplied with water from a reservoir formed by 
building a dam near Stronuich. Water from this 
reservoir will also be used to supply a power station 
in Glen Lochay, near Murlaganmore, which will 
derive further supplies from the head streams of 
the Rivers Dochart and Lochay. A second section 
of the scheme will include a number of aqueducts 
and a dam across the Monachyle Burn to the south 
of Luib. Water will be led from the reservoir thus 
formed through a tunnel and pipe-line to Luib 
generating station. The St. Fillans section of the 
scheme will involve the construction of a dam at 
the outlet of Lochan Breachlaich and the water 
thus impounded will be taken to a power station in 
Glen Lednock. This station will be built on the 
shores of a reservoir formed by constructing a dam 
across the River Lednock, near Bovaine. <A tunnel 
and pipe-line will run from this reservoir to a station 
at St. Fillans on Loch Earn. From this loch, an- 
other tunnel will lead water to the Comrie station. 





LETTERS TO THE EDITOR. 
ELECTRICALLY-INTERLOCKED 
GUARDS ON MACHINES. 


To THE Eprror oF ENGINEERING. 


Sir,—It is unfortunate that Mr. G. A. G. Ive’s 
remarks in his letter which you published on page 
260, ante, were not made the basis of a contribution 
to the discussion of this paper at the Institution or 
at one of the Centres, when it could have been seen 
in its proper perspective. 

I am well aware of some of the methods by which 
the difficulties with photo-electric guards can be 
overcome. I suggested some of them myself ten 
years or more ago, but they add to the complications 
and the need for specialist maintenance. There are, 
however, two directions in which no solution has 
yet been found, namely, the detection of leakage in 
very high-impedance circuits, and the time element. 
With quick-moving machinery, it is impossible to 
prevent a man “ beating the pistol ” and getting his 
hand into a trap if he is standing close up and there 
is no physical barrier. Experiments have shown 
that he can move very quickly indeed, and it is quite 
impossible to stop a heavy machine sufficiently 
quickly without damaging it. This is brought 
out by the remarks of Mr. H. A. Hepburn in the 
discussion on the paper in London, and in the Report 
of the Chief Inspector of Factories for 1949. 

There are, however, other cases where quick action 
is not so important and where interlocked mech- 
anical guards have not yet proved practicable ; in 
these cases, photo-electric equipment may play a 
useful part. 

Yours faithfully, 
W. Forpuam Cooper. 
Sheffield, 
March 30, 1951. 





GRAPHICAL SOLUTION OF 
EPICYCLIC GEAR TRAIN PROBLEMS, 


To THE Eprror oF ENGINEERING. 

Smr,—In your issue of March 16, on page 312, 
Mr. W. H. Mann describes a graphical method of 
obtaining the velocity diagram for an epicyclic 
gear train. A similar diagram can be obtained and 
used for calculation purposes without the need for 
scale or graphical work and with an even clearer 
application of general fundamental principles. 

If, in the gear train shown in Fig. 1, herewith, 
the arm D is held stationary and wheel B is given 





angular velocity +1, the angular velocities for 
wheels A and C will be —= and + 5, where 


A, B and C denote the numbers of teeth and the 
sign denotes the direction of rotation. Using the 
general vector notation : w,, == angular velocity of 
part y relative to part 2 and, representing it by a 
vector xy, the direction being from x to 4, the 
velocity diagram can now be sketched as in Fig. 2. 
With D stationary, wp, is represented by vector d b. 

This diagram has the same proportions as that 
demonstrated by your correspondent, and can be 
applied to the most complex trains, including 
multiple drives and power take-offs. The diagram, 
however, can be given much wider application : 
it may be used in the form of a lever analogy 
showing the magnitudes and directions of all the 
torques acting on the gear train and its casing, in 
exactly the same way as forces are applied to a 
normal linear velocity diagram but with the simpli- 
city of avoiding the need for anything more than a 
hand sketch. If losses are ignored and the gear 
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train runs at constant speed, the applied external 
torque conditions are :— 


XT w = 0,i.e., no losses, 
xT =0,i.e., no acceleration, 


where + T is the torque applied to any part of the 
gear train and + w is the angular velocity of that 
part. These conditions are similar to those for 
the equilibrium of a lever under a system of loads 
+P spaced at distances +S from a reference 
point or fulerum : 


=PS =0,i.e., no resultant moment, 
=P = 0,i.e.,no resultant force. 


From this, it is seen that the torques are analogous 
to loads applied to a lever represented by the 
velocity diagram, as shown in Fig. 2, where T, = 
torque on wheel A; T, = torque on wheel B, etc. 
Numerically, if wheel A is driven at + 200 r.p.m. 
by a torque of 3 lb.-ft., while part C is held station- 
ary, C now becomes the new “ pole ”’ of the diagram 


_ a. ae 

We ca 0°75 +0°3 : 
Hence, speed of arm D = w,4 = 200 x 0:2857 = 
57:14 r.p.m. Vectors cd and ca are in the same 
direction, indicating that arm D rotates in the same 
direction as wheel A. 

Torque T, = 3 lb.-ft. is applied as a load at 
point a in the velocity diagram as shown in Fig. 2. 
Tn this case the only other torques acting on the gear 
train are the (resisting, external) load torque T,, 
acting on arm D, and the “holding torque” or 
frame reaction I, applied to annulus C to keep it 
stationary. These torques are applied as loads at 
points d and c, respectively, on the velocity diagram. 


The lever analogy determines their directions by 
inspection. The values are calculated as for lever 
equilibrium and give : 

1-05 . ‘ 

T, = 3 4 03 = 10°5 lb. -ft., 1€., mM the 
opposite direction from the torque applied to wheel 
A; and T, = + (10-5 — 3) = +7°5 lb.-ft., ice., 
in the same direction as the torque applied to wheel 
A 


These ideas, which may be used for much more 
elaborate gear trains of all kinds, were introduced 
by Professor William Kerr, C.B.E., at the Royal 
Technical College, Glasgow, and have been standard 
teaching for many years. 

Yours faithfully, 
W. McHovrcaison. 
Department of Civil and Mechanical 
Engineering, 
The Royal Technical College, 
Glasgow, C.1. 
March 27, 1951. 


To THE Eprror OF ENGINEERING. 


Smr,—I have read with some interest the article 
on the ‘Graphical Solution of Epicyclic Gear 
Train Problems,” by Mr. W. H. Mann, on page 312 
of your issue of March 16. I should like to point 
out, however, that the author uses this method 
only for the construction of the diagram of relative 
velocities (his Fig. 2), whereas the method can be 
extended for use with a direct-reading speed scale. 

Taking the author’s example : lay out the various 
wheel radii (radius proportional to number of teeth) 
and a suitable speed scale at any convenient radius, 
as shown in the accompanying figure. Locate point 
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ab, by the intersection of the o-to-200 line and the 
ordinate at 16-units radius; locate point bc at 0, 
since wheel c is at rest ; and locate point d by the 
intersection of the line a b to b c with the ordinate at 
28-units radius. Produce o d to intersect the speed 
scale at 57 r.p.m., which is the speed of arm D. 
For more accurate calculation: the velocity 
ab = 16 x 200 = 3,200 tooth-pitches per minute ; 


— = 1,600 tooth-pitches per 


1,600 
minute; therefore the speed of D=-—j> = 


57-143 r.p.m. The advantages of this method are 
even more apparent in the case of & compound 
epicyclic gear train where the use of relative- 
velocity diagrams involves a process of matching 
these diagrams for the various epicyclic cells. 

The method outlined above has been in use here 
for some time, and has also appeared in a recent 
issue of Z.V.D.I. (vol. 92, No. 33, November, 1950). 

Yours faithfully, 
Duncan Morrison. 
James Watt Engineering Laboratories, 
The University, 
Glasgow. 


the velocity of d = 





March 26, 1951. 
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ASSESSING SURFACE 
TEXTURE. 


Tue publication recently of a new British Stan- 
dard on the assessment of surface texture* is a 
significant event in the progress of research into a 
property which, though still imperfectly understood, 
is of considerable importance in engineering. The 
standard has been prepared at the request of the 
Institution of Production Engineers, and its objects 
are to provide, firstly, a defined basis for a simple 
numerical assessment of the texture, or roughness, 
of a surface, under conditions which will ensure 
reasonable consistency between the results obtained 
from different instruments purporting to measure 
the same characteristics of the surface; and 
secondly, a series of recommendations which it is 
hoped may help to prevent an undesirable growth 
of conflicting practices in the use of terms and 
symbols, The standard neither attempts to define 
what degrees of surface imperfection are acceptable 
for any specific purpose, nor is it concerned with 
the other surface qualities such as lustre, appearance, 
colour, corrosion resistance, wear resistance, hard- 
ness, crystalline structure, or ahsorption charac- 
teristics, any of which may be a governing considera- 
tion in specific applications. 

In the foreword to the standard, in which these 
objects and limitations are explained, it is stated 
that the study of surface texture is still very new, 
and there is as yet little established knowledge of 
the effects of surface phenomena in engineering 
practice. The standard has therefore been 
expressed in the simplest possible terms, consistent 
with serving an immediately useful purpose. 
Later, as knowledge and experience accumulate, 
it may be deemed advisable to revise the standard 
and extend its scope. Although it is intended to 
relate primarily to machined surfaces, the grading 
of strface texture is essentially geometrica] measure- 
ment, and the principles laid down may therefore 
be applied to surfaces other than machined surfaces 
wherever the application of the standard would 
appear to be useful. 

The imperfections of a manufactured surface 
take the form of a succession of hills and valleys 
which may vary both in height and in spacing, and 
result in a kind of texture which in appearance or 
feel is often characteristic of the machining process 
and its accompanying defects. In general, the 
finer grades of surface texture—those produced by 
abrasive processes such as lapping or honing— 
tend to be irregular and non-directional ; surfaces 
produced by grinding tend to have irregularly- 
spaced but directional texture ; and those produced 
by machine cutting tend to have a texture that is 
both uniformly spaced and directional. In the 
latter case there may also be more openly-spaced 
components of texture due to machining faults. A 
complete study of surface texture would involve 
the measurement and analysis of all its components, 
and an assessment of their combined effect on the 
functioning of the part. At present, this is imprac- 
ticable in ordinary workshop practice, but, for- 
tunately, the textures of surfaces produced by 
various processes are usually characteristically 
different, and it is therefore practicable and con- 
venient to specify, in addition to the quality of 
finish desired, the process of manufacture to be 
ued. This is the procedure adopted in B.S. 1134. 
A series of letter symbols indicating the finishing 
Processes is employed. They are as follows: 
nilling, M; boring, B; turning, T; grinding, G; 
Planing, P; reaming, R; broaching, BR; scrap- 
ing, §; diamond boring, DB; diamond turning, 
DT; honing, H; lapping, LP; “‘superfinishing,” 
SF; burnishing, BU; and polishing, PO. 

Basically, the measurement of surface texture is 
three-dimensional, but in practice it is rendered 
two-dimensional by confining individual measure- 
ments to the profiles of plane sections taken through 
the surface. Where the texture is non-directional 
it may be immaterial what plane is chosen, but where 
it is directional quite different results may be 





* B.S. 1134-1950, The Assessment of Surface Texture 
(Centre-Line-Average Height Method). British Standards 
Institution, 24-28, Victoria-street, London, S.W.1. 
(Price 6s., postage included.] 


obtained from measurements made in different 
planes. The standard practice, unless otherwise 
specified, is to measure in a plane approximately 
at right angles to the direction of the predominant 
surface markings or “‘ lay,” as this normally yields 
a botter overall estimate of surface texture than any 
other. 

In the great majority of cases, it is a knowledge 
of the more minute irregularities which is of the 
principal importance,’ and for such purposes only 
@ quite short sampling length of the surface needs 
to be investigated. More widely spaced irregu- 
larities, if present, should be detected by other 
means, as it is obviously of little value to ensure a 
high degree of finish on a surface which itself is not 
true. The irregularities of a surface commonly 
represent the joint effect of three contributory 
factors: primary texture, secondary texture, and 
error in geometrical form. In general, primary 
texture is measured by a surface finish instrument, 
secondary texture by a waviness recorder, and errors 
of geometrical form by ordinary metrological 
methods. As it is not possible to assign any 
specific wavelength or spacing which can be re- 
garded as forming a definite line of demarcation 
between primary and secondary texture, B.S. 1134 
gives a series of alternative standard sampling 
lengths (in the case of a profile-recording instru- 
ment)—or “ wavelength cut-offs ” (in the case of an 
electrical integrating instrument)—from which the 
most suitable can be selected. The standard 
sampling lengths and wavelength cut-offs are : 
0-003, 0-01, 0-03, 0-1, 0-3 and 1-0 in., but it has 
been found that a length of 0-03 in. is generally 
satisfactory for the majority of fine engineering work. 

Profile-recording instruments give a chart in 
which the surface irregularities are magnified, the 
vertical magnification being much greater than the 
horizontal magnification. Imagine a centre-line 
drawn through the irregular profile shown on the 
chart: then the average value, in micro-inches, 
of the departures of the profile from its centre-line. 
both above and below it, is calculated ; it is ex- 
pressed as the arithmetical sum of all the areas con- 
tained between the profile and the centre-line, 
divided by the sampling length. The method of 
locating the centre-line is described. This “ centre- 
line-average height” is the British Standard index 
number for the surface texture. It can also be 
determined by an electrical integrating instrument 
having a wavelength cut-off equal to the selected 
sampling length; if there are minor differences in 
the results obtained by the two methods, the most 
favourable result is to be accepted. At present, the 
index number of a surface cannot be determined very 
accurately ; moreover the influence of surface tex- 
ture on performance cannot be very closely assessed. 
Thus, it is useless to attempt to make fine distinc- 
tions between surfaces which differ only slightly. 
Standard C.L.A. (centre-line-average) grades are 
therefore stipulated, and, in assigning limits for 
surface texture, only values selected from these 
grades should be used. The grades (signifying the 
C.L.A. height in micro-inches) are: 1, 2, 4, 8, 16, 
32, 63, 125, 250, 500 and 1,000. 

The desired quality of surface texture is to be 
indicated on production drawings by means of a 
special surface-finish symbol for high precision work, 
which consists’ of an equilateral triangle, with its 
vertex downwards, either touching the surface 
defined, or related to it by an arrow-headed line.* 
The letter symbol corresponding to the finishing 
process to be employed is placed within the triangle, 
and the index number for surface texture, followed 
by the sampling length in brackets, is placed above 
the triangle, thus: 125 (0-03). If it is desired to 
specify also a minimum C.L.A. index, the smaller 
limit is stated first, thus : 63-125 (0-03). 

Anyone directly concerned with surface texture 
problems will, of course, need to study B.S. 1134, 
since it has only been possible to give a short résumé 
here. The standard also gives information on the 
characteristics of instruments to be used for this 
work; as well as appendices on surface profiles 





* We understand that there is now a possibility of 
the triangle symbol being superseded by a tick symbol, in 
consequence of a decision taken at the American-British- 
Canadian Services Conference on Drawing-Office Practice, 





which was held at Ottawa in November, 1950. 





(in which it is explained how the profiles of two or 
more surfaces with the same C.L.A. height may 
differ considerably—though, of course, the practice 
of specifying the finishing process is intended to 
obviate this difficulty); on the determination of 
index numbers; the direction of measurement ; 
instrumentation ; choice of sampling length ; alter- 
native methods of assessing surface texture ; etc. 
The standard recommends that the terms “ rough,” 
** smooth,” ‘* roughness,” and “‘ smoothness ” should 
be confined to general descriptive uses, in their 
ordinary dictionary sense, and that the use of the 
terms “fine,” ‘coarse,’ ‘‘ micro-finish,” and 
“* macro-finish ’ should be dispensed with, at least 
until a need arises for additional terms, when more 
precise meanings might be assigned to them if 
desired. 

In preparing the standard, a review was made 
of existing data; acknowledgment is made to the 
guidance received from the National Physical 
Laboratory, from the research work of the late 
Dr. G. Schlesinger of the research department of 
the Institution of Production Engineers, and from 
the research department of Messrs. Taylor, Taylor 
and Hobson, Limited, and also to American research 
and practice as represented by the standards of the 
American Standards Association and the American 
Society of Automotive Engineers, 





THE PHYSICAL SOCIETY’S | 
EXHIBITION. 


Tue 35th exhibition of scientific instruments and 
apparatus, organised by the Physical Society, opens 
in London to-day at the Imperial College, South 
Kensington, 8.W.7, and will remain open, apart 
from Sunday, until Wednesday next, April 11. This 
year, the Society has been granted the use of both 
the main building of the Royal College of Science 
in Imperial Institute-road and the Huxley Building 
in Exhibition-road to house the exhibits which, as 
on previous occasions, represent the work of com- 
mercial instrument makers, Government labora- 
tories, research organisations, and university re- 
search departments. The prize-winning models in 
the Society’s competition in craftsmanship and 
draughtsmanship, which is open to apprentices and 
others aged less than 22 years, are also on view. 
In addition to the exhibits, four lectures, each of 
approximately 45 minutes duration, will be delivered 
by scientific specialists on topics of general interest 
to scientists. These lectures will be given in the 
large chemistry lecture-theatre in the Huxley 
Building. After the formal opening of the exhibition 
at 10 a.m. by Professor L. F. Bates, D.Sc., Ph.D., 
F.R.S., President of the Physical Society, the exhi- 
bits will be on view to Fellows of the Society and 
members of the Press only, until 1 p.m., after which 
the exhibition will be open to the general public 
from 2 p.m. to 9 p.m. Tomorrow, Saturday, the 
exhibits will be on public view from 10 a.m. to 
1 p.m., and again later, following the precedent 
established last year, from 2 p.m. to 5 p.m., 8o that 
“ junior staffs ” may have an opportunity of seeing 
them. On Monday, Tuesday and Wednesday of 
next week, the public will be admitted between 
10 a.m. and 1 p.m., and between 2 p.m. and 9 p.m., 
except on Wednesday, when the exhibition closes at 
5 p.m. 

The public lecture this evening and those to be 
given on Monday and Tuesday next week will 
begin at 6.15 p.m. To-night’s speaker is Dr. G. E. R. 
Deacon, of the Admiralty Research Laboratory, 
Teddington, who has chosen as his subject “ Electric 
Currents in the Sea.” Dr. D. McKie, of University 
College, London, will speak on Monday evening on 
the “ Age of Newton,” and on Tuesday, Dr. F. P. 
Bowden, of the Department of Physical Chemistry, 
Cambridge University, will talk about the friction 
of metals and non-metals and the influence of 
surface films. The final lectute will be given on 
Wednesday afternoon, at 3.45 p.m., by Dr. L. A. 
Sayce, of the National Physical Laboratory, 
Teddington, who will give an account of the work 
of the Light Division of the Laboratory. 








The official catalogue of the exhibition contains 
the names of 155 exhibitors. The instruments and 
apparatus exhibited have been designed and pro- 
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duced to meet a wide range of requirements in 
science and engineering, and represent some of the 
latest achievements in the field. Viewed as a whole, 
they reflect the ever-increasing importance of the 
newer branches of science, such as radio and elec- 
tronic engineering, and of techniques involving the 
use of X-rays and radioactivity. Nevertheless 
other departments of scientific knowledge are well 
represented. 

Among the exhibits of Messrs. Ferranti, Limited, 
Hollinwood, Lancashire, is the radiation pattern 
recording equipment illustrated in Figs. 1 and 2, 
on this page. Itis used for determining the radiation 
characteristics of aircraft aerials and was developed 
for the Ministry of Supply. The use of this equip- 
ment in conjunction with aircraft models of the 
kind illustrated in Fig. 1 greatly reduces the time 
and effort required to determine the characteristics 
of an aerial when tests are made at full scale. 
The radiation pattern of an aircraft aerial may 
be modified appreciably by the presence of the 
aircraft, especially if the overall linear dimensions 
of the latter exceed the wavelength used. Further- 
more, the shape and position of the wings, the 
engine nacelles, the tailplane, etc., affect the 
energy distribution in varying degrees and increase 
the difficulties associated with a mathematical 
computation of the radiation pattern. Qualitative 
estimates can be made in most cases, but are of 
little value when the optimum position for the 
aerial has to be determined. There is then no 
adequate alternative to an actual measurement. 
Determinations of radiation patterns on the full 
scale are very difficult, because the aircraft must be 
removed from the earth’s surface in order to avoid 
distortion of the pattern by reflected radiation, and 
must, therefore, be in flight. The difficulty can be 
overcome, however, by the use of a small-scale 
replica of the aircraft, provided the aerial and wave- 





length are reduced in the same linear proportion. 
The aircraft model may then be suspended in a 
frame and rotated in space as desired, the radiation 
pattern being recorded simultaneously. 

The equipment was designed originally to provide 
information relating to the 30-cm. waveband, but 
can be employed readily to determine radiation 
characteristics over a wide range of wavelengths. 
If a twenty-fourth scale model is used, a typical 
passenger-carrying aircraft has a wing span of 
4 ft. to 6ft., which is a convenient size for test 
work, and the corresponding wavelength used to 
determine the radiation characteristics in the 30-cm. 
band is 1-25 cm. The method of suspension of the 
model, which acts as the transmitter, is shown 
clearly in Fig. 1. The receiver, illustrated in Fig. 2, 
is a superheterodyne employing an intermediate 
frequency of 45 megacycles per second. At this 
value of the frequency, it is possible to design the 
receiver to have a high gain combined with good 
stability. The receiving range, therefore, can be 
comparatively large—1,000 wavelengths in the 
1-28 cm. band, for example—even when the trans- 
mitter power is low and, in addition, a piston 
attenuator can be introduced to give a high degree 
of accuracy together with an overall gain in decibels 
varying linearly with the signal power. The range 
of wavelengths investigated may be extended by 
changing either the scale of the model, or the 
receiver head, or both. 

The recording equipment, also illustrated in 
Fig. 2, consists essentially of two separate servo- 
mechanisms. The first rotates the plotting table 
in sympathy with the rotation of the aircraft model, 
which is, itself, remotely controlled. The second, 
which is translational, moves a pen over the record- 
ing paper in accordance with variations in the instan- 
taneous value of the power radiated by the aerial 
under test. The plotting may be made either in 





Fig. 3. Hicu-TEMPERATURE X-Ray DiFFrRacTion CAMERA; THE 
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Cartesian or polar co-ordinates for a maximum 
variation in the signal power of 40 decibels, and at a 
writing speed which is normally between 1-5 and 
2 minutes per pattern. 

The equipment exhibited by the Plessey Company, 
Limited, Ilford, Essex, includes the 19 cm. high- 
temperature X-ray camera diffraction illustrated in 
Fig. 3. This camera incorporates an electric 
furnace wound with platinum-rhodium wire, which 
can produce temperatures up to 1,500 deg. C. The 
water-cooled body of the instrument may be evacu- 
ated, or filled with an inert gas, and the X-ray 
diffraction gap sealed with aluminium foil or a thin 
sheet of plastic material. The film is held in 
position on an accurately-machined Duralumin ring, 
shown, separately in Fig. 3, by means of a rubber 
band, and the ring and film may be removed without 
disturbing the temperature or the atmosphere 
surrounding the specimen. The latter may be 
moved up or down and rotated during exposure, 
and a front slit, adjustable in width between 0-2 mm. 
and 1-0 mm., is fitted. Other equipment displayed 
by the Plessey Company includes a high-precision 
engine-speed indicator ; a portable wattmeter for 
use on supplies ranging in frequency from 100 mega- 
cycles to 160 megacycles per second and for powers 
up to 60 watts ; a soft magnetic core material, known 
as Caslam, which has a finely laminated structure 
and a high permeability ; and various ceramic mate- 
rials of high permittivity. : 

The audio tester illustrated in Fig. 4, opposite, 
is one of the exhibits shown by Messrs. Marcon! 
Instrumerts, Limited, St. Albans, Hertfordshire. 
It is a mains-operated beat-frequency oscillator, 
calibrated over the frequency range from 50 to 
15,000 cycles per second, and has a maximum 
output of two watts into a resistance of 600 ohms. 
An output-level meter and a 600-ohm ladder 
network attenuator covering the range 0 to 50 
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Fic. 4. Avuprio Tester; Messrs. Marconi INSTRUMENTS, LIMITED. 


decibels are fitted. Alternative 15-ohm and 3-ohm 
outlets are provided and the output in each case 
can be varied continuously by means of an interstage 
gain control. Provision has also been made for 
the injection of a voltage at the frequency of the 
supply mains for standardising the scale. The 
output meter may also be switched over to measure 
external audio-frequency voltages up to 80 volts in 
three ranges. 

The same firm are also exhibiting the wavemeter 
illustrated in the photograph reproduced in Fig. 5. 
This instrument is portable and requires no power 
supply. It has a frequency range extending from 
100 kilocycles per second to 100 megacycles per 
second, which is divided into eight bands in each of 
which the instrument is directly calibrated. The 
meter may be used to check the performance of 
transmitters and has a particular application to 
transmitters which employ a crystal drive followed 
by harmonic multiplication. The wavemeter, to- 
gether with its eight plug-in coils, is housed in a 
padded case fitted with a hinged lid and carrying 
strap. 

Among the many items of equipment displayed 
by Messrs. Elliott Brothers (London), Limited, 
Century Works, Lewisham, London, 8.E.13, is the 
DCL-Elliott magnetic oxygen analyser, illustrated 
in Fig. 6. The basic phenomenon on which the 
action of this instrument depends was demonstrated, 
by Faraday almost 100 years ago in his researches 
on the paramagnetic properties of oxygen. By 
using a silk fibre to suspend a small glass test piece, 
shaped like a dumb-bell, in a non-homogeneous 
magnetic field, Faraday showed that the equilibrium 
position of the test piece depended on the amount 
of oxygen in the surrounding atmosphere. In the 
analyser illustrated, a quartz dumb-bell test piece, 
ealrying a small mirror, is attached to an adjustable 
torsion head by means of a suspension strip. The 
dumb-bell and mirror are mounted between the 
specially-shaped pole-pieces of a powerful permanent 
magnet in a cell which is so designed that the gas 
Sample is changed completely in from 8 to 12 
seconds without disturbing the dumb-bell. The 
gas detector assembly is thermally insulated and its 
temperature is controlled thermostatically in order 
toeliminate errors which might arise from changes in 
the ambient temperature. The movement of the 
dumb-bell is detected by means of a beam of light, 
two photocells and a direct-current amplifier which 
Operates a continuous-reading chart recorder. 
Alternatively, an instantaneous indicator may be 
used. In either case, the quantity of oxygen present 
8 displayed directly as a percentage. 

» The design of the sampling system is such that a 
telatively large volume of gas is passed continuously 
“trough the apparatus but only a small proportion 
of it is admitted to the cell. In this way, excessive 
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Fig. 6. Oxyeren ANALYSER; Messrs. ELLiottT 
Brotuers (LONDON), LIMITED. 


time lags are avoided. Provision is also made for 
checking the zero of the instrument periodically by 
passing a non-paramagnetic gas through the cell. 
Nitrogen may be used for this purpose or the sample 
may be passed through chromous chloride to remove 
the oxygen. Automatic compensation for changes 
in the barometric pressure is made at intervals of 
30 minutes by standardising the apparatus by means 
of a gas mixture of known composition, conveniently 
taken as air. The analyser is particularly suitable 
for determining percentages of oxygen present in 





WavEMETER; Messrs. Marcont INSTRUMENTS, LIMITED. 


combustion products or in mixtures of oxygen and 
hydrocarbon gases. The only gases which upset the 
accuracy of the determination are nitric oxide, 
nitrogen, peroxide and chlorine dioxide, which are 
themselves paramagnetic. The instrument operates 
on a single-phase alternating-current supply of 
200 to 250 volts and can be supplied in four standard 
ranges, from zero to 2, 10, 25, and 100 per cent. 
oxygen, respectively, at the maximum indication. 
(To be continued.) 





BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 

Dimensions of Common Building Bricks.—A revision 
of B.S. No. 657, which is concerned with the dimensions 
of common building bricks, has now been issued. 
The manner of specifying the dimensions given in the 
previous editions of 1936 and 1941 has been abandoned, 
but the basic dimensions specified are still: length 
8? in., width 44, in., and depth (type 2) 2§ in., and 
(type 3) 2{ in. The method of testing for compliance 
with these dimensions has been revised and is now 
based on maximum and minimum measurements for 
length, width and depth, when 24 bricks are placed in 
contact in straight lines upon a level surface. [Price 
1s., postage included.] 

Fire Buckets.—With the object of encouraging a 
reduction in the number of sizes and designs of fire 
buckets, the Institution has produced a new specifica- 
tion, B.S. No. 1689, covering both the round-bottom 
and the flat-bottom type of fire bucket. The specifica- 
tion contains details of the construction and general 
dimensions, together with drawings showing the shape 
of the finished buckets. The sizes specified have been 
selected so that the buckets can be easily handled by 
women. [Price 2s., postage included.] 

Gin Blocks for Fibre Ropes.—A new specification, 
B.S. No. 1692, covers fibre-rope gin blocks used in 
building or similar work for hoisting or lowering ma- 
terials, tools and other light loads, by direct hand 
manipulation or by means of small portable hand 
winches. Four sizes of block, considered to be sufficient 
for all normal requirements, are specified. These sizes 
are given in terms of the outside diameter of the sheave 
with which the block is fitted, namely, 4 in., 8 in., 
12 in. and 16 in. Clauses relating to the quality of 
the materials required for the various components, and 
their form and dimensions, are included. The hooks 
for the blocks, which may be of the hot-clinched or 
screwed-shank type, are specified by means of drawings 
and tables. Proof loads and recommended safe working 
loads are given in tabular form and, in an appendix, 
is set out a form of certificate of test and examination. 
[Price 2s., postage included.} 

Hand-Power Lifts for Passengers, Goods and Service. 
—The Council for Codes of Practice for Building 
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Construction and Engineering Services, working under 
the zgis of the Ministry of Works, has issued, in final 
form, Code of Practice C.P. No. 407.301, which concerns 
hand-power lifts for passengers, goods and service. 
The publication contains suggestions concerning the 
exchange of information between the client and the 
architect, and the consulting engineer and the lift maker. 
The design recommendations of the Code deal largely 
with the choice of lift, and information is given on 
contract loads, car gates or safety bars, landing doors 
or gates, and methods of operation. Other recom- 
mendations concern the number and location. of lifts, 
machine rooms, structural requirements, imposed loads, 
quietness of operation, and fire protection. Recom- 
mendations regarding inspection and maintenance of 
the lift are included. [Price 3s., postage included.] 

Terminals for Electric Railway-Signalling Apparatus. 
—A revision of B.S. No. 442, which first appeared in 
1932, has now been published. The specification, which 
covers terminals for electric apparatus for railway- 
signalling purposes, takes into account recent develop- 
ments in design and manufacture, and now applies to 
main terminals on, but not to terminals inside, the 
apparatus. The publication deals with the nut type, 
the screw type and the insulated screw type of terminal. 
Materials, dimensions and manufacturing requirements 
are specified. [Price 2s., postage included.] 


Ships’ Derrick Rigs——A new specification, B.S. 
No. 1700, covers typical ships’ derrick rigs, and is 
intended to serve as a guide for persons directly con- 
cerned with the working of cargo. By the nature of 
its subject, the specification incorporates extracts from 
other British Standard Specifications, namely, B.S. 
Nos. 302, 365, 408 and 825. A section on nomenclature 
consists of four drawings of ships’ derricks having 
various methods of rig and span tackle, and showing 
the components clearly named. Minimum recom- 
mended safe working loads of slewing guy units are 
specified, while a table providing coefficients for esti- 
mating rope tensions is given and methods of calcu- 
lating these are included in an appendix. Notes on 
the care and maintenance of ships’ cargo lifting blocks 
and extracts from current statutory Dock Regulations, 
1934, are also included. [Price 7s. 6d., postage included.] 


Electroplated Coatings of Nickel and Chromium on 
Steel and Brass.—A memorandum for insertion in 
specification B.S. No. 1224-1945, covering electro- 
plated coatings of nickel and chromium on steel and 
brass, has recently been published. This emphasises 
the provisions of the specification which enable the 
amount of nickel used to be reduced. The memoran- 
dum states that, in view of the present shortage of 
supplies of nickel, attention is drawn to the definition 
of the significant surface for plating given in the speci- 
fication. This enables the manufacturer, by agreement 
with the purchaser, to reduce the surface to be coated. 
Attention is also drawn to a note in the specification, 
according to which a minimum deposit thickness may 
be a composite deposit of nickel and copper, provided 
that the final deposit of nickel is at least 50 per cent. 
of the whole. The memorandum leaflet, reference 
P.D. 1138, is being inserted in all copies of B.S. No. 1224 
sold, but copies of the leaflet may be obtained by those 
who already possess the specification, on application to 
the Institution, enclosing a stamped addressed envelope. 


Forged-Steel Socket-Welding Fittings——A further 
specification in the series now being prepared for 
equipment for the petroleum industry has been issued. 
This is B.S. No. 1684; it deals with forged carbon- and 
alloy-steel socket-welding fittings, covering 45 deg. and 
90 deg. elbows, T pieces, crosses, reducing T pieces 
and crosses, couplings and reducing couplings, and caps. 
The specification provides for fittings of nominal sizes 
from } in. up to and including 3 in. The publication 
contains details of the sizes, materials, body thicknesses 
and tolerances of the fittings and the tests to be carried 
out, together with tables giving full details of all the 
necessary dimensions required. In view of the inter- 
national character of the petroleum industry, it is 
desirable that there should be interchangeability of the 
equipment produced by British and American manu- 
facturers, and consideration, therefore, has been given 
to existing American standard specifications. [Price 3s., 


postage included.] 





Two-YEAR COURSE IN AERONAUTICAL AND ELECTRICAL 
ENGINEERING.—The College of Aeronautics, Cranfield, 
Bedfordshire, is introducing a combined two-year post- 
graduate course in aeronautical and electrical engineering 
in October. Students in their first year will be given a 
training in aeronautical engineering, applied electronics, 
communications, aircraft electrical systems, servo-mechan- 
isms, and the theory of aerials. In the second year, 
the student may select subjects which interest him for 
deeper study. Each student will undertake research for 
a thesis. Students who complete their course satisfac- 
torily will be awarded the Diploma of the College. 


LABOUR NOTES. 


Propuctivity throughout industry in the United 
Kingdom has contjnued to increase during recent 
months, but the rate of increase has been less spectacular 
than formerly, according to the index of industrial 
production, which is prepared by the Central Statistical 
Office of the Treasury. In a report published on 
March 30, the Department estimates that productivity 
reached a level of 141 during January, 1951, and 
publishes a revised figure of 139 for December, 1950. 
These levels represent an advance of about 5 per cent. 
on production a year ago ; a figure of 135 being recorded 
for January, 1950, and one of 131 for December, 1949. 
The latter figures, however, were an increase of 8} per 
cent. on those for the corresponding months for the 
previous year, since industrial production reached an 
index level of only 124 during January, 1949, and of 
only 123 during December, 1948. 





One reason for the reduction in the rate of increase, 
the Statistical Office suggests, was that the output of 
the building and contracting industry declined sharply 
during a part of the past winter, probably owing to bad 
weather conditions. Productivity in this industry, 
which reached levels of 120 in December, 1949, and of 
125 in January, 1950, declined to 121 in December, 1950, 
and to only 112 in January, 1951. Shortages of raw 
materials may have been a factor in the situation, the 
Statistical Office declares, ‘‘ but it is too early to say 
how much.” In the manufacturing industries as a 
whole, production advanced from 134 in December, 
1949, to 138 in January, 1950, to 143 in December, 
1950, and reached a level of 147 in January, 1951. 
The Statistical Office states that, according to the 
information it has received to date, production by all 
industries during February, 1951, should reach a level 
of between 146 and 147. All figures published in this 
index are adjusted to allow for variations in the number 
of days in each month, but no allowance is made for 
annual or public holidays. The index was commenced 
in January, 1947, and is based on production during 
1946, which is taken as 100. 





Skilled maintenance men in the gas industry have 
received an increase of 2d. an hour in their basic wage 
rates as the result of an agreement reached between the 
Gas Council and the Confederation of Shipbuilding and 
Engineering Unions on March 28. It is estimated that 
some 10,000 craftsmen employed on maintenance work 
in London and the provinces will benefit from the 
increase, which became effective on April 1. 





An offer by the National Coal Board of wage increases 
to officials of three unions, representing some 28,000 
clerical and administrative employees in the coal- 
mining industry, was rejected as insufficient at a joint 
conference on Monday last. Staffs in the employment 
of the Board at local collieries, as well as those at head- 
quarters and divisional offices, are affected by the dis- 
agreement. They include members of the colliery 
staffs section of the Transport and General Workers’ 
Union, the National Union of Mineworkers, and the 
Clerical and Administrative Workers’ Union, and it 
was decided by the officials of these organisations that 
the claim should be brought before the National 
Reference Tribunal for the Coal Industry at an early 
date. The Unions had requested the Board to grant 
increases of 20s. a week to all its employees in these 
grades aged 21 and over, with proportionate increases 
to juniors. 





Some 800 engineering operatives in the employ- 
ment of Messrs. Ambrose Shardlow and Company, 
Limited, Meadow Hall, Sheffield, who had been idle 
owing to a dispute with the firm over piecework rates, 
resumed work last Monday. About 600 members of 
the Amalgamated Engineering Union were dismissed 
by Messrs. Ambrose Shardlow three weeks ago for 
declining to work at piece rates and the remaini 
200 men ceased work in sympathy, on March 29. Both 
the A.E.U. and the Confederation of Shipbuilding and 
Engineering Unions decided to recognise the dispute 
as a lockout. A mass meeting of the men concerned 
was held at Sheffield City Hall last Sunday, at which 
a report of negotiations between the firm and the 
Sheffield district committee of the Confederation was 
accepted. 





The agreement reached as a result of these negotia- 
tions provided for the withdrawal of the dismissal 
notices, and the resumption of employment on a day- 
rate basis by the men concerned, on the understanding 
that they were to perform a fair day’s work. It was 
also provided that the men who stopped work in 





sympathy should resume work under the conditions 


which applied previously. It was announced suj)se. 
quently that negotiations between the shop stewards 
and Messrs. Ambrose Shardlow would be re-opened at 
once in an endeavour to reach an agreement respecting 
piecework rates. 





Mr. George Tomlinson, the Minister of Education, 
intervened last Tuesday in the dispute between the 
National Union of Teachers and the Durham County 
Council, which had arisen owing to the Councjl’s closed- 
shop policy. An official announcement issued on that 
day stated that Mr. Tomlinson had issued a direction 
to the Durham local education authority, under section 
68 of the Education Act, requiring it to refrain from 
taking any steps to ascertain whether applicants for 
teaching posts at the disposal of the authority, were, 
or intended to become, members of a trade union or 
professional organisation. As reported on page 382, 
ante, strong protests against these interrogations were 
made at the recent annual conference of the N.U.T. at 
Llandudno. A meeting between representatives of 
the Union and five other teachers’ organisations, and a 
sub-committee of the Council, was held at Durham on 
March 30, at which the trade-union officials were 
informed that the Council’s staffing sub-committees 
had been instructed that, in future, they were to inquire 
about a teacher’s membership of a trade union or 
professional association only after they had decided 
upon the most suitable candidate for the vacancy. 





The six teachers’ organisations considered this 
arrangement to be as unsatisfactory as that previously 
in force, whereby all candidates for school appointments 
or promotions were questioned as to their membership 
of a union or similar organisation. The general secre- 
tary of the N.U.T., Mr. Ronald Gould, referred to the 
new arrangement as a “mere procedural] device” 
which continued to violate the principle of freedom 
for which his Union stood. It was announced by the 
N.U.T. on Monday last that the organisations con- 
cerned; the N.U.T., the Association of Teachers in 
Technical Institutions, and the joint four secondary 
associations, were calling for notices to terminate their 
engagements from their members in the east and east- 
central divisional areas of the County of Durham. If 
found necessary, similar action would be taken in the 
remaining ten divisions in the Durham area, the N.U.T. 
stated, and added that, should no settlement be 
reached before the notices became operative, all 
members belonging to the six associations who were 
affected by them would be paid their salaries in full 
by those organisations. 





Following the issue of the direction to the Durham 
education authority, the N.U.T. announced that it 
would no longer ask teachers in the east and east- 
central divisions of Durham to tender resignation 
notices. Mr. Gould expressed his Union’s pleasure 
that its members’ professional liberty would remain 
inviolate and its hope that the authority would follow 
the policy laid down by the Minister. It may be 
recalled that, not only teachers, but all employees 
of the Council are affected by the closed-shop resolution, 
which the Council adopted nearly five months ago. 
This required every individual in its employment to 
show that he or she was a member of a professional 
association or trade union; the alternative being to 
risk dismissal. The Engineers’ Guild was one of many 
professional associations and trade unions which 
protested vigorously. 





Wage rates increased sharply during the first two 
months of the present year, when some 4,089,000 
workpeople in the United Kingdom received net 
advances in their full-time wages amounting, in all, 
to 1,117,5001. a week and representing an average 
increase of over 5s. a head. This was about four times 
the amount granted during January and February, 
1950, when there was a net increase of 289,500J. in the 
weekly full-time wages of 1,848,500 persons, according 
to the Ministry of Labour Gazette for March. 





The all-employees figure of the index of Rates of 
Wages rose during February by one point to 116. 
As recently as September, 1950, the level for all 
employees stood at only 110. The figures for men 
and juveniles also rose by one point during February, 
to 115 and 120, respectively. The figure for women 
remained stationary at 118. These figures compare 
with a level of 100, on June 30, 1947, when this index 
was commenced. The all-items figure of the interim 
index of retail prices also rose by one point during 
the four-weekly period ending in mid-February, to 
a level of 118. For food only, the index figure for 
mid-February was 127, at which level it has remained 
since the middle of December, 1950. 
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HYDRAULIC PIPE JOINTS. 





Fic, 1. Vrisratory Test Rie. 


PIPE JOINTS FOR HYDRAULIC 
POWER TRANSMISSION.* 
By B. Cooke. 


THE use of hydraulic power transmission in industry 
is becoming more widespread and the need for greater 
attention to the efficiency of the ancillary parts of the 
system more pressing. After seals and gland-packings, 
pipe joints are probably the greatest offenders against 
“hydraulic hygiene.” The choice of pipe joints is 
limitless, and designers may be uncertain whether a 
certain type of joint is suitable for a particular applica- 
tion. There appears to be a paucity of quantitative 
data upon which designs may be based. The results 
obtained by the Pipe Flanges Research Committeet 
offer little to help the hydraulics engineer. Only the 
broad principles of some of the joints used by Amagat 
and Bridgmant can be applied with success. 

The hydraulic pipe-joint must combine simplicity of 
design with ease of assembly and maintenance; the 
latter is most important. The joint may have to 
accommodate some degree of misalignment of the pipes 
and remain oil-tight. Mechanical vibration and rapid 
fluctuations in pressure are often present in hydraulic 
systems. The majority of joint-rings on the market 
rely mainly upon high contact-pressure intensities to 
effect a seal. This places unnecessary strain upon the 
bolts and flanges. The metal joint-rings fall into this 
category, with the added disadvantage of requiring a 
high standard of finish on the mating surfaces. 

Some joint-rings are claimed to be influenced by the 
presure of the fluid they seal. The Wills pressure joint 
is such a case, but it is doubtful whether this joint-ring 
has any advantage over ‘a ring of, say, copper. After 
being compressed in a pipe joint, the ring, on release, 
does not regain its initial shape, the amount of recovery 
being about 0-007 in. The makers stress the import- 
ance of the surface finish of the mating surfaces of the 
flanges. The fluid pressure will react upon this joint- 
ting and a solid ring to the same degree. How these 
rings perform without the internal pressure of the 
inert gas would be of interest. 

The Lens ring and the wave ring, described in the 
discussion of the Pipe Flanges Research Committee, 
can apparently be classed almost as_ self-sealing. 
They both suffer the disadvantage of relying on a very 
fine surface finish. The Lens ring requires very sub- 
stantial flanges, as the effect of pressure on the flanges 
must be less than that on the joint. With both joints, 
but more particularly with the wave ring, the success 





3 Paper read at a meeting of the Institution of Mech- 
anical Engineers, held in London on March 16, 1951. 
Abridged. 

t First Report of the Pipe Flanges Research Com- 
mittee, Proc.I.Mech.E., vol. 132, page 201 (1936) ; 
Second Report, ibid., vol. 141, page 433 (1939). See also, 
ENGINEERING, vol. 141, page 243 (1936) and vol. 147, 
Page 418 (1939). 

+ The Physics of High Pressure, by P. W. Bridgman. 


a edition. G. Bell and Sons, Limited, London 
(1949), 
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depends largely upon the machining. This latter ring 
appears difficult to fit or strip, and should a leak develop 
the inevitable replacement will prove costly. 

This paper describes tests carried out on a selection 
of pipe joints, to find one satisfactory for use in 
gun mountings. Many joints already in use were 
tested, as well as proprietary types. None was found 
to be satisfactory, but from the experience gained 
during these tests a pipe joint was designed which has 
proved satisfactory. The tests were designed to submit 
the joints to the most arduous conditions which they 
were likely to encounter in service. A vibratory test 
and a transient-pressure test were devised. Only those 
joints which proved satisfactory during the first test 
and were considered worth while were subjected to the 
transient-pressure test. 

On the matter of oil-tightness the author respectfully 
diverges from the definition as laid down in the First 
Report of the Pipe Flanges Research Committee. 
Even a very small percentage of oil leaking on to a 
deck or floor can be dangerous, and, at least, cause a 
mess. For a hydraulic pipe-joint to be efficient, it is 
essential that it be absolutely oil-tight. The oil used 
throughout these tests was a service oil OM65, which 
is a light mineral oil of 65 centistokes viscosity at 
100 deg. F. The pipes used were solid-drawn steel of 
1-0625 in. bore and 1-3125 in. diameter. The working 
pressure varied from 1,100 Ib. to 2,500 lb. per square 
inch. 

For the vibration test, the joints were fitted to pipes 
so that they could be placed in the centre of two sup- 
| porte, 6 ft. 8 in. apart. A vibrator was secured to the 





pipes as near to the joints as practicable. This device 
|consisted of two rotating out-of-balance masses so 
| arranged that the horizontal components cancelled out. 
|The driving power was supplied through rubber 
V-belts by a direct-current motor mounted upon the 
nearer support. The pipes were made to vibrate with 
an amplitude of + 0-2 in. at the joint. The frequency 
was adjusted to obtain this amplitude. The test was 
run for 5 million cycles; approximately 21 hours. 
The pressure was supplied from a header to which each 
pipe was attached. In most cases, this pressure was 
1,500 Ib. per square inch, but it could be varied to 
meet requirements. Electric heaters under the joints 





























Fig. 2. TRANSIENT-PRESSURE TEST MACHINE. 


maintained an ambient temperature of 140 to 160 deg. 
F. The fluid OM65 had a viscosity of 21 to 23 centi- 
stokes at these temperatures. This test was considered 
representative of the most arduous vibratory conditions 
likely to be met in service. The rig is shown in Fig. 1, 
on this page. 

In the transient-pressure test, the joints, complete 
with the pipes, were fitted to the base of the machine 
shown in Fig. 2. This machine consisted of a heavy 
tup which was lifted by an air-operated cylinder. 
On reaching a predetermined height, a valve was 
tripped and the tup fell almost as a free weight. The 
tup was arrested by striking a ram of small diameter, 
moving in a cylinder which is part of the base of the 
machine. A transient pressure, having a rapid rise, 
was transmitted to the oil in the pipe under test. A 
pipe with an electrical resistance strain-gauge attached 
was connected to one of the positions in the base. 
This strain gauge was arranged circumferentially to 
measure of hoop strain. The variations in the re- 
sistance of the gauge were recorded on an oscilloscope, 
the deflection which had been previously calibrated 
with static pressure, applied by a hand-pump. The 
movement of the trace was photographed and provided 
records similar to those shown in Figs. 3 and 4. Fig. 3 
is a calibration test, and Fig. 4, a shock-pressure 
test. The duration of the pulse was about ,); second 
and the maximum pressure, in most cases, was 1,500 Ib. 
per square inch, i.e., one-and-a-half times the working 
pressure. The conditions of this test were intended 
to simulate the pressure surges met in service when a 
control valve is operated rapidly. 

In assembling the joints for tests, great care was 
taken to eliminate variations in the fitters’ technique, 
as it was found that, while one man would tighten 
a joint as hard as he could, the next would be unduly 
light in his treatment. This care is not likely to be 
exercised by normal users, but each joint was thereby 
given a fair chance under test. With the flange joints, 
the load on each bolt was equalised by tightening with 
a torque-registering spanner. Further, the bolts were 
fitted with steel balls at each end, and the extension 
due to the load was measured. With couplings, span- 
ners of a standard length were used and no undue 
torque was applied. 

Standard Four-Bolt Flange Screwed to Pipe.—This 
joint, Fig. 5, page 414, was fitted with a thick flat 
copper joint-ring. The threads on the pipe were backed 
off to avoid a stress concentration at a sudden change 
of section. Both tests were carried out satisfactorily, 
but it was found essential to anneal the copper before 
making the joint. The finish and squareness of the 
ends of the pipe, upon which the joint was made, were 
obviously of prime importance. 
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Screwed Coupling with Flat Copper Joint-Ring.—This 
joint was similar to the previous one, in that it was 
fitted with a flat copper joint-ring and relied upon 
the pipe-ends for making the joint oil-tight (Fig. 6). 
During the vibration test, the joint began to leak at 
approximately two drops per second, but this was cured 
by further tightening of the nut. 

Four-Bolt Flanges with Trapezoidal-Section Copper 
Joint-Ring.—As can be seen from Fig. 7, the flanges 
and pipe-ends of this joint had been specially machined 
to accommodate the joint-ring. Some difficulty was 
experienced during assembly in correctly locating the 
joint-ring. When properly made, this joint proved 
satisfactory. 

Four-Bolt Flanges with Diamond-Section Copper Joint- 
Ring.—As with the previous joint, the flanges and 
pipe-ends of this joint had been machined, in this case 
to form an annular groove (Fig. 8). For location, the 
joint-ring relied upon the bore of the faucet. This 
joint had proved troublesome in service, but in labora- 
tory conditions it was found possible to make a good 
joint, provided that care was taken and that the 

ves were of the correct depth and were concentric 
with the other diameters. Leakage frequently took 
place along the threads, which further tightening failed 
to stem. 

Four-Bolt Flanges with Diamond-Section Copper Joint- 
Ring.—This joint (Fig. 9) was designed as a replace- 
ment for the previous joint; while the diamond- 
section copper ring was retained, the flanges were 
welded to the pipe. The welding at the ends of the 
pipes required machining. With care, this joint could 
be made oil-tight... During the vibratory test, one of 
the pipes fractured at the welding at the back of the 
flange. In view of the unsuitable design of this joint, 
it was decided not to proceed with the tests. This 
type of failure, due to welding, occurred several times 
during the tests; generally, the pipe fractured at the 
beginning of the welding. 

Experimental Coupling.—In this joint (Fig. 10) two 
screwed sleeves were fitted to the pipes, with welding 
to seal the thread. The seal was formed by the two 
copper rings being forced up the gradient of the sleeves. 
This arrangement was considered fundamentally incor- 
rect as it doubled the possible leakage paths. During 
the vibratory test, an intermittent slight leak was 
observed, which further tightening failed to stem. 

Double-Spigot Flange with Two and Four Bolts.— 
In this pipe joint (Fig 11) the joint-ring was fully 
trapped, except for the two annular spaces between 
the spigots and faucets. A fillet of welding behind 
the flanges sealed the leakage path along the threads. 
Joint-rings of various materials were tested. With 
soft materials, such as synthetic rubber, there was a 
tendency to overload the joint, and to cause the material 
to extrude into the annular spaces. This was over- 
come by placing appropriate distance-pieces on the 


bolts between the flanges. These were rather difficult | | 


to fit, and limited the permissible misalignment of the 
flanges. This joint is similar in principle to that used 
by Amagat (Bridgman 1949) (Fig. 12). With com- 
mercial tolerances, the annular clearances are such 
that extrusion takes place unless the force applied is 
checked. In his laboratory, Amagat probably worked 
to much finer limits and so his joints were successful. 
Both two-bolt and four-bolt joints passed the vibratory 
test satisfactorily, but it was considered that, in 
assembly in service, difficulty might be experienced in 
making or breaking the joint because of the depth of 
the spigots. 

Patent Joint with Two Bolts—In this joint (Fig. 13) 
the housings acted as clamps holding the sleeved pipe- 
ends in position. The bolt tensions have no effect upon 
the joint-ring, which relies largely upon the influence of 
the fluid pressure for sealing. The first joint tested was 
one of a standard range. After 1-5 million oscillations 
on the vibratory rig, this joint failed. Examination 
showed that one housing had fractured. The makers 
then supplied a housing of special alloy. On assembly, 
this joint withstood a pressure of 1,500 Ib. per sq. in. 
Assoon as the vibrations began, a steady leak developed. 
Since the joint was remade several times, with similar 
results, it is obvious that the construction does not 
give any scope for modif cation if a leak develops. 

Self- Aligning Coupling with Two Bolts.—The spherical 
construction of the sleeve in this joint (Fig. 14, oppo- 
site) on one pipe-end allowed a great degree of mis- 
alignment of the pipes. Ig the first instance, the joint 
was oil-tight under pressure, but leaked under slack oil. 
When the initial compression on the “0” ring was 
increased, the joint passed the vibratory test without 
leakage. The “0” ring would probably be better 
housed in the usual square groove. The one dis- 
advantage of this joint is that it tends to sag when not 
under pressure, and to straighten when pressure is 
applied. 

Experimental Spherical Pipe Joint No. 1, with Three 
Bolts.—In this joint (Fig. 15, opposite), one flange was 
fixed to the pipe, while the other was loose. The bore of 
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this flange was of spherical form to fit the reverse side 
of a spherical ferrule. The joint-ring consisted of a steel 
former, flat on one side and spherical on the other, 
with a copper sleeve spun on to the inside. The bolt 
heads were at first fitted with spherical washers, but 
these were discarded in favour of a bolt with a spherical 
underside to the head. This joint allowed a consider- 
able amount of misalignment of the pipe. Provided 
that the other two nuts were finger-tight initially, it 
was possible, by application of a load on the third bolt, 
to make the joint oil-tight. Though this joint passed 
the vibration test, it was not considered worth develop- 
ment, because the joint was extremely difficult to 
handle during assembly and the joint-ring was too 
complicated. 

Experimental Spherical Pipe Joint No. 2, with Three 
Bolts.—This joint (Fig. 16, opposite) was similar to the 
preceding one. The joint-ring was similar, and con- 
sisted of a copper joint-ring of trapezoidal section. Great 
difficulty was experienced in assembling it, and also in 
rendering it oil-tight. The joint did eventually pass 
the vibratory test without leakage, but it was aban- 
doned for the same reasons as was the previous joint. 





Patent Couplings : Contracting Cones.—Two versions 
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(Figs. 17 and 18, opposite) of this coupling were tested 
in the vibratory rig. The latter type was fitted with 
thrust collars; otherwise, in principle, the joints were 
alike. Difficulty was experienced in making the joint, 
though, when properly made, it passed the vibratory 
tests without any leakage. Because of difficulty in 
remaking the joints and the disadvantage of having to 
spring the pipe apart when removing a pipe length, 
tests were discontinued. : 
Cone Coupling.—Several types of cone couplings 
similar to that shown in Fig. 19, opposite, were tested. 
All these joints were satisfactory under pressure but 
leaked slightly on the vibrating rig. This was thought 
to be due to the mating surfaces working against each 
other during the test. ; ; 
Experimental Clamp Type of Coupling.—The coupling 
shown in Figs. 20 and 21, opposite, was attractive 
because of its small overall dimensions. The small 
sleeves were welded on to the pipe-ends and a split 
housing was fitted over these and held by two Allen 
screws. The joint was similar to the patent coupling 
(Fig. 11), but it differed in principle. The housing, 
acting upon the sloping shoulders of the pipe sleeves, 
tends to draw the pipe-ends together, thus compressing 
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the rubber of the joint. The degree of compression was 
predetermined by the metal ring to which the rubber 
was bonded. In an emergency, this composite ring 
could be replaced by a plain synthetic-rubber ring. The 
Construction of this coupling required the pipe-ends to 
be absolutely square and the sealing face to be machined 
after _Welding, which was not advantageous. The 
coupling withstood test-pressure satisfactorily, but 

iled during the vibration test. Examination showed 
that the welding of one sleeve had failed. 

Coupling with Toroidal Joint-Ring.—This coupling 
(Fig. 22) consisted of a sleeve brazed on to the end of 
each pipe. In both sleeves, the Pipe-end abutted 
;eainst a shoulder. The end of one sleeve was plain, 
but in the other sleeve a groove was machined, in which 
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the synthetic-rubber toroidal joint-ring was placed. 
As the pipe-end did not protrude beyond the end of the 
sleeve, the joint was independent of the pipe-ends. 
This joint was easy to assemble and passed the test 
without any leakage. It is an example of a ring which, 
owing to the action of fluid pressure, will seal under 
much greater pressure than the initial pressure intensity 
in the joint itself. 

Yorkshire Copper Joint.—In testing these joints, 
copper tubing was used. The joint (Fig. 23) consisted 
of a brass sleeve, in the centre of which was an internal 
collar, against which the pipe-ends abutted. In the 
centre of each end of the sleeve ‘is an annular groove, 
in which rests a preplaced insert of solder. The method 
of assembly is simple and calls for little experience. 








After being coated with flux, the sleeve is placed over 
the pipe-end and then heated by a blow torch to cause 
the solder to run. This joint passed both tests, and is 
a good permanent joint. Care must be taken, however, 
regarding the choice of soldering alloy, and of sleeve 
length. Unfortunately, there can be no guarantee 
that solder will not run into the bore of the pipe. On 
examination, ridges and blobs of solder were found near 
the pipe-ends; these blobs were easily detachable, 
and would be a source of danger in a servo-system. 
Because of this and the difficulty of stripping, this 
type of joint was considered unsuitable for use with 
hydraulic servo-systems. 

From the results of these tests, the following points 
emerge. The pipe-ends should not form the whole or 
part of the sealing surfaces with the joint-ring. In 
production and assembly, it is a great advantage if the 
pipes can be cut without regard to accuracy or finish. 
It is apparent that provision for this in designing the 
flange is usually possible. Where flanges are required 
to be removable, a sleeve should be fitted so that the 
joint can be made upon the sleeve-ends (Figs. 24 
and 25, page 416). If this design is employed, care must 
be taken to see that all sealing is achieved inside the 
threads, as they form a leakage path which is difficult 
to seal. The design of the flanges and sleeves should 
be such that no further machining is necessary after 
they have been fitted to the pipe-ends. 

The flanges or sleeves should not be screwed on to 
the pipe-ends. This practice calls for thicker pipe 
walls than are required to withstand the fluid pressure. 
The threads considerably weaken the pipe, which, 
under vibration, may fracture round the last thread. 
The use of tapered or vanishing threads only partly 
alleviates this trouble, and it adds to production diffi- 
culties. Further, if the pipe-ends are screwed, the 
flanges should be screwed on until they become thread- 
bound, and difficulty may be experienced in lining up 
the bolt-holes of the flanges. This will not apply where 
sleeves are employed. If the flanges are welded on 
to the pipe-ends, care must be taken to see that the 
bolt-holes will line-up on assembly. The welding often 
proves to be porous, and attempts at caulking the 
leakage have been unsuccessful. The risk of pipe 
fracture due to vibration is ever present. Brazing has 
been found most suitable for fixing the flange or sleeve 
to the pipe-end. 

Clearance between the pipe and the flange or sleeve 
should be such that the molten alloy will flow, owing 
to capillary attraction, to fill up the whole of the 
available space ; in this way, the joint will be stronger 
than a circumferential fillet.. The capillary flow will 
be greatly facilitated if the brazing alloy is preplaced 
in an annular groove (Fig. 25). With the groove 
centrally placed, the alloy can flow in either direction. 
Sleeves similar to that shown in Fig. 25, fitted to a 
pipe of 1 4 in. diameter, with 1 4 in. of the pipe entered 
into the sleeve, were tested for strength. Diametric 
clearances between the pipes and sleeves varied from 
two or three to 12 to 13 thousandths of an inch. All 
the sleeves were oil-tight when tested at 3,500 lb. per 
square inch, and they withstood a load of 17 tons in 
tension (equivalent to a hydraulic pressure of about 
43,000 lb. per square inch). 

In the tensile test, initial failure of the brazing alloy 
was due to tension caused by the contraction of the 
pipe ; the remainder of the alloy then failed in shear. 
This contraction would not take place if the end force 
were due to internal hydraulic pressure. However, 
it is obvious that the strength of the brazing is more 
than adequate. By using sleeves screwed to the 
outside diameter to take the flanges, manufacture is 
simplified, as the flanges can be made to serve as both 
spigot and faucet. It is sound practice to have a 
joint of this type, as the spigot registering in the faucet 
prevents any radial strain being placed upon the 
joint-ring. The flange screwed to a sleeve obviates 
the necessity for the pipes to be sprung apart for 
insertion or withdrawal of the joint ring. The flange 
acting as the faucet can be screwed back until the 
joint-ring can be inserted in between the sleeves on 
the pipe-ends, and the faucet flange can be returned to 
the correct position. ane 

In selecting a material for the joint-ring, it is essen- 
tial that the fluids to be handled be considered pre- 
viously. In the tests, and in the service conditions for 
which the joints were intended, the fluid was a straight 
mineral oil and presented little difficulty. Any metal 
or synthetic-rubber ring could be used, and there are 
many materials available which are stable in contact 
with oil. 

Soft metals, such as copper, will make a good per- 
manent joint-ring, although they may become work- 
hardened owing to vibration. Copper must be annealed 
before use and the mating surface must be well finished, 
as the metal will not flow to any great extent to fill up 
any crevices. Material like white metal is too soft 
and extrudes under pressure from the bolts. This 
may eventually cause leakage by relieving the tension 
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on the bolts. Metal joint-rings require a high standard 
of finish and workmanship in assembly, and should be 
avoided where possible.  il-resisting compressed 
fibrous-materials are freely available. Like the metal 
joints, they restrict permissible misalignment of the 
pipes, and they can rarely be re-used. Joint-rings of 
these materials should be fully trapped to ensure that 
no loose fibres find their way into the system. 

Joint-rings of synthetic rubber are most satisfactory. 
The pliability of the rubber enables it to accommodate 
the unevenness in the mating surfaces, and, by careful 
design, up to 24 deg. misalignment is permissible. The 
great danger is that too much compression may be 
applied. Rubber is virtually incompressible and when 
subjected to pressure it will flow along the line of least 
resistance. Therefore it is imperative that some provi- 
sion be made to restrict the compression of the joint- 
ring on tightening up the bolts. This provision can be 
made either in the flanges or in the design of the ring 
itself. In Fig. 22, page 415, the compression is limited 
by the depth of the groove wherein the “‘ O ”’ ring rests. 
The well-known Dowty ring is an example of a com- 
posite ring in which the metal ring restricts the 
compression. 

A complete joint-ring designed as a result of these 
tests (Figs. 26 and 27) was a synthetic rubber “ O ”-ring 
fitted with an inner and outer shroud. This particular 
ring is for use between flat mating surfaces. The 
annular space between the two shrouds is such that, 
when the two mating surfaces come down flat upon the 
metal, the volume is equal to that of the rubber ring. 
A joint designed on the foregoing lines and fitted with 
a shrouded “ O”’-ring joint (Fig. 28) was submitted to 
tests. Each nut was tightened with a torque of 35 lb.-ft. 
and there was no leakage during vibration tests of 
5 million cycles correctly aligned, or with the pipes 
14 deg. out of line. During these tests the pressure was 
maintained at 3,500 lb. per square @ch (1,000 lb. per 
square inch above the proposed working pressure). 
The same joint was then subjected to transient pressure 
tests of from 80 Ib. to 5,000 lb. per square inch in 
approximately 0-05 second. Correctly aligned, and 
then misaligned 1} deg., the joint withstood 200 cycles 
without leakage. It was found that the joint remained 
oil-tight under a static pressure of 5,000 lb. per square 
inch with a torque of 10 lb.-ft. on each nut. This 
represented a total load of about 2,500 Ib. on each 
bolt. With 35 lb.-ft. on each nut, the joint contained 
similar pressure with the pipes misaligned 2} deg. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ STAVIK.’’—Single-screw oil tanker, built by 
Swan, Hunter, and Wigham Richardson, Ltd., Wallsend, 
for Aktieselskapet Hay and Aktieselskapet Havtank 
(Managers: Helmer Staubo & Co.), Oslo. Main 
dimensions : 465 ft. between perpendiculars by 63 ft. 6 in. 
by 36 ft. 3 in.; deadweight capacity, about 13,000 tons 
on a draught of 27 ft. 9 in.; gross tonnage, 8,760; 
capacity of oil tanks, 612,500 cub. ft. Wallsend-Doxford 
four-cylinder opposed-piston two-stroke Diesel engine, 
to develop 3,750 b.h.p. at 100 r.p.m., constructed by the 
Wallsend Slipway and Engineering Co., Ltd., Wallsend- 
on-Tyne. Speed, 12} knots. Launch, February 23. 

M.S. “ INSPECTEUR NAVIGATION FOURCHON.”’—Single- 
screw trawler, built and engined by Chantiers et Ateliers 
Augustin Normand, Le Havre, France, to the order of 
Gautier Fréres, Lorient, France. Main dimensions: 
105 ft. between perpendiculars by 23 ft. by 13 ft. 3 in. : 
fishroom capacity, 4,450 cub. ft. M.A.N. six-cylinder 
four-stroke Diesel engine to develop 450 h.p. at 207 r.p.m. 
and a speed of 104 knots. Launch, February 23. 

M.S. ‘“ RINGERD.”—Single-screw oil tanker, built 
and engined by Harland and Wolff, Ltd., Belfast, for 
Mr. Olav Ringdal, Oslo, Norway. Main dimensions: 
487 ft. 6 in. overall by 59 ft. by 34 ft. 10 in.; deadweight 
capacity, about 12,000 tons on a draught of 27 ft. 6 in. ; 
gross tonnage, 8,200. Harland-B. and W. six-cylinder 
single-acting four-stroke Diesel engine, to develop about 
3,200 b.h.p. at 115 rp.m. Speed, about 114 knots. 
Trial trip, March 12. 


M.S. ‘* ASTRONOMER,”’—Single-screw cargo vessel, built 
and engined by William Doxford and Sons, Ltd., Sunder- 
land, for Thos. and Jas, Harrison, Ltd., Liverpool. 
Main dimensions: 460 ft. overall by 59 ft. 6 in. by 
37 ft. 8 in.; deadweight capacity, about 10,000 tons on 
«a draught of 26 ft.6in. Doxford four-cylinder opposed- 
piston oil engine, to develop 3,300 b.h.p. at 108 r.p.m. 
Service speed, about 124 knots. Trial trip, March 19. 


M.S. ‘‘ MAGDALA.”-—Single-screw cargo vessel, to 
carry twelve passengers, built by the Nakskoy Shipyard, 
Ltd., Nakskov, Denmark, for the East Asiatic Co., Ltd., 
Copenhagen. Main dimensions: 445 ft. between perpen- 
diculars by 61 ft. by 38 ft. 3 in. to shelter deck; dead- 
weight capacity, 10,200 tons. Six-cylinder two-stroke 
single-acting Diesel engine, constructed by Burmeister 
and Wain, Copenhagen, to develop 6,850 i.h.p. at 115 
©.p.m. Loaded speed, 15 knots. Trial trip, March 21. 
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OPERATING EXPERIENCE WITH A 


750-KW GAS TURBINE.* 
By G. B. R. Fempen, M.A., M.I.Mech.E. 
(Concluded from page 386.) 

Apart from the damage to the compressor-driving 
turbine which was mentioned in connection with 
carbon formation in the combustion chambers, the 
condition of the blading in both turbines was found to 
be most satisfactory on the conclusion of 1,030 hours 
running. An interesting phenomenon has been the 
appearance of white deposits, particularly on the 
power-turbine blading, when the latter is stripped for 
inspection and exposed to the atmosphere. It appears 
that these deposits consist of sodium sulphate, and 
are formed as the anhydrous salt, small quantities of 
which are deposited on the blades, and take up water of 
crystallisation from the atmosphere on standing after 
testing. Figs. 16 and 17, opposite, show the power- 
turbine rotor and stator respectively on completion 
of the endurance run and it will be noted that the 
position of deposits on the power turbine rotor blades 
shows a marked degree of similarity between one blade 
and the next. Samples were removed from the turbine 
blading and other sections of the plant and submitted 
to spectrographic analysis by the Chemical Inspectorate 
at Woolwich Arsenal. It should be pointed out that 
no difficulty from deposits on the turbine blading is to 
be expected after running a gas turbine on a distillate 
fuel, but the spectrographic analysis was undertaken 
as a preliminary to tests using heavy fuels with an 
appreciable vanadium content. 

One of the most important design features of the 
turbines fitted to this plant is the special arrangements 
which have been adopted for cooling the discs. To 
assess the efficacy of the cooling system, measurements 
of disc temperatures have been taken by plotting 
cooling curves, the readings for which were obtained 
by means of contact thermocouples pressed on to the 
surface of the disc just beneath the rotor blade root, 
immediately after the turbine has come to rest after a 
prolonged period of running. While this method of 
measuring disc temperature cannot be claimed to be 
more accurate than + 20 deg. C., the indications so 
obtained are a useful guide to the performance of the 
cooling system. The temperatures of both the com- 
pressor and power-turbine discs, as measured by contact 
thermocouple, have proved to be lower than the 
design estimates. The author believes that efficient 
cooling of the rotor components is an essential feature 
for any industrial gas turbine which is called upon to 
start and stop frequently. Unless such a cooling 
system is provided, large thermal stresses occur in the 
rotor every time the plant is started ; and if distortion 
is to be avoided, it will be necessary to “ bar” the 
rotor round for some period after stopping. With an 
effective cooling system, however, the rate of heat flow 
into the rotor structure is substantially reduced, and, 





* Paper presented before a meeting of the Diesel 
Engine Users Association held in London on Thursday, 





March 15,1951. Abridged. 


PIPE JOINTS. 
Fig.28 





(e52."1.) “ENGINEERING” 


in our experience, a gas turbine may be started and 
stopped as rapidly and as frequently as desired without 
ill effect. The Ruston plant has now been started over 
330 times, the following table showing the timing of 
this operation :— 


Time in 
Operation. Seconds. 
Starter motor engaged with resistance nay. 0 
Combustion chambers ignited... —_ wed 5 
Starter motor switched full on sere o< a0 
Compressor reaches 4,500 r.p.m.; starter 
motor switched off mn ae o« 
Power turbine begins to revolve aie aa, 
Alternator reaches synchronous speed, an 
governor takes control eas ne ia oe 
Alternator synchronised with mains ... oo 
Plant develops full power of 750 kW... —— 


It should be stressed that the starting times quoted 
above are those to which we regularly work and apply 
to nearly all the 330 starts which have been made on 
the plant to date, though the load at which the plant 
has been operated has naturally varied with the 
requirements of the particular test. Examination of 
the turbine blades and discs has failed to reveal any 
signs of distress arising from the relatively rapid rise 
of gas temperature at starting, and this is regarded as a 
fairly conclusive demonstration of the merit of the 
type of cooling which has been adopted. 

Similar thermal-stress considerations apply equally 
to stator structures. For this reason, provision was 
made in the design of the stator for the compressor- 
driving turbine to permit rapid temperature rise of the 
portion of the stator exposed to the hot gases, while the 
temperature of the main rigid structural member, 
which is responsible for maintaining the concentricity 
of the stator with the rotor, is kept much lower than 
the gas temperature and is prevented from undergoing 
any rapid changes. As a result of these precautions, 
the compressor-turbine stator has remained circular 
to within 0-005 in., measured in a radial direction, 
over the whole 1,100 hours running of the plant. By 
contrast, however, the power-turbine stator, which 
operates at an appreciably lower gas temperature than 
that of the compressor turbine, was made as a con- 
ventional stainless-steel casing split at the horizontal 
joint for assembly purposes. Before assembling the 
plant the power-turbine stator was given a stress- 
relieving treatment, which it withstood satisfactorily 
without appreciable distortion. However, after 170 
hours running, it was found that the power-turbine 
stator had distorted by over 0-040 in., measured 
radially, and there was some danger that blade 
rubbing might occur. To prevent this, the stator 
was re-machined, but when the total running time 
had reached 1,030 hours, serious distortion was again 
found in the stator and further corrective machining 
was necessary. In each case, the diameter of the 
stator in the plane of the horizontal joint was reduced, 
and the diameter in a plane at right angles slightly 
increased. The author’s opinion is that distortions 
of this character are inevitable in split casings operat- 
ing at gas-turbine temperatures unless the limitatior 
of a very long warming-up period is accepted. In the 
case under review, a solutior already exists in the 
type of cooled-stator construction which has proved so 
reliable for the compressor-driving turbine, and this 
construction is being used for the output-turbine 
stators of the sets now under construction. 

One of the novel features of the Ruston and Hornsby 
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Fie. 16. Powrr-TuRBINE ROTOR AFTER 
ENDURANCE Run. 














Fie. 18. PrLanet-Prn ASSEMBLY. 


gas turbine is the use of an epicyclic reduction gear 
having a ratio of 4: 1 in place of the single- or double- 
helical gears currently used in steam-turbine practice. 
The epicyclic gear was chosen due to its compactness 
and because the input and output shafts are concentric, 
a design which favours an in-line arrangement of the 
complete power plant. A photograph showing the 
planetary system of the epicyclic reduction is repro- 
duced in Fig. 19, on this page, and it will be noted that 
the load is taken from the sunwheel at three points 
on its circumference. Therefore, for a given tooth 
loading, the diameters of the gears may be divided by 
a factor of three, as compared with a conventional 
helical gear. In practice, of course, other considera- 
tions, such as the bearing loads on the planet pins, have 
to be considered ; nevertheless, an epicyclic gear shows 
a very marked reduction of size compared with con- 
ventional types. 

The design of the planetary system of the gear in 
this plant was undertaken by the Self-Changing Gear 
Company, Coventry, who also manufactured the com- 
plete gearbox, while the design of the casing, auxiliary 
drives, etc., was the responsibility of Ruston and 
Hornsby. After assembly, the gear was rig tested at 
the makers’ works up to about a quarter of its full 
rating, the power limit of the electrically-driven test 
rig. On inspection during these tests, it was found 
that one of the planet-gear aluminium-alloy floating 
bushes had seized, causing some damage to both the 
pin and the bore of the planet gear. This failure was 
not unexpected and steps had been taken before the 
gear went on test, to provide an alternative planet-pin 
bearing arrangement. This consisted of steel pins, 
the outer surfaces of which were coated with white 
metal 0-020 in. thick by the Glacier Metal Company. 
The modified pin assembly is illustrated in Fig. 18, on 
this page, where it is shown after having been run-ir. 
With this bearing arrangement, there was an increase 
in the oil flow through the gearbox, but the performance 
of the gear was quite satisfactory. 

When the testing on the turbine commenced, no 
trouble was experienced, though it was found that the 
gear was not as silent as had been hoped. After the 
first 28} hours’ running, the gear was dismantled and 
it was found that the sun wheel had slight signs of 
scuffing, while the driving splines inside it showed some 
signs of fretting. The remaining gears and the bearings 
were in entirely satisfactory condition. The gear was 
reassembled and a further 143} hours’ running was 
carried out, during which a fairly marked increase in 
hoise, combined with the development of some vibra- 
tion was noted. On inspection, it was found that a 
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Fie. 19. 


serious deterioration had taken place in the condition 
of the sun wheel, though the remaining gears were 
still in quite good order. A new sun wheel in case- 
hardened steel, the teeth of which were ground, had 
been ordered some time previously as a safeguard, and 
this was fitted to the plant ; the opportunity was also 
taken to fit a somewhat improved type of oil spray 
for lubricating the sun-wheel teeth. These modifica- 
tions restored the running of the gear approximately 
to its original condition and a further 900 hours’ 
operation at varying loads up to a maximum of 900 kW 
has now been completed without trouble. In future 

lants, it is intended to use hardened and ground gears 
Pr the planet wheels, as well as for the sun wheel, and 
to take additional precautions regarding the accuracy 
of machining the casing, which left much to be desired 
in the prototype plant. As a result of these improve- 
ments in technique, the author is confident that an 
entirely reliable epicyclic gear will be obtained, which 
will compare favourably with conventional types in 
respect of cost and silence, and will show a marked 
reduction in size and weight. 

The compressor rotor is supported on plain bearings 
at its inlet and outlet ends. The shells of these bearings 
are, in each case, lined with white metal 0-020 in. thick. 
Initially they were assembled with a clearance of 
0-006 in. on the 2}-in. diameter journals ; this clearance, 
although large according to Diesel-engine practice, is 
in accordance with steam-turbine practice for journals 
operating at 125 ft. per second rubbing speed. A 
photograph showing the appearance of the bearings 
at the completion of 1,030 hours running is reproduced 
in Fig. 20, on this page, the two sets at the left of the 
illustration being those for the compressor and the set 
on the right that for the compressor turbine. It will 
be noted that the top-half shells show no markings 
whatever. In fact, diffraction fringes are visible if 
the shells are held up at an oblique incidence to a 
source of light, thus showing that the original tool 
marks are intact. The bottom half shells show a slight 
“ matting ” effect, combined with burnishing at each 
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end of the shell, but the wear of the white metal is 
under 0-0001 in. The condition of the shaft journals 
is also satisfactory, and virtually no signs of wear or 
scoring are discernible. The author considers that this 
result ought to be expected from properly-designed 
high-speed plain bearings, as, apart from conditions at 
the moment of?starting, there should be no difficulty 
in obtaining good fluid-film lubrication conditions. 
Providing that such conditions are combined with 
reasonably good oil filtration, a non-acid lubricant, 
and the system is primed before starting, negligible 
bearing wear is to be expected. 

Copper-lead bearings are used for both compressor- 
driving and output turbines. This bearing material 
was chosen so as to provide a greater margin of safety 
against rise of shaft temperature after running. The 
bearing pressures in the turbine journals are under 
100 lb. per square inch of projected area, so it is evident 
that copper-lead is not required for its high load- 
carrying characteristic. The appearance of the bearing 
shells from the compressor-driving turbine on conclusion 
of 1,030 hours’ running can be judged from Fig. 20, 
and it will be noted that the top-half shell is unmarked, 
the original lead-tin electro-flashing being untouched. 
In the bottom half shell, the flashing has been removed 
locally in the loaded area, but no measurable wear of 
the shell or journal can be detected. 

Thrust developed by both the gas-generator and 
power-turbine rotors is resisted by Michell bearings 
designed to operate with a pad bearing pressure of 
500 lb. per square inch when the plant is running at full 
power. Negligible wear has taken place either in the 
pads or on the shaft collars, and the condition of the 
bearings is entirely satisfactory. 

In the present series of tests, Vacuum D.T.E. Medium 
Special lubricating oil was used. Samples of the oil 
have been examined at various stages of testing, and 
the broad conclusion is that very little deterioration 
of the lubricating oil has taken place during the 1,100 
hours running of the turbine; there appears to be no 
reason, therefore, why the oil should not continue to 
give satisfactory service for a much longer period. In 
the author’s view, there is no reason why gas-turbine 
lubricating oils should not have as long service lives as 
those in steam turbines, so long as precautions are taken 
to prevent the lubricating oil from being overheated 
by contact with uncooled turbine shafts or casings. 
During the earlier tests, some consumption of lubri- 
cating oil took place owing to leakages. These were 
rectified after the first 33 hours running, and an oil 
consumption as low as 6 ounces per hour has been 
recorded, this small consumption being due partly to 
leakage from a joint and partly to oil mist escaping 
from the tank breather, which was not entirely adequate 
for its duty. 

It is now proposed to give some brief notes on some 
of the accessories peculiar to gas turbines, starting 
with the fuel pump. For the initial tests a radial- 
piston fuel pump claimed to be capable of pumping 
gas oil to a pressure of 2,500 1b. per square inch was used, 
but its use was discontinued as its output was barely 
sufficient to enable the plant to be run at full power. 
Subsequently, precision-made gear pumps have been 
used for the fuel supply. Difficulties have been 
experienced on a number of occasions owing to seizures 
between the driving gear and its side-plates. It must 
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be admitted that in most cases, such seizures have been 
traced to the entry of particles of foreign matter which 
appear to become trapped between the face of the gear 
and its side plate. This type of failure has possibly 
been aggravated by the fact that the pumps have been 
assembled with particularly small side clearances in 
order to obtain the highest possible volumetric effi- 
ciency. The author considers that further development 
is still required before an entirely satisfactory fuel pump 
is available for industrial gas turbines, and this matter 
is receiving active attention. 

- The combustion chambers were fitted originally 
with torch igniters in which a very small swirl-type 
atomiser was mounted adjacent a low-energy spark gap. 
In the case under review, the spark gaps were fed from a 
10,000-volt step-up transformer connected to the 
230-volt mains. Ignition of the small atomisers was 
reliable, and no difficulty was experienced in lighting 
the main atomisers as soon as the fuel was switched on, 
provided that both torch igniters had been previously 
lit up. Difficulties were, however, soon experienced 
owing to the fact that the very small passages in the 
torch-igniter atomisers became blocked by carbonised 
fuel. The igniter, however, is at top dead centre, about 
one-third the length of the flame tube from the fuel 
atomiser. In this position it receives the full radiation 
from the flame in the primary-combustion zone, and it 
is hardly surprising that it should have reached a 
temperature sufficient to cause carbonisation of the fuel 
in its swirl ports. Arrangements were made, therefore, 
for blowing out the igniter-atomiser passages with air 
immediately after the plant had been started up, but 
this only effected a slight improvement, and it was 
found essential to clean out the swirl ports at frequent 
intervals if the igniter was to function with any degree 
of reliability. A more satisfactory solution to the 
problem of igniting the combustion chamber was 
obtained by the use of a “high-energy” ignition 
system, consisting of a plug with solid electrodes in 
each combustion chamber, the source of current being 
an 8 microfarad condenser charged by a transformer 
and rectifier to 3,000 volts. With this arrangement, 
an intense spark takes place at the plug in each com- 
bustion chamber once every two seconds. Such is 
the energy available for the discharge, that a violent 
spark can be obtained even when the plug points are 
held under water, and if the points are covered with 
carbon, or wetted with fuel, a more violent flash is 
produced than when they are clean and dry. After 
some minor “teething” troubles had been rectified, 
this equipment gave consistently good performance 
and appears to have an adequate reserve of power for 
igniting the fuel spray, even in the coldest weather. 
Its disadvantage is that the high-tension leads are 
lethal if touched at the moment of discharge, and 
should, therefore, be shielded. 

For the Ruston and Hornsby gas turbine a special 
servo-assisted centrifugal governor was designed, having 
adjustments for governed speed, permanent “ droop,” 
that is, percentage reduction of speed on increasing load 
from no load to full load, temporary “ droop,”’ that is, 
percentage instantaneous change of speed for a sudden 
change of load, and rate of synchronisation, that is, 
rate at which the temporary droop disappears after a 
change of load. The fundamental principles are similar 
to those embodied in the American Woodward and 
Marquette governors, but the mechanical design is 
completely different. The governor actuates an 
integral fuel valve through a servo system. This is 
supplied from the turbine lubricating-oil supply, the 
piston areas being arranged so that it is not possible to 
obtain full delivery from the atomisers if the oil pressure 
falls below a pre-set value. For the initial tests, in 
which the output of the plant’s alternator was absorbed 
by water resistances, the permanent droop was set at 
5 per cent. and the temporary droop at 10 per cent. 
Stable governing was obtained at the first attempt, and 
soon afterwards the permanent-droop adjustment was 
set at the nominal position for synchronous governing. 
Under this condition the speed of the alternator fell by 
just under 15 r.p.m. as the load was increased from zero 
to full load, representing a permanent droop of 1 per 
cent. The governor adjustment remained as described 
so long as the output of the plant was absorbed by the 
water resistances, but when the alternator was con- 
nected to the mains the adjustment was re-set to give 
its maximum value of about 15 per cent. permanent 
droop. With this setting, the governor is, of course, 
stable and the load carried by the plant can be adjusted 
within close limits. Synchronisation is comparatively 
simple, and, by appropriate adjustment of the setting 
of the governor speeder spring, it is possible to hold the 
synchroscope pointer absolutely steady ; that is to say, 
there is no tendency for the governed speed of the 
turbine to fluctuate relative to the frequency of the 
mains. Although a number of minor improvements in 
the mechanical design of the governor have become 
apparent, the unit is regarded as entirely serviceable 
in its present form. It may also be added that negli- 
gible wear could be detected on any of the governor 





components on completion of 1,030 hours run- 
ning. 

Several conclusions, of course, have been reached as a 
result of these tests. It has been noticeable, for 
example, that shut-downs have been due to relatively 
minor items rather than to failures of major compo- 
nents. On only one occasion during the 18 months since 
the plant was first run has it been shut down owing to 
a defect in the heat exchanger, and there has been no 
occasion on which running has been abandoned due to 
a defect in the compressor or turbines. By far the 
most prolific source of lost running time has been the 
fuel atomisers, but with the introduction of the Shell 
fuel-cooled atomisers, trouble from this source has been 
completely cured. Next in order after fuel atomisers 
have been the combustion system proper and the 
reduction gear, though the latter has resulted in only a 
relatively small loss in possible running time. 

As further endurance running on the plant is carried 
out, it is likely that different factors will require atten- 
tion from those which gave trouble during the first 
1,100 hours running of the plant. It may be said 
however, that, as a result of this initial operating 
experience using distillate fuels, there is substantial 
evidence for believing that little trouble is to be expected 
from the two basically new elements in the gas turbine. 
namely, the compressor and the high-temperature 
turbines. While there are a number of relatively 
specialised applications in which gas turbines can be 
operated on distillate or gaseous fuels, the large-scale 
utilisation of gas turbines in the future will, of course, 
depend upon their ability to run on residual oil fuels 
and upon solid fuels. Work is proceeding on both 
these developments by the author’s Company, as well 
as in many other places, and encouraging progress is 
being obtained. It is the author’s opinion that a 
gradual change-over to gas-turbine power plant will 
take place in some sections of the industrial field 
during the next 15 years. Initially, gas turbines will 
fulfil a need for peak-load power plants, for light 
portable power plants which require no water for their 
operation, and for traction applications in which the 
inherent torque-conversion characteristic of a free- 
running power turbine is an important asset. As 
technique improves, and additional experience is 
obtained on the problems of combustion and ash- 
deposition, gas turbines will be found in increasing 
numbers in fields which have hitherto been the province 
of Diesel engines or steam turbines. Ultimately, we 
may expect gas-turbine efficiencies to exceed those of 
present-day Diesel engines when methods of blade- 
cooling have been fully developed. 





THE INSTITUTE OF BRITISH 
FOUNDRYMEN. 


THe 48th annual conference of the Institute of 
British Foundrymen will be held at Newcastle-upon- 
Tyne from Tuesday, June 12, until Friday, June 15. 
The meeting opens at 8 p.m. on the first day with a 
reception and dance, by invitation of the Lord Mayor 
of Newcastle, at the Old Assembly Rooms, Westgate- 
road. 

The annual general meeting of the Institute is to be 
held at 9.15 a.m. on Wednesday, June 13, at the 
Literary and Philosophical Society, Newcastle. This 
will be followed by the presentation of awards, the 
Presidential Address by Mr. Colin Gresty and the 
Edward Williams Lecture on ‘‘ The Properties of Mate- 
rials and the Engineering Uses of Cast Metals,” by Dr. 
R. W. Bailey, F.R.S. 

In the afternoon, two simultaneous technical sessions 
will be held, from 2.15 until 4.30 p.m. The papers 
to be presented at session A, at the Literary and Philo- 
sophical Society, comprise “‘ Some Thermal Considera- 
tions in Foundry Work,” by Dr. V. Paschkis ; “‘ Indus- 
trial Applications of Platinum/Platinum-Rhodium 
Thermocouples,” by Mr. M. Chaussain; and ‘“‘ Some 
Factors Affecting the Solubility of Carbon in Iron,” 
by Dr. R. V. Riley. The papers of session B, at the 
Neville Hall, will comprise : Report and Recommenda- 
tions of Sub-Committee T.S.30—‘ Synthetic-Resin 
Core Binders’; ‘‘ Patternmaking—Some Present-Day 
Practices,’ by Mr. B. Levy; and “‘ Making an Ingot 
Mould in India,” by Mr. 8S. N. Rao. In the evening, 
at 7.30 p.m., the annual dinner of the Institute will 
be held at the Old Assembly Rooms. 

On Thursday, June 14, simultaneous sessions, 
C and D, will be held from 9.30 a.m. until 12.30 p.m., 
and E and F, from 2.30 until 4.30 p.m., sessions C and E 
at the Literary and Philosophical Society, and sessions 
D and F in the Neville Hall. The papers to be presented 
at morning session C are: ‘“ Production of Heavy 
Castings for Electrical Generating Equipment,” by 
Mr. N. A. Charlton ; “‘ The Manufacture of Propellers 
and Other Castings in a Heavy Jobbing Foundry,” by 
Mr. C. W. Stewart and ‘‘ A System of Studying Casting 
Defects,” by Mr. G. W. Nicholls and Mr. D. T. Kershaw. 
The papers at morning session D will comprise : 





‘“The Casting Characteristics of Some Aluminium 
Alloys,” by Mr. D. C..G. Lees; ‘ D.T.D. 424—The 
Versatile Alloy,” by Mr. A. P. Fenn ; and “ Aluminium 
Casting Alloys—A Survey of their Properties and 
Methods of Production,” by Mr. F. H. Smith. 

The papers to be presented at the afternoon sessions 
are (session E): “‘The Reduction of Dust in Steel 
Foundry Operations,” by Mr. W. A. Bloor; “ The 
Observation and Control of Dust in Foundry Dressing 
Operations,” by Mr. R. F. Ottignon and Mr. W. B. 
Lawrie ; and “ A Survey of the Method and Principles 
Involved in the Mechanical Charging of Cupolas,” by 
Mr. W. J. Driscoll; and (session F): Report and 
Recommendations of Sub-Committee T.S. 20.— 
**Soundness of Iron Castings’’; ‘‘ Steel Foundry 
Radiographic Practice,” by Mr. G. M. Michie; and 
Report and Recommendations of Sub-Committee 
T.S. 31—‘‘ Heat Treatment of Grey Cast Iron.” 

The whole of Friday, June 15, will be devoted to 
visits to C. A. Parsons and Company, Limited, Heaton ; 
Consett Iron Company, Limited, Consett; Sir W. G. 
Armstrong-Whitworth and Company (Ironfounders), 
Limited, Gateshead-on-Tyne ; Heaton Foundry Com- 
pany, Limited, Team Valley, Gateshead; Clarke, Chap- 
man and Company, Limited, Gateshead ; Jarrow Metal 
Industries, Limited, Jarrow; R. & W. Hawthorn Leslie 
and Company, Limited, Newcastle; North Eastern 
Marine Engineering Company (1938), Ltd., Wallsend : 
A. Reyrolle and Company, Limited, Hebburn-on-Tyne ; 
Noble and Lund Limited, Felling-on-Tyne; and 
Vickers-Armstrongs Limited, Elswick. The meeting 
will terminate with a dinner dance, commencing at 
7.30 on the evening of Friday, June 15, at the Old 
Assembly Rooms. The offices of the Institute are at 
St. John-street Chambers, Deansgate, Manchester, 3. 





JOINT ENGINEERING CONFERENCE 
IN LONDON, — 


AS announced in our columns on page 49, ante, 
a Joint Engineering Conference will be held in London, 
on, the occasion of the Festival of Britain, from Monday, 
June 4, until Friday, June 15. The titles of the papers 
to be presented at simultaneous technical sessions, 
to be held at the Institutions of Civil, Mechanical and 
Electrical Engineers, from 10 a.m. to 12.15 p.m., in 
the mornings, and from 2.30 to 4.45 p.m. in the after- 
noons, have now been announced. On Tuesday 
morning, June 5, the papers comprise ‘‘ Permanent 
Way Developments in Great Britain,” by Mr. H. B. 
Everard; ‘Underground Railway Planning and 
Construction,” by Dr. D. Anderson; “ Railway 
Bridges,” by Mr. J. S. Campbell; ‘‘ Mechanical Engi- 
neering in the Mercantile Marine; Past, Present and 
Future,” by Mr. T. A. Crowe; ‘‘ Generation, Trans- 
mission and Distribution of Electricity,” by Sir John 
Hacking. The papers for Wednesday morning, June 6, 
are ‘‘ Railway Mechanical Engineering,” by Mr. R. A. 
Riddles; ‘“‘ Application of Electricity to Sea Trans- 
port,” by Sir Archibald Gill; ‘‘ The Development of 
Hydro-Electric Power Schemes,’ by Sir William T. 
Halcrow; and ‘‘ Power Station Design and Construc- 
tion,” by Mr. V. F. Bartlett. At the sessions on Thurs- 
day morning, June 7, the papers to be read are: 
** Electric Traction and Signalling,” by Mr. C. M. Cock, 
Mr. R. Delt and Mr. H. H. Dyer; “‘ Ports and Har. 
bours,” by Mr. L. Leighton; ‘‘ Dry Docks,” by Mr. 
J. Guthrie Brown; and ‘“ Mechanical Plant for Elec- 
tricity Power Stations,” by Mr. V. A. Pask. On 
Friday morning, June 8, the papers comprise : “ Public 
Health in Municipal Engineering,” by Mr. H. J. B. 
Manzoni: ‘The Application of Power to Aircraft,” 
by Mr. F. W. Owner; and “ British Achievements in 
Electrical Measuring Instruments,” by Dr. S. White- 
head. At the afternoon sessions on June 8, two papers 
will be presented : ‘‘ Technical Advances in Gas Indus- 
try during 100 years,” by Mr. F. M. Birks; and “ The 
British Television Service,” by Sir Noel Ashbridge. 

On Monday morning, June 11, the papers are: 
“* British Mechanical Road Transport Vehicles, 1851- 
1951,” by Mr. J. Shearman and Mr. B. B. Winter: 
“Development and Design of Aeroplane Structures,” 
by Professor A. G. Pugsley: ‘‘ Planning and Construc- 
tion of Air Fields,” by Mr. J. A. Dawson; and “ Tele- 
communication,” by Sir A. Stanley Angwin. The 
papers on Tuesday morning, June 12, comprise: 
** Road Planning and Safety,” by Mr. G. T. Bennett; 
“Forty Years Progress in Air Radio,” by Air Commo- 
dore C. S. Cadell and Dr. B. J. O’Kane; and “ Radio 
Masts and Towers,” by Mr. C. O. Boyse. Two papers 
will be dealt with at each of the morning and afternoon 
sessions on June 13, namely, “‘ The Development and 
Trend of University Education in Engineering,” by 
Professor J. F. Baker, and “The Contribution of 
Technical Colleges,” by Dr. H. L. Haslegrave ; and 
“The Practical Training of Civil Engineers,” by Mr. 
H. J. B. Harding, and “The Practical Training of 
Mechanical and Electrical Engineers,” by Sir A. P. M. 
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Fleming. The papers on Thursday morning, June 14, 
comprise ‘‘ Water Supply to Towns, with Special 
Reference to Consumption and Waste,” by Mr. H. F. 
Cronin; ‘“‘A Century of Engineering Progress in 
British Coal Mines,” by Mr. B. L. Metcalf; and “‘ Gas 
Pressure Cables for High-Voltage Systems,” by Mr. S. E. 
Goodall and Mr. D. B. Irving. At the technical sessions 
on Friday morning, June 15, the papers are “ Sewage 
and Sewage Disposal,’”’ by Mr. D. M. Watson; ‘‘ Mecha- 
nical Engineering in the Iron and Steel Industry,” by 
Mr. W. F. Cartwright; and “Progress in Electric 
Lighting,” by Mr. R. O. Ackerley. 





COMMERCIAL HELICOPTER 
OPERATIONS. 


Tue helicopter, by reason of its ability to ascend 
and descend vertically and to use small areas for 
take-off and landing, has attracted great interest as a 
possible medium for air transport between city centres ; 
there is, however, still much work to be done before 
regular services operating from the centres of built-up 
areas can be safely and economically undertaken. The 
first scheduled helicopter passenger service, between 
Cardiff and Liverpool airports, was introduced in this 
country in June last year by the British European 
Airways Corporation; it was discontinued at the 
end of March, but a service between London and 
Birmingham will be introduced in its place from June 1. 
These services are operated by the single-engine single- 
rotor Westland Sikorsky 8.51 aircraft, the only helicop- 
ter at present commercially available with a full British 
certificate of airworthiness. This machine carries 
only three passengers and, therefore, the services 
cannot be run economicaliy, but they form an essential 
part of the work of the British European Airways 
Helicopter Experimental Unit, which has been carryin 
out investigations into various aspects of commercia 
helicopter operation since July, 1947. The work of the 
Unit, together with the recommendations of three 
working parties set up to consider the characteristics 
of helicopter a areas, the scale of communi- 
cations, navigational, approach and landing aids 
required, and the scale of staff necessary at a hypo- 
thetical helicopter-landing area at Crewe, provided 
much of the evidence on which the first report of the 
Interdepartmental Helicopter Committee, published 
recently, is based.* 

The Committee was appointed in August, 1948, by 
the Minister of Civil Aviation, to consider, firstly, the 
prospects of the future commercial use of the helicopter 
on internal air services in the United Kingdom and 
elsewhere, and the effect on air-services requirements ; 
and, secondly, the related programmes of development 
of the helicopter and experimental work on operating 
equipment. The chairman is Sir George Cribbett, 
K.B.E. The first report, confined to the consideration 
of internal services, covers the present status of heli- 
copter development, the operational characteristics of 
the helicopter, the ground organisation and naviga- 
tional aids required, the economics of helicopter trans- 
port services, and their field of operation. 

Up to the present, all British-built helicopters have 
been single-engine machines, but constructors are now 
developing twin-engine multi-rotor machines with 
substantial payloads, and it is expected that a twin- 
engine 10-seat to 12-seat machine will be available in 
1954. Some brief notes on the twin-engine tandem- 
rotor 10- to 13-passenger Bristol 173 helicopter were 
given on page 321, ante; and the Cierva Autogiro Com- 
pany have a design project for a twin-engine three-rotor 
helicopter, a development of their 24-seat “‘ Air Horse,” 
capable of carrying 30 to 36 passengers at an estimated 
cruising speed of 116 m.p.h. A development revealed 
for the first time in the report is the ‘‘ Rotodyne” 
type of the Fairey Aviation Company, with two 
propeller turbines, a payload of 23 passengers and a 
designed cruising speed of 135 m.p.h. Air would be 
tapped from the engines to the blade tips, where 
separate reaction units would be fitted, for use on 
take-off, landing and emergency; much development 
work, however, will be required on this aircraft. From 
the diversity of design trends, it would seem that the 
technical development of helicopters has not yet 
emerged from the experimental stage. 

The work of the Helicopter Experimental Unit has 
shown that helicopters can be operated safely and 
reliably in high winds, in low visibility, and at night, 
but good navigational aids with simple presentation 
are required, in order that the pilot alone can operate 
the machine. Vibration has been found to affect con- 
siderably the operation and maintenance of the heli- 
copter and the comfort of the passengers. Considerable 





* First Report of the Interdepartmental Helicopter Com- 
mittee. September, 1950. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 1s. 3d. net.] 





headway has been made by the Unit in training air- 
crews, in working out methods of maintenance to 
achieve maximum utilisation, and in determining the 
forms of landing aid required. 

The Committee consider that helicopter services for 
passengers, freight and mail will be of relatively short 
range, from 50 to 300 miles, from town centre to town 
centre, and that they should operate at a high fre- 
quency. Initially, it is suggested, they should be intro- 
duced on cross-country routes where existing transport 
services are “‘ not of the highest convenience” ; sub- 
stantial time-saving may be thus achieved on many 
routes (e.g., the journey from Glasgow to 
Nottingham takes 8 hours by train, but only 2-2 hours 
by helicopter). It is considered also that the helicopter 
can provide speedy connections between international 
airports and seaports and the provinces. At least two 
engines are necessary for operation between town 
centres, an opinion on which all the witnesses examined 
were unanimous. Lower standards of passenger com- 
fort than are current on fixed-wing services should be 
provided. The low-speed performance of the helicopter 
should allow the cost and complexity of ground organi- 
sation and landing aids to be kept low. 

Experience has indicated that the Decca Navigator, 
suitably developed and in conjunction with simple 
recognition-lighting systems at the landing point, 
ind enable safe and regular scheduled operations 
to be carried out in the “‘ normal weather conditions to 
be expected in this country,” and with this type of 
equipment, the existing ground stations provided for 
marine purposes could be used. Further experience is 
necessary to determine whether an additional approach 
aid will be required. Where air-traffic control is 
necessary, as when helicopters are operated from the 
same airfields as fixed-wing aircraft or where the 
density of helicopter movements demands it, a system 
of route control is recommended, communications 
being carried out by very-high-frequency radio tele- 
phone between the aircraft and the ground stations. 

The use of roof-top sites for landing grounds was 
considered by the Working Party on landing-ground 
areas, but they decided that it would be impracticable 
to strengthen adequately the roofs of existing build- 
ings ; the construction of suitable new buildings would, 
it is estimated, entail a capital cost some 40 times 
greater than that of a ground site. Assuming that the 
twin-engined machines under development will be able 
to approach safely at an angle of 35 deg., and allowing 
@ maximum dimension of 125 ft. for the helicopter, it 
was concluded that the landing area should be at 
least 300 ft. by 300 ft., or an L-shaped or T-shaped area 
giving two landing areas at right angles, each 300 ft. by 
150 ft., with an obstruction clearance of 26 deg. from 
the edge of the landing area. Future developments, 
however, may make it possible to reduce these areas, 
and it is recommended that future helicopters should 
be required to be able to alight vertically with power 
off, when necessary. To reduce demands on the bear- 
ing strengths of landing areas, helicopter designers 
are recommended to develop unconventional under- 
carriages to distribute the weight of the helicopter as 
widely as possible ; and rotor blades should be made 
to fold, for parking on small areas. 

A comparative study of the overall economics, 
orm ground-organisation costs as well as operating 
costs, of operating a 10- to 12-passenger twin-engined 
helicopter (the Bristol 173) and a hypothetical 20-seat 
four-engined helicopter leads to the conclusion that 
the 20-seat machine is likely to be fully economic, 
whereas the 10- to 12-seat machine will be uneconomi- 
cal, although probably not more so than existing fixed- 
wing aircraft operating over routes such as the un- 
economic Western Isles services. It is therefore recom- 
mended that development work on commercial heli- 
copters should be intensified with a view to having a 
20-seat passenger machine, with increased cruising 
speed, in service by 1958. A fleet of 50 such aircraft 
could, it is thought, be absorbed on internal t rt 
services, with the possibility of further growth. While 
the commercial fleet is under development, experience 
by the operators on existing types should be built up. 





ANGLO-GERMAN PaTENTS.—The Board of Trade 
announce that an agreement has been concluded between 
the British Government and the Government of the 
Federal Republic of Germany whereby the time for 
making belated applications for United Kingdom patents, 
with priority based on a corresponding application 
deposited in a filing office at Darmstadt or Berlin, may 
be extended until a date not later than May 31, 1951, 
provided the application so deposited continued to 
be dealt with by the Patent Office of the Federal Republic. 
Extensions have been granted by the Government of 
the Federal Republic for making applications in that 
country founded upon applications in the United King- 
dom. The agreement is given effect by the Patents 
(Extension of Time) (Federal Republic of Germany) 
Rules, 1951. 





Applied Mechanics Dynamics. 
By GEORGE W. HousNER and DONALD E. Hupson. 
D. Van Nostrand Company, Incorporated, 250, Fourth- 
avenue, New York, 3, U.S.A. [Price 4-50 dols.); and 
Macmillan and Company, Limited, St. Martin’s;strect, 
London, W.C.2. [Price 33s. 6d. net.] 
In this book, the authors present a working text for 
courses of study leading to degree examinations in 
engineering, in which the right emphasis is placed at 
the outset on the fact that elementary dynamics is 
based on the equation of motion and its first integrals, 
the equations of momentum and energy. Though 
arranged to suit the syllabuses of American colleges 
and universities, it may be read with pleasure and 
profit by students in this country, by reason of the 
style and method of presentation, from simple ideas 
onwards. The main emphasis is naturally placed on 
rigid dynamics, but the scope of the treatment is some- 
what broader than is customary in text-books for 
engineers ; one advantage of this is that the reader, 
in perusing the nine chapters of the book, acquires a 
sense of the essential unity of the various branches of 
mechanical science, which itself is a branch of classical 
mechanics. Thus the discussion given of the motion 
of electrons, and the reference to the theory of relativity 
and to the equivalence of mass and energy, in the 
chapter on applications of particle dynamics, together 
indicate that mechanics is a growing science, and there 
is no reason to suppose that new formulations of funda- 
mental ideas may not be made for the purpose of 
improving on older methods in the solution of certain 
problems. Again, the 30 pages of Chapter IX suggest 
to the serious reader means of re-orienting his approach 
to the whole subject, those pages being devoted to 
Lagrange’s equations of motion, the calculus of varia- 
tion, Euler’s differential equation, and Hamilton's 
principle. Experience as teachers has evidently shown 
the authors where beginners are likely to go astray, 
and they have been successful in smoothing out 
difficulties, and in elucidating those subtle and obscure 
points, of which are so on the road to those advanced 
topics by way of the problem of vibrating systems and 
the dynamics of both rigid bodies and of non-rigid 
systems of particles. To this end, more than 300 
exercises, with answers, are included in the text. 





Elementary Theory of Structures. 


By JaMEs C. Grassiz, B.Sc. (Eng.)., D.Sc., A.M.I.C.E. 
Longmans, Green and Company, Limited, 6 and 7. 
Clifford-street, London, W.1. [Price 25s. net.] 


Tas book, written strictly within the confines of 
statically determined structures, deals comprehen- 
sively with the elementary theory. The approach to 
the subject is scholarly, yet practical enough to be 
appreciated by both designer and student. Wide use 
is made of graphical solutions. The chapters on elastic 
deformation of framed structures and Williot diagrams 
form a sound basis for the study of displacements and 
prestressing in trussed structures. The classical me- 
thods of strain energy are also dealt with, but no 
mention is made of the neat representation by Mohr’s 
circle. A considerable portion of the book is devoted 
to the study of influence lines; the author has 
developed the theory in full and has extended their 
application, beyond the study of rolling loads and 
simple beams, to direct forces, bending moments and 
shear forces in individual members of complex tri- 
angulated structures. The study of columns is 
approached in a simple and straightforward manner. 
A chapter on elementary statically determined space 
frames completes this excellent text-book. Numerous 
worked-out examples are given, and each chapter is 
followed by exercises with answers. 





Advanced Mathematics for Technical Students. Part 11. 
By H. V. Lowry, M.A., and H.A. HAYDEN, D.Sc. 
Longmans, Green and Company, Limited, 6 and 7, 
Clifford-street, London, W.1. [Price 18s.] 

Tue aim of this book is to cover the work normally 

undertaken by students taking mathematics as a 

subject in the second part of a degree examination in 

engineering. The usual mathematical processes are 
presented, but with noteworthy additions at various 
stages of the work. In the first four chapters, which 
lead systematically to applications of differential 
equations, the authors introduce operational methods 
for the solution of linear differential equations with 
constant coefficients. Chapter V also goes beyond 
the broad requirements of an engineering syllabus, in 
that it deals with difference equations and inter- 
polation; as the illustrative examples show, this 
section is of utility in the theory of electrical filters 
and similar systems. The next chapter contains 
another novelty, in a book of this kind, in the extension 
of the idea of matrices to that of tensors, an important 
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example of which is provided by the stress-tensor or 
strain-tensor in mechanics. Co-ordinate geometry of 
three dimensions and spherical trigonometry receive 
adequate treatment before more advanced parts of 
the calculus are expounded in Chapters IX and X, 
under the headings of differentiation of functions of 
several variables, and the integration of such functions 
together with line, surface and space integrals. Follow- 
ing a well-arranged discussion of Fourier series and 
harmonic analysis, the authors, in the last three 
chapters, apply the general theory to the motion of a 
system of particles and of a rigid body, energy methods 
of solution, and the solution of differential equations by 
infinite series. A book with such an aim as this must 
always present a compromise between the requirements 
of examiners and of students with different standards 
of attainment in mathematical analysis; but the 
possible difficulties which arise from the consequent 
compression of the treatment here and there can be 
largely obviated by means of the numerous exercises 
with answers. 





The Protection of Transmission Systems against 
Lightning. 
By PROFESSOR W. W. LEwIs. John Wiley and Sons, 
Inc., 440, Fourth-avenue, New York 16, U.S.A. [Price 
8 dollars.}]; Chapman and Hall, 37, Essex-street, 
London, W.C.2. [Price 64s. net.] 


DaMAGE to transmission lines by lightning, or inter- 
ruption of supply due to the same cause, are not such 
serious problems in the electric supply industry in 
Great Britain as they are in the United States, but the 
extensive and detailed review of the whole subject 
which is contained in this volume will be of service to 
those concerned with the design and operation of such 
lines here or, indeed, in any part of the world. The 
author, previous to holding his professorship, spent 
25 years in lightning investigations for the General 
Electric Company of America and is clearly familiar 
with every detail of his subject. It is claimed that the 
book is the first attempt to compress all the important 
information on lightning into a single volume and the 
statement need not be disputed. There is a very large 
amount of scientific and technical literature concerned 
with the nature of lightning and of methods of com- 
bating its ill-effects, but much of this is contained in 
papers read before scientific societies and the digest of 
the whole matter presented in this volume should be of 
wide service. The extent of the scattered information 
which is in existence is well shown by the bibliographies 
which are appended to the chapters of this book. 
Professor Lewis first reviews the various theories of 
thunder-cloud formation, such as those of Simpson and 
C. T. R. Wilson, and after dealing with the mechanism 
of the lightning stroke and giving particulars of investi- 
gations carried out over many years on the Empire 
State Building, devotes a series of chapters to the 
various phenomena and aspects of his subject. The 
voltage, current and wave shape of lightning strokes 
are first dealt with, the shielding of overhead ground 
wires, tower-footing resistance and conductor-insulation 
and spacing then being considered. These sections are 
followed by a description of the various methods of 
protecting overhead lines and machines. The book is 
mainly concerned with the results of tests and experi- 
ence and is in no sense a theoretical treatise. It 
contains little mathematics. 





CALENDAR.—We have received from the Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17, a monthly tear-off wall calendar, which 
is current from April, 1951, to March, 1952, inclusive. 





GLOSTER ‘‘ METEOR 8”? ATRCRAFT.—Some figures on the 
climbing performance of the Meteor 8 aircraft, designed 
and constructed by the Gloster Aircraft Company, 
Limited, Hucclecote, Gloucestershire, have recently been 
released. The aircraft will climb to 30,000 ft. in 
64 minutes, and has a service ceiling of 44,000 ft. It is 
powered by two Rolls-Royce Derwent 8 jet engines. 
It may be recalled that the Meteor 8 aircraft, which is 
replacing the Meteor 4 as the standard twin-jet fighter of 
the Royal Air Force and the air forces of Holland, 
Belgium, and Denmark, was first seen at the 1949 flying 
display of the Society of British Aircraft Constructors, as 
recorded on page 316 of cur 168th volume (1949), and 
that it has a longer front fuselage than the Meteor 4, a 
redesigned single-piece cockpit hood and a swept-back 
tail unit of better aerodynamic form. The improved 
high-speed high-altitude handling characteristics arising 
from these refinements allow a higher limiting Mach 
number to be attained, and the longer nose has made it 
possible to install additional fuel capacity. The normal 
armament is four 20 mm. guns in the nose, but 16 rocket 
projectiles or two 1,000-lb. bombs may also be carried 
under the wings. A standard fully-equipped Meteor 8 
holds the 1,000-km. closed-circuit international speed 
record at an average speed of 510-9 m.p.h. 


ANNUALS AND REFERENCE BOOKS. 


World Railways, 1950-51.—The publishers of Jane’s 
Fighting Ships and Jane’s All the World’s Aircraft, 
fortified in their hopes, no doubt, by the unabating 
interest in railways, have introduced a companion 
volume on railways which should prove to be a useful 
source of reference for people who are professionally 
concerned and for those—perhaps a greater number— 
whose interest is that of the amateur. It has not 
been possible to cover all the world’s railways, partly 
because some, particularly in Eastern Europe and 
Asia, were not co-operative, and partly because it 
was impracticable to give particulars and illustrations 
of them all, even in such a large book. The sub-title 
of the book, A Survey of the Operation and Equipment 
of Representative Rail Systems, therefore, conveys the 
correct impression. Where sufficient information has 
been forthcoming, it comprises the following details: a 
map and brief history of the system, train control, 
volume and type of traffic, permanent-way details (in- 
cluding gradient profile, track gauge and route length), 
numbers of rolling-stock units, diagrams of rolling stock 
and structure gauge, data and photographs of represen- 
tative motive-power units and passenger and freight 
rolling stock, and tabulated details of classes and 
types. About half the book is devoted to North 
American railways—a fact which, though it may 
occasion surprise, must be attributed to the great 
number and variety of the un-nationalised systems of 
that Continent. Even so, the section on British Rail- 
ways is disappointing in comparison. It does not 
include, for example, the maximum axle loading, 
though this fact is given for some other railways. The 
editor and compiler, Mr. Henry Sampson, is to be con- 
gratulated on a judicious selection, and it is to be hoped 
that his reference book will become an annual, or 
at least a biennial. It is well produced on art paper, 
with 600 pages of text, 102 maps, 696 photographs and 
420 diagrams. The publishers are Messrs. Sampson 
Low, Marston and Company, Limited, 25, Gilbert- 
street, London, W.1, and the price is 63s. 

International Mercantile Diary and Year Book.— 
The 35th edition, that for 1951, of the International 
Mercantile Diary and Year Book has been published by 
Messrs. Syren and Shipping, Limited, 26-28, Billiter- 
street, London, E.C.3. The purpose of the book is to 
give, in succinct form, information concerning consular 
invoices, certificates of origin, bills of lading, and other 
documents required by each country for the purpose of 
conducting international commerce. Brief details 
regarding the area, ports, airports, banks, currency and 
weights and measures of each country are also given, 
and postal and other useful information included. The 
first section of the book covers Great Britain and the 
British Empire, then are given foreign sovereign states 
in alphabetical order, followed in each case by the 
country’s colonies or dependencies, where such exist. 
General information in tabular form, including weights 
and measures for various commodities, conversion 
factors and the like, are also contained in the book. 
The price of the work is 30s., post free, including a 
monthly copy of The Merchant Shipper, which contains 
addenda to the year book, thus enabling subscribers to 
keep the information contained therein up to date. 





TRADE PUBLICATIONS. 


Helicopters.—An illustrated pamphlet has been pro- 
duced by Westland Aircraft, Ltd., Yeovil, Somerset, 
showing various applications and giving brief performance 
and weight data of the Westland-Sikorsky 8.51 helicopter, 


Gear-Shaving Cutters.—David Brown & Sons (Hudders- 
field), Ltd., Park Gear Works, Huddersfield, have issued 
a@ leaflet describing in some detail the process of gear 
shaving, and giving particulars of their standard cutters. 


Polishing Motors.—An illustrated leaflet issued by 
Higgs Motors, Ltd., Witton, Birmingham, 6, describes 
briefly their 2-h.p. and 5-h.p. squirrel-cage polishing 
motors, which are available for operation from either a 
50-cycle or 60-cycle two-phase or three-phase 200 to 500- 
volt supply. 


Process Pumps.—We have received two illustrated 
leaflets from Sigmund Pumps, Ltd., Terminal House, 
52, Grosyvenor-gardens, London, S.W.1. One, entitled 
““The Home of Sigmund Pumps,” shows some of the 
facilities of their Team Valley works at Newcastle-upon- 
Tyne. The other illustrates various applications of their 
process pumps in oil refineries and chemical plants. 


Thermostatic Oil Control.—We have received from the 
British Thermostat Co., Ltd., Sunbury-on-Thames, Mid- 
dlesex, an illustrated leaflet describing a thermostatic oil 
control which has been developed for use with any 
gravity-fed light-oil burning appliance. When the 
required operating temperature has been reached, the 
control automatically reduces the oil flow to a rate 





suitable for maintaining the temperature. 





BOOKS RECEIVED. 


Overseas Economic Surveys. Turkey. By T.G.A.Munrz. 
H.M. Stationery Office, Kingsway, London, W.cC.2., 
[Price 4s. 6d. net.] 

Téhoku University. The Science Reports of the Research 
Institutes. Series A. (Physics, Chemistry and Metal- 
lurgy.) Volume 2. Nos. 1 and 2. The Téhoku 
University, Sendai, Japan. 

The College of Aeronautics, Cranfield. Report No. 12. 
Addendum. The Aerodynamic Derivatives with Respect 
to Sideslip for a Delta Wing with Small Dihedral at 
Supersonic Speeds. By SQUADRON-LEADER J. HUNTER 
Top and Dr. A. ROBINSON. No. 42. The Equations 
of Motion and Energy and the Velocity Profile of a 
Turbulent Boundary Layer in a Compressible Fluid 
By PROFEssOR A. D. YounG. [Price 5s.] The 
Librarian, The College of Aeronautics, Cranfield, 
Bletchley, Buckinghamshire. 

Fiihrer durch die technische Literatur. Verlag Wei- 
demann’s Buchhandlung, Schillerstrasse 17, Hanover, 
Germany. [Price 2 D.M.] 

Diesel-Electric Locomotive Handbook. Mechanical Equip- 
ment. By GEORGE F. McGowan. [Price 4:95 dols.] 
Electrical Equipment. By GEORGE F. McGowan. 
[Price 4-95 dols.] Simmons-Boardman Publishing 
Corporation, 30, Church-street, New York 7, U.S.A. 

Department of Scientific and Industrial Research. Report 
for the Year 1949-50. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 4s. 6d. net.] 

The Radio Industry Council. Specification No. R.I.C./136. 
Capacitors, Fixed, Paper Dielectric, Tubular, Metallised. 
No. R.I.C./141. Capacitors, Variable, Air Dielectric, 
Tuning. No. R.1.C./214. Transformers, Power, up to 
2 KVA Rating. No. R.1.C./321. Plugs and Sockets 
(for Frequencies up to 1 Me/s). No. R.I.C./322. 
Plugs and Sockets (for Frequencies above 1 Me's). 
Offices of the Council, 59, Russell-square, London, 
W.C.2. [Price 5s. each.] 

Engineering Hydraulics. Proceedings of the Fourth 
Hydraulics Conference, Iowa Institute of “Hydraulic 
Research, June 12-15, 1949. Edited by Prorrssor 
HUNTER ROvSE. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
15 dols.); Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 120s. net.] 

Fundamentals of Acoustics. By PROFESSORS LAWRENCE 
E. KINSLER and AUSTIN R. FREY. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 6dols.]; Chapman and Hall, Limited, 37. 
Essex-street, Strand, London, W.C.2. [Price 48s.net.] 

United States National Bureau of Standards. Circular No. 
504. Battery Additives. By Paun L. Howarp and 
GEORGE W. VINAL. The Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 
25, D.C., U.S.A. [Price 15 cents.] 

L’Asta Solidale. By ATTILIO LINARI. Vol. I. La 
Trave Continua su Appoggi Semplici. Pellerano e Del 
Gaudio, Via Mezzocannone 3£-41, Naples, Italy. [Price 
700 lire.] 

Industrial Polishing of Metals. By GERALD F. WEILL. 
lliffe and Sons, Limited, Dorset House, Stamford- 
street, London, 8.E.1. [Price 21s. net, postage 8d.) 

Standard Methods of Analysis of Iron, Steel and Ferro- 
Alloys. The United Steel Companies, Limited, 17, 
Westbourne-road, Sheffield 10. [Price 17s. 6d.] 

The Electrician Blue Book. Electrical Trades Directory, 
1951. Edited by STANLEY G. RarTreE. Benn 
Brothers Limited, Bouverie House, 154, Fleet-street, 
London, E.C.4. [Price 42s.] 

The Social and Economic Development of Crewe. 1780- 
1923. By Dr. W. H. CHALONER. Manchester 
University Press, 8-10, Wright-street, Manchester, 15. 
[Price 30s. net.] 

Report on the Progress and Condition of the United States 
National Museum for the Year Ended June 30, 1950. 
Division of Publications, Smithsonian Institution, 
Washington 25, D.C., U.S.A. [Limited issue free to 
libraries, and to approved institutions and _ indi- 
viduals.] 

Perturbation Methods in the Quantum Mechanics of 
n-Electron Systems. By Dr. E. M. Corson. Blackie 
and Son, Limited, 16-18, William IV-street, London, 
W.C.2. [Price 65s. net.] 

Theory and Application of Infinite Series. By PROFESSOR 
KonraD Knopp. Second English edition, translated 
from the second German edition and revised in accord- 
ance with the fourth, by Dr. R. C. H. Young. Blackie 
and Son, Limited, 16-18, William IV-street, London, 
W.C.2. [Price 35s. net.] 

American (3rd Angle) and British (1st Angle) Projection. 
For Engineering Technical Colleges, Universities and 
Workshops. By Guy L. Murray. Toledo Woodhead 
Springs. Limited, Clifton Works, Neepsend-lane, 
Sheffield 3. [Price 10s. 6d.] 

American Society for Testing Materials. AS.T.M. 
Standards on Industrial Water: Sampling Methods, 
Analytical Methods, Corrosivity Tests, Methods of 
Reporting. Offices of the Society, 1916, Race-street. 
Philadelphia 3, Pennsylvania, U.S.A. [Price 2 dols.) 
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ENGINEERING IN THE FESTIVAL OF BRITAIN. 


I.—THE EXHIBITIONS. 








On the morning of Thursday, May 3, His Majesty 
The King, after attending a Service of Dedication 
with Her Majesty the Queen in St. Paul’s Cathedral, 
will broadcast to the world that the Festival of 
Britain is open throughout the United Kingdom of 
Great Britain and Northern Ireland. ‘Thereafter, 
for a period of about five months, British achieve- 
ments, past and present, in art, science, architecture 
and industry will be portrayed in Festival exhibi- 


Fie. 1. Sours 


tions up and down the country, and many familiar 
annual events, such as the summer meetings of 
learned societies, will conform with the spirit of 
the Festival. 

The spot-light of publicity will shine mainly on 
the work of scientists, engineers, artists, architects 
and industrial designers; the last three of these 
groups live by admiration, but, even if it is true 
that British scientists and engineers dislike pub- 
licity, they should be fortified by the realisation that, 
due to their propensity for specialising, each may 
humbly enter the exhibitions, confident in his 
mind that by no means everything will be as 





familiar as the engines or apparatus to which he 
is accustomed. Nevertheless, his appreciation will 
be on a higher plane than that of the general public 
to whom the Festival is primarily addressed. and 
it is the object of this series of articles to serve as a 
guide to the technical features of the Festival and 
to focus attention on the engineering theory and 
practice which, to other eyes, are in danger of being 
obscured by the wsthetic facade of the Festival. 
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be trade fairs. Though there will be many indus- 
trial exhibits, such as machine tools, locomotives, 
aircraft engines, and scientific instruments, these 
have been selected by committees drawn from 
industry, trade associations and the Council of 
Industrial Design, and they have been chosen as 
representing the best practice in fields in which 
the contribution of this country has been outstand- 
ing. The British Industries Fair, an annual event, 





Bank Exutsition ; AERIAL VIEW OF THE SITE on Aprit 4, 1951. 


From an engineering point of view the three 
principal centres of interest will be the main 
Exhibition of the Festival—that on the South 
Bank of the Thames, in London—where ‘‘the prac- 
tical consequences of science will be illustrated by 
many themes against a background of the living, 
working world in Britain to-day”; the Science 
Exhibition, in the Science Museum, South Kensing- 
ton, London, where the theme will be the structure 
of matter; and the Exhibition of Industrial Power, 
Kelvin Hall, Glasgow, where there will be an 
exposition of the two chief sources of power in 





Britain—coal and water. The exhibitions will not 


will be held as usual in London and Birmingham, 
from April 30 to May 11; the Gauge and Tool 
Exhibition will be held at the Royal Horticultural 
Hall, London, from May 15 to May 25; the Plastics 
Exhibition and Convention will be held at Olympia 
from June 6 to 16; the British Instrument Indus- 
tries Exhibition will be held at Olympia from July 4 
to 14; and the Engineering, Marine and Welding 
Exhibition will be held at Olympia from August 30 to 
September 13. Of the professional institutions whose 
summer meetings will conform with the Festival, 
mention should be made of the Joint Engineering 
Conference of the Institutions of Civil, Mechanical 
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THE SOUTH BANK EXHIBITION UNDER CONSTRUCTION. 








Fia. 


and Electrical Engineers, details of which were 
given on page 418 of last week’s issue of ENGINEER- 
na; the International Conference of Naval Archi- 
tects and Marine Engineers, which will be held at 
London, Glasgow and Newcastle-upon-Tyne, from 
June 25 to Julv 6; the British Association meeting 
at Edinburgh (August 8 to 15), particulars of which 
were given on page 377 of our issue of March 30; 
and the International Discussion on Heat Trans- 
mission, to be held in London from September 11 
to 13. 

In December, 1947, the Lord President of the 
Council (the Rt. Hon. Herbert Morrison, M.P.) 
told the House of Commons that the Government 
had decided to mark the centenary of the Great 
Exhibition of 1851 by a Festival of Britain in 1951. 
At the Crystal Palace in Hyde Park a hundred 
years ago the keynote was industrial and the 
exhibits came from many lands. In 195], the idea 
behind the Festival is that the land and people of 
Britain will be on show ; the arts, science, architec- 
ture and industry will be represented in a number 
of nationally-planned exhibitions, and in numerous 
towns and villages throughout the country local 
authorities are organising events in which as many 
men, women and children as possible will take part. 

As the Archbishop of Canterbury has said: 
“The chief and governing purpose of the Festival 
is to declare our belief and trust in the British way 
of life, not with any boastful self-confidence nor 
with any aggressive self-advertisement, but with 
sober and humble trust that by holding fast to 
that which is good and rejecting from our midst 
that which is evil, we may continue to be a nation 
at unity in itself and of service to the world.” 

On the South Bank, the interest to engineers will 
lie not only in many of the exhibits, but also in the 
buildings and structures, most of them temporary, 
which have been designed and built in less than 
three vears. Here architects have been given free 
rein to devise structures which are largely experi- 
mental, embodying novel materials and forms. 
This is an opportunity which the profession seldom 
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2. Dome or Discovery AND YORK-ROAD ENTRANCE. 






















o—The Skylon. 
p—Landing Stage. 
q—Administration 
r—tThe People of B 


a—Chicheley-street Gate. 

b—Information and Post Office. 

c—Fairway Café 

d—Station Gate. 

e—The Land of Britain. 

*—The Natural Scene and the Country. 

g—Minerals of the Island. 

h—Power and Production. 

j—The ’51 Bar. 

&—Sea and Ships. 

i—Dome of Discovery. 

m—Transport and Communications. 

n—Regatta Restaurant and Embank- 
ment Gate. 


t—Unicorn Café. 
u—Tele vision. 
v—Telekinema. 
2z—Police and First 


z—Courtyard. 


has but is in great need of to-day, when the reason- 
able conservatism of those who foot the bill militates 
against the development of an architectural style 
which fully exploits current technical resources. 
Civil and structural engineers have entered into 
this work to a great extent. Figs. 1, 2 and 4, 
Figs. 5, 6 and 7 (Plate XXVI), and Figs. 8 and 9 


s—The Lion and the Unicorn. 


w—Locomotive Exhibit. 
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A—Administration and Staff Canteen. 

B—Royal Festival Hall. 

C—Seaside. 

D— 1851 Centenary Pavilion. 

E—Shot Tower. 

F—Waterloo Bridge Gate (New Schools 
and Design Review below). 

G—Harbour Buffet. 

H—Health. 

-Aid. J—Thames-side Cafeteria. 


Block. 
ritain. 


y—Homes and Gardens. K—Sport. 


L—Rodney Pier. 


(Plate XXVII), illustrate the site as it was before 
the war and in recent months. 

The arrangement of the South Bank site is shown 
in Fig. 3. On the west side a new river wall has 
been built, taking in more ground and being an 
extension of the existing wall in front of the County 
Hall (the offices of the London County Council) 
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THE SOUTH BANK EXHIBITION. 


(For Description, see Page 421.) 














Fie. 6. Srre 1x 1949; DEMOLITION NEARLY COMPLETED, 














Fic. 7. ExnimsBition BuImILDINGS UNDER Construction; AuGusT 14, 1950. 


(To fore page 422.) 
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THE SOUTH BANK EXHIBITION. 


(For Description, see Page 421.) 














Fic. & Exurpition BUILDINGS UNDER CONSTRUCTION ; OcroBER 5, 1950. 
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Fic. 4. Exurerrion Sipz or Station GaTE—THE Marin ENTRANCE FROM WATERLOO STATION. 


to the south of the Exhibition site. The area is 
bounded on the north by the Waterloo-road, leading 
to the new Waterloo Bridge, which was opened in 
1942. The Hungerford railway bridge, which leads 
to the Charing Cross terminus on the north bank of 
the Thames, divides the site into two parts. A 
Bailey military bridge close to the railway bridge 
will enable visitors to reach the Exhibition on 
foot from the North Bank. To the south-east of the 
site is Waterloo station, from which a Callender- 
Hamilton unit-construction bridge will give pedes- 
trians access to the Exhibition. Near the south- 
west corner of the site is the Dome of Discovery, 
which will house a series of exhibits selected and 
arranged to depict the story of British pre-eminence 
in discovery and exploration, not only by land and 
sea but into the nature of the living world and 
the universe. As a structure the Dome is most 
interesting, and will be described in a later article 
in this series. It is shown in various stages of con- 
struction in Figs. 1 and 2, and in Figs. 7, 8 and 9, 
on Plates XXVI and XXVII. The roof, 365 ft. in 
diameter, is of aluminium alloy and is supported 
on tubular steel struts ; inside there is a series of 
sweeping galleries of reinforced concrete. 

The Royal Festival] Hall] is a permanent structure 
and, since the Queen’s Hall was destroyed during 
the war, it will be welcomed as a concert hall of 
moderate size in London. It comprises a main hall 
with accommodation for about 2,900; a small hall 
with seats for 750; a main foyer, which could be 
used as a dance floor; a restaurant; a suite of 
rooms for exhibition purposes; meeting rooms ; 
etc. Owing to the shortage of steel the Hall is 
principally of reinforced concrete, though steel has 
been used for the roof girders. The proximity of 
the Hungerford railway bridge raised the problem 
of the soundproofing of the building. A two-leaf 
reinforced-concrete construction has therefore been 
used; in addition, the internal acoustic charac- 
teristics of the Hall have been carefully planned and, 
as recent tests have shown, the results in this direc- 
tion are specially satisfactory. 

From a structural point of view, the “‘ vertical 
feature,” or “ Skylon,” has presented novel prob- 
lems. The original design was described and 
illustrated on page 49 of our 169th volume (1950). 
An elliptical ‘‘ beam,” 250 ft. in length and 12-sided, 
with a maximum diameter of 13 ft. in the centre, is 
Supported vertically by a system of guys. The 
Skylon has been erected at a point between the 
Dome of Discovery and the river bank (Fig. 3) ; its 
Significance is esthetic and symbolic, not utilitarian. 





It is just possible to distinguish about the first half 
of the framework, in course of erection, in Fig. 9, 
Plate XXVII. 

The Station Gate, which is illustrated in Fig. 4, 
consists of ground, mezzanine and first floors 
planned to accommodate the head of an escalator 
from Waterloo Underground station. The Callender- 
Hamilton bridge connects the first floor with the 
main-line Waterloo station. The building is a 
light frame construction, part reinforced concrete, 
part steel, with the roof suspended from laminated- 
wood arches. The service and administration block 
(6 in Fig. 3) is a corridor type of building about 
350 ft. long, 30 ft. wide and 12 ft. high. It houses 
an information centre, Post Office, telegraph office, 
restaurant, etc. 

In planning the Exhibition, advantage has been 
taken of the division of the South Bank by the 
Hungerford Bridge: upstream (south-west) of this 
bridge the sequence of exhibits will tell “ the story 
of the. Land of Britain and what the British have 
derived from it” ; downstream (north-east) of the 
bridge the subject will be “‘the people themselves, 
in their more domestic surroundings.” The up- 
stream sequence is: the country (animals, plants 
and agriculture, including agricultural machinery) ; 
natural resources (including mining machinery) ; 
industry, embracing power production, illumination, 
metals, research, industrial design, routine labora- 
tory tests, management, metal-working, wood- 
working, rubber and plastics, pottery and glass, 
textiles, food, and papermaking and printing; 
shipbuilding and shipping; transport (including 
aeronautids, railways, telecommunications, roads 
and vehiclés); and, finally, in the Dome of Discovery, 
exhibits relating to the land (map-making, hydro- 
electric works, etc.), physics and chemistry, polar 
exploration, the sea, meteorology, astronomy 
and biology. Downstream the sequence will deal 
with the people of Britain, their character and 
traditions, homes and gardens, new schools, health, 
sport, etc. On the downstream side, also, is the 
Shot Tower—a relic of a lead-shot factory—which 
has been preserved for the Exhibition; mounted on 
top of the tower is a parabolic aerial, which will be 
used to receive radio waves from the sun and stars, 
a visual record being displayed for visitors. There 
are also two other buildings (u and v, Fig. 3), one 
for television and the other a “ telekinema.” 

For visitors with special interests, ‘‘ Design 
Review ”’ will be available as a combined infor- 
mation service and catalogue of British industry. 
Between 20,000 and 30,000 photographs, and 


samples in the case of flat items such as textiles, 
representative of the best in current products, will 
be housed in seven arches under Waterloo Bridge, 
and there will be libraries of British trade and tech- 
nical journals. Assistants in various sections of 
‘Design Review,” will produce, on request, photo- 
graphs or samples, with full information on the 
product. 

At the Science Museum, South Kensington, the 
construction of a new central block is in hand. 
The exhibits will include new working models of the 
apparatus used by Sir J. J. Thomson, Lord Ruther- 
ford and others, displays relating to recent scientific 
discoveries, and the first planetarium in Britain. 

The Exhibition of Industrial Power, at the 
Kelvin Hall, Glasgow, will be held from May 28 
to August 4. The principal displays will be con- 
cerned with coal and water power, culminating in 
exhibits relating to shipbuilding and railways, 
and one on atomic energy. 

Other features of the Festival will be an Exhibi- 
tion of Architecture in the Poplar-Stepney area of 
East London; an Exhibition of Books, at the 
Victoria and Albert Museum ; the Pleasure Gardens 
at Battersea Park ; a travelling exhibition, mounted 
on the converted escort carrier H.M.S. Campania, 
which will visit a number of ports in Great Britain ; 
and a land travelling exhibition, in 100 lorries, which 
will visit provincial cities. 

(To be continued.) 





TRAFFIC STATISTICS OF THE AIRWAYS CORPORATIONS 
IN 1950.—In the operating and traffic statistics of the 
United Kingdom airways corporations and independent 
companies associated with British European Airways, 
published last week by the Ministry of Civil Aviation, it 
is stated that the load ton-miles flown during 1950 
increased by 25 per cent., to 106 million, over those of 
1949. This figure is made up of 78 million ton-miles 
carried by British Overseas Airways Corporation (24 per 
cent. increase), 27 million ton-miles by British European 
Airways Corporation (29 per cent. increase), and about 
1 million ton-miles by the associate companies (33 -per 
cent. increase). The overall revenue load factors, were 
58 per cent. for B.O.A.C., 58 per cent. for B.E.A., and 
49 per cent. for the associate companies, compared with 
57, 61 and 53 per cent. in 1949. The equivalent annual 
utilisation per aircraft, calculated over the period April 
to December, is still low, although better than last year, 
at 1,580 hours for B.O.A.C. (compared with 1,432 in 1949), 
and 1,595 for the whole of B.E.A. (compared with 1,302 
in 1949); the continental division of B.E.A., however, 
has achieved a noticeably higher utilisation, 1,947 hours 
as compared with 1,481 in 1949. 
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Procedures for Testing Soils. 
American Society for Testing Materials, 1916, Race- 
street, Philadelphia, 3, Pa., U.S.A. [Price 3-75 dols. 
in paper cover or 4-40 dols. in cloth]. 
Tus volume is a second and greatly enlarged 
edition of a publication issued by the American 
Society for Testing Materials in 1944, and consists 
of a compilation of A.S.T.M. standard methods and 
suggested methods of testing soils and soil mixtures. 
It is sponsored by Committee D-18 on Soils for 
Engineering Purposes, and has resulted from the 
co-operation of many authorities. The test proce- 
dures fal] into five categories, namely, explorations 
and sampling, physical characteristics and identifi- 
cation, physical and structural properties, special 
and construction, control tests, and bearing tests in 
place and dynamic properties. Sixteen standard 
and ‘tentative’ methods of testing are given, 
twelve of which appeared in the earlier edition. 
In each division, there are a number of “ suggested ”’ 
methods of test. These have no official status in 
the Society, but represent available test procedures 
which have been used with some degree of success. 
They are published in this book only as information, 
but it is expected that, in due course, many of them 
will be adopted, probably with modifications, as 
A.S.T.M. standard methods. As might be expected, 
the specifications for these suggested tests vary 
considerably ; some are short and concise, while 
others provide full and copiously illustrated descrip- 
tions of the apparatus and methods of procedure, 
with data sheets and specimen calculations, 
Following the general introduction, a list of 
symbols and some definitions of terms, Part I, as 
indicated above, deals with sampling. Part II 
includes the standard methods for mechanical 
analysis, liquid and plastic limits, and other soil 
constants.. Several of these date from 1939. 


Certain of the tests specified in B.S, 1377/1948 are. 


largely based on the A.S.T.M. standards, modified 
in accordance with practice in soil mechanics labora- 
tories in this country. One important difference 
is in the scale of particle sizes, the American specifi- 
cation using the system of the United States Public 
Roads Administration, which differs slightly from 
the British standard classification, originally known 
as the M.LT. (Massachusetts Institute of Technology) 
classification. The tests for the centrifuge and 
field moisture equivalents are retained; these 
constants are seldom used in this country, but are 
required for the United States Public Roads system 
of classification, The suggested methods in this 
section include tests for density and soil constants, 
and some modification to the standard procedure for 
mechanical analysis. In Part III, there is a tenta- 
tive method of test for shear strength of flexible 
road surfaces, sub-grades and fills by the Burggraf 
shear apparatus. This is an in situ test in which a 
plate, in the shape of a parabolic segment, is jacked 
against the side of a small hole until the soi] behind 
the plate begins to heave up. A number of sug- 
gested methods are given for the determination of 
permeability, consolidation properties, shearing 
resistance of soils, etc. Part IV, dealing with 
tests for stabilised soils, includes standard tests for 
soil-cement mixtures, and some suggested tests for 
asphalt-soil mixtures and other types of stabilised 
soil, Part V consists of suggested methods of 
determining the bearing capacity of soils. The 
C.B.R. (California Bearing Ratio) test is given, as 
specified by the United States Corps of Engineers. 
In some respects, the arrangement of the subject 
matter is open to criticism. It might be more 
convenient if the standard methods of test were 
grouped together, say, in the first part of the 
volume. With regard to the suggested methods, 
it will be noted that, in several instances, a number 
of procedures for the same kind of tests are given ; 
for example, in Part III, there are four tests for 
the permeability of coarse-grained soil, five consoli- 
dation tests, three methods of determining the 
unconfined compression strength, and _ several 
varieties of direct shear and triaxial compression 
tests. The value of the book would have been 
enhanced if, in such cases, it had been stated 
whether certain test procedures are merely alterna- 


tive ways of carrying out the same experiment, or 
whether there are essential differences which would 
affect the choice of method in particular circum- 
stances. With regard to the various tests for shear- 
ing resistance, a general impression is that insuffi- 
cient emphasis is laid on the conditions of the tests, 
for example, consolidated or unconsolidated, drained 
or undrained. The differences in layout of some of 
these procedures has been mentioned; careful 
editing of the contributions, to achieve greater 
uniformity in style, is also to be desired. In 
general, however, a comprehensive picture is given 
of soil-mechanics testing technique as practised in 
America. 


Process Heat Transfer. 

By DonaLp Q. KERN. McGraw-Hill Book Company, 

Incorporated, 330, West 62nd-street, New York, 18, 

[Price 8 dols.]: and the McGraw-Hill Publishi.ig Com- 

pany, Limited, Aldwych House, Aldwych, London, 

W.C.2. [Price 68s.] 

THE announcements of publishers about their books 
cannot always be taken at their face value, but the 
claim that the present work is “‘a relatively com- 
plete manual for solving the problems of thermal 
design arising in the process industries ” is one that 
can be fully accepted. The author describes his 
object as being “to provide fundamental instruc- 
tion in heat transfer while employing the methods 
and language of industry ” and these two pronounce- 
ments fairly indicate the nature of the book. It is 
remarkable, not only for its comprehensiveness, but 
also for the directness of the help that it gives to 
designers of apparatus concerned with the trans- 
mission of heat in chemical, refining, distilling and 
kindred processes. Though it is to such men that 
the book is likely to make its greatest appeal, steam 
engineers wil! also find much useful] information 
about heat transfer in furnaces, condensers, evapora- 
tors, feed-heaters and cooling towers. The author 
illustrates his themes by fully worked solutions of 
the kinds of problem encountered in the design of 
commercial apparatus. The examples given are 
important enough to be classified in a separate 
index of “ Principal Apparatus Calculations,” in 
which no fewer than 58 separate calculations are 
listed. Of these, 25 relate to heat exchangers 
working with al] sorts of substances met with in 
sugar refineries, chemical factories, etc., and another 
ten are concerned with condensers for various 
hydrocarbon gases as well as steam. The remainder 
deal with evaporating plant and direct-contact 
heaters, including cooling towers, finned-tube 
apparatus and radiant heaters. The units of heat, 
temperature, etc., employed by British and American 
engineers are used throughout. 

The book naturally begins with a discussion of 
heat transference by conduction, convection and 
radiation, including an explanation of dimensional 
analysis. These matters are concisely but ade- 
quately covered in the first four of the 24 chapters, 
the remainder dealing with the appropriate methods 
of solving apparently every kind of problem that is 
likely to be met with in the transmission of heat in 
industry. Heat exchangers for liquids are first 
considered, attention being paid to the effects of 
variation of viscosity witb temperature on the 
estimation of the mean temperature difference. 
The cooling of gaseous substances, the condensation 
of simple and mixed vapours, evaporators, re-boilers 
used in connection with distilling columns, heat 
transmission through tubes with circumferential 
and longitudinal fins, and the performance of 
cooling towers are dealt with in their turn. So far, 
every process considered has been characterised by 
a steady flow of heat, but many important industrial 
operations do not come within this category: for 
example, in the heating or cooling of material in 
batches, or in the operation of regenerators for steel 
furnaces, the heat flow is continuously varying. 
Such cases also receive adequate attention. Finally, 
there are various kinds of commonly used apparatus 
such as jacketed vessels, submerged-coil coolers, 
cascade coolers, evaporative condensers, etc., which 
do not lend themselves to very precise calculations 
of performance. These are given a chapter to them- 
selves. Among them is included the device, well 
known in this country as a Field tube, but called a 





“bayonet” by the author. He says that it was 


formerly known as a field tube (spelt without a capi- 
tal F), being apparently unaware that the name 
perpetuates that of the inventor. 

The volume is comprehensive and practical, 
and may be recommended to all engineers interested 
in heat transmission. It is completed by an appen- 
dix containing more than 50 pages of tables, charts, 
and data of use in heat transfer calculations. There 
is an admirable index, with some 4,800 references. 
Each chapter is provided with a list of the symbols 
employed in it. 





Metallurgy in Antiquity: A Notebook for Archeo- 
logists and Technoloyists. 

By R. J. Forses. E. J. Brill. Oude Rijn, 33a, 

Leiden, Holland. [Price 19 guilders.] 

THE author of this substantial and impressive 
treatise modestly describes it as a “notebook” 
and in its final chapter refers to it as a “ramble 
through the history of metallurgy.” In a sense, 
this latter description is justified, as a survey which 
covers the beginnings and development of metal 
winning and working from 7000 B.c. to a.D. 1400, 
even when it occupies 480 pages, cannot enter into 
the final detail which a book confined to a single 
aspect of its vast subject might provide. An exten- 
sive text-book could be written on the early history 
of iron smelting and though Professor Forbes deals 
adequately with this subject, it is but one item 
in a survey which, quoting from the chapter head- 
ings, covers the getting, treatment and working of 
gold, silver, lead, tin, antimony, arsenic, zine, 
brass, copper andiron. The book furnishes evidence 
of an amazing range of study andi reading and, 
if for no other reason, might be recommended as 
an exhaustive guide to the literature of its subject. 
The bibliographies attached to the various chapters 
contain, in all, more than },100 names of publica- 
tions and guidance to the nature and quality of 
very many of these is furnished by references in 
the text. 

But little consideration is needed to realise the 
difficulties attaching to any attempt to present the 
history of the metallurgy of antiquity in acceptable 
scientific terms. The ancient writers—Professor 
Forbes goes back to Plato and Lucretius—con- 
fused their metallurgical information by connecting 
it with magical and religious issues, and the 
archeologists of later days, whose discoveries form 
the basic material on which study must be founded, 
were and are seldom metallurgists and are apt to 
express themselves in such loose terms that the 
specific nature of the objects they have unearthed 
can only be surmised. It is frequently not possible 
to know whether reference is to a metal or to 





the ore from which it is obtained. Metals may be 
described as pure when actually they are alloys 
and when knowledge of the nature of the other 
metal or metals present might be of the first 
importance in throwing light both on metallurgical 
processes and the geographical sources of ores. 
The terms bronze and brass are constantly confused. 

Professor Forbes guides his readers through the 
maze of tradition, surmise and fact with a sure 
hand. The metals with which he is concerned— 
gold, silver, copper, etc.—are each dealt with in 
separate chapters, but, before coming to the detail 
specifically attaching to each of these, there are 
various considerations of a more general nature which 
form the subjects of earlier chapters. The terms 
“ Stone Age,” “ Bronze Age ” and “ Iron Age ” are 
in common use, but, as Professor Forbes points out, 
these periods overlapped and were of different inci- 
dence in different parts of the world. The working 
of metals arose in the Near East, but archeologists 
differ in their assignment of the country of origin. 
It would further appear that the order of progress 
was not always the same and it is stated that in 
Africa, forinstance, the Iron Age preceded the Bronze 
Age. In attempting to estimate the extent and 
importance of metallurgical activity in distant times, 
it is also necessary to remember that local and small 
scale developments may well assume undue impor- 
tance in the works of ancient writers. Metal objects 
of what would now be called a luxury type might 
become spread over a wide area, but that would not 
be evidence of the existence of an important metal- 





lurgical industry. As Professor Forbes says, “4 
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few tons of copper must have been quite sufficient 
to meet the world’s demand every year.” 

It is unfortunate that the technical details 
of ancient mining have been sorely neglected in 
modern excavation, reports ; information is meagre, 
even compared with that available about early 
metallurgy. The purpose of the earliest mining 
was to obtain stones for tools and to discover 
precious or semi-precious stones. It is probable that 
it was in the course of these operations that the 
native metals were discovered. The ovly metals 
found in their native state in quantities sufficient 
to be workable are gold, copper, meteoric iron 
and, rarely, silver, and it may be that the heating 
of these to facilitate their fashioning gradually 
led to the extension of the process to other ores 
and the foundation of the practice of ore smelting. 
This, however, is pure speculation. Gold, which 
occurs a8 a metal in all its ores, is usually con- 
sidered to be the first metal discovered and, 
although this opinion appears to be shared by the 
author, he states that there are some striking 
exceptions, particularly in Africa, where copper 
was first discovered. Early gold was used for the 
manufacture and decoration of jewellery and orna- 
ments and those uses have survived to modern 
times. The working of gold would appear to have 
been of influence in the development of the practice 
of alloying as it would appear that different colour 


effects, due to different alloys, in ancient gold 
objects were deliberately produced by compounding 
the gold with other metals. 

The working of metals, in the modern sense, 
cannot properly be described as a branch of metal- 
lurgy; it is a separate art or science. In ancient 
times, however, the distinction which has now 
grown up hardly existed. The material of most 
ancient iron objects appears to be of meteoric origin 
and it is likely that the working of such material 
by early smiths led to the development of methods 
of treatment by heat which were ultimately applied 
to other materials and influenced the development 
of metallurgy as a whole. The smith occupies an 
important place in the history with which this book 
is concerned, and an interesting chapter is devoted 
to his social and sacred status. This book is well 
illustrated, and the reader is assisted to form a 
mental picture of the industrial evolution with 
which it is concerned by a chronological diagram 
showing the relation in time between the develop- 
ment of the use, and methods of treatment, of the 
various metals. There is also a series of maps indi- 
cating the sources of the various ores on the use of 
which primitive metallurgy was based. Professor 
Forbes set out to tell a very complicated story ; he 
has performed his task with a success which will 
ensure for his book an honoured place in the litera- 





ture of his subject. 
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Fic. 7, on this page, and Figs. 10 and 11 or Plate 
XXVIII, illustrate equipment developed in the 
Research Laboratories of the General Electric 
Company, Limited, Wembley, Middlesex, and 
shown at the recent exhibition organised by the 
Physical Society, which closed on April 11. The 
instrument illustrated in Fig. 7 is for piercing dia- 
mond dies which are used in the drawing of fine 
wires. The diamond to be pierced is submerged 
in a bath of electrolyte which is slowly rotated, and a 
low-voltage arc is used to produce a conically-shaped 
hole. The technique is particularly suitable for 
making dies of small bore, and holes of 0-0002 in. 
diameter have been produced in this way. A con- 
siderable saving of time is effected by using the 
spark, instead of the orthodox method which 
involves cutting the hole by the aid of finely 
powdered diamond. The equipment illustrated in 
Fig. 10 is used to determine the thickness of thin 
metal films deposited on insulating surfaces. An 
example of such a film is the aluminium backing on 
the screen of a cathode-ray tube. The equipment 
comprises an inductance coil forming part of the 
tuned circuit of a thermionic valve oscillator, the 
frequency of which is influenced by the presence of 
the metal film and is a function of its thickness. 
Adequate precision in the determination of the 
frequency is obtained by causing the output of the 
oscillator to beat with that of a standard oscillator, 
the frequency of which is adjusted so that the beat- 
frequency is zero when the variable oscillator attains 
the frequency which corresponds to the required 
thickness of metal film. The metal is deposited by 
evaporation, in a vacuum and this process is con- 
trolled by frequency-selective circuits and relays 
which control the temperature of the evaporating 
source. , 

The various items of equipment illustrated in 
Fig. 11, are for matching and measuring impedances 
at frequencies ranging from 70 to 200 megacycles 
per second. The equipment can be used to indicate 
when a load—for example, an aerial system—is 
matched to a coaxial transmission line, or to deter- 
mine its impedance, or the reflection coefficient of 
the load, or the standing-wave ratio associated with 
it. Basically, the equipment consists of an accura- 
tely-made coaxial transmission line with three 
voltage pick-up probes which are spaced symmetri- 
cally at fixed positions along its length. The ratios 
between the voltages at the probes may be deter- 
mined by means of an attenuator unit, and charts 
are provided so that the quantities mentioned above 
can be determined quickly and easily. Reflection 
coefficients in the range 0-01 to 0:7 may be measured 
corresponding to standing-wave ratios having values 
between 1-02 and 5-6. In addition to these 
exhibits, the General Electric Company displayed 
some recently developed crystal valves, resonator 
elements, piezo-electric crystals and fixed vacuum 
capacitors. A voltage-controlled swept-frequency 
oscillator developed for the Ministry of Supply and a 
high-frequency bridge with continuously variable 
ratio arms were also on view. 

The insulation tester illustrated in Fig. 12, on 
Plate XXVIII, was one of several exhibits displayed 
by Messrs. Evershed and Vignoles, Limited, Acton 
Lane Works, Chiswick, London, W.4. Although 
outwardly similar to instruments of the same kind 
marketed previously by this company, the new 
tester has three voltage and six megohm ranges, 
any one of which can be selected by means of a 
six-position switch. The ranges are as follows : 
0 to 50, and 3,000 to 10,000 megohms at 500 volts, 
0 to 100 and 5,000 to 20,000 megohms at 1,000 volts, 
and 0 to 200 and 15,000 to 50,000 megohms at 
2,500 volts. Another of the company’s exhibits 
was an electronic repeater designed to give a distant 
indication, over G.P.O. lines, of a variable physical 
quantity, with an accuracy independent of the line 
resistance and the supply voltage. The varying” 
physical quantity is arranged to exert a torque, 
proportional to its value, on a spindle on which is 
mounted a coilanda contactarm. The latter works 
between two fixed contacts, with a neutral position 
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between them, and the coil is in the field of a pot 
magnet. The coil winding forms part of the anode 
circuit of a triode valve, this circuit being com- 
pleted through the distant indicators, or recorders, 
which are in series with the coil. The contact arm 
is connected to the grid of the valve which, in turn, 
is connected to the cathode through a resistance and 
condenser in series. The two fixed contacts are 
connected to sources of bias voltage, one positive and 
the other negative, which are employed to adjust 
the grid potential relative to the cathode, and, thus, 
to control the anode current of the valve. The 
current through the coil is normally such as to 
produce a torque equal and opposite to the mechani- 
cal torque exerted on the spindle, and the contact 
arm is, therefore, in the neutral position. Should 
the physical quantity producing the mechanical 
torque vary, the spindle rotates and the arm makes 
contact with one or other of the sources of bias. 
A change in the grid potential then occurs as a result 
of a flow of current to or from the grid condenser, 
and the anode current of the valve alters in sympatby 
until a balance between the mechanical and electrical 
torques is restored. Thus, the direct current in the 
transmission lines is maintained proportional to the 
magnitude of the physical quantity which has to be 
indicated or recorded. 

Among the exhibits of Messrs. Electronic Instru- 
ments, Limited, 17, Paradise-road, Richmond, 
Surrey, was the vibrating-reed electrometer illus- 
trated in Fig. 13, on Plate XXVIII. This instru- 
ment is a direct development of an electrometer de- 
signed by the Atomic Energy Research Establish- 
ment, Harwell, and may be used to measure currents 
as smallas 10-"* ampere. The apparatus consists of a 
vibrating-reed converter unit and pre-amplifier, and 
a measuring unit which contains the main amplifier 
and indicator. In a vibrating-reed electrometer, the 
voltage input is caused to produce alternating- 
current by applying it to a condenser of high 
insulation, one plate of which is maintained in 
vibration at its resonant frequency. The alternating- 
current signal is subsequently amplified and con- 
verted back to direct current by means of a phase- 
sensitive rectifier, and the output appears as a 
voltage on a direct-reading meter. In this way, it 
is possible to obtain a high degree of stability, 
the drift of the zero depending entirely on the 
contact potential of the vibrating-reed unit. When 
measuring icnisation currents, a special ionisation 
chamber is provided which screws directly to the 
input terminal on the vibrating-reed unit, although 
the chamber may be connected to the latter through 
a cable, provided suitable precautions are taken. 
Smal] currents may be measured either by observing 
the rate of charge of a condenser or by determining 
the potential difference developed across a high 
resistance. Three voltage ranges are provided on 
the instrument with corresponding full-scale read- 
ings of 1 millivolt and 10 and 100 millivolts. A 
fourth range extending to 1 volt may be obtained 
by shunting the meter. The accuracy on all ranges 
is greater than + 1 percent. The input resistance 
of the vibrating-reed unit is greater than 10! ohms 
and the background current does not exceed 
5 x 10-” ampere. Provision has also been made 
for connecting a continuous recorder or an external 
meter to the measuring unit and for calibrating the 
instrument. 

One of the exhibits of Messrs. Cinema-Television, 
Limited, Worsley Bridge-road, Lower Sydenham, 
London, §.E.26, was the wide-range capacitance 
bridge illustrated in Fig. 8, on this page. This 
instrument is particularly suitable for the accurate 
measurement of small capacitances. Its calibrated 
range extends from 0 002 picofarad to 100 micro- 
farads in 18 stages, any one of which may be 
selected by means of a switch. The smallest range 
covered extends from 0 to 0:3 pF, full scale; the 
second 0 to 1 pF.; the third 0 to 3 pF.; the fourth 
0 to 10 pF, and so on, in decimal multiples of 3 and 
10, alternately. The indicating dial is furnished 
with two semi-logarithmic scales, graduated from 
0 to 3 and 0 to 10, respectively. A second dial, 
independent of the first, is used when measuring the 
shunt resistance associated with the capacitance. 
This dial, also, is furnished with two scales, one 
graduated from 1] to 30, and the other from 3 to 300, 
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infinity. Different ranges of resistance are selected 
by means of the 18-way switch, and the overall 
calibrated range extends from 1 megohm to 30,000 
megohms. The frequency of the built-in oscillator 
is fixed at 1,592 cycles per second, which corresponds 
to an angular frequency of 10,000 radians per second. 
This simplifies the calculation of reactances, The 
bridge may also be used to measure direct admit- 
tances. Balance of the bridge is indicated by an 
electron-ray tube. The connecting leads supplied 
with the instrument are doubly screened so that their 
capacitance may not affect the measurements. 
Among other items of testing equipment exhibited 
by Messrs. Cinema-Television, Limited, were a 
square-wave and pulse generator, a mutual- and 
self-inductance bridge, a microsecond counter 
chronometer, and high-voltage surge-testing equip- 
ment, 

Among the apparatus and intruments displayed 
by Messrs. Mullard Electronic Products, Limited, 
Century House, Shaftesbury-avenue, London, W.C.2, 
was the high-precision variable capacitor illustrated 
in Fig. 9. This was developed in the company’s 





Mutuarp Exectronic Propucts, LIMITED. 


research laboratories at the instigation of the 
Inter-Service Radio Components Research and 
Development Committee. Features of the design 
are highly-finished ball races, polytetrafluorethylene 
insulation, bimetallic temperature-compensation and 
specially-prepared brass vanes supported in & 
stress-relieved and virtually strain-free housing. 
The shape of the plates is such that the instrument 
has a frequency characteristic which is —— 
straight to within + 0-1 per cent. The yn 
inductance is less than 0-015 micro-henry, 
the range of capacitance 320 _picofarads. The 
capacitor has also been produced in two- and three- 
gang versions of somewhat less accuracy. — 
tion of the capacitor necessitated the developmen 
of ancillary measuring equipment of high accuracy. 
This included a mechanism for setting and repeating 
twelve pre-selected angles rapidly and accurately 
to within 5 seconds of arc, and @ — 
measuring device sensitive to changes of 0-001 pF. 
This equipment was also on view. 


(To be continued.) 
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THE PRODUCTION OF 
TIDAL POWER BY THE 
TWO-BASIN SYSTEM. 


By G. 8S. Contyns, M.C., A.M.I.C.E. 
(Concluded from page 394.) 


Severn Estuary: No. 2 Scheme.—As it was 
considered that his original scheme would not 
save enough coal, the writer produced an alter- 
native, a8 indicated in Fig. 8,* herewith, to give 
nearly treble the power. Its operation will be 
self-explanatory. This layout has been criticised 
on account of the supposed difficulty of building 
the long embankments on soft sand, but, beyond 
some extra expense, there is nothing to fear on 
that score. The banks must first be constructed 
of Tock rubble, which will sink through the sand, 
this process being assisted by the water running 
between the deposited rocks. When the rock bank 
has been built 10 ft. or so above high water, the 
process of waterproofing must be performed. This 
can be carried out expeditiously by thick layers of 
pit gravel, clay, more pit gravel and, finally, rock 
to resist wave action. In this connection, it should 
be remembered that, in some cases, Dutch engineers 
dredged clay and substituted sand:as being a better 
foundation for polder dams in the Zuider Zee. 
These dams were built largely of boulder clay. 

Among the points to be noted in this scheme is 
the fact that the turbine dam is sited entirely in 
the dry land, as is also the greater portion of the 
outlet sluices, so cofferdams are reduced to @ mini- 
mum. The inlet sluices cannot be so placed, but 
they could be moved farther inland if the railway 
were diverted to the south-east. A diversion of 
even a few hundred feet would enable a very large 
Sum to be saved in cofferdam construction. 

In this alternative scheme for the Severn, the 
assumptions were again made that the datum at all 





one 8. 11, 12, 13 and 14 are based upon the 
; 1ance Survey map, with the sanction of the Con- 
Toller of H.M. Stationery Office. 
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levels was the mean tide level; that the minimum 
allowable head was 6-5 ft., and the flow through 
the turbines is constant throughout each tide ; and 
that the average efficiency of the turbo-generators 
would be 85 per cent. The tidal ranges were 
assumed as being 41 ft. at spring tides and 22 ft. at 
neap tides. It was then estimated that the areas of 
the upper basin would be 45 square miles at 
+20-5 ft. (H.W.S.T.), 39 square miles at +11 ft. 
(H.W.N.T.), 28 square miles at mean tide level, and 
18 square miles at —11 ft. (L.W.N.T.); and the 
areas of the lower basin would be 20 square miles 
at —20-5 ft. (L.W.S.T.), 30 square miles at —11 ft. 
(L.W.N.T.), 35 square miles at mean tide level, and 
38 square miles at +-11 ft. (H.W.N.T.). 

The flows and power outputs were then calculated 
to be as shown in Table II, herewith, giving an 


appreciably decreasing the output per tide. If the 
whole enclosed area were operated as a single basin, 
the installation of turbines of 1,900,000 kW capacity 
would be necessary to effect the same annual out- 
put. Thus the two-basin layout effects a saving 
in the -turbo-generator capacity of 800,000 kW, 
representing some 20/. millions. 

The spoil required for building the embankments 
would be obtained from the foundations and channels 
to the turbines and sluices, any surplus needed 
being dredged from the lower basin. Because of 
the exceptionally high tidal ranges, it might prove 
economical to increase production by suction- 
dredging millions of tons of sand above and below 
mean tide level in the upper and lower basins, 
respectively. The economy of this operation would 
depend on the opportunity to get rid of the spoil by 
using it to reclaim adjacent land. 

It is difficult to predict what effects silting may 
have. There is little doubt that the water dis- 
charged from the basins would carry more silt 
than that entering them, but there is, in addition, 
the silt brought down by the Severn to contend 
with. Some dredges must be provided to deal with 
this problem. When not required for this purpose, 
they could be employed very usefully in dredging 
the basins, as indicated above. They would also 
prove useful for maintaining the long embankments. 

The diagrams, Figs. 9 and 10, page 428, are drawn 
to represent the proportion of flow to head which 
would give approximately the maximum output 
per annum ; but this is not the most economical 
proportion, in that it does not give the least cost 
per kilowatt-hour. A small reduction of flow effects 
an increase in head and a comparatively small 
decrease in production. In consequence, less turbine 
capacity is needed and, as the turbines would be 
working at greater minimum heads, they could be 
individually smaller for any given capacity, and 
overall efficiency would be increased. There would 
also be less variation in production during any tide 
and, consequently, less loss due to controlling out- 
put. To arrive at the most economical proportion 
of flow to head, it would be necessary to prepare 
complete detailed estimates for the whole scheme, 
including transmission, which is outside the scope 
of this article. ; 

Without much more information than is available 
to the writer, it is only possible to make an intelli- 
gent guess at the cost of the scheme, but, excluding 
transmission, it should be somewhere round 701. 
millions. If this is reasonably correct, the annual 
charges would be about 3-51. millions, and the cost 
of production about 0-16d. per kilowatt-hour. 

In the projected development of any great new 
source of power, it is most desirable that a com- 
paratively small and inexpensive pilot scheme 
should be put into operation to provide full-scale 
data for guidance in the design of larger proposals, 





TABLE II.—No. 2 SEVERN SCHEME. 




















Fall of Rise of Approximate | Approximate | Approximate | Approximate 
—_ Upper Basin, | Lower Basin, Flow, Average Head,| Average Gross | Average Net 
Ft. Ft. Cusecs. Ft. H.P. kW. 
Spring tides oe oe oe 20°5 23-5 680,000 20-1 1,590,000 1,000,000 
Neap tides oe 90 12-0 11-0 340,000 11-3 446,000 280,000 
Mean tides _— _— 510,000 15-7 940,000 585,000 

















approximate overall average of 603,000 kW and an 
approximate annual output of 5,280 million kWh. 

Constant flow at neap tides would produce a 
power output varying from about 160,000 kW to 
365,000 kW, the average being 280,000 kW net. 
The flow can be controlled so as to give constant 
output or, within limits, any greater output desired. 
Thus at any state of the tide, if the flow is reduced 
for several hours and then greatly increased for a 
much shorter period, production can be increased up 
to the limit of the turbine capacity installed. This 
would be an exceptional need, butit is quite feasible 
and economical to contro] the output in this manner 
to meet peak loads of 560,000 kW, lasting for two 
hours or so. Steam power plant of this capacity 
would therefore be rendered unnecessary. 

With constant flow, the maximum output at 
spring tides is nearly 1,300,000 kW net, but, owing 
to the facility of control described, it is sufficient to 
install turbines of 1,100,000 kW capacity without 


which it may be intended to develop in the future. 
Such a scheme, submitted by the writer to the 
Hydraulics Research Board in June, 1948, is out- 
lined in Fig. 11, on page 428. Its operation is 
easily followed. 

Chichester Harbour was chosen as the upper 
basin because the water entering it is cleaner than 
that entering Langstone Harbour, hence silting is 
less likely to occur, and because it is desirable to 
retain the higher water level for the small vessels 
going to Bosham and Chichester. 

In this case, the approximate water areas in 
each basin would be 10 square miles at H.W.O.S.T., 
8 square miles at mean tide level, and 4square miles 
at L.W.O.S.T. The tidal ranges would be 14 ft. at 
spring tides and 8 ft. at neap tides, giving a maxi- 
mum head of 11 ft. at springs and a minimum head 
of 5 ft. at neaps. The average continuous net 
capacity would then be approximately 20,000 kW 
at springs and 5,000 kW at neaps ; say, an approxi- 
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mate average overall of 12,000 kW, giving an 
annual output of about 105 million kWh. 

Except that the tidal ranges are rather small, 
this, as a pilot scheme, has certain attractive 
features. All the foundations are sited in dry land, 
so that no cofferdams would be required. Most 
of the spoil for building the dams could be dredged 
from the adjacent sluice and turbine channels. 
There are no considerable streams entering either 
harbour to cause silting and it is thought that 
there would be more tendencv to scour than to 
silt up, with the result that om at would gradually 
increase automatically. As bridges could be cheaply 
constructed adjacent to the sluices, the dams would 
provide ready road access from Portsmouth to 
Hayling Island and eastwards; and, with the 
provision of small locks adjacent to the sluices, 
the amenities of Chichester Harbour would be 
improved. 

It is not thought that the cost, excluding trans- 
mission, would exceed 2I. millions, so the annual 
charges would be about 100,000/. With a resultant 
cost of production of less than one farthing per 
kilowatt-hour, there would be a useful output at 
an economical rate ; also, many tidal-power pro- 
blems, including the economical aspect of the 
operation of low-head turbines under conditions of 
variable head and flow, could be further investigated. 

Figs. 12, 13 and 14, opposite, indicate how 
enormous power could be developed from the tides 
of the Solway Firth, Morecambe Bay and Car- 
marthen Bay, respectively. It will be seen that, 
in each layout, as far as possible, due weight has 
been given to the following considerations. The 
total enclosed area is divided into two basins of 
nearly equal size, and the basin which would have 
the greater area at low tide is chosen as the lower 
basin. At neap tides, the fall in the upper basin 
approaches equality with the rise in the lower 
basin, and maximum output is very nearly reached. 
The dams are so sited that, except perhaps for very 
short lengths, their maximum height would not 
exceed 75 ft. Locks, sluices and turbines are sited 
with a view to reducing cofferdam construction to a 
minimum. No harbours of national importance 
would be interfered with, but locks are provided 
for present and future navigational needs. There 
are no large rivers, such as the Severn, entering the 
basins to cause silting, and, as comparatively clean 
water only would enter from the sea, the basins 
should be self-cleansing. It is even thought pro- 
bable that scouring, with consequent increase of 
storage capacity, would ensue, with a conse- 
quent gradual increase in output. So far as can be 
calculated from the information available to the 
writer, the production figures for these schemes 
would be as shown in Table IIT, herewith. 

In such vast undertakings as the above, it is 
unwise to say that all the difficulties of construction 
are fully realised, but there is nothing in them that 
is beyond the powers of competent civil engineers 
to solve. Heavy storms are certain to play havoc 
at times. Tidal currents will increase in velocity 
as the cross section of the waterway is diminished 
during the construction of the main dam. There 
is, though, the inestimable advantage of having 
slack water twice in each period of 25 hours, when 
rock can be deposited without difficulty. 

Engineers’ opinions will vary regarding the 
methods of construction. The writer’s view is that 
all works on any one site could be started simul- 
taneously, but that the locks and sluices with the 
bridges should be completed first. The main effort 
should then be concentrated on the main dam, the 
sluices being kept open continuously to relieve the 
velocity of flow. The main dam could then be 
built of large rock rubble from the bottom upwards, 
gradually forcing more and more water through the 
sluice channels. Water would also pass freely 
through the rubble dam, thus further relieving the 
flow over it. The operation of rendering it water- 
tight would not be begun until the rubble dam was 
well above the highest tide level. 

Finally, the main dam should be built up to at least 
15 ft. above the highest recorded water level, with 
a top width of not less than 100 ft., ample rock 
protection being provided to resist wave action. 
A large reserve of rock should be provided, so that 
it can be rapidly transported to any part of the 
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TABLE III.—Est™MaTED PRODUCTION FIGURES. 
Average Continuous | ver: 
= oe Production in | Soon. “ 
Total eeu Thousands of kWh net at : | none le 
Enclosed r kWh 
Site. Area | 43 —_ 
Sq. Miles 1.000 Millions ence. 
2 Spring Neap Spring Neap Mean 00 kWh per 
Tides. Tides. Tides. Tides. Tides. kW. annum. 
! 
0-15 
Solway Firth os 300 24 16 1,480 590 990 1,005 8,800 ‘ 
Morecambe Bay | 160 29 17 948 288 574 586 hed os 
Carmarthen Bay... 130 26 13 660 140 360 370 5°280 0-16 
No. 2 Severn és 86 41 22 1,000 280 585 603 ’ 





























dam which might be weakened by an exceptional 
storm. It is hard to predict the effect of wave 
action under all conditions, but it is probable 
that it would fairly quickly build up a sea beach 
against the main dam and so add to its security. 
As will be seen, the above sites could produce 
about 22,000 million kWh per annum. The Wash, 
if similarly developed, could add nearly 5,000 
million kWh. Other sites that appear worth 
investigating on similar lines are Luce Bay, Wig- 





ton Bay, the Ribble estuary, the Dee estuary, 
Milford Haven, the Parrett estuary, the Swale, 
the Humber (above Hull), and the Firth of Forth, 
above the Forth Bridge. It is unlikely that the Mer 
of production at any of these sites would exce 

0-30d. a unit, which compares favourably with 
steam-driven stations, the most efficient of which 
cannot produce power at under a halfpenny a unit. 
The total available power from all the sites men- 
tioned would be some 35,000 million units per 
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annum, and, if they were all developed for con- 
tinuous production, the saving of coal would 
amount to nearly 20 million tons a year. 

The capital expenditure incurred in developing 
continuous tidal power would be roughly double 
the cost of steam plant of the same capacity, but 
the cost of renewals, maintenance and operation 
would be incomparably less. It will be seen from 
the above table that, when all charges are taken 
into account, the tides could be harnessed to produce 
power at about one third of the cost of steam power 
per unit. It is not claimed that it should entirely 
supplant steam power, but it is claimed that, in 
the national interest, tidal power could and should 
be given preference. 

It is obvious that the expenditure required to 
develop Britain’s tidal resources would be enormous, 
and it may well be asked if the nation can afford 
it; but, having regard to the dwindling coal 
resources, their increasing cost and the reluctance 
of men to enter the mines, there may be no 
alternative. 

As yet, the writer can see no possibility of the 
development of wind power as an economic proposi- 
tion. The impulses will ever remain intermittent, 
variable and largely unpredictable. If wind power 
were to be developed on a scale big enough to effect 
any real saving of coal, the problem of storage would 
be more difficult and costly than for continuous 
tidal power. In particularly calm seasons, months 
might pass without any appreciable power being 
generated. Further, in any windmill, the available 
energy varies as the square of its diameter, whereas 
the size and cost will vary as the cube; so that 
economic considerations must strictly limit the 
size of individual installations. 

The possibilities of atomic energy have been 
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much discussed, but before it can be trusted to 
solve the problem of power supply there must be 
some assurance that world supplies of uranium will 
be sufficient to meet world needs, and that Britain 
will always be in a position to import it. 

In this article, unnecessary technical details have 
been purposely avoided, but it is hoped that the 
aspects of continuous tidal power development 
which have been indicated may do something to 
encourage further investigation of the subject. 





AERATED CONCRETE.—One of the principal advantages 
of aerated concrete, in which air or gas bubbles are 
formed in the plastic cement mix to give the concrete a 
sponge-like structure, is its excellent thermal insulating 
properties. Methods of manufacture and the properties 
of aerated concrete are discussed in the March issue 
(No. 28) of the Building Research Station Digest, which is 
issued monthly. 





SUMMER SCHOOL ON Puysics oF SoLips.—The Univer- 
sity of Bristol, in co-operation with the Institute of 
Physics, are organising a summer school on the physics 
of solids, to be held in the H. H. Wills Physical Labora- 
tory of the University from September 6 to 15. The 
courses are similar in conception to those previously held 
on the electrical and mechanical properties of solids. 
They are intended mainly for research students at univer- 
sities and for members of the staffs of Government and 
industrial laboratories who wish to familiarise themselves 
with the theoretical aspects of a subject with which 
they are concerned on the experimental side. The 
school will consist of three courses: the electron theory 
of metals (September 6 to 8); the theory of mechanical 
properties of metals (September 10 to 12); and the 
macroscopic theory of plastic deformations in metals 
(September 13 to 15). Further particulars and forms of 
application can be obtained from Mr. W. E. Salt, 





Director of Adult Education, The University, Bristol, 8. 
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THE AGRICULTURAL 
MACHINERY EXHIBITION, 
PARIS. 


In accordance with their usual custom, the 
Chambre Syndicale des Constructeurs Francais de 
Machines Agricoles held an annual exhibition of 
agricultural machinery in Paris, between February 
27 and March 4, inclusive. It was staged.in the 
exhibition grounds at the Porte de Versailles, this 
year’s exhibition being the twenty-third of the series, 
and the wide range of modern equipment shown 
illustrated the remarkable progress made since 1922, 
the year which this important event was first held. 
Prior to this, the agricultural machinery was shown 
in a special section of the General Agricultural 
Exhibition, an event which had been in existence 
before 1914. It was, in fact, only at the end of the 
first World War that it proved possible to complete 
the necessary negotiations with the various bodies 
concerned for the setting up of a separate exhibition, 
and 1922 saw the fruition of this work. 

An outstanding feature of the Salon de la Machine 
Agricole is that it is organised entirely by the 
exhibitors, who are represented on the managing 
committee by their trade associations. It is not 
run, for direct profit; any surplus revenue is dis- 
tributed at the end of the financial year to the 
exhibitors in proportion to the size of the various 
stands. Originally, the Salon was held at the 
Grand Palais, but this soon proved too small as by 
1924 there were 400 exhibitors compared with the 
original 300 in 1922. Accordingly, the exhibition 
was moved to the grounds which had just been 
opened at the Porte de Versailles. Although there 
was a slight falling off in the number of exhibitors 
during the unquiet years preceding the second 
World War, progress was soon resumed after 1947, 
the number of exhibitors rising to 500 in 1948, 625 
in 1949 and 770 in 1950. Simultaneously, the num- 
ber of visitors steadily increased and in 1950 
totalled 125,000. 

This year the exhibition was larger than any of 
its predecessors, the number of stands exceeding 
850, and, much to the regret of the organisers, 
many late applications had to be refused, the growth 
in the available accommodation having failed to 
keep pace with the demands for stands. A con- 
tributory cause of the restriction on space was the 
resumption of the General Agricultural Exhibition, 
which occupied the new halls in the exhibition 
grounds. However, some of the hardier souls, to 
overcome this shortage of space, showed their pro- 
ducts in outdoor stands arranged in the vicinity of 
the main halls. In all, the exhibition covered 





71,000 sq. m., this figure including 6,000 sq. m, 
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outside the hall; even so, 15,000 sq. m. are still 
needed, if all requirements are to be met. 

In addition to being larger, the twenty-third Salon 
also contained a far greater variety of machinery. 
Furthermore, there was a considerable increase in 
the number of foreign exhibitors, the organisers 
priding themselves on the international character 
of the exhibition. Altogether, 15 different coun- 
tries were represented by more than 230 types of 
machines, the scope of which ranged over the whole 
field of agriculture. The exhibition afforded, there- 
fore, an excellent chance to compare the products of 
different nationalities and the organisers are to be 
commended on, their efforts in this direction. A 
useful feature of the Salon is the method of desgnat- 
ing new machines. If a designer considers that his 
machine possesses novel features, a detailed tech- 
nical description is submitted to an examining com- 
mittee composed of agricultural machinery tech- 
nicians for classification as a new machine. Should 
the committee accept the machine as such, a special 
panel bearing a brief description is prepared and dis- 
played beside it in the exhibition hall. The examina- 
tion to which the machine, or apparatus, is sub- 
mitted is exceptionally strict, as is shown by 
the fact that, this year, out of 26 machines entered, 
only nine were chosen for this honour. Entries 
from all countries are accepted and, judging from 
those accepted, the committee exercise a wide 
breadth of judgment. 

The exhibits were arranged in five large halls 
and, so far as possible, were divided into their 
various classifications ; strict classification, how- 
ever, proved impossible as quite a number of 
exhibitors were showing machines on their stands 
from several groups. Owing to the large number 
of machines being shown, it is extremely difficult to 
review them in detail. Tractors and motor culti- 
vators were, perhaps, the predominating features, 
there being a total of about 115 different types. 
Ploughs, harrows, cultivators, rollers, etc., formed 
the largest collective exhibit and it may be noted 
in this connection that those for use behind farm 
animals appeared to predominate in numbers. 
In the agricultural vehicles group, which included 
manure spreaders, there were exhibits from 65 
makers, all French, the range of vehicles shown 
covering all facets of agriculture. Internal-com- 
bustion engines of va1ious types were, of course, 
in evidence and some 20 different makes were 
being shown, from four countries, but, here again, 
those from France predominated. Combine har- 
vesters were also in evidence, 19 different makes 
from nine different countries being shown ; in 1939, 
only six machines of this class were shown. Grain 
drying seems to be receiving wide attention and 
several different types were exhibited, some of 
which were transportable and others fixed. The 





importance of the wine industry to France was 
emphasised by a wide range of equipment such as 
presses, filters, etc., on view, the design of which 
has reached a high standard. Dairy equipment 
also forms an important part of French agricul- 
ture and a considerable section of the Salon was 
devoted to exhibits of this class. It would be 
almost impossible to enumerate these in detail 
but it may be mentioned that 25 different milking 
machines were being shown, entries having been 
received from seven countries. 

A feature of the machinery sections was the large 
number of what might be considered miniature 
tractors which, although small, are capable of carry- 
ing out, on a reduced scale, the duties of the larger 
tractors. A particularly good example of such a 
tractor is furnished by the Energic 511, which is 
manufactured by Etablissements Patissier, Ville- 
franche-sur-Saone, Rhéne. This machine is illus- 
trated in Fig. 1, on this page, from which it will be 
seen that, although small, it is suitable for driving a 
full-size cutter bar. It is powered by a single- 
cylinder air-cooled petrol engine having a bore and 
stroke of 95 mm. and 98 mm., respectively. A 
multi-plate clutch is used to transmit the drive from 
the engine to the gearbox and the latter may be either 
a three-speed or a six-speed unit. In the case of the 
three-speed unit there is one reverse speed, but in 
the six-speed unit, three reverse ratios are provided. 
A notable feature is the provision of a lockable 
differential in the rear axle, an arrangement that 
renders the tractor particularly suitable for negotiat- 
ing mud. The engine, gearbox, transmission casing 
and rear axle are bolted together to form a single 
structure, a design which gives good rigidity and 
permits the tractor to negotiate rough ground 
without imposing unduly heavy wracking strains. 
Brakes are fitted to the rear wheels only and applied 
by pedals, the linkage being designed so that they 
may be operated separately or together, a suitable 
lock being provided for parking. ‘The wheel track is 
adjustable between the limits of 85 cm. and 
1 m. 15 cm., and the steering linkage is arranged 
to give a minimum turning circle of 1 m. 80 cm. 
radius. A linkage is provided at the rear of the 
tractor to accept mounted implements; this is 
raised and lowered by a hand-operated winch de- 
signed to give rapid response. The tractor has a 
good performance and, when the conditions are 
favourable, can haul a two-furrow plough. 

Another type of small four-wheel tractor is 
illustrated in Fig. 2, on the opposite page; this 
machine, which is known by the appropriate name 
of “ Baby,” was being shown by the manufacturers, 
Messrs. J.-M. Gloppe, Rue du Docteur Rebatel, 
Lyons. It has been designed specifically for use in 
vineyards and orchards but would prove equally 
useful for market-garden work. It is driven by a 





two-cylinder air-cooled petrol engine manufactured 
by the Société Moto Standard, Bubingden, Sarre, and 
capable of developing a maximum output of 16 h.p., 
French rating. Power transmission to the back 
axle is by means of a single dry-plate clutch and a 
three-speed gearbox, the gear ratios being arranged 
to give a speed range of from 14 km. to 18 km. an 
hour. The rear axle is of standard design but 
incorporates a helical final drive. Brakes are fitted 
to the rear wheels only and can be operated either 
together or separately by means of pedals. As will 
be seen from the illustration, the tractor is designed 
to accept mounted implements and, in accordance 
with modern practice, the linkage is arranged so 
that the implements can be raised and lowered 
mechanically. This is accomplished by means of 
a single lever within easy reach of the driver. 

The winch illustrated in Fig. 3 was also designed 
and manufactured by Messrs. J.-M. Gloppe. It has 
been developed for use with tractors within the 
range of 10 to 25 h.p. and is driven from the rear 
power take-off through an extension shaft. Two 
drums are provided, one containing 300 m. of 10-mm. 
cable and the other 600 m. of 6-mm. cable and each 
drum can be driven at two speeds. The anchorage 
system employed is completely automatic and, when 
in use, provides good stability. As will be seen 
from the illustration, the winch forms a self- 
contained unit; it is designed so that it can be 
attached to the rear of the tractor in a few minutes, 
rubber-tyred wheels being provided at the rear to 
facilitate transport. It is of strong construction, 
the winch drums and gear casings being machined 
from steel castings, while the gears and shafts are 
manufactured from nickel-chrome steel. All shafts 
are fitted with ball and roller bearings and the 
gearwheels are arranged so that they operate in an 
oil bath. 

Three-wheel tractors seem to be more popular in 
France than in this country and several examples 
were exhibited at the Salon. One of these, namely. 
the Tracteur L.T.B., is illustrated in Fig. 4, opposite ; 
it was being shown by the manufacturers, Ateliers 
de Faverolles, Faverolles, Marne. This is a par- 
ticularly interesting machine as every effort has 
been made to concentrate the weight over the back 
wheels to obtain maximum adhesive weight and the 
manufacturers claim that a coefficient of adhesion of 
0-822 has been achieved. The major working parts 
of the tractor are of American origin, the engine and 
gearbox assembly being the same as that used on 
the Jeep, while the back axle is a standard Timken 
unit as fitted to many American commercial 
vehicles. Normally, the gearbox gives three speeds 
in the forward direction and one in reverse, but an 
auxiliary box is available, the use of which doubles 
the number of speeds in both directions of travel. 
Hydraulic brakes are fitted to the rear wheels and 
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EXHIBITS AT THE AGRICULTURAL MACHINERY EXHIBITION, PARIS. 





Fie. 2. Ligut Four-WHEEL TRACTOR ; 








Messrs. J.-M. GLoppr. 





Fie. 3. Tractor-OPERATED WincH; Messrs. J.-M. GLOPPE. 








Fic. 4. THree-WHEEL Tractor; ATELIERS DE FAVEROLLES. 


the operating mechanism is arranged so that only 
the inside brake is applied when making sharp 
turns in, for example, the headlands. Use of the 
brakes in this manner gives an exceptionally small 
turning radius and it is understood that the radius 
of turning is only 1-58 metres. In working order, 
the tractor weighs 1,250 kg., the maximum tractive 
effort being 1,205 kg. It should be noted that, 
although classed as a three-wheel tractor, actually 
two wheels are fitted to the single steering pivot at 
the front. 

An equally interesting three-wheel tractor was 
being shown by the Etablissements Bugaud Pere et 
ses Fils, Saint-Germain-sur-Morin par Couilly, 
Seine-et-Marne. This machine is illustrated in 
Fig. 5 on this page, from which it will be noticed 
that the single wheel is disposed at the rear. An out- 
standing feature of the Bugaud tractor is the employ- 
ment of all three wheels not only for steerine but 
for power transmission as well, thereby rendering 
the machine exceptionally easy to manceuvre and 
giving a coefficient of adhesion of unity. Further- 
more, the tools are mounted on attachments bolted 
to the side of the tractor so that their weight adds 
to the total available for adhesion ; in the illustra- 
tion, for example, it will be seen that the cutter bar 
is supported in this manner. When one-way 
ploughing is required, the plough bodies, either 
single- or double-furrow, are mounted at each side 
of the tractor and used alternately. The tractor is 
fitted with a single-cylinder engine designed so that 
it can be run on tractor vaporising oil, petrol only 
being required for starting. Overhead valves are 
used and an interesting feature of the engine is the 
method used for vaporising the fuel, the vaporiser 























consisting of a ring of special metal arranged just 
below the inlet valve and inside the cylinder head. 
This is heated during the working stroke and the 
residual heat remaining after the exhaust stroke is 
transferred to the incoming fuel-air mixture thereby 
vaporising the fuel content. 

The transmission assembly comprises a single dry- 
plate clutch and a four-speed gearbox which drives 
the front and rear wheels through propeller shafts. 
There are three working speeds and a single road 
speed, thus: 2-6 kilometres an hour in first gear ; 
3-6 kilometres an hour in second ; 4-6 kilometres an 
hour in third; and 10 kilometres an hour in top 
gear. The front track width is adjustable between 
the limits of 1-4 metres and 2-1 metres and the 
forward axle is fitted with a standard form of 
differential; this, however, does not influence 
the rear wheel, direct drive being employed in this 
case. Two power take-off points are available, 
namely, a belt-pulley drive at the side of the 
gearbox and an implement drive at the rear of 
the tractor ; the shaft extension for the latter drive 
can, be seen in the illustration. In working order, 
the machine has an overall length of 3-2 metres, a 
normal width of 1-9 metres and a height of 1-7 
metres. The weight is approximately 1,500 kg. and 
the turning circle diameter just under 6 metres. 

(To be continued.) 





INCREASED PRICES OF MOTOR FUELS.—The Ministry 
of Fuel and Power have announced an increase of 44d. per 
gallon in the maximum prices of motor spirit, Diesel oil 
for road vehicles, aviation spirit and benzole, and certain 
allied products, to cover the additional Customs and 
Excise duties. 
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PRE ET SES FIs. 


ANNUALS AND REFERENCE 
BOOKS. 


Directory of Shipowners, Shipbuilders and Marine 
Engineers, 1951.—This valuable work of reference, now 
in its 49th year, conforms to the usual arrangement as 
regards its contents, the main sections being those 
dealing with shipowners—listing their fleets and the 
routes on which they operate, together with details of 
the firms and their principal executives—and with 
shipbuilders and marine-engine builders, dry-dock 
owners, etc., with particulars of their resources and 
managements. The customary supplementary sections 
comprise directories of consultants, professional and 
other societies and associations, Government depart- 
ments, classification societies, etc. The indexing is a 
strong feature, 155 pages being devoted to the five 
indexes, which contain, respectively, ship names, 
companies, telegraphic addresses, individuals, and 
general entries. The book is: prepared under the 
direction of the editor of the Shipbuilding and Shipping 
Record and is published by the Tothill Press, Limited, 
33, Tothill-street, Westminster, S.Wi1. at 30s. net. 

The Practical Engineer Pocket Book, 1951.—In a 
small reference book, intended for mechanical engi- 
neers, opinions must differ on what should be included. 
It was once suggested that, since a pocket dictionary 
is, of necessity, selective, it should give rare words 
rather than common words ; that is reasonable, but a 
similar policy would be almost impracticable for an 
engineer's pocket book, since the finer points of a 
theory or practice can hardly be explained without 
first stating the fundamentals. Thus, the fundamentals 
predominate in such a book, and the proper test of it is 
whether users generally, having occasion to turn to an 
unfamiliar field of engineering, will find both the 
facts which they once learnt and have since forgotten, 
and the new facts which recent research and develop- 
ment have revealed. By such a standard, Mr. N. P. W. 
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Moore, B.Sc., A.C.G.I., the editor of this pocket book, 
has succeeded ewnpe Os well. The familiar ground 
covered includes data relating to pipes, beams, columns, 
springs, etc.; friction and power transmission ; 
cranes and lifting tackle ; steam engines, locomotives, 
turbines and boilers ; gas and oil engines ; hydraulics ; 
machine tools; lubrication; welding and cutting ; 
lighting ; as well as general data, formule, etc. More 
recently acquired knowledge includes, in particular, 
gas turbines—a subject which Mr. Moore deals with 
very ably, in view of the limited space at his disposal. 
Other sections of the book are devoted to unified 
screw threads, metallurgy, pyrometry and air com- 
pressors, and there are short technical dictionaries 
in German-English, French-English and Spanish- 
English, as well as a list of British and American 
technical journals. This is a new edition of the book 
and the type has been completely reset. The section 
cn internal-combustion engines has been extended to 
include information on the properties of compression- 
ignition engine fuels, and on supercharging; but the 
opportunity might have been taken to cut out some 
dead wood and replace it by more up-to-date informa- 
tion. The publishers are Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2, and the price is 8s. 6d. net. 

Power Transmission Directory, 1950-52.—The 8th 
edition of this directory of mechanical power-trans- 
mission equipment has recently been published. It 
contains five main sections, the first of which is an 
alphabetical list of trade and brand names with the 
names of the manufacturers. The second is a classified 
section relating to mechanical power-transmission 
equipment, and the third section is an alphabetical list 
of manufacturers and suppliers. with their postal and 
telegraphic addresses and telephone numbers. The 
fourth section is a geographical directory and the fifth 
is an industrial electric-motor supplement, now 
included for the first time. This last section is sub- 
divided into a trade-names section, an alphabetical 
section and a geographical section. A folded table of 
belt lengths for V-belt drives, together with instructions 
for its use and a worked example, and also notes on the 
overhaul of power-transmission equipment, are in- 
cluded. The directory is issued, price 5s. net, by the 
Trade and Technical Press, Limited, 65-66, Chancery- 
lane, London, W.C.2. 





RevisION OF NON-FERROUS METAL SCRAP PRICES.— 
The Minister of Supply has issued the Non-Ferrous 
Metals Prices (No. 3) Order (S.I. 1951, No. 550) which 
brings the maximum prices of non-ferrous metal scrap 
into line with the new selling prices of virgin copper, 
lead and zinc. The Order came into operation on 
April 4 and is obtainable, price 2d. net (or 3d., by post), 
from H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. 





OPEN DAyYs AT NATIONAL PHYSICAL LABORATORY.— 
The National Physical Laboratory at Teddington is 
holding ‘‘ Open Days” for industrial representatives on 
Monday and Tuesday, May 28 and 29. These open 
days, held this year in conjunction with the Festival of 
Britain, are an opportunity for scientific and technical 
employees in industry to see the scientific research work 
and special investigations undertaken at the Laboratory. 
The Laboratory will be open each day from 10.30 a.m. 
to 5.30 p.m., and luncheon and tea may be obtained on 
the premises. A number of tickets is being reserved for 
postal applications from accredited representatives of 
industrial organisations. and those interested are invited 
to apply to the Director, National Physical Laboratory, 
Teddington, Middlesex, not later than May 8, indicating 
on which of the two lays they would prefer to visit the 
Laboratory. 


COURSE AND CONFERENCE ON THEORY OF DIELECTRICS. 
—A summer school on the theory of dielectrics will be 
held at the University of Liverpool from July 19 to 21, 
and will be followed by a conference on dielectrics. The 
arrangements are being made by the University of 
Liverpool in co-operation with the Institute of Physics 


ELECTRIC-COOKER FACTORY AT SWINTON. 


GENERAL ELECTRIC COMPANY, LIMITED, LONDON. 

















Fie. 2. Faprication SHOP. 


ELECTRIC-COOKER FACTORY AT 
SWINTON, YORKSHIRE. 


At the end of the war, when it was clear that the 
housing and export programmes would create an excep- 
tionally large demand for electric cookers, the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, decided to establish a factory for the 
production of this equipment in an area where plenty 
of labour was available. After a protracted search, a 
former munitions factory was acquired for this purpose 
at Swinton, near Mexborough, Yorkshire, where, after 
a good deal of repair and conversion work had been 
carried out, production was begun towards the end of 
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Association. The school is intended mainly for workers 
in Government and industrial research establishments 
who wish to familiarise themselves with the theoretical 
aspects of subjects with which they are concerned on the 
experimental side. The following subjects will be treated 
in the lectures: dielectric constant and loss—general 
theory and applications ; tions between structure 
and dielectric properties ; atomic mechanisms of polarisa- 
tion; phase transitions; and electronic processes in 
dielectrics, Particulars of the school and conference can 
be obtained from Dr. B. Szigeti, Department of Physics, 
The University, Liverpool, 7; or trem the deputy 
secretary, Institute of Physics, 47, Belgrave-square, 
London, 8.W.1. 








We recently had an opportunity of inspecting these 
works, an aerial view of which is given in Fig. 1. It 
stands on a site of some 24 acres, and there is 400,000 
8q. ft. of factory space under cover. About 1,200 people 
are employed, nearly all of whom have been recruited 
locally and trained by instructors from the original 
Birmingham works. The minimum output is 2,000 
electric cookers a week, so that the factory is one of 
the largest in the British Empire devoted exclusively 
to the manufacture of this type of equipment. 

Production in the factory is carried out in a number 
of self-contained departments in which the various 
parts are fabricated and passed to a finished-part store 
where they remain until required for assembly. For 


instance, the grey cast-iron and sheet steel of enamelling 
quality, from which the major parts of the cookers are 
fabricated, is cut, formed and welded in the fabrication 
shop, which is illustrated in Fig. 2. The equip- 
ment of this part of the factory includes power presses 
with capacities up to 200 tons, a 50-kVA 400-volt 
electric seam welder for making the steam-tight oven 
bodies, and machines which have been specially 
designed for surfacing the hot plates and grill castings 
after they have been machined and annealed. The 
steel sheets are then pickled and the castings shot- 
blasted before being vitreous enamelled. 

Vitreous enamelling is carried out in a large well- 
equipped department consisting of a shop in which 
the enamel is prepared so that it can be applied to 
the metal. The mills, the capacity of which ranges 
from 600 Ib. to 1 ton, consist of revolving drums 
lined with white porcelain blocks, the grinding medium 
being flint pebbles. They are erected round a plat- 
form in order to facilitate charging from above. 
The fabricated steel panels are dipped in tanks con- 
taining a grey-blue ground coat enamel, which 's 
dried and then fused on. Subsequently, the pane's 
are taken to spray booths where the final coat 1s 
applied. After each dipping or spraying operation 
the panels are passed through steam-heated drying 
chambers to evaporate the water in which the fine 
particles of powdered enamel are suspended. The ware 
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is next passed to brushing benches, where, if required 
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Fie. 4. Mourtu or Furnace. 


for decorative purposes, part of the top coat of enamel 
is removed before fusing. 

The enamel is fused to the metal at a temperature of 
about 840 deg. C. One of the five furnaces, which was 
built for this purpose by the engineering staff of the 
factory, is illustrated in Fig. 3. It is 75 ft. long and is 
electrically heated, the arrangements being such that 
the temperature of the parts is gradually increased 
before they reach the hot zone and subsequently 
gradually reduced before they again reach the air. 
To ensure accurate temperature control, a signalling 
system, which gives warning of any drop in tempera- 
ture. has been installed and indicates which of the four 
zones is affected. The furnace is fed by a continuous 
overliead conveyor, the belt of which is 130 yards long. 
This belt is made of nickel alloy so that it will withstand 
continuous heating to a high temperature. Nickel- 
alloy racks, which can be seen in the illustratior showing 
the mouth of the furnace, Fig. 4, are mounted on it 


at cne-yard intervals and from these the ware is sus- 
pened. The conveyor travels at a speed of 6 ft. 
per ininute, so that each piece spends about seven minutes 
in the hot zone. After the components have passed 


jo the furnace they are unloaded, inspected and 
. en through a bank of re-tapping machines to remove 
: threads of enamel before they are sent to the 
nished parts store. Small auxiliary parts, which are 
not subject to much wear and tear, are dipped in 





enamel, loaded on to a conveyor and then passed 
through a continuous infra-red drying tunnel. 

Parts, on which the vitreous enamel is found to be 
defective, are returned to a de-enamelling department 
where they are treated with molten caustic soda in a 
bath which is constructed~of steel plate 1 in. thick. 
Metal parts which cannot be vitreous-enamelled are 
either nickel or chromium plated. 

The embedded hot-plates used on the General Electric 
cookers are manufactured in yet another department, 
where the castings are drilled and surfaced prior to the 
grooves on their undersides being filled with refractory 
cement. This cement, which is applied in a semi-dry 
state, is crushed and ground in a number of rock- 
crushing machines and mills, and is then passed through 
magnetic separators to remove any ferrous-metal parti- 
cles before being mixed with a bond. Meanwhile, the 
resistor coils have been wound to a length determined 
by the voltage, and end leads are welded to them. The 
coils are then laid in grooves previously made in the 
air-dried refractory and almost covered with this 
material, thus increasing the insulation resistance to a 
more than usually high figure. They are next inspected, 
completed with a final filling of refractory, backed, 
connected in circuit for three minutes and flash-tested. 
The plate is subsequently given a final consumption 
and flash test. The resistor coils used in the manufac- 
ture of the grill boilers are wound, stretched and coiled 





in two fireclay refractories. These refractories are laid 
in the grill-boiler casting, which has been previously 
machined and the beaded end leads of the coils are 
connected to three-pin plugs. The elements are then 
checked for current consumption and inspected for 
correct assembly. The sheathed wire elements for the 
ovens and radiant hot plates of the cookers are manu- 
factured in a separate department, the operation being 
designed so that the resistor is absolutely concentric 
with the outer sheath and the coils are evenly spaced 
in the tube. 

All the parts after testing and inspection at every 
stage of manufacture are passed to the fiinshed-parts 
store, which divides the manufacturing departments 
from the assembly shop. In the latter, the cookers 
are built up on twin-table trollies which pass down 
a roller assembly line. Eight of these lines are in 
operation, the various assembly stations being indi- 
cated by numbered boards. At these stations signals 
operated by the assemblers inform the stores whether 
fresh supplies of component parts are needed. Run- 
ning parallel to the main assembly lines are sub- 
assembly benches on which sections of the cooker 
are put together and then passed to the main line for 
incorporation in the cooker. The work at each station 
is checked by inspectors and viewers as the product 
proceeds along the line. At the end of the track, the 
finished cooker passes to a test board and the trolley 
returns to the start of the assembly line. 

On the test boards, the setting of the oven thermo- 
stat, the switch circuits and the insulation are checked 
and a flash test is made at 1,000 volts. Each test 
board can accommodate 12 cookers simultaneously 
for a pre-heating test, but subsequently each unit is 
separately tested, checked and viewed. Any defects 
that may be discovered are noted by the inspectors 
in a report attached to each cooker and are attended 
to in a service section. 

The factory also contains a central stores which is 
used as a distribution depot and incorporates a special 
packing section for dealing with export orders. Out- 
side the main works are a tool-room, and maintenance 
and engineering department, as well as an administra- 
tion block in which there are displayed a number of 
General Electric cookers dating from 1906. The 
company, it may be noted, first marketed an electric 
cooker in 1894. 





SAFETY IN MINES RESEARCH REPORTS: CORRIGEN- 
pUM.—Under the heading of “‘ Books Received,” on 
page 332, ante, we stated that Report No. 13 of the 
Safety in Mines Research Establishment, dealing with 
“ Light Alloy Supports,” was available gratis. We are 
now informed by the Establishment that a small charge 
is made for these reports, and that Report No. 13 is 
priced at 1s. 6d., plus postage. 





UNITED KINGDOM PRODUCTION OF IRON AND STEEL.— 
Figures issued by the British Iron and Steel Federation 
show that the production of steel ingots and castings in 
this country during February was at ar annual rate of 
16,952,000 tons (the highest rate ever acl ieved in Feb- 
ruary), compared with 15,907,000 tons in January and 
16,898,000 tons in February, 1950. The output of pig 
iron during the same period was at the annual rate of 
9,687,000 tons, compared with 9,529,000 tons in January 
and 9,588,000 tons in February, 1950. 





FARM-TRAINING CONFERENCE.—The Association of 
Agriculture, the National Farmers’ Union and Regional 
Advisory Councils for Further Education have jointly 
announced that a national conference, entitled Trairing 
for Farming, will be held at the University of Reading 
on Tuesday and Wednesday, April 24 and 25. The 
conference is intended to bring together representatives 
of farming and those concerned with providing facilities 
for further education in order to decide on the immediate 
requirements for training those in the farming industry. 
Farmers will be invited to say what they feel should be 
provided in the way of further education, both part-time 
and full-time, bearing in mind the difficulties peculiar 
to their occupation. Representatives of Local Educa- 
tion Authorities will be present and it is hoped that the 
interchange of views and the suggestions put forward 
will enable experimental courses to be established in 
different parts of the country. The opening session will 
be held at 8 p.m. on Tuesday, April 24, during which the 
problem of agriculture in relation to further education 
will be discussed. On Wednesday morning, April 25, 
tte discussion will be concerned with the requirements 
for training, followed by a session on part-time education 
for farming; and the afternoon will be taken up by 
the subject of part-time education in relation to farm 
machinery. Admission to the conference is by ticket, 
obtainable from the general secretary, Association of 
Agriculture, 238-240, Abbey House, 2, Victoria-street, 
London, 8.W.1. If required, residential accommodation 
can be provided at Wantage Hall, Reading, at a cost of 
1l. 58. for each person. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


Factory Capaciry.—The Glasgow Chamber of Com- 
merce are now associated with the Engineering Centre 
in Glasgow in operating a register of factory capacity 
to manufacture non-ferrous metal goods. The purpose 
of the register is to spread orders over the total capacity 
by sub-contracting. Recognising that when the full 
weight of the rearmament programme is felt it will be 
necessary to bring back much of the idle capacity into 


production, the Chamber is seeking from members | 


details of capacity, and offers to act as a clearing house 
for sub-contractors. 





STEEL CURTAILMENT.—The growing shortage of ingot 
steel has caused the suspension of the Saturday shift at 
the rolling mills of the Lanarkshire Steel Works of the 
Lanarkshire Steel Co., Ltd., Motherwell (a subsidiary 
of Colvilles Ltd.) as from March 31. The works produce 
large steel sections and joists. Thbis follows a similar 
step at Colvilles’ Dalzell works, Motherwell, three weeks 
ago. The general steel supply position is further aggra- 
vated by a reduction of between 20 and 25 per cent. in 
pig-iron outputs at the Clyde Ironworks on account of 
inadequate supplies of iron ore. 





THE FESTIVAL OF BriTaIn.—The fact that the con- 
struction of the Festival of Britain Exhibition jin the 
Kelyn Hall, Glasgow, is about 10 days ahead of schedule 
is stated to be due largely to prefabrication. The policy 
has grown out of conferences between Mr. Basil Spence, 
co-ordinating architect, the planners, and the contractors, 
Armstrong & Co. (Wridale) Ltd., Lancashire, in whose 
premises many thousands of parts and sections are being 
prepared and marked with code numbers for assembly in 
the Hall. 

FUEL-OIL BURNING IN SHips.—Addressing members of 
the Scottish branch of the Institute of Petroleum on 
April 5, on the subject of ‘‘ Fuel Ojl Burning in Ships,” 
Mr. W. M‘Laughlin, head of the engineering design 
department of John Brown & Co., Ltd., Clydebank, 
said that a situation was rapidly developing in relation 
to the world fuel supplies whicl: would compel the utmost 
economy in the use of liquid fuels to avoid depletion of 
these supplies. 

GREENOCK HarBouR.—Mr. Robert Greer, managing 
director of J. G. Kincaid & Co., Ltd., engineers, said 
at the annual meeting of the Greenock Chamber of 
Commerce, on March 29, that Greenock shipbuilders and 
engineers would be faced with serious difficulties if they 
could not be provided with a dock capable of taking 
vessels having a beam greater than 70 ft. (the capacity 
of the James Watt Dock). The matter, he said, had 
been brought to the notice of the Secretary of State for 
Scotland, who had been in touch with the Admiralty. 





SOLID-FUEL APPLIANCES IN SCOTLAND.—Scottish 
members of the constituent organisations of the Coal 
Utilisation Joint Council and representatives of manu- 
facturers and distributors of solid-fuel appliances ap- 
proved a resolution to consider the establishment of a 
service and showroom scheme in Scotland, at a meeting 
in Glasgow on April 3. Mr. W. M’Leod, deputy market- 
ing director of the Scottish division of the National 
Coal Board, was appointed chairman of the committee 
selected to carry out the scheme. It is understood that 
premises have been secured in Glasgow. It was pointed 
out at the meeting that the main objects of the project 
were to ensure that appliance distributors would advise 
members of the pubhe on the most suitable type of fire 


for their purpose and would see them properly installed | 


and serviced. 





KIRKWALL POWER STATION.—The new Diesel-driven 
electricity station erected by the North of Scotland 
Hydro-Electric Board at Kirkwall, Orkney, is to be 
officially inaugurated on May 15. It has been constructed 
of local stone on reclaimed land, and is to have an 
ultimate capacity of 7,000 kW. Initially, the plant will 
consist of three 1,540-h.p. British Polar Diesel engines, 
éach driving a 1,000-kW alternator, supplied by Bruce 
Peebles & Co. For low-lcad conditions, there is an 
800-h.p. Crossley Diesel engine, coupled to a 520-kW 
alternator, also made by Bruce Peebles & Co. The new 
station will supply all the power requirements of the 
mainland of Orkney. 


affecting outputs of iron and steel. Still more embar- 
rassing is the dearth of scrap. A further cut in the 
import of scrap from Germany is very disturbing and 
threatens greatly to hamper the efforts of steel producers 
to cope with the expanding needs of users. With the 
demand for the various descriptions of iron and steel 
much in excess of the potential output and the delivery 
obligations of producers, substantial progress with the 
| liquidation of the present heavy bookings is essential 
before manufacturers can feel justified in accepting exten- 
| sive new business. 





| SHORTAGE OF RaILwAy WaGons.—The supply of rail- 
way wagons in the North East of England is worse than in 
any other part of the country, declared Mr. W. V. 
Golding, chairman of the Transport Service Committee 
of the Tees-side Chamber of Commerce, at the monthly 
meeting of the Chamber, held at Middlesbrough on 
April 9. At the meeting, a resolution was adopted to 
be sent to the chairman of the Railway Executive 
recording that the Chamber was deeply disturbed at 
the continued inability of the Executive to provide 
sufficient empty wagons to meet the needs of the Cleve- 
land district. The resolution asked that the direction 
of empty wagons to the North-Eastern Region should be 
given prior and urgent attention. 

NORTH-EAST AIRPORT.—A letter has been sent from 
the Tees-side Chamber of Commerce to the Ministry of 
Civil Aviation pressing for customs facilities at Greatham 
to enable overseas air services to be developed during the 
coming summer. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


A FAMINE IN BILLETS.—The decision to take out of 
production two further open-hearth steel furnaces at the 
works of Steel, Peech & Tozer, Ltd., making three 
furnaces out of action, will deprive steel consumers of 
about 3,000 tons of steel a week and will adversely affect 
production in many Sheffield works. Some industrialists 
are already saying there is a famine in billets. Primarily 
the lack of sufficient scrap is the cause, but a shortage of 
imported ores is a contributory factor. The displaced 
men are being found employment in other parts of the 
firm’s works. 

GERMAN CUTLERY COMPETITION.—It is many years 
since German competition in cutlery was experienced in 
this country. Now Sheffield manufacturers state that 
Germany is selling long-handled razors here and has 
revived the competition in scissors. The Sheffield 
cutlery manufacturers are not perturbed so much by 
German sales in this country as by the prospect of keen 
rivalry in the export markets. German and Japanese 
competition was particularly strong in pre-war days. 

VACANCIES IN INDUSTRY.—There has been a steady 
drop in the number of workless in Sheffield, most of 
those remaining being either disabled men and women 
or persons in the higher age groups. No fewer than 
5,222 vacancies have been notified, including 731 in the 
iron and steel industries, 206 in general engineering, 
880 in tool and file factories, and 157 in the spoon, 
fork and silver trades. There has been a sudden demand 
from most Sheffield industries for women operatives. 





J. H. FENNER & Co., LTD.—Work has begun on an 
' extension of the main factory of J. H. Fenner & Co., Ltd., 
| at Marfleet, Hull, which will include a test house for 
| mechanical rubber and other products, to enable them 
to be tested over a wide range of working conditions. 
It is expected that the new extension will be completed 
in the autumn of this year. 








| THE MIDLANDS. 


| NEw Facrory FOR THE GOODYEAR TYRE AND RUBBER 
; Co.—The Goodyear Tyre and Rubber Co. (Great Britain), 
Ltd., of Wolverhampton, have purchased a factory for- 
merly occupied by British Plaster Board, Ltd., in Birken- 
head-road, at Wallasey, Cheshire. It covers about 
80,000 sq. ft., on a site of three acres. Only the shell 
of the building has been bought, and a great deal of 
alteration will be necessary. No official statement about 
the type of product to be made in the new factory is yet 
available, but it is understood that about 300 persons 
will be employed when the conversion is completed. 





CooLING TOWER AT PLECK GASWORKS, WALSALL.— 





The Walsall Town Council, acting as the local planning 


CLEVELAND AND THE NORTHERN | #"thority, have approved a plan for erecting a cooling 


COUNTIES. 


POSITION IN IRON AND STEEL INDUSTRY.—The release 
of steel orders to deal with rearmament plans will 
doubtless necessitate some restriction in the distribution 
of tonnage for ordinary commercial purposes. The 


tower at the Pleck, Walsall, gasworks of the West 


| Midlands Gas Board. It is part of a scheme for recon- 


structing the Pleck works, which, when complete, will 
be one of the largest gasworks in the Midlands. The 
works are near to a residential district, and an assurance 
was given that the cooling tower would be equipped with 





drain on works stocks of raw materials is seriously 


efficient baffles to minimise condensation in the area. 


PROPOSED INDUSTRIAL EXHIBITION ABANDONED,— 
It was proposed to hold at Walsall, Staffordshire, an 
exhibition of local industrial products, from June 4 to 9. 
The organisers have now stated that, in view of the raw 
materials and labour position, which makes it difficult 
for manufacturers to be sure of the position even a short 
time ahead, the exhibition has been abandoned. The 
Walsall exhibition was to have been one of a number 
planned in the Midland industrial districts. So far, it is 
the only one to be abandoned. 





INDUSTRIAL DusT AT OLDBURY.—A petition signed by 
700 residents in the Rood End district of Oldbury, 
Worcestershire, has been presented to the Town Council. 
It complains about the dust, estimated at a ton a weck, 
which is escaping from a chemical factory into the 
streets. The dust comes from the glue department of 
the chemical works. <A statement by the owners of the 
works says that new plant is being installed to deal with 
the dust, and that it should be working in about a 
fortnight. 

THE LATE COLONEL F. G. DANIEISEN, C.B., D.S.O., 
T.D., D.L.—Colonel Frederick Gustavus Danielsen, a 
director of the Deritend Stamping Co. Ltd., and of 
Rabone Petersen & Co. Ltd., both of Birmingham, 
died suddenly at the offices of the Deritend Company 
on April 3. He was born at Edgbaston, Birmingham, 
in 1874, and was well known in business circles in the 
Midiands. He had a distinguished record of service in the 
Territorial Army. 

Fim ON PowErR Propvuction.—A film, with the title 
“* Power,” has been produced for the Associated British 
Oil Engines group of companies, to show the activities 
of the group. Several of the scenes were photographed 
at the Wolverhampton works of Henry Meadows Ltd. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


SmvriInc oF CaRDIFF Docks.—Mud carried down by 
the River Taff is silting the main entrance channel to 
Cardiff Docks. Though this is no new problem to the port 
authorities, it has become more serious during the past 
winter. The channel is continuously dredged, but the 
mud accumulates more quickly than it can be removed. 
One reason advanced for the heavier deposits was that 
the river had changed its course. The matter was referred 
to by Mr.'F. W. Jones, the new President of the Cardiff 
and Bristol Channel Shipowners’ Association, in his 
presidential address at Cardiff, on April 3. Cardiff ship- 
owners, added Mr. Jones, were spending some 8,000,0007. 
on new vessels. Figures submitted in the report at the 
annual meeting of the Cardiff and Bristol Channel Ship- 
owners’ Association showed that Cardiff’s tramp ship- 
ping fleet in 1950 was less than half what it was in 
1938. There was a reduction from 145 ships, totalling 
528,847 tons gross, in the latter year to 65 ships, aggre- 
gating 279,208 tons gross, in 1950. 

Man-PowER IN CaRDirF.—Cardiff and District Em- 
ployment Committee, at a recent meeting, were told 
that there had been a gradual decrease in the number 
of unemployed on the register. On March 12 there were 
1,539 unemployed in the city, 464 fewer than was the case 
at the corresponding date last year. There were 771 
vacancies for men and 648 for women. Outstanding 
demands for men ranged over a number of industries, 
but, in the main, they were for skilled employees. There 
was also an unsatisfied demand for unskilled labour for 
civil-engineering works. 

LLANDARCY OIL REFINERIES.—Constructional work on 
the development of the National Oil Refineries at Llan- 
darcy, Swansea, will provide work for 3,000 people 
during the next three or four years. The completed 
refinery will provide permanent employment for more 
than 2,500. Many miles of new road and railway have 
been provided and, in addition, the scheme requires 
jetties, boilerhouses, a power station and ancillary ser- 
vices. According to Industrial Wales, the journal of the 
Industrial Association of Wales and Monmouthshire, the 
capacity of the refinery will be increased to about 
2,500,000 tons a year when the work is completed. 





CARDIFF-LIVERPOOL HELICOPTER SERVICE.— The 
world’s first regular passenger-carrying helicopter 
service, between Cardiff and Liverpool, has been dis- 
continued. It was inaugurated last June by — 
European Airways. It has been replaced as from Apri! + 
by a Liverpool-Cardiff-Jersey aeroplane service. 





RECORD PRODUCTION OF BILLETS.—The output of - 
billet mill of the Dyffryn works, Morriston, gen 
of Richard Thomas and Baldwins, Ltd., for the wet 
ended March 31, was 2,260 tons. This is stated to be a 





record for the works. 
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ENGINEERING. 





—_ —— - ——_— 





NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
April 16, 5.30 p.m., Savoy-place, Victoria-embankment, 
W.C.2. Discussion on ‘‘ Public Lighting,” to be opened 
by Mr. E. H. Jesty. Scottish Centre: Tuesday, April 17, 
7 p.m., 39, Elmbank-crescent, Glasgow, C.2. ‘“‘ A Review 
of Research in Electricity Supply,’ by Mr. C. W. Marshall. 
Supply Section: Wednesday, April 18, 5.30 p.m., 
Suvoy-place, Victoria-embankment, W.C.2. ‘‘ The Pro- 
tection of Electrical Power Systems: A Critical Review 
of Present-Day Practice and Recent Progress,” by 
Mr. H. Leyburn and Mr. C. H. W. Lackey. Southern 
Centre: Wednesday, April 18, 6.30 p.m., University 
College, Southampton. Discussion on ‘ Domestic 
Appliances,” to be opened by Mr. P. Honey. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Mid- 
lands Centre: Monday, April 16, 7.30 p.m., Crown Inn, 
Broad-street, Birmingham. ‘“ Use of Lightweight Sand- 
wich Materials in the Construction of Road Transport 
Vehicles,” by Mr. F. C. Lynam. Scottish Centre: 
Monday, April 16, 7.30 p.m., 39, Elmbank-crescent, 
Glasgow, C.2. Annual Meeting. North-West Centre: 
Wednesday, April 18, 7 p.m., Engineers’ Club, Manchester. 
Annual Meeting. ‘* Welding in Vehicle Maintenance and 
Repair,” by Mr. G. Mackenzie Junner. Jnstitute: 
Thursday, April 19, 6.30 p.m., Small Assembly Room, 
Central Hall, Broadway, Westminster, S.W.1. ‘“‘ Trends 
in Vehicle Design, with Particular Reference to the 
Commercial Motor Show, 1950,” by Mr. P. M. A. Thomas. 
North-East Centre: Thursday, April 19, 7 p.m., Hotel 
Metropole, Leeds. Annual Meeting. 

INSTITUTION OF CIVIL ENGINEERS.—Maritime Engin- 
eering Division: Tuesday, April 17, 5.30 p.m., Great 
George-street, S.W.1. Lecture on ‘“‘ Dredging and 
Reclamation,” by Mr. E. D. Kalis. 

INSTITUTE OF FUEL.—Tuesday, April 17, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park, S.W.1. ‘‘ Production of Town Gas 
from Weakly-Caking Coals,” to be presented by Dr. 
J. G. King. North-Western Section: Wednesday, 
April 18, 2 p.m., Engineers’ Club, Manchester. Annual 
Meeting. Film Display, arranged by Mr. S. N. Duguid. 
(Preceded by luncheon at 1 p.m.) 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGIN- 
EERS.—Tuesday, April 17, 6.30 p.m., Lighting Service 
Bureau, 2, Savoy-hill, W.C.2. ‘*‘ Telecommunications 
and Control Systems,” by Mr. T. H. Flowers. 

INSTITUTION OF WORKS MANAGERS.—Leicester Branch : 
Tuesday, April 17, 7 p.m., Bell Hotel, Leicester. Annual 
Meeting. West Midland Branch: Wednesday, April 18, 
7 p.m., James Watt Memorial Institute, Birmingham. 
Joint Meeting with the Birmingham Section of the 
INSTITUTION OF PRODUCTION ENGINEERS. ‘“‘ The Meas- 
urement of Productivity,” by Mr. W. C. Puckey. 


INCORPORATED PLANT ENGINEERS.—Glasgow Branch : 
Tuesday, April 17, 7 p.m., Engineering Centre, 351, 
Sauchiehall-street, Glasgow. ‘‘ The Construction of the 
Modern Oil Refinery,” by Mr. W. M. Greenhorn. 
Western Branch: Wednesday, April 18, 7.15 p.m., 
Grand Hotel, Bristol. Various short addresses by 
members. Liverpool and North Wales Branch: Thursday, 
April 19, 7 p.m., Radiant House, Bold-street, Liverpool. 
Brains Trust Meeting. 


INSTITUTE OF BRITISH) FOUNDRYMEN.—Coventry 
Students’ Section : Tuesday, April 17, 7.15 p.m., Technical 
College, Coventry. Annual Meeting and Brains Trust. 
Birmingham and West Midlands Students’ Section: 
Wednesday, April 18, 7 p.m., Dudley and Staffordshire 
Technical College, Dudley. ‘‘ Moulding and Scrap Con- 
trol,” by Mr. L. Clarke. 


RoyaL Society oF ARTS.—Wednesday, April 18, 
2.30 p.m., Institution of Electrical Engineers, Savoy- 
Place, Victoria-embankment, W.C.2. Joint Meeting 
with the Institution. Llewelyn B. Atkinson Lecture on 
* The Electricity Supply Position,” by Sir John Hacking. 


INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, April 18, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
“ Practice and Trend in Development of Diesel Engines, 
with Particular Reference to Traction,” by Mr. G. 
Jendrassik. 

RoyaL MicroscopicaL Sociery.—Wednesday, April 
18, 5.30 p.m., Tavistock House South, Tavistock-square, 
W.C.1. (i) Demonstrations illustrating improvements 
and trends in the design of microscopes and their acces- 
Sorics, (ii) Discussion on ‘‘ The Merits of Binocular 
Microscopes.” 

RoYaAL METEOROLOGICAL SocIETY.—Wednesday, 
April 18, 5 p.m., 49, Cromwell-road, South Kensington, 
8.W.7. Annual Meeting. “ Work by the Radio 
Physics Division of the Commonwealth Scientific and 





Industrial Research Organisation, Australia, on ‘ Cloud 
Physics ’,”” by Dr. E. G. Bowen. 

LIVERPOOL ENGINEERING SocrETY.—Wednesday, 
April 18, 6 p.m., 9, The Temple, 24, Dale-street, Liver- 
pool. Annual Meeting. 

INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
Graduates’ Section: Wednesday, April 18, 7 p.m., 
Municipal College, Portsmouth. Annual Meeting. Mid- 
land Branch: Thursday, April 19, 6 p.m., James Watt 
Memorial Institute, Birmingham. Discussion on “ Edu- 
cation and Training in Engineering Management,” to be 
opened by Mr. H. G. Nelson. East Midlands Provisional 
Graduates’ Section: Thursday, April 19, 7.15 p.m., 
School of Art, Green-lane, Derby. Films: “ The 
Cornish Engine,” “‘ Atomisation,” and ‘‘ M.A.C. Ship,” 
introduced by Mr. N. R. Chandler. Institution: Friday, 
April 20, 5.30 p.m., Storey’s-gate, S.W.1. ‘“‘ The Design 
and Development of the Twin Centaurus Power Plant 
for the Bristol ‘ Brabazon ’,”’ by Mr. J. L: Norton. East 
Midlands Branch: Saturday, April 21, 3 p.m., Museum 
Lecture Room, Priestgate, Peterborough. ‘“ Optical 
Instruments Applied to Precision Measurements in 
Engineering,” by Mr. J. W. Harrison. 

ROYAL StTaTistTicaL SocieTy.—Industrial Applications 
Section: Wednesday, April 18, 7 p.m., Chemical 
Industry Club, 18, Lovain-place, Newcastle-upon-Tyne. 
Discussion on “‘ Statistics in Coal Technology,” opened by 
Mr. J. M. Runcie. 


INSTITUTION OF PRODUCTION ENGINEERS.—Man- 
chester Graduate Section : Wednesday, April 18, 7.16 p.m., 
College of Technology, Manchester. ‘‘ Production of 
Electric Motors,” by Mr. F. E. Beake. Western Section : 
Wednesday, April 18, 7.15 p.m., Grand Hotel, Broad- 
street, Bristol. ‘‘ Modern Adhesives for Industry,” by 
Mr. T. C. Ford. Leicester Section: Thursday, April 19, 
7 p.m., Leicester College of Art and Technology, The 
Newarke, Leicester. Films on “ The Hone Abrading 
Process”? and “ The Generation of Metallic Bearing 
Surfaces.” London Section: Thursday, April 19, 
7 p.m., Royal Empire Society, Craven-street entrance, 
Charing Cross, W.C.2. ‘“‘ High-Frequency Heating in 
Production,” by Mr. K. A. Zandstra. 

RoyaL Socrery.—Thursday, April 19, 10.30 a.m., 
Burlington House, Piccadilly, W.1. Discussion on 
* Friction,’’ to be opened by Dr. F. P. Bowden, F.R.S. 


INSTITUTION OF MINING AND METALLURGY.—Thursday, 
April 19, Geological Society, Burlington House, Picca- 
dilly, W.1. 5 p.m., Special Meeting of Corporate 
Members. 5.15 p.m., “‘ Chromographic Contact Print 
Method of Examining Metallic Minerals and Its Applica- 
tions,” by Professor David Williams and Dr. F. M. 
Nakhla. 


INSTITUTE OF REFRIGERATION.—Thursday, April 19, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, S.W.1. ‘‘ Some Considerations 
on the Heat Pump,” by Mr. P. B. H. Brown. 


SocrETy OF CHEMICAL INDUSTRY.—Road and Building 
Materials Group : Thursday, April 19, 6 p.m., Institution 
of Structural Engineers, 11, Upper Belgrave-street, 
S.W.1. ‘“ Problems Involved in Obtaining Colour and 
Texture in Concrete Surfaces,” by Mr. J. G. Wilson. 


JUNIOR INSTITUTION OF ENGINEERS.—Friday, April 20, 
6.30 p.m., 39, Victoria-street, S.W.1. ‘‘ Aluminium as an 
Engineering Material,” by Dr. E. G. West (with film 
“This is Aluminium.”) Sheffield Section: Friday, 
April 20, 7.30 p.m., Grand Hotel, Sheffield. ‘“‘ The 
Science and Practice of Dust Collection as Applied to 
Industry,” by Mr. G. F. H. Peacock. 


INSTITUTE OF ECONOMIC ENGINEERING.— Manchester 
Branch: Friday, April 20, 7.30 p.m., Engineers’ Club, 
Manchester. Address by Mr. G. H. Jolly. Croydon 
Branch: Friday, April 20, 7.30 p.m., Greyhound Hotel, 
Croydon. ‘‘ Progress Control,’”’ by Mr. J. Bailey. 

RoyaL InstiruTion.—Friday, April 20, 9 p.m., 
21, Albemarle-street, W.1. ‘‘ Designing a Warship,” by 
Sir Charles Lillicrap. 





SEMI-MANUFACTURED GOODS OF COPPER AND COPPER 
ALLOys.—In view of the extreme scarcity of copper and 
zine, the President of the Board of Trade announces that 
the rate of export of semi-manufactured goods of copper 
and copper alloys will be limited during the next three 
months (from April 1) to approximately half the rate 
prevailing in the first six months of 1950. All applica- 
tions will be considered on their merits, and due weight 
will be given to “‘ conversion value,” to the established 
pattern of trade and to the importance of the use to which 
the metal will be put. Before June 30, 1951, a further 
amnouncement will be made concerning the rate of 
exports thereafter. The export of semi-manufactured 
zine goods will be permitted only in exceptional circum- 
stances. Applications for export licences should be 
addressed, fully documented, to the Export Licensing 
Branch of the Board of Trade, Regis House, King William 
Street, London, E.C.4. 





PERSONAL. 


Smr RONALD W. MATTHEWS has been elected chairman 
of Turton Bros. and Matthews, Ltd., Sheffield, following 
the death, in December, of Mayor D. S. MatTrHews. 
Mr. A. 8S. MATTHEWS has succeeded Sir Ronald as vice- 
chairman. 

Magsor F. B. Hatrorp, C.B.E., F.R.Ae.S., has been 
elected President of the Royal Aeronautical Society, 
4, Hamilton-place, London, W.1, for the year 1951-1952, 
He will take office on May 10 at the annual meeting. 

SmrR ANDREW MCcCANCE, D.Sc., F.R.S., was elected 
President of the Institution of Engineers and Ship- 
builders in Scotland at the annual meeting, held in 
Glasgow on April 3. He succeeds PROFESSOR GILBERT 
Cook, D.Se., M.1.C.E., M.I.Mech.E., F.R.S., who occupies 
the Regius Chair of Civil Engineering and Mechanics 
at the University of Glasgow. 

Sm Percy H. Mrs, K.B.E., managing director of 
W. & T. Avery Ltd. and vice-president, Engineering 
and Allied Employers’ National Federation, has accepted 
the Presidency of the Institute of Industrial Supervisors, 
Bank Chambers, 47, Temple-row, Birmingham, 2, for a 
further year. 

The Admiralty have set up a committee under the 
chairmanship of THE Hon. R. C. GEDDES to consider 
both present and future fuel and oil-quality problems 
affecting or likely to affect the Royal Navy. Other 
members of the committee are PROFESSOR F. H. GARNER, 
O.B.E., Ph.D., M.I.Mech.E., M.I.Chem.E., of the 
University of Birmingham, Dr. C. M. CawLry, O.B.E., 
of the Department of Scientific and .Industrial Research 
and representives of the Ministry of Fuel and Power 
and of the oil industry. 

Mr. BERNARD ADKINS, M.A. (Cantab.), M.I.E.E., 
A.M.I1.C.E., design engineer with the British Thomson- 
Houston Co., Ltd., Rugby, from 1928 until 1947, and 
from 1947 consulting engineer dealing with mathematical 
work in connection with special engineering problems, 
has been appointed to the University of London Reader- 
ship in Electrical Engineering, Imperial College : of 
Science and Technology, as from October 1. 

The British Transport Commission have nominated 
Mr. D. Murray, executive officer (mineral traffic), 
Railway Executive, to the Coastal Shipping Advisory 
Committee, set up under Section 71 of the Transport Act, 
1947, in place of MR. JoHN ELLIOT, now chairman of the 
Railway Executive. 

Mr. F. H. BURNELL has been elected a director of 
W. & C. French Ltd., 50, Epping New-road, Buckhurst 
Hill, Essex. He joined the company in October, 1922. 


Mr. GEORGE KEATLEY, works manager of the Dunlop 
Rim & Wheel Co., Ltd., Foleshill, Coventry, has retired 
after 40 years of service. 


Mr. C. A. Smites, A.M.I.E.E., after 20 years! as 
manager of the South Wales territory of the English 
Electric Company, Limited, has relinquished this position 
for reasons of health. His services, however, will still 
be available in an advisory capacity. 


As from April 6, the name of the ANGLO-AMERICAN 
Or Co., Ltp., has been changed to EssO PETROLEUM 
Co., Ltp., 36, Queen Anne’s-gate, London, S.W.1. 
wr 


THE COMBUSTION ENGINEERING ASSOCIATION have 
removed from 24, Tottenham Court-road, to 6, Duke- 
street, St. James’s, London, §8.W.1. (Telephone : 
WHltehall 5536/7.) 


CARTER INDUSTRIALS Ltp., sole selling agents for 
Tetley’s concrete-hardening solution, have removed 
from Buckingham House, Palace-street, to Windsor 
House (Rooms 73-74), 46, Victoria-street, London, 8.W.1. 
(Telephone : ABBey 3741.) 

G. E. Simm (MACHINERY) L1D., East Parade, Sheffield, 
1, have been appointed sole sales representatives for the 
Holset range of flexible rubber-block couplings, resilient 
gears, and hydraulic torsional-vibration dampers, manu- 
factured by W. C. Hommes & Co., LTp., Huddersfield. 


J. H. FENNER & Co., LTD., have opened a new branch 
at 95, High-street, Stoke-on-Trent, under the manage- 
ment of Mr. 8. PARKER. 


Ranco, LTp., manufacturers of temperature-control 
and other electronic instruments, and a branch of 
Ranco Inc., Ohio, U.S.A., announce that their factory 
now completing at Newhouse Industrial Estate, Lanark- 
shire, will go into production in the course of a few weeks 


J. StonE & Co. (CHARLTON) LTD., Oceanic House, 
1a, Cockspur-street, London, 8.W.1, announce that their 
associated company, BULL’S METAL AND MELLOID Co. 
Lrp., Bulldale-street, Yoker, Glasgow, W.4 (Telephone : 
Scotstoun 2218), who have been manufacturing the 
Stone windows of all types during the last year, have 
been made responsible for the sales as well as the pro- 
duction of these windows as from April 9. 

On and after April 16, the telephone number of AIR 
FRANCE, 52-54, Haymarket, London, S.W.1, will be. 
changed to WHItehall 4455. 
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WESTWOOD POWER STATION. 

















Fig. 1. Exterior or Station. 




















Fie. 2, Borer UNpER EREcTION. Fic. 3. TurBINE-HovusE OPERATING FLOOR. 


NEW POWER STATIONS FOR THE) P¢ hour, constructed by Babcock and Wilcox, Limited. 


- The five boilers, made by the same firm, will burn 
B.E.A,: VIL—WESTWOOD. pulverised coal, and will generate 300,000 lb. of steam 


THE Westwood power station, which is near Wigan,| per hour at 600 lb. per square inch and 850 deg. F. at 
will have an ultimate capacity of 120 MW. The} the turbine stopvalve. Fig. 2 shows a boiler in course 
buildings, shown in Fig. 1, are steel-framed with brick| of erection. The ash will be used to fill the neighbour- 
filling. The principal contractors are Messrs. William} ing Westwood Flash and thus to gain a large and 
Moss and Sons, Limited, Loughborough, and the con-| valuable area of land. 
sulting engineers for the civil engineering work are} The four 30-MW turbo-alternators are being supplied 
Messrs. C. 8. Allott and Son. Coal will be brought by} by the British Thomson-Houston Company, Limited ; 
rail, canal and road from the Lancashire coalfields and| a view of the operating floor appears in Fig. 3. The 
will be transported either to the boiler house or to a| two 300-ft. cooling towers were constructed by Mitchell 
storage ground by plant with a capacity of 150 tons! Engineering Limited, Peterborough; each of these 





will deal with 3,000,000 gallons of cooling water per 
hour. One low-pressure and three high-pressure 
heaters will raise the feed temperature to 325 deg. F. 

The alternators will generate at 11 kV and this 
pressure will be stepped up to 132 kV for transmission 
to the grid and to 33 kV for local distribution. The 
switchgear makers are the English Electric Company. 
Limited, Queen’s House, Kingsway, London, W.C.2, 
and Ferguson Pailin Limited, Openshaw, Mancheste' 
The consulting engineers for the equipment of th 
station, which is expected to be completed during this 
summer, are Messrs. Kennedy and Donkin, London. 
8.W.1. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
““ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Acceunts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 


places abroad, with the exception 
WII ii c.Socsevctetcintacputecsovuscoonesies £510 0 


Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of ‘Appointments Open,” “Situations 
Wanted,” ‘‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six ; and 
333 per eent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than ‘first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


. The Proprietors will not hold themselves responsible 
or advertisers’ blocks left in their possession for more 





than two years. 
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THE BALANCE OF NAVAL 
POWER. 


W. S. Gitsert’s jibe that “‘ The House of Lords, 
throughout the war, Did nothing in particular, And 
did it very well,” if it ever had any substance in 
historical fact, certainly is not justified by the record 
of the Upper House in recent years ; for it is doubtful 
whether any other legislative assembly, in any 
country, can claim a more consistent record of 
sound knowledge allied to sober and farsighted 
judgment, and accompanied by a minimum of 
irresponsible criticism. The fact that, so often, in 
the Lords’ proceedings, the motions are “‘ by leave, 
withdrawn,” after the views of both sides have been 
ventilated, probably blinds a large section of 
the public to the value of these exchanges of 
opinions ; but there are many directions in which 
a reliable assessment of the national affairs can 
be better obtained by a perusal of the Lords’ 
debates than by almost any other means avail- 
able to the man in the street. In no matter of 
national concern is this more evident, perhaps, than 
in connection with naval affairs; and, while the 
general public are being invited, in “ another place,” 
to accept the cost of re-armament as almost the sole 
reason for the new austerities which the Chancellor 
of the Exchequer seeks to impose, it was timely that 
Lord Teynham should have initiated, on April 11, 
a debate in the House of Lords on a motion in which 
he asked the Government whether they were satis- 
fied that the Navy Estimates were adequate for the 
needs of the times and urged an immediate accelera- 
tion of the naval building programme, especially in 
the expansion of anti-submarine forces. 

Lord Teynham expressed confidence that the 
public would not begrudge additional expenditure on 
the Navy when they realised the need for it and, in 
particular, the danger of underwater attack upon 





Britain’s sea communications in the event of another 
war. He was aware, he said, that much intensive 
research had been undertaken to produce instru- 
ments that would counter enemy submarine 
operations ; but, he added, there was a danger 
that the completion of ships might be delayed while 
the scientists were perfecting these instruments to 
their own satisfaction. As an instance, he cited the 
three cruisers of the Tiger class, on which work had 
been suspended pending the development of new 
fire-control instruments and of guided missiles, and 
urged that they should be completed at the earliest 
possible date. 

The debate was continued in much the same strain 
by peers from both sides of the House. Lord Winster 
asserted that there were too many ships in reserve 
and too many officers and men employed on shore ; 
Lord Strabolgi, that it would be a serious mistake to 
neglect the Navy in the endeavour to maintain a 
large Continental army; and Lord Caldecote, 
returning to a subject on which he has spoken very 
forcibly on former occasions, that the state of the 
Royal Corps of Naval Constructors was “appalling 
and disastrous,” its strength being less than two- 
thirds of the 300 that had been recommended as 
desirable. Lord Hall, the First Lord of the 
Admiralty, replying to the debate, said (of course) 
that the Government were satisfied that the 
Estimates, ‘‘together with any supplementary 
estimates ” that might be submitted, would enable 
the Navy to meet the burden of its obligations in 
defence, though he owned that the Admiralty were 
not yet prepared to proceed with the completion of 
the Tiger class of cruisers. The total Russian sub- 
marine strength, he said, was about 360, and there 
was reason to expect that, in any future war, much 
more use would be made of mines than in previous 
wars. Provision was being made, however, to protect 
merchant ships against mines and a stock of de- 
gaussing equipment had been built up in readiness ; 
anti-submarine and anti-mine research was pro- 
ceeding, and the building programme, when com- 
pleted, would add 232 new ships to the Navy. 
including 24 frigates. Moreover, 60 ships would be 
brought into the Fleet from reserve. So far as 
guns were concerned, the Admiralty bad accumu- 
lated sufficient dual-purpose weapons (suitable for 
surface or anti-aircraft action) to arm the entire 
British merchant fleet, and these had been dis- 
tributed throughout the United Kingdom and also 
to Commonwealth countries. 

In the end, of course, ‘‘ the motion was, by leave. 
withdrawn ” ; though not, it may be supposed, with 
any idea that the subject might be dismissed until the 
next Navy Estimates provide an opportunity to 
revive it. That the Admiralty, and the Navy in 
general, feel no complacency about the position may 
be taken for granted. Whatever accusations of 
“red-tapeism ” may be levelled at that Department, 
it is, in fact, as wide-awake an organisation as a 
Government department is ever likely to be; an 
attribute which is certainly due in part to the 
constant coming and going of active-service naval 
officers into and from positions of administrative 
responsibility, but which is also partly due, without 
doubt, to the fact that so many of the civilian 
personnel come from the Dockyard towns and are 
familiar with naval affairs from more than one angle. 

Nevertheless, it must be admitted that the 
relative position of the Royal Navy, in relation to 
what it once was, to what other navies are now, and 
to the demands that are likely to be made on it in 
any future conflict, leaves considerable room for 
improvement ; and those who have any knowledge 
at all of maritime problems and affairs may not be 
particularly impressed by the play that the First 
Lord made with his 232 ships, a large number of 
which are purely coastal craft. If the average sub- 
marine came into the same category, the situation 
might take on a better appearance ‘ but the sub- 
marine of to-day is designed and equipped to go 
anywhere, and has powers of endurance and an 
operational range far superior to those of the average 
coastal motorboat or gunboat. If the major attack 
on British communications is to be by mine, these 
coastal craft will prove serviceable enough, in ail 
probability ; but if it is to be by torpedo and gun 
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marines, the protection of the convoys will require 
many more deep-sea vessels than it seems possible 
to produce quickly. If hostilities were to break out 
within, say, the next three years, it is more than 
likely that many of the reserve ships would have to 
be rushed to sea without waiting for the perfect 
weapons and perfect instruments so ardently 
sought by the scientists. To prophecy thus is not 
to decry the value of science or of those who extend 
and apply it ; it is merely to emphasise that, all other 
developments notwithstanding, the survival of this 
nation depends on an uninterrupted flow of merchant 
shipping to and from its shores, and that the Navy 
cannot ensure that the flow is uninterrupted if it 
lacks seagoing ships itself. 

A careful (and, preferably, a leisurely) study of the 
latest edition of Jane’s Fighting Ships,* with its 
various commentaries, and, especially its summarised 
ship lists and the footnotes to the classified des- 
criptions, may be recommended as a preliminary to 
any acceptance of economies at the expense of the 
Navy. The present issue is particularly helpful as 
an aid to a proper perspective, as it has been over- 
hauled and revised to an extent that, probably, has 
never happened before ; an immense task, on the 
execution of which the new editor, Mr. Raymond 
Blackman, is to be commended and congratulated, 
and the publishers likewise. Mr. Blackman’s pre- 
decessor, the late Mr. Francis McMurtrie, had 
struggled valiantly with the task of bringing the 
book up to date year by year, and achieved a 
considerable measure of success in the face of 
difficulties which few can be expected to appreciate 
without first-hand experience of the problems of 
post-war publishing. It was becoming increasingly 
evident, however, that the time had come for a 
more drastic revision and this has now been accom- 
plished, with the aid of many willing official and 
private collaborators, from practically every country 
which maintains a navy. The fact that the present 
edition includes 80 more pages than the previous 
one, and nearly 500 new illustrations of ships, indi- 
cates how thorough the revision has been. 

Naturally, the data concerning the Russian naval 
strength are far from being complete or definitive, 
but sufficient information emerges to show that it 
is far from negligible, even in terms of surface ships 
and allowing for the fact that many of these are 
old and most heterogeneous in types. It is stated 
that the new programme of construction includes 
three battleships, 20 cruisers, 120 destroyers and 
1,000 seagoing submarines. What progress has 
been made with the battleships is doubtful in the 
extreme, but it appears that one, the Sovyetski 
Soyuz, is completed or practically so, and that she 
is a vessel of some 45,000 tons loaded displacement, 
with six 16-in. guns. Another battleship may have 
been launched by now. The ex-Italian battleship, 
formerly the Giulio Cesare and now renamed 
Novorossisk, is in commission and probably mo- 
dernised. The remaining battleships are old, and 
may be ignored ; and the cruiser strength is hardly 
worth more consideration. The destroyer force 
comprises some 70 vessels, many of which came 
from the former German, Italian and Japanese 
navies, most of which, if not all, have been re-armed ; 
and there are a aumber of new or relatively new 
Russian-built destroyers, of about 2,500 tons. 
These, as well as the submarines, probably owe 
much to the knowledge and experience of former 
German technicians, now in the Russian service. 
Against this force, the combined resources of the 
Western Powers compare more than favourably ; 
but the distribution among the smaller navies of 
numerous modern vessels, sold to them in recent 
years, introduces factors which complicate the 
naval scene in ways that are difficult to evaluate, 
in the light of political trends. Few of these navies 
are potential opponents in any active sense, but their 
existence, and the consequent probably inavailability 
of bases on which, in former wars, the Western 
Powers were able to rely, are considerations which, 
strategically, are disquieting. 





* Jane’s Fighting Ships, 1950-51. 52nd _ edition. 
Edited by Raymond V. B. Blackman, A.M.I.N.A.. 
A.I.Mar.E. Sampson Low, Marston and Company, 
Limited, 25, Gilbert-street, London, W.1. [Price 63s. 
net.) 





INDUSTRIAL ACCIDENTS. 


THE plotted curve of fatal accidents in factories, 
covering the period from the pre-war year 1938 to 
1949, shows a steep and regular rise to the year 1941 
and then a continuous but irregular fall to 1946. 
This is followed by a relatively small rise to 1948, 
and a marked fall in 1949 in which year the number 
of fatal accidents was the smallest in the twelve-year 
period. The Factory Acts embrace the manufacture 
of almost anything, from motor cars to paper and 
cheese, and detail analysis of the accident returns in 
terms of different industries would represent a task 
which it is certainly not the business of this article 
to undertake. Even H.M. Chief Inspector of 
Factories, in his report* for the year 1949, does not 
appear to have attempted such an analysis. 
Extensive tables are given, recording all reported 
accidents in the various factory inspectors’ districts, 
and there is a table giving the accident frequency 
rate for a number of selected factories for the years 
1947, 1948 and 1949. It would have been of interest 
and value, however, if some general indication of the 
accident trend in the various industries, or various 
types of industry, could have been given. The 
overall figures show a satisfactory fall in both fatal 
and non-fatal accidents, but do not indicate to what 
industries that fall is to be credited. 

Some broad general conclusions may be drawn 
from a record of accidents over the twelve-year 
period. The steep rise in the year 1941 was due to 
the influx of new labour into industries with which 
they were not familiar, and the fall in both fatal and 
non-fatal accidents which occurred in the following 
war years was due to the growing familiarity of work- 
people with their environment and to gradual 
improvement of plant and material arrangements. 
By the year 1945, although the war was not over, a 
fatal-accident rate was reached which endured with 
comparatively little change until 1948 ; during this 
period the number of non-fatal accidents fell 
steadily. The fall in both types of accident which 
is recorded for the year 1949 is a matter of satis- 
faction and, as industrial activity was not greatly 
different in 1948 and 1949, it may be attributed to 
improvements in safety methods and increasing 
appreciation, both by workpeople and managements, 
of the importance of the whole subject. 

The table of frequency rates for a selected number 
of factories, which is given in the report, includes a 
number of engineering industries. A return based 
on a “selected number of factories,”’ the number not 
being stated, is not altogether satisfactory, especially 
when it is added that it is “ based on information 
supplied voluntarily by certain factories.” It is a 
reasonable assumption that voluntary information is 
most likely to be furnished by well-conducted, well- 
equipped establishments, so that the figures given 
may not fairly represent an industry as a whole. 
The table shows a falling frequency rate in “‘ Engin- 
eering, light electrical and radio” and in “ Engi- 
neering, general and heavy,” but for ‘“‘ Shipbuilding 
and repairing ” and “ Iron and steel founding,” the 
frequency rate for 1949 was higher than in either 
1947 and 1948. The frequency rate is determined 
by the total number of accidents, multiplied by 
100,000 and divided by the total man-hours worked. 

Remarks of a general nature contained in the 
report throw some light on the trend of some of the 
frequency rates recorded in the table. It is stated, 
for instance, that electrical accidents to women and 
young persons tend to lessen. This may help to 
explain the trend in light electrical engineering. 
Electrical plant and apparatus is in no way confined 
to that type of industry, but it is the one in which, 
in the engineering field, the proportion of women and 
young persons is probably greatest. It may be 
surmised that it is due to growing improvement in 
safety devices and safety methods. Portable electric 
tools are responsible for many electrical accidents, 
in heavy rather than light engineering, and the 
statement that “ there is a decided move by associa- 
ted groups and many large factories towards the 
adoption of a low voltage for portable electrical 
apparatus’ may have something to do with the 
frequency rate for “Engineering, general and 
heavy.” Power presses are a cause of accidents in 





* Annual Report of the Chief Inspector of Factories for 
the Year 1949. H.M. Stationery Office. [Price 4s. 6d. net.] 


many kinds of engineering workshop. The report 
states that “progress towards the greater use of 
fixed guards is quite disappointing ” and 
that the “development by power press makers of 
guards of their own design to form an integral part 
of the press continue to, be slow”; but the fact 
that, in 1949, the number of power-press accidents 
was the lowest since 1930, though the number of 
presses in use must have increased considerably, 
suggests that progress is being made. 

Of the accidents reported in connection with ship- 
building and ship repairing, 29 per cent. were due to 
persons falling, 22 per cent. to the handling of goods 
or articles, 11 per cent. to stepping on or striking 
against objects and 10 per cent. to being struck by a 
falling body. In view of these figures, it would 
appear that the rise in the frequency rate in 1949 
must be looked upon as purely fortuitous. All these 
types of accident depend more on the actions of 
workpeople than on plant or structural arrange- 
ments. There is one type of ship-repairing accident, 
however, the) prevention of which is only partly 
within the control of individuals ; this is connected 
with repair work in the tanks of oil-carrying ships. 
Vapour explosions caused by welding or cutting, 
or even by smoking, in tanks which have not been 
properly ventilated may have very serious results. 
The report does not specifically mention any case 
of this kind in 1949, but gives particulars of methods 
of cleaning out oil tanks by repeated floodings or 
by filling with heated salt-water and blowing in 
fresh air after the water is drained off. 

No comment is made on the rise in frequency rate 
shown by “iron and steel founding” in the table 
compiled from returns made by a “selected number 
of factories,” but, as suggested above, these returns 
may not give a reliable picture of the industry as a 
whole. A long section of the report deals with 
conditions in ironfoundries and the general con- 
clusion appears to be that satisfactory progress is 
being made in the improvement of amenities, this 
term being here understood to include such matters 
as the laying of better floors, arrangements for 
storing moulding boxes to prevent congestion, 
improvements in temperature regulation and in 
lighting. 

Statutory Building Regulations were introduced in 
October, 1948, and, although it is stated that there is 
no reason to believe that there was any appreciable 
change in the number of accidents occurring in 1949 
as compared with 1948, the actual number reported 
increased by 20 per cent. The assumption is that in 
the earlier year many accidents were not officially 
recorded. The number of accidents in 1949 was 
11,777, which is only slightly below the average 
figure for the three years of intense building activity 
in the earlier part of the war. Building plant and 
structural arrangements are necessarily always of a 
temporary nature and it may well be difficult, or 
impossible, to embody safety arrangements which 
may properly form part of permanent works. 
Although the total number of accidents in 1949 
increased by 20 per cent. as compared with 1948, 
the fatal accidents decreased by 11 per cent. It is 
doubtful, however, whether this figure is to be taken 
as an indication of permanent improvement. Of 
the total of fatal accidents, no less than 80 per cent. 
were caused by persons falling, and the difference 
dividing a fatal accident from a serious non-fatal 
accident may be very small. In another year, some 
of the border-line cases may not be so fortunate. 
A matter to which the report devotes a considerable 
amount of space, and which has a direct bearing 0D 
accidents due to falling, concerns the danger 
attaching to walking on asbestos-cement roofing 
sheets. It is implied that ignorance about the 
strength of such sheets is widespread and that many 
workpeople, and even architects, contend that it is 
safe to walk, and even jump, on such roofing. ‘There 
is no difficulty in obtaining access to any part of ap 
asbestos-cement roof without danger, by using 
crawling boards of ladders or, if it is necessary to 
walk on it, restricting movement to the neighbour- 
hood of parts supported by purlins. It is —e" 
that accidents have occurred when, owing to the 
shortage of timber, it has been used for concrete 
shuttering. “The sheets might have been rene 
enough to support the concrete alone, but fractw 





when trodden on by the men placing it.” 
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Tue Law or CopyRiGcurt. 


Horss for the correction of various anomalies 
that have arisen in the incidence of the present law 
of copyright are aroused by the announcement 
in the House of Commons, on Tuesday, that the 
President of the Board of Trade has appointed a 
committee to consider possible changes in that law. 
In response to a question by Mr. G. Jeger, the 
Member for Goole, who asked whether he was now 
“in a position to make a statement about a review 
of the law of copyright,” Mr. Harold Wilson replied 
that, after consulting the Lord Chancellor, he had 
decided to appoint a committee with the following 
terms of reference : “* To consider and report whether 
any, and if so, what, changes are desirable in the 
law relating to copyright in literary, dramatic, 
musical and artistic works with particular regard 
to technical developments and to the revised 
International Convention for the Protection of 
Literary and Artistic Works signed at Brussels in 
June, 1948, and to consider and report on related 
matters.” The President of the Board of Trade 
added that Lord Reading had consented to act as 
chairman of the committee, and that invitations 
to serve on it had been extended to, and accepted 
by, Dr. T. E. Allibone, F.R.S.; Mr. J. L. Blake, 
Comptroller-General of Patents ; Mr. George Bristow 
Cooke, D.F.C.; Miss B. A. Godwin; Sir Henry 
Gregory, K.C.M.G., C.B., who is the Principal 
Finance Officer to the Board of Trade; Mr. E. M. 
Hugh-Jones, Mr. J. P. Lamb, and Mr. F. E. Skone 
James. The secretary of the committee will be Mr. 
H. W. Clarke, of the Patent Office. The precise 
implications of the phrase, “ with particular regard 
to technical developments,” are not altogether clear. 
It may have reference merely to the spread of radio, 
radio-gramophone and television means of diffusion 
of copyright matter; but there is also the possi- 
bility—one in which all editors of technical journals 
must feel a particular interest—that the intention 
is to examine the effect of Government participation 
in, and control of, research upon the freedom of 
journals to publish reports and illustrations of such 
work, formerly obtainable through private channels 
They come now from official sources and, therefore, 
are Subject (under the Copyright Act of 1911) to the 
payment of reproduction fees to the Controller of 
H.M. Stationery Office, and to elaborate forms of 
acknowledgment which, when frequently repeated, 
are as burdensome as they are unnecessary. 


Tue InstrruTion oF MECHANICAL ENGINEERS. 


Two Applied Mechanics Group papers were 
presented at a meeting of the Institution of Mecha- 
nical Engineers, held on Friday, April 6, with 
Professor J. L. M. Morrison, D.Sc., in the chair. 
The first, by Dr. D. Williams, M.I.Mech.E., was on 
“Load Distribution in Riveted and Spot-Welded 
Joints,” and the second, by Mr. F. Koenigsberger, 
M.I.Mech.E., on “Design Stresses in Fillet Weld 
Connections.” Dr. Williams opened his paper by 
explaining that the greater rigidity of a spot weld, 
compared with a rivet, was likely to have some 
bearing on the relative strengths of the two types 
of joints. Tests had been carried out with two 
tapered box beams which were identical except that 
one was riveted and the other welded ; the welded 
box failed at about two-thirds of the failing load 
for the riveted box, in spite of the fact that the shear 
strength of an individual spot weld was nearly 
twice that of a rivet. The author described a 
theoretical investigation of the problem, on the basis 
of experimentally-obtained stress-strain curves for 
niveted and spot-welded joints in shear, taking into 
account the plastic part, as well as the elastic part, 
ofthe curves. Regarding two examples—a multiple- 
Tow lap joint and a stringer-reinforced panel—in 
both cases the riveted specimen gave the higher 
failing load. For lower loads, curves showed the 
change that took place in the distribution of shear 
among the rivets and welds as more and more were 
load: d beyond their yield points. This aspect was 
of importance when assessing the life of a structure 
under repeated loading. The author finally con- 
Sidered the conditions in “shear-lag” cases, ice., 
Where the shear flexibility of sheet panels was an 
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important factor in the distribution of load. In the 
second paper, Mr. Koenigsberger propounded a 
means of determining the working loads of eccentric- 
aily-loaded fillet-welded joints by working out the 
stresses in the plastic state prevailing immediately 
before failure occurred. The value of the failing 
load was then obtained and was divided by a load 
factor, the result being taken as the permissible load. 
Experiments gave results which were in close agree- 
ment with these calculations. The author then 
investigated the alternative ways of arranging the 
fillet-weld connections between rolled angle sections 
and gusset plates, so far as their effect on the 
strength of the assembly was concerned ; he found 
no difference with regard to the static strength of the 
assemblies, but stated that stress peaks at the end 
of the welds might indicate a weakness of one arrange- 
ment under fatigue-loading conditions. The dis- 
cussion was opened by Dr. Hugh Ford, who 
queried Mr. Koenigsberger’s use of the term “ ulti- 
mate shear stress,” and asked whether the work 
described was really a case of simple shear ; that 
condition was very difficult to obtain. Dr. P. B. 

Jalker referred to broader aspects of Dr. Williams’s 
paper—in particular, bolted joints and the effect of 
fretting on a joint which was being tested under 
fatigue. Dr. D. G. Sopwith drew attention to the 
similarity between Dr. Williams’s problem and one 
in which he was interested, namely, the transfer 
of load through screw threads ; the same general 
features were apparent and, mathematically, the 
problems were very similar. In a brief reply, Mr. 
Koenigsberger agreed that “‘ ultimate shear stress ” 
was not the correct term ; the shear stress had been 
determined by a tensile test piece consisting of two 
parallel fillet welds parallel to the line of action 
of the load. 


Ravio CoMPONENTS EXHIBITION. 


The eighth annual Exhibition of British Radio 
Components and Associated Equipment, organised 
privately by the Radio and Electronic Component 
Manufacturers’ Federation—one of the four consti- 
tuent bodies of the Radio Industry Council—was 
formally opened by the president of the Federation, 
Sir Robert Renwick, at Grosvenor House, London, 
W.1, on Tuesday, April 10, and remained open till 
Thursday, April 12. As in previous years, the 
exhibition was organised in order to acquaint manu- 
facturers of radio and electronic apparatus with the 
most recent developments in materials and in the 
design and manufacture of components, accessories, 
testing equipment, etc., used by them. On this 
occasion, the number of exhibitors was 108, and, as 
in previous years, the display was attended by a 
large number of visitors from overseas. One of the 
objects of the Federation is to ensure a high standard 
of quality, design and workmanship in the industry 
and to promote the standardisation of radio and 
electronic components and accessories. During the 
past year, considerable progress has been made in 
furthering these aims. A number of entirely new 
components have appeared and others have been 
redesigned to give improved performance and 
greater reliability. Committees appointed by the 
Federation have prepared specifications relating to 
components, and 19 of these have been published 
already. In opening the exhibition, Sir Robert 
Renwick said that, during the past year, the British 
radio industry had attained a higher level of pro- 
duction than ever before, owing largely to the rapid 
expansion of television and the unprecedented 
demand from overseas for radio equipment. At 
present, the output of the principal types of com- 
ponents and valves is approximately ten million a 
week and the value of exports of these items during 
1950 exceeded 7,750,0001. Exports of the British 
radio industry as a whole, during 1950, amounted in 
value to 17,750,000/., an increase of 5,400,000/. over 
the 1949 total, and the present level, based on 
statistics covering the first quarter of the current 
year, is equivalent to 22,000,000/. per annum, 
of which 6,000,000/. represents loose components. 
Indeed, the British radio industry is, at present, the 
largest exporter of radio and electronic components 
in the world. During recent months, Sir Robert 
said, world shortages of raw materials had caused 
the industry some concern, and there was little 
doubt that, unless supplies improved, output would 





be seriously restricted. Furthermore, the needs of 
the defence programme were certain to be felt as 
an increasing drain on the resources of the manu- 
facturers of components. Provided materials were 
available, however, the industry was well-equipped 
to meet any demands that were likely to be made 
on it, 


THE DEVELOPMENT OF ELECTRIC PowER CABLES. 


On Wednesday evening last, the chairman and 
directors of British Insulated Callender’s Cables, 
Limited, held a reception to mark the inauguration 
of the firm’s new display centre at 21, Bloomsbury- 
street, London, W.C.1. The guests, including 
Lord Citrine, chairman of the British Electricity 
Authority, Sir Archibald Gill, President of the 
Institution of Electrical Engineers, Sir Vincent de 
Ferranti, and Dr. Sherwood Taylor, Director of 
the Science Museum, were received by the chairman 
of the company, Sir Alexander Roger, K.C.1.E. In 
addition to a number of working models illustrating 
various branches of the firm’s activities, the display 
centre is now mainly occupied by the Hunter- 
Hazell collection of specimens of cables, which has 
been formed by Mr. P. V. Hunter and Mr. J. Temple 
Hazell to illustrate the development of electric 
power cables from the earliest days up to the 
present time. The exhibition will be open to all 
interested in the transmission and distribution of 
electric power until Friday, April 27, after which 
date it will be transferred to the Science Museum, 
having been presented to the nation and accepted 
by the Museum authorities on account of its great 
historical and technical importance. It will be 
displayed in the Exhibition Galleries of the Museum, 
and its first public appearance will coincide with 
the opening of the Festival of Britain, As the 
collection includes over a hundred specimens it 1s 
only possible here to mention a few of the out- 
standing items. The oldest exhibit is a specimen of 
the Edison two-core tube as used in the Holborn 
Viaduct installation in 1882, and the most modern 
is a three-core 132-kV impregnated gas-pressure cable 
having conductors 0-6 sq. in. in cross-sectional 
area. This cable, which was made for the British 
Electricity Authority by British Insulated Callen- 
der’s Cables, Limited, is claimed to be the largest 
underground cable in the world ; a length of 18 miles 
of it is now being installed between Barking and 
Ilford. Between these two limits, of course, there 
are examples of early concentric cables and high- 
voltage cables and other types illustrating all the 
important stages of cable development. We may 
mention, in particular, an interesting exhibit 
showing samples of the first five 10,000-volt cables, 
made in Great Britain between 1889 and 1898, 
including the tubular main used by Ferranti to 
connect the Deptford generating station with the 
West End of London. A duplicate of this exhibit 
was presented to Lord Citrine after the reception. 
Mr. Hunter and Mr. Hazell are certainly to be 
congratulated on the energy and enthusiasm they 
have displayed over a period of nearly 20 years in 
making the collection, and electrical engineers will 
appreciate the public spirit of the firm in presenting 
it to the nation. 





OBITUARY. 


MR. A. S. E. ACKERMANN. 

WE regret to record the death on April 7, of 
Mr. A. S. E. Ackermann, who was well known for 
many years as a consulting engineer, as a former 
secretary of the Society of Engineers, and, to a wider 
and less technical public, as the author of Popular 
Fallacies. Mr. Ackermann, who was 83, died at his 
home in Golders Green after a short illness. 

Alfred Seabold Eli Ackermann was a Londoner, 
like his father and his grandfather. He was born on 
October 29, 1867, and, at an early age, was taken to 
South Africa, where he received part of his formal 
education at the South African College, now the 
University of Cape Town. The rest was obtained 
at what is now the City and Guilds Engineering 
College; but, before going there, he had been 
articled to his father, A. W. Ackermann, A.M.L.C.E., 
and had spent some time with the Delta Metal 
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Company, the British Gas Engine Company, and 
with James Simpson and Company, the waterworks 
engineers, in Pimlico. He entered the City and 
Guilds College in 1890, taking the courses in civil 
and mechanical engineering under Professor W. C. 
Unwin, whose assistant he became after qualifying 
as B.Sc. (Eng.). While with Unwin, he spent some 
time at Hull, carrying out trials with Priestman’s 
heavy-oilengine. He was still a young man when he 
decided to set up in practice as a consultant. In 
1902 he turned to manufacturing engineering, and 
spent the next 16 years as engineer and manager of 
the Linolite Company, makers of electric-light 
fittings ; but he carried on a consulting practice also, 
undertaking many tests of prime movers and other 
plant, and travelled extensively in the United States 
and elsewhere, especially in connection with his 
investigations into the possible direct utilisation of 
solar energy for steam-raising, a subject on which he 
was a recognised authority. He was also in con- 
siderable demand as an expert witness, particularly 
in connection with cases concerning “ancient 
lights,” in which he was one of the first to oppose 
scientific method to mere opinion, Like many 
another consultant, however, he found his practice 
much affected by the outbreak of war in 1914, and 
eventually, in 1917, he joined the Controlled 
Establishments Division of the Ministry of Munitions, 
where he was engaged in adjusting the financial side 
of plant extensions undertaken for the Ministry by 
owners of controlled factories. Subsequently, to- 
wards the end of the war, he was consulting engineer 
to the Controller of National Aircraft Factories. 

He resumed his Westminster practice in 1919, but, 
in the difficult inter-war years, with varying fortune. 
It was not in his nature to be idle, however, and he 
found congenial occupation in acting as secretary of 
the Society of Engineers, an appointment which he 
held from 1907 to 1938, in preparing successive 
editions of Popular Fallacies (the most recent of 
which was reviewed in ENGINEERING of August 18, 
1950), and in carrying out various researches which 
occurred to his active mind. Prominent among 
these were his studies of the physical properties of 
clay, the results of which were embodied in a series 
of papers to the Society of Engineers. He was the 
author of a number of papers to this and other 
societies, and was the recipient of two Gold Medals 
of the Society of Engineers, the Silver Medal of the 
Royal Society of Arts, and other awards. He was 
an associate-member of the Institution of Civil 
Engineers, a member of the Association of Con- 
sulting Engineers, and a Fellow of the City and 
Guilds Institute, and, from 1921 to 1923, was 
deputy chairman of Convocation of the University 
of London, after having been, for eleven years, 
honorary secretary of the University of London 
Graduates’ Association. He was also one of the 
earliest broadcasters on technical and semi-technical 
matters, having delivered a series of wireless talks 
from the old 2L0 Station of the British Broadcasting 
Company, in January, 1925. 





MR. W. G. A. PERRING, C.B. 


AERONAUTICAL science has lost an outstanding 
figure by the sudden death on April 8, at his home 
in Camberley, Surrey, of Mr. W. G. A. Perring, 
the Director of the Royal Aircraft Establishment, 
Farnborough. He was 52 years of age. 

William George Arthur Perring was born on 
December 16, 1898, and received his early training 
in H.M. Dockyard, Chatham, where he attended 
the Dockyard school and distinguished himself suffi- 
ciently to qualify for entry to the Royal Naval 
College, Greenwich. There he took the course in 
naval architecture, eventually securing a first-class 
certificate in that subject, and also, in 1923, an 
1851 Exhibition Scholarship. This took him to the 
National Physical Laboratory, where he was for 
some time on the staff of the William Froude Tank. 
In December, 1925, Mr. Perring made what was 
really the momentous decision to abandon naval 
architecture in favour of aeronautics ; and, in that 
month, he joined the staff of the Royal Aircraft 
Establishment, as a junior technical assistant. 
Promotion came rapidly as his exceptional talents 
were recognised and, by 1940, he had become 
Superintendent of scientific research. A year later, 


he was appointed Deputy Director of Research and 
Experiment, and, in 1946, on the resignation of 
Mr. W. S. Farren, he became Director. Had he 
lived, he would have taken office as Director of the 
new National Aeronautical Establishment at 
Bedford, for which he was largely responsible. 

Mr. Perring, who was a Fellow and a vice-president 
of the Royal Aeronautical Society, and a member 
of the Aeronautical Research Council, contributed 
to so many branches of development that to give 
a comprehensive list of his achievements is hardly 
practicable. The direction in which his work was 
particularly noteworthy, however, was the design 
of wind tunnels; especially the 10 ft. by 7 ft. 
high-speed tunnel at Farnborough, which was 
brought into use during the recent war and played 
a significant part in the design of all British high- 
speed aircraft. He also carried out important 
researches into wing flutter, airscrew performance, 
the effects of high speed, and the performance of 
flying-boat hulls in water; he originated the 
dynamic method of testing these hulls, a develop- 
ment in which he put his earlier experience at the 
William Froude Tank to good service. He con- 
tinued, in fact, to maintain touch with marine 





THe Late Mr. W. G. A. Perrina, C.B. 


affairs through the Institution of Naval Architects, 
which he joined as an associate-member in 1924, 
and which, in his student days, had awarded him 
the Earl of Durham Prize. He presented a number 
of papers to that Institution, in one of which, on 
“The Porpoising of High-speed Motor Boats,” may 
be discerned the foundations of his later work on 
flying-boat hulls. 

As a man and as a scientist, Perring was of 
outstanding character. His knowledge covered a 
remarkable range and depth, and to an exceptional 
memory he added an equally exceptional ability to 
grasp the essentials of a subject with great rapidity 
and thoroughness. Though his main subject was 
aerodynamics, he was well acquainted with all that 
went forward in different departments of the Royal 
Aircraft Establishment, such as rocket develop- 
ment, aero-engines of all kinds, armaments, radio, 
etc. It will be recalled that, in 1945, he delivered 
to the Institution of Mechanical Engineers an 
address of great historical interest, on the German 
“'V.2” rockets ; a subject on which he could speak 
with peculiar authority. A man of great energy and 
determination, who never spared himself, he was 
also of a kindly and pleasant disposition, and entered 
with keenness into the social activities of the 
Establishment at Farnborough, where, on all counts, 
his loss will be severely felt. His work was recog- 
nised by the award of the C.B. in 1949, and there 
is no doubt that other, and international, honours 





would have followed, had he lived a few years longer. 


THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Concluded from page 399.) 


At the afternoon session on March 15, which was 
the concluding session of the Spring Meeting of the 
Institution of Naval Architects, two papers were 
presented. They were on ‘‘ High-Speed Sailing,” 
by Mr. H. M. Barkla, M.A., B.Sc., and on ‘“‘ The 
Influence of Ship Form on Transverse Stability,” 
by Professor C. W. Prohaska, Dr.Techn. The chair 
was taken by Mr. Lloyd Woollard, M.A. 


HieuH-SPEED SAILING. 


Partly from economic causes and partly through 
conservatism, said Mr. Barkla, no serious experi- 
mental work had been done to improve the speed 
of sailing craft. Racing yachts had become almost 
standardised and, as a means of attaining speed on 
water, the conventional yacht was now half a 
century out of date. Professor K. 8S. M. Davidson, 
at the Stevens Institute of Technology, had analysed 
its performance, but the only approach to a com- 
prehensive theory of sailing appeared to be that of 
F. E. M. Ducker, who had synthesised the behaviour 
of a somewhat idealised yacht from general con- 
siderations of the performance of aerofoils and hydro- 
foils. The general failure to pursue the logical 
development of the sailing vessel appeared to result 
from the assumption that a sail and a keel generated 
a capsizing couple which could only be met by the 
righting couple of a heeled hull. This had caused 
a virtual stagnation in the design of sailing vessels, 
the maximum speed of keeled yachts being still 
only about 1-44/L knots, L being the waterline 
length in feet ; at that speed, the vessel’s resistance 
was about one twenty-fifth of its weight. To reach 
speeds of the order of the wind speed required the 
development by the sails of forces more nearly 
comparable with the vessel’s weight; and the 
necessary increase in stability required the abandon- 
ment of heavy keels, and the adoption of two or 
three hulls, to give a wider distribution of the load 
on the water. The use of two or three hulls made 
it possible to increase the sail area by lateral exten- 
sion, without raising the centre of effort. To reach 
a condition of full planing, in winds of 15 to 20 knots, 
a vessel must carry a sail area of about 400 sq. ft. 
per ton ; and, once planing was initiated, the further 
increase of resistance with speed was so low as to 
permit speeds of 40 knots or more. The author 
then described a suggested vessel (a “ triscaph ”) 
carried on three hulls and propelled by two biplane 
aerofoils, mounted on the arms of a Y-shaped mast- 
structure, arranged to pivot on its vertical axis. 
Wind power, Mr. Barkla said in conclusion, had 


never been exploited fully for propelling vessels, 


‘any more than it had for driving machinery. The 


scientifically designed sailing vessel might never 
be adopted, but, at least, its potential performance 
deserved to be recognised. 

Dr. J. F. Allan, who opened the discussion, 
expressed himself as being satisfied that the author’s 
theoretical treatment of the subject was correct, 
and that his conclusions, based on certain assump- 
tions, were reasonable. The author appeared to 
accept without argument the view that more and 
more speed was desirable ; but, though yachting 
could not always be described as a leisurely pastime, 
there were still occasions when it was leisurely. 
The hump in the curve of the speed-length 
ratio at the value of 1-5 was the obvious limit to 
what could be done with the conventional yacht, 
and to get over that hump it was necessary to 
increase the sail area enormously, which was not 4 
practical proposition. The limiting speed of an 
ocean racer was a little below the 1-5 hump. Was 
it a seaworthy idea to push such a vessel beyond 
the 1-5 hump in the conditions in which the wind 
would be available to produce the necessary forces ? 
Dr. Allan felt that it was not. Planing boats 
were very uncomfortable in rough water ; in weat her 
conditions which permitted speeds of 40 knots, it 
would not generally be reasonable to drive a boat 
at 30 or 40 knots. In protected estuaries, and for 
limited periods, there might be conditions which 





permitted the use of the full properties of the vessel 
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described in the paper; that was the interesting 
application of the idea, and he felt it would appeal 
to a number of younger yachtsmen if that type of 
boat were developed and put on the market at a 
reasonable price. It did not appear that such a 
vessel would have any commercial or Service 
applications ; he hoped, however, that the author 
would find someone or some interest sufficiently 
intrigued by the proposition to develop it further. 

Mr. K. C. Barnaby, in a written communication, 
said that catamaran yachts, constructed on the 
principles put forward in the paper, would, no doubt 
“ghost ’’ along in light airs, because of their large 
ratio of sail area to displacement; on the other 
hand, it seemed doubtful whether they would often 
be able to take advantage of their high speed 
potentialities. Small hydroplanes were extra- 
ordinarily sensitive in rough water, and he saw no 
reason to suppose that a sailing hydroplane would 
be any less so. When the wind was right for high 
speed, the surface conditions would render it impos- 
sible. Like Dr. Allan, however, he hoped that some 
sporting enthusiast would construct a craft on the 
lines indicated. While such a craft would not comply 
with Froude’s requirement that a yacht should com- 
bine habitability with speed, its owner might 
“keep his hand in ’’ during the winter by fitting it 
with wheels and using it as an ice or land yacht. 

Mr. W. J. Westell suggested that a distinction 
should be drawn between Mr. Barkla’s theory and 
his proposed form of vessel. In the paper he had 
given only one sketch of a possible vessel; but 
there were different ways of putting into practice 
the theories he had brought forward, and it seemed 
that the question whether people would build such 
boats was largely one of cost. For offshore sailing 
and cruising or ocean racing, whether or not there 
should be very high-speed boats seemed to depend 
entirely on whether an infallible safety device 
could be developed, so that a boat would not blow 
over if it hit a bad formation of wave. He was 
convinced, however, that a smaller planing type of 
boat would be built eventually, reaching speed of 
the kind that the author had projected, for inshore 
racing. 

Mr C. A. Lyster thought that the author’s 
method of dealing with the enormous number of 
variables with which a yacht was confronted was 
highly ingenious. The objection to that particular 
form of motion on water could be based on two 
grounds. Seaworthiness was a serious problem, 
and to travel over water at high speed could be 
shattering if the sea were anything but glass-smooth. 
When high-speed vessels were developed during the 
war for anti-submarine and other duties, a real 
effort was made to enable them to keep the sea in 
all weathers and, as far as possible, to maintain 
their speed. The boats could, in fact, keep the sea 
in all weathers, but they could not keep their 
speed ; it was not possible to drive them at really 
high speed in rough water. The second objection 
was the difficulty of controlling such a yessel. He 
had raced in a yacht, and understood that the 
difficulties of steering a high-speed ocean-going 
racing yacht before the wind, in a strong wind and a 
rising sea, were so great that the helmsmen had to 
be relieved at intervals of a quarter of an hour or so. 
Attention must obviously be given to methods of 
controlling the boat and altering the incidence of 
the aerofoils before Mr. Barkla’s proposal could 
become practical. Again, the triscaphs or biscaphs 
must have considerable strength if they were to 
sail in anything but calm water. Flying boats in 
distress, which came down on a rough sea, seldom 
lasted more than 20 minutes, and if the author were 
taking a flying-boat structure as an indication of 
strength, there was not much to hope for in that 

ction, 

Mr. F. E. M. Ducker, discussing the theoretical 
aspects of the paper, admitted that he had devised 
4 means of evaluating sailing-ship performance, as 
Mr. Barkla had said. A price was being paid for 
generality of form and he doubted whether the 
4pproximations involved did not offset the genera- 
lity by limiting the applicability. The number 
and relationship of the variables in the problem of 
the sailing ship were such that he did not think a 
Purely mathematical solution to performance was 
possible ; recourse to graphical methods seemed 





inevitable. However, he felt that something would 
develop on the lines suggested in the paper. 

Dr. J. F. Leathard considered that the adoption 
of the aerofoil type of sail, instead of the normal 
canvas, was definitely an improvement. The multi- 
hull arrangement seemed to be sound enough, if 
the conditions in which it was to operate were ideal ; 
but they never were ideal, and he felt that the 
fore and aft stability for such a boat would be of 
supreme importance. Mr. Barkla’s proposal of 
some sort of freedom of movement for the three 
floats would probably tend to cause instability 
rather than to improve stability. The triscaph 
yacht contained a novel feature, in that it was pro- 
posed to tilt the aerofoil inwards ; that would assist 
stability by producing a righting moment from the 
lifting forces on the aerfoils, acting in the same 
direction as the actual righting moment of the hulls. 

Major-General H. J. Parham said that the first 
necessity was to obtain some sort of control, which 
was the greatest point in favour of stiff sails ; the 
vessel could then be balanced aerodynamically 
and could sail in high winds with safety. Twin 
hulls would make it possible the acrobatic balancing 
which was necessary in yachts. 

Mr. P. V. MacKinnon thought that there were 
plenty of places where smooth water could be found 
in conjunction with strong winds, so that the 
conditions were suitable for experiment ; and he 
believed that, when such boats were taken into rough 
water, they would be found to be much more sea- 
worthy than was expected. The use of aerofoils 
was necessary in strong winds, and the author was 
right in adopting the double or even the treble 
hull, so relieving the helmsman. The greatest 
problem would be to reach a high ratio of ship’s 
speed to wind speed under light and moderate wind 
conditions. It was a problem particularly difficult 
to solve when the helmsman’s object was to sail 
down wind as fast as possible. 

Mr. Barkla, in his response, said he was much 
encouraged by the appreciative remarks of those 
who had agreed on the soundness of his mathematical 
analysis. With regard to safety in broken water, 
he recommended that there should be a “ panic 
button ” on the vessel whereby, if the windward 
hull were coming out of the water, the rudder could 
be centred to reduce the air forces immediately. 
He did not think that there would be difficulty in 
doing that rapidly. The idea of tilted aerofoils 
was not new; it had been applied in the United 
States. 

The chairman then called on Professor C. W. 
Prohaska to present his paper on “Influence of 
Ship Form on Transverse Stability.” 


Sure Form AND TRANSVERSE STABILITY. 


Professor Prohaska’s paper was, in essence a 
continuation of his earlier paper on “ Residuary 
Stability,” presented in 1947 and printed in vol. 89 
of the Transactions. It summarised stability 
calculations carried out in respect of a series of 42 
ship forms, having fullness coefficients selected to 
cover the normal range of merchant ships, the results 
being given in the form of C,, curves. An analysis 
of the C,, variations due to changes in hull form was 
given, the broad conclusions drawn from them being 
compared with those derived from the author’s 
earlier work. A new method was then set out for 
the rapid calculation of stability curves, the claims 
being made for this method that, while approximate, 
it was at least comparable in its results with those 
obtained by the “exact” methods, and that the 
curves were more easily to be verified by comparison 
with those derived for other forms. 

Professor A. J. Sims, O.B.E., R.C.N.C., in opening 
the discussion, said that Professor Prohaska’s contri- 
butions deserved serious study. In the present 
instance, however, he doubted whether the title was 
well chosen. The first third of the paper had direct 
reference to it; the remainder contained a new 
method of investigating the stability of a ship. 
The method was ingenious, and would repay study. 
It would be a pity, however, if any suspicion were 
to be aroused about stability curves as obtained by 
the orthodox methods. He had no reason to doubt 
that a good, thorough and conscientious user who 
was prepared to take a lot of trouble to check his 
instrument and to understand it so that the integrator 





could be used in the most efficient manner, would 
obtain results of a high order of accuracy. One 
slight disadvantage of Professor Prohaska’s method 
was that, after going to the trouble of getting the 
initial perameters, the rest of the process became 
somewhat mechanical, so that it was a little difficult 
to be certain that no mistake had been made. 
Professor Sims was:a little doubtful whether, in a 
well-equipped design office, Professor Prohaska’s 
method would receive wide application, but he 
admired the good approach that had been made. 

Mr. K. G. McBride believed the P-method was 
advocated especially for the case of warships and 
other types of ships in respect of which accurate 
information was required in the early stages, and he 
did not doubt that the method would be most wel- 
come to those concerned with the calculations for 
such ships. The advances claimed were worthy of 
note and consideration, particularly the drawing 
of the residuary resistance curves and the correction 
curves below. Although for the P-method of 
calculation there was claimed a certain increase in 
speed, against that must be set the extra hydrostatic 
calculations involved. So far as the general adop- 
tion of the method in the design office was concerned, 
however, he did not think that this additional work 
would have a great bearing. Again, some types 
of ships were not particularly suited to the method, 
in which case an understanding of its basic principles 
was necessary before it could be applied to a parti- 
cular ship; it was doubtful whether a design-office 
staff would have sufficient time, or perhaps sufficient 
knowledge, to understand those principles fully. 
Caution appeared to be necessary in regard to the 
wide application of the method. To set against the 
P-method there was the choice of the integrator 
method for accurate work ; this was free from the 
limitation of suitability of form. Also there 
appeared to be no reason why the advantageous 
presentation of results should not be applied to the 
integrator method, if desired. The Cy, diagram 
showed good comparisons under certain conditions. 
In an effort to obtain a more accurate production 
of the stability curves, the P-method had been 
evolved, which seemed to be widening the subject. 
He wondered how far it would be necessary to go 
to secure further accuracy in the general application. 
Professor Prohaska’s paper presented a wide analysis 
of the effect of the ship’s form on stability, which was 
valuable for practical use; and his method of 
calculation, though apparently limited in one or 
two ways, had great possibilities. 

Mr. L. Woollard thought that the stability of ships 
was the only branch of naval architecture which was 
exact. A thousand years hence, the theory would 
be much the same as to-day ; undoubtedly, methods 
would be improved, but, of its very nature, the 
theory could not change. It might be supposed 
that, by now, some finality would have been reached, 
yet a stream of highly interesting papers gave fresh 
food for thought on the subject. He was not con- 
vinced that the integrator method was so unreliable, 
or at least called for so much labour, as Professor 
Prohaska had suggested. In warships, some rapid 
estimate of high-angle stability was of great import- 
ance. Warships were apt to become top-heavy, 
with the introduction of radar, etc., and one could 
be let down badly if one designed for metacentric 
height and did not rapidly check the range. During 
the war, he had been associated with a design in 
which it was necessary to alter the proportions at a 
later stage than he would have wished, in order to 
get sufficient range. It was important, therefore, 
that approximate methods should be sought, since 
a large number of highly trained staff were not 
available under war conditions. 

Professor Prohaska, responding to the discussion, 
agreed with Professor Sims that the title was 
perhaps not the best that could have been chosen 
for the paper as presented ; he had intended to go 
farther, had time permitted. In reply to Mr. 
McBride: he had not intended to imply that the 
new method was to be used especially for warships. 
It could be used with advantage, not only in con- 
nection with such ships, but for passenger ships 
and others, where accurate information, was required 
in the early stages. The extra work on hydro- 
statics, that had to be performed, was not so great 
as seemed to be suggested. Mr. McBride had the 
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impression that the method was not applicable to 
all forms; but Professor Prohaska could not see 
any limitations. He agreed with the chairman that 
the calculations did involve some approximations 
in the so-called “exact ’’ methods, and they could 
be, and in many cases would be, poorer than those 
applied when using the new method. Finally, he 
appreciated that his method would not be accepted 
readily without proof, and that all interested would 
need to apply it at some time to see how it worked 
out. He hoped that someone would try it out, 
because he believed that it would prove to be a 
short cut in stability calculations. 





SIX-SPINDLE AUTOMATIC BAR 
MACHINES. 


Tue series of mutli-spindle automatic bar machines 
manufactured by B.S.A. Tools, Limited, Mackadown- 
lane, Marsten Green, Birmingham, was increased 
recently with the introduction of a range of six-spindle 
units. These machines, which are known as the B.S.A. 
Acme-Gridley six-spindle automatic bar machines are 
manufactured under licence from America and are in 
addition to the existing range of four-spindle machines 
of the same name. The new six-spindle automatics un- 
doubtedly represent the latest practice in this class of 
machinery, the outstanding features being the use of 
anti-friction perme throughout, the provision of a 
wide range of spindle speeds, rapid indexing and inde- 
pendent cam control for each slide. Four machines are 
available in the new range, the capacities of which are 
1 in., 1} in., 1§ in. and 2§ in., respectively. A photo- 
graph of the 1}-in. machine, which is representative of 
the range, is reproduced in Fig. 1, on this page, where 
it is shown without any tools or equipment in position. 

The American form of construction, in which the 
frame comprises only four castings, namely, pan, 
headstock, gearbox and top rail, has been retained ; 
this ensures a rigid machine and enables all mechanisms 
to be enclosed. The machine is driven by V-belts 
from a motor located on an adjustable platform over 
the headstock. It will be appreciated that adoption of 
this method of driving renders the machine an indepen- 
dent unit which can be moved from place to place with 
the minimum of trouble. The spindle speeds of the 
various machines are as follows: 1 in., 719 to 2,383 
r-p-m.; 1} in., 252 to 2,181 r.p.m.; 1§ in., 108 to 
1,380 r.p.m.; and 2§ in., 101 to 1,065 r.p.m. 

Considerable care has been taken in the design and 
construction of the machine to ensure accurate align- 
ment of the spindles and tool slide. To obtain this, 
the stem is made so that it is integral with the spindle 
carrier and is ground at the same setting as the carrier 
bearing. As the main tool slide is mounted directly 
on the stem, it is, as a consequence, in permanent 
alignment with the spindles. These are arranged to 
run in roller bearings and each is provided with a 
special nose cap designed to prevent the ingress of 
coolant and foreign matter to the bearings. A modified 
Geneva mechanism is used to index the spindle carrier, 
the mechanism being designed so that the carrier is 
brought to a stop before the locking bolt slides into 
position. 

The main tool slide is of heat-treated steel and, as 
previously mentioned, is mounted directly on the 
spindle carrier. It is fitted with renewable bronze 
bushes and a felt wiper is provided to prevent the entry 
of chips and dirt. To ensure accurate alignment of 
the tool holders with the spindle, all surfaces and slots 
are ground, and the design is such that a combination 
of tools such as turning and high-speed drilling can be 
arranged in one position. The cams for the main tool 
slide have wide faces and the cam drum is located so 
that, although it is accessible from both sides of the 
machine, it is protected from swarf and coolant. The 
tool-slide guide is mounted on a bracket below the main 
slide, so that the third, fourth and fifth positions 
are left free for independent operation of threading, 
accelerated drilling or,reaming attachments. 

The two main crs-slides are unusually wide and 
long and move on lardened ways mounted on the 
headstock, the design giving good rigidity and _per- 
mitting heavy forming cuts to be taken at moderately 
high speeds without causing chatter or vibration. 
Positive stops are provided for both slides, and when 
small adjustments have to be made to the depth of 
cut it is not necessary to interfere with the tool holders 
as adjusting screws are provided for this purpose ; 
the screws can, of course, be locked once they are set. 
The two main slides are actuated by cam drums 
situated directly under each slide so as to give a positive 
and direct action. The two top cross-slides are sup- 
ported by the top rail and are operated by lever 
and quadrant mechanisms from cams fitted to the 
drums under the main cross-slides ; in the case of the 
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2§-in. machine, however, the two top-slide drums are 
installed in the top rail. The arrangement of the 
stops is similar to that employed for the main cross- 
slides. 

The stock reel is driven by a shaft and gear from the 
main spindle carrier, the front disc of the stock reel 
rotating in a guide mounted on the main frame, and 
each stock stube is lined with a coil spring which 
prevents whipping of the stock in the tube and elimi- 
nates noise. The chucking and feeding slides are 
mounted on two large-diameter steel shafts which at 
one end are supported in the headstock and at the 
other by an arch support. To obviate any tendency | 
towards tipping and binding, the slides are provided | 
with long bearing surfaces on the shafts. The cams 
for operating the chucking and feeding mechanism are 
arranged on a drum located directly under the slides 
where they are readily accessible. Re-stocking is 
achieved by using the manual chucking shoe, which is 
arranged in the first position. 

The quick-run and feed clutches, together with the 
brake, are of the cone type. All shafts in the gearbox | 
are of heat-treated steel and are mounted in anti- 
friction bearings amply supplied with lubricant. 
Where high speeds or heavy loads have to be dealt with, 
helical gearing is employed. Part of the gearbox is 
illustrated in Fig. 2, herewith, where it is shown 





with the cover removed ; it will be apparent from this | 
illustration that there is good access to the cams. | 
Speed and feed changes are obtained by means of | 
pick-off gears situated in the drive end of the machine ; | 
these gears are interchangeable for speeds and feeds and | 
are accessible without disturbing the drive from the 
motor. All mechanisms within the machine pon 


lubricated on the flood system, the oil being supplied 
by two pumps located inside the gearbox, one supplying 
the gearbox and ancillary gear, and the other the 
headstock, including the work-spindle bearings and 
indexing mechanisms. Sight-glass indicators are pro- 
vided to enable the operator to observe the flow of oil 
from each pump. The standard equipment includes 
the usual range of tool holders, collets, cams, etc., and, 
in addition, there is a wide selection of special equip- 
ment such as independent side slides for the second 
and fifth positions, threading attachments and high- 
speed drilling attachments. 





COMPLETION OF NATIONAL AIRWAYS SysTEM.—The 
final phase of the United Kingdom National Airways 
System is being introduced in two stages. The first came 
into operation on April 12 with the establishment of the 
Manchester control zone, the extension northwards of 
Airway Amber One (Daventry-Dunsfold-Dieppe-Paris) 
to the Solway Firth, and the opening of Airways Green 
Two (Dublin-Liverpool/Manchester-Ottringham-North- 
West Europe) and Red Three (Belfast-Isle of Man- 
Liverpool/Manchester-London via Amber One). The final 
stage, which will be introduced early in May, will be the 
opening of Airway Blue Two (Belfast-Kintyre-Renfrew- 
Falkirk) and two short interconnecting airways servlg 
Prestwick and Renfrew airports. The introduction cf 
the second phase was reported on page 244 in our Iss\« 
of March 2. The national airways are controlled cort!- 
dors 10 miles wide, extending between 3,000 ft. a’ 
11,000 ft., the movement of aircraft flying in them bei ¢ 
so regulated by the ground organisation that no tw? 
aircraft can be in the same place at the same time. 
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FUNDAMENTAL RESEARCHES ON 
CORROSION.* 


By Dr. U. R. Evans, F.R.S. 


CorrosIon is the cause of much expense and many 
breakdowns—probably including cases where it is not 
mentioned in the diagnosis of failure ; some fractures 
which are purely mechanical in their final stages might 
not have occurred, had there not been pitting or 
trenching due to corrosion in the early stages, with 
consequent stress intensification. Empirical remedies 
are dangerous, since many anti-corrosive methods, 
beneficial if applied rightly, can intensify attack if 
applied wrongly ; the causes of the trouble must be 
understood. 

The causes have been under study at Cambridge and 
elsewhere for many years. About 1920, the subject 
appeared to be a jumble of unintelligible and contra- 
dictory facts ; to-day, the facts are seen to obey simple 
laws, capable of rational explanation. There is a 
common misapprehension that rust is a result of the 
direct combination of iron and oxygen. In fact, the 
phenomenon is much more complex, and some of the 
intermediate products of corrosion are of considerable 
importance to the engineer. An example is the sodium 
hydroxide, caustic soda, that forms during corrosion in 
salt water, and can attack constituents of some paints. 
Direct combination does occur, however, in a form well 
known to engineers. 

The direct union of iron and oxygen leads to the 
scale often found on steel after heating in air. 
This direct oxidation is only important at high 
temperatures, since, except where the scale cracks, its 
thickening requires the ge of iron outwards 
through the scale to meet the oxygen of the air ; 
such movement in the solid state is slow at low tem- 
peratures. If an iron strip is strongly heated at one 
end, the scale, thick at that hot end, becomes thinner 
as the colder end is approached. Where the thickness 
is comparable to the wavelength of light, interference 
colours are produced; at the cold end, the metal 
appears unchanged. The slow formation of invisible 
oxide in dry air at ordinary temperatures has been 
studied at Cambridge, but possesses no engineering 
importance. 

In general, limited supplies of oxygen favour corro- 
sion by an electrochemical mechanism, whereas ample 
supplies, distributed over the whole surface, may 
suppress attack. Pure iron or zine “whirled” in 
pure water containing oxygen remains unattacked, 
because a continuous protective film is built up. If 
the whirling ceases, visible attack occurs ; if the water 
is free from oxygen, there is no appreciable attack. 
On steel or zinc, under engineering conditions, oxygen 
must generally be regarded as a stimulator of corrosion. 
On stainless steel, a scanty supply of oxygen suffices 
to maintain the oxide skin, which protects against 
many liquids that attack ordinary steel; protection 
may suddenly fail if the oxygen is shut off completely 
at certain points. Thus, in choosing materials for 
industrial plant, the engineer should remember that 
stainless steel may behave badly under exactly those 
conditions where many other resistant materials (e.g., 
Monel metal) behave best. 

The fact that small electric currents are flowing 
over the surface of corroding iron or zinc has been 
established at Cambridge by several independent 
methods, which have shown that the currents are 
sufficiently strong to account for the whole of the 
corrosion produced. The electrochemical mechanism 
of corrosion is fact, not theory. It is also clear why 
electrochemical attack is often so dangerous, whereas 
direct oxidation, if applied to the whole surface, pre- 
vents attack. Ifthe water contains a salt (e.g., sodium 
chloride) the products formed, both at the anodic 
(attacked) part and the cathodic (unattacked) part, 
are freely soluble ; a solid substance is formed where 
they meet and interact, but it will not produce a pro- 
tective skin and attack will continue. Ip the case of 
iron, the two primary products are iron chloride and 
caustic soda ; the secondary product is a mixture of 
hydrated oxides known as rust. It should be added 
that rust can be formed in more than one way. 

If the salt is one which will produce a sparingly 
soluble body at either the anodic or cathodic product, 
even electrochemical corrosion will be very slow. Thus 
there are two sets of substances which prevent attack, 
namely, the anodic inhibitors (sodium phosphate, car- 
bonate, silicate, etc.) and the cathodic inhibitors 
(calcium bicarbonate). If a corrosive salt (sodium 
chloride) exists in the water, the amount of anodic 
inhibitor needed is increased, and if the amount added 
's Insufficient, the corroded area will be reduced more 


* Lecture entitled ‘‘ Fundamental Researches on Cor- 
Tosion, and Their Importance to the Engineer,” delivered 
at a meeting held in London on March 28, 1951, under 
the auspices of the British Iron and Steel Research 
Association. Abridged. 








than the total destruction of metal ; thus the attack is 
intensified by the ill-judged attempt to “treat” the 
water. Hence the need for caution. 

Important corrosion currents flow when two dis- 
similar metals are placed in contact in a liquid. The 
current strength increases if oxygen is supplied to the 
cathodic metal. If the area of the cathodic metal is 

factor which will increase the current flowing— 
and that of the anodic metal is small, the intensity of 
attack (corrosion per unit area) is great. The cathodic 
substance need not be a metal ; the oxide-scale present 
on previously heated steel is cathodic towards the steel 
exposed at tiny cracks in the scale. This combination 
of large cathode (scale) and small anode (steel) leads to 
severe pitting in water-pipes or on locomotive boiler 
tubes. Removal of mill-scale from tubes or plates 
exposed to waters usually renders attack less intense, 
though the total destruction of metal is not always 
diminished. 

Similarly, if an attempt is made to protect steel 
against water or a solution with a layer of copper or 
nickel (cathodic metals), corrosion is likely to occur if 
there is a discontinuity in the coating ; if the liquid is 
a highly conducting one, the attack may be locally more 
intense than if the steel had been left unexposed. This 
intensification is not so common as is often supposed ; 
it is rarer for nickel coats than copper coats. A nickel 
coat containing pores is usually better than no coat at 
all, but it is best of all to avoid pores in the coat. The 
frequency of pores diminishes—other things being 
equal—as thickness increases, but different methods of 
plating give different pore frequencies even at the same 
thickness. Work at Cambridge has shown that the 
surface contour of the basis metal affects porosity. If 
a scratch-line is traced on steel before nickel-plating, a 
line of pores is found on the scratch-line ; this is due 
to the depression and not to internal stresses, since 
annealing before plating hardly affects the frequency of 
pores. This shows the fallacy of the argument that, 
if steel is to be plated or enamelled, the quality of the 
steel does not matter. 

There is another reason for rejecting this argument. 
In mildly corrosive environments, the probability that 
a very small bare point will escape attack is quite 
appreciable, but the chance of escaping it is greatly 
diminished if there is much sulphur in the metal, as is 
shown by statistical work at Cambridge. From the 
point of view of corrosion, sulphur is undesirable ; 
low-sulphur steel carrying a porous plating is likely to 
be better than high-sulphur steel with equally porous 
plating. Once corrosion has started, the effect of 
sulphur may be either good or bad, according to cir- 
cumstances ; usually it accelerates the anodic reaction 
and retards the cathodic reaction. 

It is often better to coat steel with anodic metal, 
like zinc, or aluminium. In such cases, after initial 
irregularities, there is protection to the steel exposed at 
pores. The zinc or aluminium is attacked, and, at one 
time, it was thought that protection was purely 
“sacrificial” ; indeed, the wisdom of protecting a cheap 
material (steel) by the sacrifice of a dear one (zinc or 
aluminium) has been questioned. In many environ- 
ments, however, the protection is only sacrificed in the 
opening stages ; soon the cathodic reaction begins to 
deposit a protective layer (calcium carbonate, zinc or 
aluminium hydroxide) on the steel and the current 
begins to slow down, and with it the attack on the 
coating. A promising method of protecting structural 
steelwork is to grit-blast the surface, removing scale 
and rust, and leaving a rough contour suited for inter- 
locking, and, finally, to coat with, say, iron-oxide oil 
paint. In long-period outdoor exposure tests, organ- 
ised from Cambridge in several types of atmosphere, 
this mode of protection gave good results. Even after 
seven years on a roof in London, the aluminium coating, 
examined by sectioning, appeared unchanged; the 
steel was entirely protected. There was no rust, but 
plenty of soot. 

Protection of steel by painting is commonly believed 
to depend on the exclusion of water and/or oxygen 
from the metal, but most paint coats are pervious to 
water and oxygen, and calculation shows that, if the 
only function of paint was to exclude water and oxygen, 
it would still permit rapid rusting. However, corrosion, 
being an electrochemical process, involves movement of 
ions, and the Cambridge work shows this to take place 
only very slowly through paint-films; hence the 
corrosion is slowed down. If, furthermore, inhibitive 
substances (allied to the inhibitors used in water 
treatment but less soluble) are incorporated in the inner- 
most coat, corrosion can practically be stopped, 
provided that there are two or more robust outer coats, 
chosen to prevent mechanical damage and chemical 
alteration to the inner coat. Three-coat paint com- 
binations based on this principle have given complete 
protection during seven years outdoor exposure in 
London. Even two-coat systems, properly chosen, 
give fairly good protection if all scale and rust is 
removed, so as to bring the inhibitive substance into 
direct contact with the steel. Comparison of the 





descaled and scale-bearing specimens in the tests 
organised from Cambridge show the advantage of 
proper cleaning of the surface. 

Red lead has long been used as an inhibitor. The 
old-fashioned red lead, which contains the lower oxide 
PbO as well as Pb,0,, gives better protection than 
non-setting red lead, though it must be applied to the 
steel soon after mixing with oil; this has often been 
stated by practical engineers and the Cambridge tests 
show it to be correct. The addition of PbO to Pb,O, 
has greatly improved protection. It has also been 
found that the true inhibitor is not Pb,O, or even PbO, 
but some substance formed by interaction with the oil. 
Efforts are being made at Cambridge to identify the 
“true inhibitor” and if this can be added directly to 
the paints, without “‘ passenger ” substances, economy 
in lead may reasonably be hoped for. 

New series of paints developed at Cambridge are 
richly pigmented with metallic zinc, either in an 
organic vehicle (polystyrene) or in an inorganic vehicle 
(cementiferous paints). The latter paints can be 
applied to a wet steel surface, and the brush and pot 
can be washed out with water—a feature which has 
won appreciation from those who perform the painting. 
Zinc is in short supply. There are threats of restric- 
tions for the use both of zinc and lead in paint, but 
the cost of paint coat is so small compared with the 
cost of labour, etc., in application and the value of the 
structure or article protected, that even an expensive 
paint is worth employing if it will increase the period 
between repaintings. 

The corrosion of painted steel follows the same 
course as that of unpainted steel, but proceeds more 
slowly. In sea-water, caustic soda is formed at the 
cathodic regions, and this can destroy some constitu- 
ents of paint. To obtain good protection against salt 
water, a paint with an alkali-resistant vehicle must 
be chosen. This was demonstrated in the Cambridge 
Laboratory in 1929, and is now being confirmed by 
raft-tests organised by the British Iron and Steel 
Research Association. The time lag will be noted. 
Will it be another 20 years before engineers start to 
reap benefit from the results ? 

Fatigue cracking is well known to engineers, but, 
in the absence of corrosion, it can be easily prevented. 
There is a stress-range, known as the fatigue limit, 
below which fatigue failure should never occur. How- 
ever, in a corrosive environment there is no fatigue 
limit ; any stress, however small, will ultimately cause 
cracking. This should be borne in mind when selecting 
an alloy steel for some stressed member, with the 
intention of reducing cross-sections ; alloy steels have 
often definitely higher tensile strengths and higher 
fatigue strengths than carbon steels but their corrosion- 
fatigue properties are often only slightly superior to 
those of carbon steels. An important exception is the 
stainless steel group. 

Corrosion-fatigue cracking is produced by alternating 
stress and occurs on almost any material if there is no 
protection against a corrosive environment. There is 
another trouble, stress-corrosion cracking, which 
is produced by steady tensile stress, but which, for- 
tunately, occurs only on some materials after certain 
heat-treatments ; these have generally been established 
and can usually be avoided. It is commonly stated 
that corrosion fatigue is recognised by transgranular 
cracks, and stress corrosion by intergranular cracks, 
but that is an over-simplification. On magnesium- 
base aircraft alloys, stress corrosion causes trans- 
granular cracks, while, as shown in some recent 
Cambridge studies, corrosion-fatigue cracks—although 
mainly transgranular—may follow the grain boundaries 
for short distances. 

Another Cambridge research has shown the impor- 
tance of the protection being continuous in time ; 
a short exposure to corrosive conditions during alter- 
nating stress, followed by alternating stress without 
corrosion, may, under some conditions, give a shorter 
life than if the corrosive substances are allowed to 
reach the test-piece throughout the whole period of 
its subjection to corrosive conditions. 

Peening (bombardment with small hard particles, 
leaving a compressed surface layer) is known to give 
resistance to pure fatigue. A Cambridge study, on 
high-carbon steel, showed that it improved resistance 
under corrosion-fatigue conditions against certain 
liquids, but not all. The benefit was found to vary 
greatly with the pressure used and the size of the shot ; 
thus careful specification appears necessary. In no 
cases was the life prolonged indefinitely, and protective 
coatings may be required on the peened surface. 
Unfortunately, the contour of the peened surface is 
unfavourable for the adhesion of certain types of 
coating. It was found, however, in the Cambridge 
work, that, if the pressure and shot-size had been 
chosen to give a thick compressed layer, considerable 
roughening (by bombardment with angular grit) 
could be tolerated without loss of the valuable proper- 
ties left by peening. 

A number of practical points emerged from the 
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work discussed. It was important that engineers 
should understand the causes of corrosion, so that 
fallures really due to this cause were not attributed 
to mechanical breakdown, as might easily occur where 
attack was localised. 

They should understand also the various effects of 
oxygen on corrosive action in various conditions, which 
might sometimes be beneficial and sometimes the 
reverse, and the electrochemical nature of corrosion, 
realising that the intermediate products might have 
a deleterious effect, e.g., attack on certain paints. 
Alkali-resistant paints should be used as protection 
against salt water. 

In connection with electrochemical corrosion, they 
should understand the effect of big cathodes and small 
anodes and the consequent importance of removing 
scale. Close attention should be paid to the nature 
and quality of the steel used, even when it was to be 
protected. Finally, they should bear in mind the 
possibility of protecting structures after erection by 
grit blasting, aluminium spraying, followed by painting 
with a suitable paint; and of using shot peening, 
followed by grit blasting and a protective coating, to 
combat corrosion fatigue. 

Experiment seemed to promise that zinc-rich poly- 
styrene paints might be useful where scale was still 
partly in place, though claims that had been made for 
performances on thoroughly rusty surfaces were 
somewhat dubious. Results obtained from the use 
of aluminium paints as primers, compared with zinc- 
rich paints, had been somewhat contradictory, and a 
difficulty arose from the lack of an effective metal-to- 
metal contact. Work was in hand on this subject. 
It was to be hoped that restrictions would not be 
imposed on the use of zinc for protective purposes. 
The value of the material saved by protection against 
corrosion was so very much greater than the value 
of the material expended for this purpose that it would 
be a false economy were such restrictions to be 


imposed. 





BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 

Internal Micrometers—A revision of B.S. No. 959, 
covering internal micrometers (including stick micro- 
meters) and first issued in 1941, has been published. 
Stick micrometers are so called because they are of the 
type intended for long lengths of internal measurement. 
In section 1 of the publication, which deals with 
internal micrometers, a requirement for rigidity has 
now been included ard the tolerances quoted for this 
requirement have been arrived at as a result of tests 
carried out at the National Physical Laboratory. 
Section 2 relates to stick micrometers and, as in the case 
of internal micrometers, the primary object of this 
section is to specify standards of accuracy. Notes on 
the method of testing internal micrometers are included 
in an appendix. [Price 2s., postage included.] 

Insulating Oil of Low Viscosity for Transformers and 
Switchgear.—A revision of the 1933 edition of specifica- 
tion B.S. No. 148, covering insulating oils for electrical 
purposes, excluding cables, has now been issued. The 
original, 1933, edition dealt with six classes of oil, 
namely: A.0, A.10, A.30, B.0, B.10 and B.30, differing 
in allowable sludge limits and cold-test temperatures. 
Experience has shown that while satisfactory perfor- 
mance in respect of freedom from sludge formation is 

rovided in practice by oils meeting the sludge-test 
fimit for class B oils, it is desirable to exclude oils of 
this class having a tendency to excessive formation of 
acidity. Such oils, accordingly, are excluded from the 
present revision. Moreover, it is now considered 
unnecessary to provide a selection of oils having differ- 
ent low-temperature characteristics, and a maximum 
pour point of — 25 deg. F. (— 31-7 deg. C.), has been 
standardised as suitable for the majority of conditions. 
The revision is based largely on information supplied by 
the British Electrical and Allied Industries Research 
Association. [Price 6:., postage included.] 

Gears for Traction—A new publication, B.S. 
No. 235 : 1951, covering gears for traction, prepared to 
replace an earlier (1927) specification, also numbered 
B.S. 235, but which dealt with gear wheels and pinions 
for electric tramways, has now been issued. The 
general layout of the new specification has been brought 
into line with that adopted for other specifications for 
gears and it includes, in addition to provisions for the 
marking of the gears and details of the basic rack, two 
tables setting out the preparations of straight spur 
gear teeth and helical gear teeth of 7} deg. spiral angle. 
A further section gives comprehensive figures for 
permissible errors and tolerances and a final section 
deals with hardness and depth of carburising for case- 
hardened gears. [Price 4s., postage included.] 


LABOUR NOTES. 


THE results of the customary six-monthly inquiry 
undertaken by the Ministry of Labour and National 
Service in October, 1950, into the earnings and hours 
of work of manual wage-earners are reported in the 
March issue of the Ministry of Labour Gazette. As on 
previous occasions, the inquiry covered most manufac- 
turing industries, as well as a number of the principal 
non-manufacturing ones, but did not extend to the 
agricultural, coal-mining, railway, shipping, dock- 
labour or entertainment industries, the distributive 
or catering trades, or to persons in domestic service. 
Office staffs, shop assistants, outworkers, managers, 
commercial travellers, clerks, typists, and salaried 
persons generally, were excluded from the scope of the 
Ministry’s survey. As in the case of the earlier 
inquiries on similar lines, which have taken place at 
approximately six-monthly intervals for some years, 
the figures in the report refer to wage-earners who were 
at work during the whole or part of the final week of 
the six-monthly period, in the present instance, 
October, 1950. 





The inquiry disclosed that some six-and-a-half 
million manual wage-earners in the United Kingdom, 
of both sexes and including juveniles, received an 
average increase in weekly wages of 3s. 11d. during the 
six-monthly period ended October, 1950, and, com- 
pared with rates in October, 1949, the average increase 
amounted to 6s. 3d. Average weekly earnings for all 
employees, including payments for piecework, over- 
time, and night work, rose to 6l. 8s. in October, 1950, 
compared with 61. 4s. Id. in April, 1950; 61. 1s. 9d. in 
October, 1949; and 4. 16s. 1d. in July, 1945. The 
comparative figure for October, 1938, was 2/. 13s. 3d. 
Adult male manual wage-earners received a weekly 
average of 7]. 10s. 5d. in October, 1950; 71. 58 9d. in 
April, 1950; and 7. 2s. 8d. in October, 1949. These 
earnings compared with 6/. 1s. 4d. in July, 1945, and 
3l. 9s. in October, 1938. In October last, the per- 
centage increase for all employees, since October, 1938, 
was 140. For adult males, the corresponding per- 
centage increase was 118. 





Women aged 18 and over earned an average of 
4l. 2s. 7d. a week in October, 1950, compared with 
4l. Os. 6d. in April, 1950, and 31. 3s. 2d. in July, 1945. 
The corresponding figure was 1/. 12s. 6d. in October, 
1938. This represents a percentage increase of 154 
during the period between October, 1938, and October, 
1950. Youths under 21 earned 3/. 3s. 9d. in October, 
1950, against 3/. 1s. 5d. in April, 1950, and 21. 5s. 6d. in 
July, 1945. Their wages reached an average level of 
only 1. 6s. 1d. in October, 1938. The average weekly 
wage earned by girls was 2/. 13s. 5d. in October, 1950, 
which compared with 21. lls. 10d. in April, 1950, and 
ll. 15s. Id. in July, 1945, but their average earnings 
were only 18s. 6d. a week in October, 1938. During 
the intervening twelve years since the last-mentioned 
date, the wages of youths and girls in manual employ- 
ment have thus risen on a average by 144 per cent. 
and 189 per cent., respectively. The number of hours 
worked per week by all employees averaged 46-1 in 
October, 1950, compared with 45-6 in April, 1950, and 
47-4 in July, 1945. In October, 1938, the average 
was 46-5. 





Industrial disputes in the United Kingdom increased 
in intensity during the first two months of the current 
year, when compared with those occurring during the 
corresponding period of 1950. During January and 
February last, there were 249 stoppages, in which 
76,700 workpeople were involved and 418,000 working 
days were lost, while, during January and February, 
1950, 238 stoppages took place, in which only 42,800 
persons were concerned and but 156,000 days were 
lost. In each period, a majority of the strikes arose 
in the coal-mining industry. The employees in this 
industry were responsible for 143 strikes during the 
first two months of 1950, and for 138 during the 
corresponding period in 1951. In the first instance, 
15,600 men were involved and 32,000 working days 
were lost, and, in the second, 14,300 men were involved 
and 31,000 days were lost. Apart from the coal- 
mining industry, the incidence of strikes during the 
first two months of 1950 was fairly evenly distributed 
over the different industries. There were eight stop- 
pages in the engineering industry, in which 9,000 days 
were lost by 1,500 employees, and seven in the ship- 
building and ship-repairing industry, in which 5,000 
days were lost by 800 employees. 





During January and February last, the most serious 
disputes were those which arose in the transport 
industry. In the four weeks between February 2 and 
February 28, some 26,000 dock employees ceased work 
on Merseyside and Clydeside, and at Manchester and 





London, as an expression of their dissatisfaction with 





a national award which increased their basic wages by 
1ls. a week, and in protest against the prosecution of 
a number of men who were accused of conspiring to 
incite dockers to join an illegal strike. The Mi nisiry 
of Labour Gazette for March reeords that, in all, 15 
strikes took place in the transport industry during 
January and February last. Some 36,600 workpeople 
were concerned in them and, in the course of these 
strikes, about 224,000 working days were lost. In the 
engineering industry, 15 stoppages occurred during ihe 
same period and, in these, 6,600 persons were con- 
cerned and 21,000 days were lost. In the shipbuilding 
and ship-repairing industry, there were 17 stoppages 
in which 8,000 working days were lost by 1,100 
operatives. 





Another one-day token strike took place at the 
London docks last Monday, as a protest against the 
trial of seven men who were charged with having 
conspired to incite illegal dock strikes, and who 
appeared at the Old Bailey on that day. The National 
Dock Labour Board stated on Monday that 8,220 
dockers, including some lightermen, stevedores and 
tally clerks, were on strike then and that, as a result, 
70 ships were idle and 30 undermanned. Work 
proceeded normally, however, on 63 other ships and, 
the Board reported, 17,550 men signed on for employ- 
ment in the ordinary way. 





Approval that the extension of hours agreement in 
the coal-mining industry be continued until the end 
of April next year was given at a special delegate 
conference of the National Union of Mineworkers, 
which took place in London on April 5. This agree- 
ment provides for the voluntary working of Saturday 
morning shifts at all collieries and was due to expire 
at the end of the present month. In some coalfields 
an extra half-hour per shift is worked from Monday to 
Friday, in lieu of the Saturday shift. The delegates 
decided, however, that the working of these extended 
hours should be suspended during June, July and 
August next. They considered that these proposals, 
if adequately implemented, would provide the necessary 
increase in coal production which the Government 
desired and, at the same time, give an essential period 
of relaxation from the working of the extra shifts to 
the miners. The executive committee of the Union 
recommended the delegates to approve a continuation 
of the agreement for another year, but some of the 
delegates are understood to have sought to extend the 
period of relaxation from three months to five. 





Saturday working at present produces about 300,000 
tons of coal each week and the N.U.M. considers that, 
if this output level is maintained during May and 
September, the Minister of. Fuel and Power will be 
enabled, by the end of October, to build up stocks of 
coal in hand to the total of 18 million tons for which he 
asked. This implies an increase in production by at 
least two-and-a-half million tons between the beginning 
of May and the end of September. Stocks at the 
commencement of October, 1950, amounted to about 
15,400,000 tons. The target before the industry 
during the current year is the mining of 210 million 
tons of deep-mined coal, against which only 204,120,000 
tons were produced in 1950. 





Colliery man-power is increasing in strength, accord- 
ing to statistics published by the Ministry of Fuel and 
Power on Wednesday last. From a high-level figure 
of 727,400 in February, 1949, the labour force declined 
steadily to 686,000 in mid-November, 1950, but it has 
since shown an upward trend at an average rate of 
about 860 a week. There was a total of 702,800 miners 
on colliery books in the week ended March 31 last, 
compared with 702,100 in the preceding week, and 
702,700 in the week ended April 1, 1950. The average 
weekly level of the total labour strength during the 
13 weeks ended March 31 last was only 697,800, 
however, compared with an average of 706,000 during 
the 13 weeks ended April 1, 1950. ‘There was a weekly 
average of 286,900 miners at work at the coal face 
during the 13 weeks of this year compared with one of 
291,800 during the corresponding weeks in 1950. ‘The 
average number of shifts worked weekly by cach 
wage-earner was the same in each instance, 4-84. 





Discussions between Sir Robert Gould, the chief 
industrial commissioner to the Ministry of Labour, 
and officials of the Electric Trades Union and of the 
other two unions involved, were begun on Wednesday, 
with a view to ending the strike of employees in the 
electrical-contracting industry in London. It may 
be recalled that this strike, to which other references 
have been made in these columns, is now nearly seven 
weeks old and that previous efforts to find a settlement 
failed. About 1,900 employees are involved. 
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ELECTRIFICATION OF RAILWAYS 
IN GREAT BRITAIN.* 


(Concluded from page 388.) 


‘JOrueR things being equal, the system which should 
be adopted for railway electrification is that which 
produces the lowest aggregate of working expenses and 
capital charges. In general, the higher the operating 
voltage the lower are the first cost and the resultant 
capital charges of the fixed installation. On the other 
hand, the higher the voltage the higher is the cost of 
the electric locomotives and multiple-unit train equip- 
ment. The relative “ weights” of these two main 
items of expenditure are dependent on the traffic 
density. With a high traffic density the reduction in 
the cost of the fixed installation by adopting a high 
voltage is in general less than the increase in the 
expenditure on the locomotive or multiple-unit trains, 
in view of the large number required. With a low 
density, the reduction in the cost of the fixed installa- 
tion is more important than the increase in the cost 
of the locomotives or multiple-unit trains, as the 
number required will be comparatively small. Thus, 
a high traffic density tends to favour the adoption of a 
low-voltage system. 

The balance of advantage can, however, only be 
assessed on the basis of estimates of cost, which take 
into account the actual conditions of each particular 
scheme. Comparative estimates have accordingly been 
prepared for four typical schemes, the principal charac- 
teristics of which are as follows: Scheme A: A trunk 
line,. mostly four-track, with high traffic density. 
Ton-mileage of freight trains is about 25 per cent. 
higher than that of passenger trains, the latter con- 
sisting largely of high-speed long-distance expresses. 
The gradients are not severe. Scheme B: A portion 
of an important main line bifurcating into two through 
Toutes in an industrial area. The line is mainly double- 
track, but with the addition of some running loops. 
Traffic density is high, with freight traffic predomi- 
nating, the freight train ton-mileage being nearly five 
times that of passenger trains. There are exceptionally 
severe gradients against loaded trains, including 1 in 40 
for two miles. Scheme C: A double-track main line 
of secondary importance, with a number of short 
branches, mostly single-track. ‘Traffic density is 
somewhat low, with the passenger traffic, including a 
few heavy expresses, predominating, the ton-mileage 
being rather more than double that of the freight 
traffic. The line is of an undulating character and the 
gradients are exacting. Scheme D: Primarily an 
outer-suburban passenger line with a frequent service 
during the peak hours for residential traffic. Gradients 
are generally easy. 

_ Estimates of the capital expenditure on electrifica- 
“on and the annual expenses, including operating costs, 
and interest and renewal charges, have been worked 
out for each of these four schemes on different systems, 
namely, direct current at 750, 1,500 and 3,000 volts, 
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* Extracted from Electrification of Railways: Report 
of @ Committee appointed by the Railway Executive and the 
London Transport Executive. British Transport Commis- 
sion, 5, Petty France, London, 8.W.1. [Price 7s. 6d. net.] 
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and single-phase 16%-cycle alternating current at 
20,000 volts. No provision is made in the calculations 
for electric shunting, except with train engines at 
wayside stations. The tracks in marshalling yards 
and passenger-stock depots are assumed to be equipped 
only to the extent that is necessary to enable the train 
engines to bring in and take out their loads. The 
estimates include only those capital costs, working 
expenses and charges which are affected by the choice 
of electrical system, and do not represent either the 
total capital cost of electrification or the total annual 
expenses. For example, wages of trainmen are excluded 
throughout. 

The comparative estimated costs of these four 
schemes are given in Table VI, on page 446, together 
with the traffic density and other particulars. 

It will be noted that in Scheme C, which includes the 
branch lines, the traffic density of 2-2 million trailing 
ton-miles per annum per mile of single-track running 
lines is well under the minimum figure of 3 to 4 million 
(see page 387, ante), below which it is unlikely that the 
anticipated savings or additional receipts resulting 
from electrification would balance the additional fixed 
charges. The scheme is, however, included in the 
comparative estimates to represent sections where 
special circumstances of continuity with a heavily- 
loaded section might provide sufficient justification for 
electrification. It is important to note from Table VI 
that the annual expenses, including capital charges, 
in each of the four schemes are substantially higher 
with low-voltage direct-current and single-phase alter- 
nating current than with 1,500 or 3,000 volt direct- 
current. For the two heavy traffic schemes and that 
which provides for a fairly frequent service of outer- 
suburban passenger trains Phere is little to choose 
between 1,500 and 3,000-volt direct-current. Only 
in the case of the more lightly loaded line is there any 
material difference in favour of the higher voltage. 

There can be no question about the desirability of a 
single system of electrification for the whole country. 
It would facilitate the inter-availability of locomotives 
and electrically-equipped trains and the attainment of 
at least some initial measure of standardisation of 
traction plant and apparatus. ‘Ihe committee is, 
however, satisfied that a change of system in the 
electrified area of the Southern Region could not be 
justified in existing circumstances. Although it might 
be practicable to convert the low-voltage lines in other 
regions to operate on a different system at a higher 
voltage, the cost would in most cases be prohibitive. 
The size of the tunnels alone rules out any question of 
adopting the overhead-line system on the London 
Transport railways. 

The factors which militate against the adoption of 
the third-rail system for general electrification are that 
the capital costs and working expenses are higher than 
those of an overhead-line system. It would also be 
necessary to use locomotives of the special design now 
in operation for both passenger and freight services in 
the Southern Region, or some other equivalent. The 
live conductor rails would necessitate the provision of 
improved fencing and, especially in yards, would 
impede the free movement of staff. It cannot yet be 


- ~~ HOLBORN 7 


S353 SAGRAVESEND PORT_VICTORIA 
h Foancey/ or - MARGAT! 
= BS \onitnam \ LevsDOwN —_>—= 


res 
aa 





said with certainty that the methods which are being 
















DUNGENESS 


STBOURNE SOUTHERN REGION 
—— Existing Electrified Lines 
— » Non Electrified 


---- Recommended Boundary of 
3rd. Rail Lower-Voltage System 





ole _ ___"ENGINEERING’} 
tried to avoid trouble from ice on the conductor will 
be completely successful. Even if immunity is obtain- 
able, it would involve the extensive provision of 
de-icing equipment. 

For the above reasons, the committee is unable to 
recommend the use of the low-voltage conductor-rail 
system for all future electrification on the British 
railways, but considers it advisable to sacrifice for the 
present the possible advantages of complete uniformity 
by retaining this system in certain areas. The most 
important of these is that part of the Southern Region 
east of a line drawn to include Salisbury, Fording- 
bridge, Wimborne, Dorchester and Weymouth, as 
shown in Fig. 2.* In other regions it is recommended 
that the relatively small third-rail installations should 
be retained until large-scale renewals become necessary, 
or until the extension of electrification on an over- 
head line system provides a justification for their 
conversion for operational or technical reasons. 

The committee recommends that future electrifica- 
tion of British Railways outside the area in which the 
third rail is retained should be carried out on an 
overhead-line system. The operating advantages of 
standardisation in such future electrification schemes 
can only be fully realised by the adoption of the same 
overhead-line voltage for all sections included in these 
schemes. This is particularly true of the benefits 
resulting therefrom in the through-running of loco- 
motives. Modern electric locomotives can be kept 
continuously in service for long periods, with a mini- 
mum of inspection and overhaul, and there is often a 
substantial operating advantage in avoiding a change 
of locomotive at intermediate points on a long journey, 
thereby increasing their utilisation to the maximum 
possible extent. Although a single voltage is not 
essential for through-running, it could only be secured 
by designing the locomotives for dua] operation, there- 
by complicating the design and adding to the cost. 

There are 250 route miles (676 track miles) electrified 
in Great Britain on the fourth-rail system, including 
the 191 route miles (530 track miles) of London Trange 
port. Owing to the special conditions regarding 
signalling, bonding, faults, leakage, etc., this system 
is generally more suitable than the third-rail system 
for London Transport. It is, however, recommended 
that any extensions should be determined by reference 
to integration with existing systems or to considera- 
tions of first cost on any line for which track-circuit 
signalling has to be provided. 

As it has been recommended that the low-voltage 
conductor-rail system should be retained on certain 
lines and that general electrification should be carried 
out. with overhead equipment at a higher voltage, the 
possibilities and limitations of interrunning must be 
considered. ‘Two alternative arrangements are in use 
for enabling trains equipped for running on the fourth- 
rail system to operate over lines on which the return 
current is carried by the rails. These are to add a 
fourth rail, which is electrically connected to the 
running rails, in the third-rail sections or to provide 
a change-over switch on cach motor coach, which 





* Fig. 2, on this page, is a combination of Maps B 
and G of the Report. 
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disconnects the negative collector shoes and connects 
the negative end of the coach equipment to the running 
rails via the axles and wheels. The choice between 
these alternatives will depend on their relative cost in 
each particular case. 

No difficulty arises in designing multiple-unit trains 
for operation on both the 750-volt third-rail and 1,500- 
volt overhead-line systems. Locomotives intended for 
running on the low-voltage third-rail system must be 
of special design, on account of the interruption of the 
power supply when passing over a gap in the conductor 
rail. So far as is known there has been no development 
of dual-voltage designs for 750-volt and 3,000-volt 
direct-current systems; and they must therefore be 
considered on the basis of general principles rather 
than actual experience. For 1,500-volt and 3,000-volt 
direct-current systems much the same arrangements 
would be suitable as for 750/1,500-volt equipments. 
They would, however, be simpler, as on both voltages 
power would be taken from an overhead line and only 
one set of collector gear would be necessary. Experi- 
ence has also shown that dual operation with direct- 
current and low-frequency alternating current, and with 
direct-current and 50-cycle alternating current, is 
possible. 

The extension of third-rail electrification to Salisbury 





necessary to use only one of the running rails for the 
traction current, the circuit of the other being broken 
at the section points by insulating joints. An un- 
insulated fourth rail or other conductor might be 
required to supplement the conductivity of the return 
circuit for the traction current and would be bonded 
to the one running rail used for that purpose. 

Dealing with the systems that might be used for 
general electrification it is pointed out that in certain 
circumstances the adoption of 50-cycle alternating 
current might be attractive, especially in keeping the 
cost of the fixed installation down to a minimum. s, 
however, the cost of the locomotives and multiple-unit 
trains on this system is higher than on the others the 
total cost might be little, if at all, lower. In addition, 
inter-running would be difficult, the unbalancing effect 
of a large single-phase load on the three-phase internal 
supply system would have to be considered and the 
greater liability to interference with the railway 
communication circuits would have to be taken into 
account. Moreover, the system is still in the experi- 
mental stage. For these reasons, therefore, it cannot 
be recommended as standard for future use on British 
railways, although it might be employed with advantage 
on secondary lines. 

The estimates given above show that the capital 


advartage of the direct-currert system at 3,000 volts 
for light-loaded lines, and, subject to certain conditions, 
for lines of average traffic density, is sufficiert to justify 
its general adoption. If electrification were now to be 
started afresh, there might be some justification for 


comparative estimates already given show that, while 
the use of this voltage offers no economic disadvantage 
in the electric operation of main lines carrying heavy 
traffic, it offers a positive, though small, advantage 
where the traffic density is light. In other words, the 
adoption of 3,000 volts would enlarge somewhat the 
area of electrification that could be economically 
justified. It would also show to more advantage on 
light traffic sections brought into an electrification 
scheme for convenience of working or for other special 
reasons. Such a policy would conform to the general 
trend of the decisions in most of the other countries 
where this matter has been under recent study. 
Future conversions to electric traction on the railways 
of this country, however, are likely, in general, to be 
confined for many years to lines with high trafiic 
density. The Committee is, therefore, of the opinion 
that the economic advantage to be gained from the 
adoption of 3,000 volts for the overhead line is too 
marginal to override considerations of practical opera- 





TABLE VI.—PARTICULARS OF COMPARATIVE ESTIMATES OF TYPICAL SCHEMES ON ALTERNATIVE ELECTRICAL SYSTEMS. 





















































Scheme is a n éa “a A B Cc D 
Route mileage ~ re ne ea 115 75 130 80 
Single-track mileage—Runninglines .. 410 230 240 170 
Sidings .. me 90 90 40 40 
Total .. ve + ox 500 820 280 210 
Annual! train miles—Passenger .. wa 4,900,000 800,000 1,700,000 _ 
Freight ve ea 2,800,000 3,100,000 700,000 _ 
Annua! multiple-unit train miles ed 350,000 250,000 —- 2,400,000 
Annual trailing ton miles—Passenger, 
” Tillions 1,400 210 360 830 
Freight, ,, 1,800 1,050 170 _ 
Total .. Zs Pa 3,200 1,260 530 830 
Traffic density—Trailing ton-miles r 
annum per mile of single-track running 
line ave is on millions 7°8 5-5 2-2 4-9 
Train weights— Passenger (average) tons 290 260 210 345 
” maximum) ,, 550 350 550 475 
Freight (average) i 340 240 — 
» (maximum) _,, 1,140 850 680 _— 
d.c. d.c, d.c, a.c. d.c. d.c d.c. a.c d.c. d.c. d.c a.c d.c. d.c. d.c a.c. 
Electrica] system .. a «+ Volts 750 1,500 8,000 | 20,000 750 1,500 3,000 | 20,000 750 1,500 3,000 | 20,000 750 1,500 3.000 | 20,000 
£ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ 
Capita] expenditure— 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 
ling stock .. - a .-| 6,065 4,373 4,792 5,462 4,324 3,046 8,342 3,780 3,867 2,678 2,930 3,307 2,455 2,671 3,101 3,657 
Electrical equipment of track .. me 2,562 2,053 2,740 2,554 1,636 1,926 1,734 1,613 1,562 1,704 1,512 1,406 1,364 1,055 92. 859 
Alterations to way and works .. 151 1,837 1,837 2,268 99 1,232 1,232 1,492 173 1,952 1,952 2,606 107 1,272 1,272 1,611 
Substations ee és . 2,372 1,008 760 1,477 1,332 09 502 981 2,144 1,258 6 949 2,158 1,067 
Transmission 463 463 463 138 227 227 227 104 431 31 431 104 310 310 310 104 
Total .. “ me ..| 11,613 | 10,7384 | 10,592 | 11,899 7,618 7,140 7,087 7,970 8,177 8,023 7,485 8,372 6,394 6,375 6,240 7,206 
Per cent, ee oe “e 108 100 98-5 111 107 100 98-5 112 102 100 93 104 100-2 100 98 113 
‘ , (inciual it £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ 
nnual expenses ncluding capita 
charges)— “ 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 000’s 8 000’s 000’s 000’s 000’s 000" 8 
Rolling stock oe 0 we wa 509 426 453 622 318 255 272 312 256 198 212 242 139 150 171 203 
Electrical equipment of track .. pm 153 184 170 161 97 116 107 102 92 103 93 89 69 63 57 54 
Alterations to way and works .. i 5 60 60 74 3 40 40 49 63 63 85 3 41 41 52 
Substations and transmission .. of 156 84 71 106 90 57 46 74 143 96 63 73 138 57 2s 
Cost of electricity oe hi oe 478 434 430 488 231 210 208 235 143 130 129 143 214 209 207 30 
Total .. 7" on «| 1,801 1,188 1,184 1,351 739 678 673 772 640 590 560 632 563 543 533 613 
Per cent. ve éo oe 109 100 99-8 114 109 100 99 114 108 100 95 107 104 100 98 113 





















































and Weymouth would not raise any special inter- 
running problems since short lengths of dual-equipped 
track would be laid and the locomotives would be 
exchanged at a convenient point. The same is true 
of the interrunning of the few passenger trains between 
the existing electrified area of the Southern Region 
and the other Regions. Interrunning would occur, 
however, to a greater extent in connection with cross- 
London freight and van traffic working. At present, 
usually 149 of these trains run from the other Regions 
to the Southern each weekday and there is a corres- 
ponding movement in the reverse direction. Under 
conditions of general electrification the locomotives 
used for this transfer service would have to be dual- 
equipped, as this would be less costly than dual-equip- 
ment of the tracks. Tie same system should, it is 
considered, be adopted on the underground cross- 
London lines recommended by the London Plan Work- 
ing Party. The motor coaches required under this 
arrangement would be provided with low-voltage col- 
lector shoes and higher-vol pantograph collecters. 
The deep-level tunnels would be equipped with low- 
voltage conductor rails, the pantographs being locked 
down. This would enable the internal diameter of the 
tunnels, designed to carry stock of main-line dimensions 
with sliding doors, to be kept to a minimum. 

To avoid the use of impedance bonds in connection 
with the track-circuit signalling system it would be 





charges and annual operating expenses would be higher 
with the low-voltage third-rail system and the higher- 
voltage single-phase alternating-current system than 
with direct-current at either 1,500 or 3,000 volts; and 
that there is little to choose between the last two, 
except that on the section carrying mixed light traffic 
there is a small balance in favour of 3,000 volts. The 
adoption of the low-voltage third-rail system would 
have the further drawback that specially-designed 
locomotives would have to be used on account of the 
gap in the conductor rail. Precautions would also 
have to be taken in marshalling yards to prevent the 
staff coming in contact with the conductor rail. Finally, 
difficulties due to icing have not been completely 
overcome. The low-voltage third-rail system cannot 
therefore be recommended as the standard for future 
general electrification. In view of the extensive use of 
the single-phase low-frequency alternating-current 
system in other countries it may seem surprising that it 
does not show to financial advantage, especially on 
lines with low traffic density. Traffic conditions in this 
country, however, are different from those where this 
system has been favoured. Moreover, single-phase 
alternating-current motors are not well suited to the 
operation of multiple-unit trains in suburban service. 
On the balance, therefore, the system cannot be recom- 
mended for general use in this country. 

It remains to consider whether the marginal economic 


tion, which point to the desirability of adopting a volt- 
age of 1,500. This would have the incidental advantage 
of avoiding the ultimate future conversion of certain 
sections already in operation, or being equipped, at this 
voltage. From the purely technical point of view, 
while there is no proof from practical experience that 
3,000-volt equipments are less reliable than those for @ 
1,500-volt system, some engineers consider that fewer 
failures are to be expected with the lower voltage, more 
especially in equipments for multiple-unit trains, where 
the space available for high-voltage motors, switchgear, 
and auxiliary machines is severely restricted. Others 
hold the view that there is no difference in operating 
reliability, provided that the equipments are effectively 
maintained. It is clear, however, that in this respect 
there is no disadvantage in adopting an overhead-line 
volt of 1,500. 

The Committee, therefore, recommends that general 
electrification in this country in future should be on the 
1,500-volt direct-current overhead-line system. It does 
not wish to rule out, however, the possibility of using 
direct current at 3,000 volts or single-phase alternating 
current at low frequency, or at the standard mage 4 
of 50 cycles, for secondary lines with light traffic. e 
introduction on such lines of a system different from 
the standard should be subject to the proviso that it 1 
not prejudicial to operation on adjacent lines equipped 
on the standard 1,500-volt direct-current system. 





proceeding on the basis of this higher voltage. The, 
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A number of matters upon which the Pringle Com- 
mittee made recommendations are also considered in 
the report. These included loading gauges, the 
standardisation of conductor-rail and overhead equip- 
ment, electrolytic corrosion and inductive and radio 
interference. No recommendations are made with 
Tegard to the first and third of these, but some minor 
modifications in the second are suggested. Moreover, 
itis not considered necessary to specify the provision of 
any apparatus on electric locomotives and motor 
coaches to prevent radio interference. 

Dealing with the question of shunting, the report 
States that experience has shown that, compared with 
— there is an economic advantage in the use of 

lese! locomotives in marshalling yards where shunting 
operations are more or less continuous. The employ- 
ment of Diesel locomotives in an electrified area would 
—— avoid the extensive provision of overhead 
: oo marshalling yards, or the retention of a small 
facili er of steam locomotives with their servicing 
Pm ues, for use in such yards. Diesel traction would 
a overcome difficulties with overhead electrification 

: on yards, dock areas and traders’ sidings. The 
of ——. recommends that the complementary use 

lesel motive power should be subject to economic 
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assessment in the preparation of any scheme of 
electrification. 





SUMMER SCHOOL IN RELAXATION METHODS.—We have 
received details from the Imperial College of Science 
and Technology, South Kensington, Loidon, $.W.7, of a 
course of instruction in relaxation methods which will 
be given there from September 3 to September 21. It 
will be on similar lines to others given in previous years. 
The subjects will include the numerical solution of linear 
algebraic equations, framework problems, the equations 
of Laplace and Poisson, the biharmonic equation, eigen- 
werte problems, the equation of heat conduction, etc. 
The course will consist of lectures each morning, beginning 
at 10.15 a.m., and tutorial instruction with numerous 
practical examples for solution in the afternoons. The 
fee is 101. An endeavour will be made to provide accom- 
modation for students in the College Hostel. The charge 
for a room is 9s. per day and meals can be obtained in 
the College refectory. Intending students should apply 
to Mr. D. N. de G. Allen, at the College, stating the 
amount of time that can be given to the course, whether 
accommodation is desired, and, if so, whether for the 
whole period or for that period excluding weekends. 





THE LONDON-BIRMINGHAM 
TELEVISION RADIO-RELAY LINK.* 


By R. J. Clayton, D. C. Espiey, G. W. S. GRIFFITH 
and J. M. C. Prvxknam. 


THE intensive research into radar carried out 
during the 1939-45 war produced a range of basic 
ultra-high-frequency techniques from which radio 
links have been developed as integral parts of trunk 
networks. An example of this development is the radio- 
relay link for television, which provides simultaneous 
two-way transmission of 405-line interlaced-scanning 
25 pictures per second of the British standard wave 
form between London and Birmingham. 

The terminal stations of the link are at Museum 
Telephone Exchange, London, and Telephone House, 
Birmingham, while the intermediate repeater stations 
are at Harrow Weald, Dunstable, Charwelton and 
Rowley Regis. Frequencies of 917 and 937 megacycles 
are used alternately on the ‘“‘ Go ” (London to Birming- 
ham) channel, and of 870 and 890 megacycles on the 
“Return” channel. On the “Go” channel the 
master and local-oscillator frequencies are always 
34 megacycles above the transmitted and received 
frequencies, i.e., 951 and 971 megacycles, while on the 
‘* Return ” channel they are below them at 836 and 856 
megacycles, The local-osciiiator frequency for the 
heterodyne receivers at the repeater stations is derived 
from the master-oscillator frequency of the trans- 
mitter, the latter being controlled by the received 
frequency only. A part of the output of the master 
oscillator is heterodyned with the output of a second 
erystal-controlled oscillator operating at a frequency 
of 20 megacycles, which is equal to the difference 
between the received and transmitted frequencies. 
Since the local and master-oscillator frequencies are 
arranged so that both are above or both below the 
received and transmitted frequencies, the transmitted 
frequency is equal to the received frequency plus or 
minus the shift frequency. The transmitted frequency 
is therefore independent of the drift of the master 
oscillator. The intermediate frequency is, however, 
altered by the amount of any such drift and the response 
of the intermediate-frequency amplifier must take this 
into account. The drift of the shift oscillator also 
appears in the transmitted frequency, but this is small. 
The transmitted frequencies throughout a channel are 
therefore effectively controlled by the master oscillator 
transmitting terminal. 

The signals are brought into and taken from the 
terminal stations by coaxial cables, the input signal 
being fed into the terminal equipment and an inter- 
mediate-frequency output is taken thence to the trans- 
mitter. The radio frequency of the transmitter is 
then taken through output filters and aerial monitors 
to the aerial feeder and thence to the transmitting 
aerial. At an intermediate station the radio-frequency 
input from the receiving aerial is taken to the receiver 
through input filters and a radio-frequency switch. 
The connections between the receivers and transmitters 
are at intermediate frequency and the output arrange- 
ments are similar to those at a terminal transmitting 
station. The ‘‘ Go” channel is controlled from Bir- 
mingham and the ‘“‘ Return” channel from London, 
to which control signals and fault indications are trans- 
mitted over a four-wire circuit by a voice-frequency 

m. 

The components of a transmitter are shown dia- 
grammatically in Fig. 3 from which it will be seen that 
the transmitter amplifier a feeds into the frequency 
changer 6. The radio-frequency generating chain, 
which consists of the master oscillator c and two 
stages of radio-frequency amplification d and d, also 
feeds into the frequency changer. At the intermediate 
transmitters there is a frequency shifter e and a 
shift-frequency generator f. The valve used in the 
master oscillator is a disc seal triode with an anode- 
grid circuit in the three-quarter wavelength mode of 
resonance. The grid-cathode length is about one and 
three-quarters wavelength and overall oscillation is 
maintained by a back path external to the two circuits. 
The construction of the circuit, which has an overall 
height of 25 in., is shown in Figs. 1 and 2. The anode- 
grid line is of fixed length and is tuned by a shunt 
capacitance. There are three similar tuning units, the 
capacitance of each being formed by the inner conductor 
of the line and a metal disc. The disc is fixed to short 
flexible metal bellows, so that there is no moving 
contact carrying a radio-frequency current. The three 
tuning units provide a pre-set control, the main tuning 
control and the drift-compensation control, respectively. 
The various output connections on the anode circuit are 
made by capacitance probes. i 

A resonant cavity, shown at g in Fig. 3, is inserted in 
the feed-back path so that feed back can only occur at 
the frequency to which the cavity is tuned. The 








* Paper read before the Institution of Electrical 
Engineers on Thursday, March 1. Abridged. 
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frequency of oscillation is determined principally by 
the anode-grid circuit and is therefore dependent upon 
temperature changes. To compensate for this, a 
bimetallic device is used to link one of the tuning units ; 
and a small heater is provided which is switched on and 
off with the anode supply of the valve so as to com- 
pensate for the initial warming-up drift. The fre- 
quency is thus stabilised to within one part in 10,000. 
The grid-cathode circuit is tuned by the movement of 
a non-contact metal block about one-quarter wave- 
length long. The input connection to this circuit is 
made by direct contact to the inner conductor. A 
radio-frequency output of 4 watts is obtained at a direct- 
current anode efficiency of 22 per cent. 

The first radio-frequency amplifying stage is similar 
to the line assembly of the oscillator stage, except that 
there is no compensation unit. For a radio-frequency 
input of 3-5 watts an output of 10 watts is obtained at 
a direct-current anode efficiency of 40 per cent. In 
the second radio-frequency amplifying stage, which is 
illustrated in Fig. 4, a grounded-grid valve is used. 
The radio-frequency input is applied through one 
impedance-matching coaxial circuit, a second circuit 
being used to provide a high radio-frequency impedance 
in the heater connection to the valve. The output is 
taken from a short coaxial anode-grid circuit operating 
in the one-quarter wavelength mode of resonance, 
which is tuned by a reactance coupled into it from a 
secondary coaxial line. The line assembly is mounted 
on @ main casting to which the grid of the valve is 
clamped and which also forms the outer conductor of 
the anode-grid circuit. The input and anode-tuning 
lines are both tuned by the movement of a one-quarter 
wavelength metal block, neutralisation being effected 
by a coupling between the anode and cathode circuits. 
The output is taken from the anode-grid circuit through 
a loop coupling; and a germanium-crystal detector is 
loosely coupled to the output point to form a power 
monitor for the stage. With a radio-frequency input 
of 10 watts a radio-frequency output of 40 to 60 watts 
is obtained at a direct-current anode efficiency of about 
20 per cent. 

In the frequency-change stage of a transmitter, 
which is also shown in Fig. 4, the radio-frequency and 
intermediate-frequency ratios are applied to the 
cathode. The anode-grid circuit of this valve is tured 
to the sum or difference of the two input frequencies and 
the output is taken from it. The stage is in many 
ways similar to the second radio-frequency amplifier, 
except that the input circuits are modified to accept 
the 34-megacycle signal. ‘Lhe intermediate-frequency 
signal is applied to the valve through a radio-frequency 
rejector circuit. The supply connections to the 
cathode and to the heater of the valve are made at 
the same point, the heater connection being inside the 
inner conductor of the line. A separate line is used 
for matching the radio-frequency input impedance of 
the stage to the input cables and a quarter wavelength 
sleeve is incorporated in this line, so that a low shunt 
capacitance is presented to the intermediate-frequency 
signal. The output coupling loop is laminar and has a 
circumferential length of about 2-5 cm. As the band 
width is of primary importance, the inductance of the 
loop is as small as possible. The radio-frequency input 
is about 40 to 60 watts and the intermediate-frequency 
input level is 15 root mean square volts across the 
input impedance of the stage, which has a resistive 
component of about 50 ohms. The output power is 
7-5 watts for a direct-current input to the anode of 
250 watts. The band width of the frequency changer 
and the intermediate-frequency amplifier, considered 
together, is 11-5 megacycles between the 1 decibel 
down points. ‘ 

The intermediate-frequency amplifier of the trans- 
mitter is of the wide-band power type with three 
— stages and a cathode follower output stage, 
in each of which the four valves used are connected in 

rallel. A special band-pass network is employed 

or the inter-stage couplings. The shunt capacitance 
is resonated at the mid-band frequency and there is a 
shunt-corrector circuit in which the inductance and 
capacitance also resonate at the same frequency. To 
reduce the circulating currents between the stages, 
separate inductances are used to resonate the output 
capacitance of one stege and the input capacitance of 
the next. The total siunt capacitance of the coupling 
between the third stage and the cathode follower is 
80 pico farads and with a load resistance of 14 ohms 
the band width of the coupling is about 240 mega- 
cycles at the 3 decibel points. The cathode and 
heater connections of the cathode follower are taken 
through a bifilar coil, which resonates the capacitance 
of the stage. The output connection is taken from 
® tapping on the coil so as to increase the effective 
load presented to the valves. The cathode and 
heater leads of the frequency-changer stage are led 
through a second bifilar coil in the amplifier chassis. 
Limiting is provided on the amplifier so that for a 
change of 1 decibel about the normal input level the 
output changes by 0-3 decibel. A monitor point 
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Hic. 4. TRANSMITTER-FREQUENCY CHANGER 


on this amplifier can be used for checking the picture 
signal transmitted. 

In the frequency-shifter stage, part of the output of 
the master oscillator, together with the 20 megacycle 
output of the shift-frequency generator, is fed into the 
grid-cathode circuit of a valve, the anode-grid circuit 
of which is tuned to accept the required sum or differ- 
ence frequency. The stage is similar in form to that 
of the master oscillator, but there is no compensation 
unit. The shift-frequency generator contains a crystal- 
controlled oscillator and an amplifier stage, the coupling 
between the units being similar in principle to that 
between the intermediate-frequency amplifier and the 
frequency changer. 

The transmitter cubicle, which can be seen on the 
right of Fig. 5, opposite, is designed so that when the 
transmitter unit has been run in and the doors have been 
closed radio-frequency screening is completed and any 
spurious radiation is prevented. The connections to the 
transmitter are brought out of the screened compart- 
ment through iron-dust coaxial filters to give an 
attenuation of at least 80 decibels at 900 megacycles. 
The seals on the front panel and on the doors consist 
of a continuous channel, which is attached to the 
cubicle and is fitted with metal braiding covering a 
flexible packing. The seals are completed by a tongue 
which fits into the channel. Cooling air is drawn 
through the compartment and is introduced and 
exhausted through sections of trunking, which are 
divided by internal partitions into a number of ducts. 
The dimensions of each duct are such that the critical 
frequency for waveguide transmission is greater than 
the radio frequency used so that the attenuation is 
about 80 decibels. Filtered cooling air for the radio- 
frequency stages is provided by twin blowers at the 
bottom of the cubicle. 

A receiver cubicle of the type used at both the 
terminal and intermediate stations is illustrated on 
the left of Fig. 5, one of the duplicate receivers being 
shown lowered to the maintenance position. Each 
receiver contains an intermediate-frequency amplifier 
which is indicated at h, in Fig. 3, and a frequency 
changer which is indicated at i in the same diagram. 
There is also a fault-monitoring and metering unit 
and a heterodyne frequency filter for the radio-frequency 
supply from the frequency shifter. At the terminal 
receiving stations this drive is obtained from an 
oscillator circuit similar to that of a master oscillator. 
The heterodyne-frequency filter reduces the effective 
local-oscillator noise by introducing a narrow frequency 
“gate” and rejects any unwanted frequency com- 
ponents in the output of the frequency-shifter stage 
of an intermediate station transmitter. It also pro- 
vides a stable resistive load for the local oscillator 
source. The filter consists of two resonant cavities. 
These are coupled together by a section of coaxial 
line in which shunt and series resistive elements are 
included. The additional rejection of unwanted fre- 
quency components, effected by the second cavity, is 
necessary, owing to the fact that any spurious signal 
in the receiver, which involves a 40-megacycle com- 
ponent, will be accepted by the intermediate frequency 
amplifier. The values of the shunt and series arms 
of the resistive units have been chosen to give the 
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best compromise between impedance and attenuation. 
The response of the filter is 890 kilocycles wide at the 
3-decibe] points with a rejection better than 50 decibels 
at + 20 megacycles from the midpoint of the band. 

The frequency changer consists of a silicon-crystal 
valve in a coaxial line circuit, the crystal being matched 
to the cable impedance by two pre-tuned coaxial stubs. 
The input signal power is 8 by 10-7 watt for a path of 
40 miles. The intermediate-frequency output is taken 
directly from the crystal through a rejector circuit, 
which forms a low-impedance radio-frequency by-pass. 
The frequency changer is mounted on the chassis of 
the intermediate-frequency amplifier. This allows 
common-point earthing on each intermediate-frequency 
stage, so that circulating currents are reduced. Two 
valves in parallel are used in each signal stage, so that 
the amplifier will function satisfactorily if one fails. 
The amplifier is designed to have a response which is 
0-1 decibel down at + 5 megacycles and 3 decibels 
down at a total band width of 24 megacycles. Low- 
noise triodes are used in two grounded-grid stages. 
The low input impedance of the first of these provides 
adequate damping for the coupling from the frequency 
changer and a substantially constant intermediate- 
frequency load for the crystal valve. The second 
grounded-grid stage is used so that, by a suitably 
tapped inductance transformation in the coupling 
between the two stages, a gain of 9 decibels can be 
obtained without the introduction of a load resistor 
and its accompanying noise. 

There are five amplifying stages, to the first three 
of which automatic gain control is applied by varying 
the negative grid voltage. In each controlled stage 4 
cathode resistor is used to give a small protective bias 
and to provide a negative feed back, which neutralises 
the change of input capacitance caused by variations 
in the automatic gain-control voltage. The gain of a 
controlled stage at full current is 10-5 decibels and 
that of an uncontrolled stage 13 decibels. The output 
is taken from a cathode follower stage in which two 
valves, giving an output level of 1 volt across 75 ohms, 
are used. The cathode capacitance of the stage 18 
resonated and a resistive pad is inserted between the 
valves and the output so that the receiver will function 
satisfactorily with a long cable connection. The auto- 
matic gain-control stages are fed from the anode of 
this cathode follower and a monitor cathode follower 
output stage is connected across the main output. 
Delayed automatic gain control is used, so that the 
control does not operate on output signals below 4 
set level. The high-voltage supply for the valves in the 
automatic gain-control loop is taken from a negative 
supply line. The automatic gain-control stages have 4 
loop gain of about 40 decibels, so that for a change In 
input level of 20 decibels the output level changes by 
about 0-5 decibel. “eel 

The equipment at a transmitting terminal includes 
a modulator and the automatic frequency-control 
apparatus. The output consists of a frequency- 
modulated carrier with a nominal centre frequency of 
34 megacycles and a total deviation of 3 megacycles. 
The direction of modulation is such that a positive- 





going input signal increases the frequency. The 
equipment is arranged to accept not only television-type 
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Fig. 5. TRANSMITTER AND RECEIVER CUBICLES. 


signals in which the frequency of the bottom of the 
synchronising pulses is controlled to 32-5 megacycles, 
but also symmetrical signals for test purposes in 
which the centre frequency is controlled to 34 mega- 
cycles. The oscillator stage comprises two valves 
which feed a common anode circuit, the feedback 
being arranged so that the input voltages to both 
valves are in quadrature. The phase of the feedback 
system, which is controlled by cables of resonant 
length, is such that the resultant signal in the anode 
circuit, when the outputs of the valves are equal, is in 
correct phase to maintain oscillation at 34 megacycles. 
If the magnitude of the signal contributed by one valve 
is altered, the phase of the resultant signal in the anode 
circuit will also alter and the frequency of oscillation 
will change until the correct phase relationship round 
the feedback path has been restored. When an 
applied voltage is used in this way to alter the 
gain of one of the valves, a change in frequency is 
produced. 

The arrangement of the stage is shown in Fig. 6. 
Two valves, a and a,, are used on each side of the 
oscillator 6 and a cathode-follower stage c is inserted 
between the common anode circuit and the feedback 
cables. In addition, the gains of the two sides of the 
oscillator are altered simultaneously in the opposite 
sense. The initial conditions of the stage are set by 
the final direct-current amplifier d in the automatic 
frequency-control unit. The voltage from this unit 
and the push-pull output of the vision-frequency ampli- 
fier e in the modulator are applied to the cathodes of 
the valves in the oscillator stage. The grids of these 
valves are earthed with respect to direct-current to 
avoid troubles associated with bias. The oscillator is 
followed by a limiting intermediate-frequency amplifier 
f, which removes all amplitude modulation from the 
‘ignal. This amplifier is fed from the anode of the 
cathode-follower stage and is followed by a second 
tathode-follower stage (not shown in the diagram), 
which provides two separate circuits, one taken from its 
cathode and the other from its anode. The cathode 
output is used to feed the transmitter and the anode 
output to supply a signal for the discriminator g in 
the automatic frequency-control unit from which the 
control voltages are derived. 


(To be continued.) 





RESEARCH ON LIGHT ALLOYS FOR SHIPS.—A research 
scholarship, of the value of 4001. per annum and tenable 
for two years, is offered by the Aluminium Development 
Association to encourage and facilitate research in the 
‘pplication of light alloys to ship construction. The 
Scholarship will be administered by a committee of the 
Institution of Naval Architects and it is hoped to make 
a award in September, 1951. Full particulars of entry, 
Which closes on June 30, can be obtained from the secre- 
tary, Institution of Naval Architects, 10, Upper Belgrave 
Street, London, S.W.1. 





; CONTRACTS. 


CaFFIN & Co., LTD., 25, Craven-stregt, London, W.C.2, 
are to build additional marshalling and carriage siding 
accommodation at the Willesden sidings of the London 
Midland Region of British Railways. 


THE ENGLISH ELECTRIC Co., LTD., Queen’s House, 
Kingsway, London, W.C.2, are to supply water turbines 
and alternators to the Snowy Mountains Hydro-Electric 
Authority, Australia. The plant, which comprises two 
30,000 kW sets to be installed at Guthega at an altitude 
of over 4,000 ft., on the Snowy River, will be manufac- 
tured under the supervision of the English Electric Co. by 
HARLAND & WOLFF LTD., Scotstoun Works, Glasgow. 
The turbines, each of 45,500 h.p., and the alternators will 
be similar to those supplied by the English Electric Co. 
for the Loch Sloy hydro-electric plant. Guthega is the 
first of 16 power plants of the Snowy Mountains Scheme 
and the above plant constitutes the first contract to be 
awarded in connection with the Scheme. The English 
Electric Co. are also supplying twenty-eight 12,500-kVA 
66/33/7°6-kV three-phase “ON” transformers to the 
Electricity Trust of South Australia, Adelaide. 


HALL, RussELL & Co., LTp., Aberdeen, have secured 
contracts to build three vessels. The first is a single- 
screw cargo steamer, of 2,500 tons deadweight capacity 
and having a speed of 124 knots, for A/S Borga (managers: 
Fred. Olsen & Co., Oslo, Norway). The ship is intended 
for the North Sea and Baltic trade and the propelling 
machinery will consist of a Fredriksstad 1,320-i.h.p. 
No. 6 steam engine to be built and installed by the 
Hall, Russell engineering department, at Aberdeen. 
The two other ships are 1,100 tons deadweight cargo 
motorships for Associated Humber Lines, Hull. The 
propelling machinery will consist of 2,400-b.h.p. Kincaid- 
Polar Diesel engines, supplied by JoHN G. Kincaip & 
Co., Ltp., Greenock. 


SULZER Bros. (LONDON), LTD., 31, Bedford-square, 
London, W.C.1, and CROMPTON PARKINSON, LTD., 
Chelmsford, Essex, have received orders for oil-engine and 
electric transmission equipment for twenty 350,b.h.p. 
Diesel-electric shunting locomotives for Renfe (the 
Spanish National Railways). The mechanical portions 
will be built and the locomotives erected by La MaQquIn- 
ISTA TERRESTRE Y MARITIMA, Barcelona, and the Soc. 
Esp. Bascock y Wi1cox, Bilbao. The Algerian Rail- 
ways have also ordered ten Diesel-electric locomotives, 
each equipped with a 1,070-h.p. Sulzer engine (de-rated 
to 960 b.h.p., on the site), for operating heavy freight and 
passenger traffic on the 1,055-mm. gauge Blida-Djelfa 
line. The estimated weight of each engine is 72 tons 
and the top speed is limited to 85 km.p.h. (35 miles p.h.). 


A.C.V. SALEs LTD., Southall, Middlesex, have received 
orders from the London Transport Executive for a further 
15 A.E.C. “ Regal” IV road-vehicle chassis. Other 
contracts include six additional double-deck A.E.C. 
** Regent”? III chassis ordered by the Corporation of 
Halifax and a further 16 six- and eight-wheel A.E.C. 
‘* Mammoth Major ”’ chassis ordered by Bowater’s Sales 
Co., Ltd., London. 





“ENGINEERING” 


SOME ASPECTS OF MODERN 
NAVAL AIRCRAFT DESIGN,* 


By D. L. Hot.is Wittiams, B.Sc., F.R.Ae.S. 


Limitations on the design of carrier-borne aircraft 
are imposed by deck take-off and landing, and by hand- 
ling and maintaining in confined spaces. The carrier 
deck is divided into front and rear portions by a retract- 
able crash barrier. The arrester wires are disposed 
athwartship across the after end of the deck; the 
catapults are in the forward portion of the deck. Under 
the flight deck is the hangar, a long uninterrupted 
corridor slightly narrower than the full beam of the 
ship, with a fair roof height. At each end of the hangar 
are the lifts for transporting aircraft up on to the deck. 
The problem is to stow as many aircraft as possible on 
the hangar floor space available, with the minimum of 
reserve space for maintenance and repair work. The 
length of aircraft must not exceed the lift length and 
the folded width is dictated either by the width of the 
lift, or the need to stow several rows abreast in the 
hangar. Folded height is determined by the height 
of the hangar roof, which is becoming fairly constant 
between the various classes of carrier. The closer the 
designer works to the limiting dimensions, the more 
time is taken up in handling and moving aircraft, which 
is a handicap under operational conditions. The carrier 
pitches and rolls and there must be enough clearance 
for an aircraft to rock on its shock-absorber suspension 
without damaging itself on the roof or the walls. 


A free take-off is a requirement for ggneral-recon- 
naissance and anti-submarine aircraft. Normal prac- 
tice at present is to accelerate fighter and strike aircraft 
off the deck. The accelerator consists of a long slot in 
the forward part of the deck, through which projects a 
powerful forward-facing hook. The aircraft is taxied 
into position at the end of the slot. A cable connection 
is made between the aircraft and the accelerator hook, 
with a tie-back cable at the after end of the aircraft to 
keep the system taut. When the catapult is fired, the 
hold-back cable is broken. It is most important that 
the aircraft should have the right attitude on the 
catapult, with the wings at a positive angle of incidence 
approaching the airborne incidence, as this governs the 
speed at which the ship must be driven to get the 
necessary wind speed over the deck and/or the accelera- 
ting force in the catapult. It is usual to equip naval 
aircraft for rocket-assisted take-off, so that aircraft 
can be flown off when conditions do not permit free 
take-off, and without using the accelerator. 

In landing, the aircraft approaches the receding 
stern of the carrier from abeam to port. When within 
comfortable visual range, the pilot places himself under 
the signals of the deck-landing control officer. 
At a constant height just above deck level, the pilot 
executes a turn into the turbulent air stream just aft of 





* Lecture given before the Royal Aeronautical Society 
on Thursday, March 29. Abridged. 
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the carrier’s deck. At a point judged by the batsman, 
the pilot shuts off power, glides down on to the deck, 
flattens out just before contact, and the arrester hook 
bs a wire and decelerates the aircraft to rest. The 
motion of the aircraft is a slight recoil from the 
elasticity of the arrester cable which usually allows 
the pilot to retract his hook and drop the wire. Failing 
this, the deck crew roll the aircraft back a few feet to 
release the wire. When the aircraft comes to rest, the 
crash barrier is lowered on to the deck and the pilot 
taxies across it to the forward park. The barrier is 
raised immediately behind him to receive the next 
aircraft. 

Should the batsman decide at the last moment that 
the aircraft is not in the right position to make a 
successful deck landing, then the aircraft must be able 
to accelerate to a comfortable circuit speed, which 
requires plenty of reserve power to check the sink and 
to accelerate; the sudden increase of power should 
not be accompanied by violent changes of trim. 

An analysis of these operations will show that the 
following aircraft characteristics are required: (i) an 
adequate pilot’s view ; (ii) good stability and control 
characteristics on the approach at speeds just above the 
stall ; (iii) immediate decay of thrust at the “ cut” ; 
(iv) satisfactory glide-path characteristics ; (v) chassis 
characteristics to give stability with wings folded in a 
rolling ship, the correct attitude on the catapult, 
adequate energy absorption on the landing, and 
freedom from bounce and float; (vi) efficient 
arrester gear; and (vii) rapid wing spreading and 
folding. 

Aircraft which are now coming into service have an 
unobstructed view, obtained in some cases by mounting 
the gun-sight equipment retractably. If a pilot has 
some 8 or 9 deg. of downward view, measured from a 
datum parallel to the wing chord, he has all the view 
necessary for deck landing, although other require- 
ments, such as search and weapon sighting, may demand 
greater angles. The nose-wheel undercarriage has 
contributed to improved stability through its influence 
on the centre-of-gravity range of the aircraft. A 
natural buffet to give warning as the aircraft approaches 
the stall is a good feature, but it is difficult to design 
into the aircraft, and still more difficult to reproduce 
on a production series. “Most carrier-borne aircraft 
now have a subsidiary air-speed indicator mounted up 
on the sight line and sufficiently far from the pilot’s 
eye for him to keep it under observation without 
changing focus. 

On the piston-engined type of power plant, the 
response to closing the throttle was immediate and the 
loss of slipstream velocity over the wing promoted the 
right sort of conditions for the sink on to the deck. 
With the jet and the propeller-turbine there is a ten- 
dency for the thrust to persist after the ‘‘ cut.” This 
condition has required special treatment in the case 
of the propeller-turbine. 

The glide path after the “ cut” can be either flat or 
steep. To flatten out just before contact with the 
deck, excess lift is required, which means that the 
glide-in speed must have a margin in hand over the 
engine-off stalling speed. The steeper the glide, the 
greater the excess lift and, consequently, the faster the 
glide speed, and the greater the loads on the chassis 
shock-absorber system if the flare out is not made 
accurately. From the designer’s point of view, the flat 
glide is the most attractive as it permits the slowest 
approach without too much demand on the shock- 
absorbing capacity in the event of error of judgment. 
It means, however, that the “‘ cut” must be given at a 
point in space some distance aft of the carrier stern, 
which is more difficult for the batsman to judge. 
From the pilot’s and the batsman’s point of view, it is 
preferable to have a steep glide path after the “ cut,” 
80 that the “ cut” can be given close up to the stern, 
and the pitching of the deck is less likely to interfere 
with the landing. 

The tail-wheel type of undercarriage had many 
natural advantages for naval aircraft. The stability 
of a tail-wheel aircraft in a rolling ship, especially with 
backward wing fold, was excellent. Towing ahead or 
astern was simple and controllable. There was no 
need to worry about the dynamic motion of the aircraft 
on its shock-absorber system and, because of the long 
wheel base, there were no important magnifications of 
movement. The attitude on the catapult was natur- 
ally correct and folded height was less of a problem. 
The tail-wheel aircraft was reasonably good direction- 
ally for take-off on deck. It was only the landing that 
required a certain accuracy of speed and attitude. 

The nose-wheel undercarriage, which has now become 
& requirement for naval aircraft, is primarily a device 
for reducing lift at the moment of contact, and thus 
reducing the tendency to bounce and float. 

* The design of a nose-wheel type undercarriage for a 
shore-based aircraft is relatively simple. The pilot 
should be able to rotate the aircraft about its main 
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wheels progressively during the take-off ; this condition 
is achieved if the main wheels are located just aft of the 
farthermost back position of the centre of gravity. 
Non-flight conditions of loading should not allow the 
aircraft to tip back on to its tail bumper. 

A naval aircraft may be stowed athwartship, or it 
may be in a tight park on deck with its tail hanging 
over the side. It is essential that the aircraft should 
have stability on its nose-wheel undercarriage up to 
the maximum angle of roll of the ship, which may be 
as much as 20 deg. The stability on the undercarriage 
is mainly important in the folded condition, as the 
aircraft is never likely to be athwartship with wings 
spread. An angle between the point of contact of 
the main wheels and the aftermost position of the 
centre of gravity, measured from the vertical, suffi- 
ciently _— to cover the full roll of the carrier may be 
too great for comfortable rotation during the take-off, 
and the lifting of the nose at forward positions of the 
centre of gravity is likely to be even more difficult. 
Throwing the centre of gravity forward in the folded 
condition can be achieved by either a forward com- 
ponent on the wing fold or, on jet aircraft, by a “‘ kneel- 
ing” position of the nose wheel. Because the base of 
the nose-wheel undercarriage is relatively short, there is 
magnifications of movement at the tail end. If the 
nose-wheel oleo has spongey characteristics, a sudden 
check by brakes or chocks when moving the aircraft 
in the hangar may increase the height of the tail by an 
amount proportional to the compression of the nose 
oleo. This point must be watched carefully during 
design, especially if the designer is working close to 
roof height dimensions. The four-wheeled under- 
carriage may be the right solution, provided that the 
aircraft is stabilised positively one way or the other 
in the folded condition. An aircraft which just 
rocks about its main wheels either on to a nose wheel 
or a tail wheel in sympathy with the motion of a ship, 
would impose an unacceptable limitation on parking 
arrangements. 

The nose-wheel undercarriage introduces problems 
on the catapult. The aircraft should sit naturally on 
the ground with its wings at a positive le of inci- 
dence and its tail well down: in fact, ost in a 
landing attitude. If the aircraft has a zero-incidence 
attitude, then a forced attitude will be required on the 
catapult, which may require ancillary equipment 





and which, in any case, means the loss of valuable 
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seconds in loading and firing. Nose-wheel aircraft 
tend to be landed more heavily than tail-wheel aircraft, 
as the landing operation is not so critical to speed 
and attitude, and therefore shock-absorbing capacity is 
particularly necessary and recoil must be well — 
It is possible for a nose-wheel aircraft to come clear 
off the deck under recoil and the arrester gear must 
therefore be sufficiently long to retain contact with 
the deck. 

The arrester gear must be able to stand repeated 
loading without fatigue. The damper gear must be 
completely reliable to ensure that the hook is pressed 
down on the deck without bounce. It must follow 
the deck, whatever the motion of the aircraft, until 
it has picked up a wire. At present, the sting type 
of arrester is in favour, but perhaps at times a pilot 
would prefer his arrester hook to be not quite 80 
far behind his sight line, since on a large aircraft he 
progresses well towards the crash barrier before feeling 
the satisfying drag of the arrester cable. 

The operation of wing-folding and spreading must 
be quick to avoid delay in operations. The system 
of wing folding adopted should help to stabilise the 
aircraft on its undercarriage under rough sea conditions. 
In the event of power-folding failure, or when the air- 
craft is damaged, an alternative scheme for folding the 
wings manually must be readily available. ‘ 

It has been normal practice to design naval aircraft 
round military engines, designed initially to Royal 
Air Force requirements for shore-based aircraft. Over 
a period of years, there have been attempts to design 
engines specifically for naval application, but until 
recently such efforts have never come to fruition. 
In the early 1930’s the increase in engine power that 
was becoming available meant a complementary 
increase in propeller diameter. With multi-bladed 
propellers, it was necessary to position the propeller 
carefully before the folded aircraft could be moved in 
under the hangar roof. Permissible folding dimensions 
were then of the order of 13 ft. and it was not possible 
to design an aircraft with twin engine nacelles, mounted 
on the wings, which would fold into such limited 
dimensions, even if the aircraft could be handled safely 
on one engine for an emergency deck landing. __ 

In 1935, A. G. Forsyth, the Fairey engine designer, 
proposed a double engine with each power unit com- 
pletely self-contained and each unit delivering its 





power through one half of a coaxial propeller. is 
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double engine, the P.24, which is illustrated in Fig. 1 
with its coaxial propeller combination, was ordered, 
built, and mounted in a “ Battle” aircraft. By 
that time it was 1939. Under pressure of war, the 
decision was taken not to go ahead with production in 
Great Britain, but the P.24 “* Battle” was shipped out 
to America for assessment at Wright Field. The 
P.24 engine comprised two 1,000-h.p. units. There 
were in America at that time several 2,000-h.p. engines, 
80 steps were taken to develop the P.24 up to the 3,000- 
h.p. class with a view to installing it in an operational 
fighter. History repeated itself, however, and the 
shock of Pearl Harbour caused the P.24 project, 
which was probably the first engine designed specifically 
for naval requirements, again to be shelved. 

Towards the end of the war, Fairey were working on 
& projected naval strike aircraft based on a propeller- 
turbine engine ; difficulty was found in meeting the 
fuel load requirements, both from a point of view of 
stowage and the effect on total weight. 

The study of a typical turbine power-consumption 
curve showed that the specific consumption rose rapidly 
with throttling and that it paid to operate the engine at, 
or near, full load. Thus, with the power broken down 
into two independent units, it would pay to operate 
one unit close to full load with the other shut down, 
under cruising conditions. Discussions were held with 
Rolls-Royce and a double power plant was schemed, 
based on two large propeller-turbines. The engine 
development programme at that time, however, was 
80 overloaded that the double engine project, which 
was thought to be of limited application, was stopped. 

When a specialised anti-submarine aircraft was 
required, it was seen that the same arguments would 
apply. For an anti-submarine aeroplane, with its free 
take-off requirement, the choice falls between the piston 
engine and the propeller-turbine. At about 34 hours’ 
endurance, with allowances for warming up, take-off, 
climb and stand-off, etc., the twin propeller-turbine, 
plus fuel load, balances the weight of the single piston 
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engine plus its fuel load. From 4 to 6 hours’ endurance, 
the weight of the piston engine plus fuel is lighter than 
the weight of the twin propeller-turbine plus fuel. 
For endurances of more than 6 hours, it pays on a 
weight basis to compound the piston engine. The 
piston engine requires high-octane fuel and is handi- 
capped by the requirement for flame damping, which 
adds weight and reduces power, but the balance is 
sufficiently close to make decision difficult. As it 
happened, the only piston engine available in the 
weight/power class required held out no particular 
promise for future increase of power; all naval air- 
craft increase by at least 20 per cent. in all-up weight 
during their life, and it was necessary therefore to 
choose an engine, or engines, which had possibilities of 
development. 

Fairey were attracted to the ‘“‘ Mamba ”’ propeller- 
turbine, which was of small dimensions because of its 
axial-flow compressor. It was proposed to Armstrong 
Siddeley that two of these engines should be coupled to 
form a power plant. There was some doubt whether 
the right way to develop the thrust was through a 
contra-rotating propeller, which would have required 
a system of clutches and free wheels, or a coaxial 
propeller. The latter was adopted, since Fairey had 
had flight experience with the coaxial arrangement. 
The double-chamber engine has complete indepen- 
dence of gear trains, etc., with separate lubrication 
systems: the only point at which there is dependence 
is where the coaxial shafts rotate one within the 
other. The development engines have given long 
periods of maintenance-free running. At the moment 
they are sensitive to starting-up conditions, either 
on the ground or in the air; a false start will give 
a rapid temperature rise which may cause trouble. 
Automatic means to avoid such critical conditions will 
be developed. 

Deck landing on one engine with a conventional 
twin layout must always involve difficult handling 





problems for the pilot, whereas, with the double engine, 





operating on one engine is normal; provided that the 
one engine has sufficient power to give the slow speed 
engine-on approach, deck landing on one engine is no 
longer an emergency operation. Turbines have solved 
the flame-damping problem. The noise level is lower, 
which increases the efficiency of radio and inter- 
communication work. Vibration is reduced, which 
improves the serviceability of instrument, radar and 
radio equipment. Both jet and _propeller-turbine 
engines give great flexibility in the choice of fuels ; 
the absence of high-octane petrol simplifies the storage 
problem for the carrier. 

The Fairey 17 combined search and strike anti- 
submarine aircraft, the design of which was based on 
the decision to use a double power plant formed from 
two single Mamba propeller-turbine units, is remarkable 
for the small degree of design compromise. 

Jets and propeller-turbines require little maintenance; 
the engines were therefore installed in a tunnel under 
the pilot’s cockpit floor, with a slight loss of accessibility. 
The double Mamba power plant is provided with a 
front pair of detachable rollers and a rear pair of 
rollers permanently mounted. The rear rollers rest on 
rails built into the structure. For power plant removal, 
a pair of ancillary guide rails are attached at their rear 
ends to the bulkhead and the forward ends of the guide 
rails are mounted on a large ancillary supporting 
bracket which, in turr, is anchored on the fixed part of 
the nose-wheel shock absorber. The engine gearbox 
has cast lugs which receive the front pair of rollers and, 
by means of a hand-operated ratchet, the whole power 
plant can then be run forward once the connections 
have been cast off. The ancillary gear is light and small 
enough to be carried in the aircraft and the operation is 
independent of shock-absorber compression, so that the 
aircraft does not have to be jacked up and trestled. 
Only if the power plant has to be lifted from the guide 
rails is a prop necessary under the tail of the aircraft. 
The one compromise was in the location of the radar 
set, which is mounted retractably at the rear end of the 
bomb bay. The ideal position is right at the front 
below the nose, which would require a conventional 
twin layout. 

The aerodynamic design of the aircraft was based on 
the continuous rating of one turbine. To keep down 
the folded height and to give stability when stowed, a 
double wing-fold is used, as shown in Fig. 2. A sup- 
pressed flap hinge system is used for the first time on 
Fairey aircraft. The low position of the tail in the 
“* standing” attitude gives ample margin on hangar- 
roof clearance for any emergency, such as a collapsed 
nose oleo, or through the dynamic effects of a sudden 
check when the aircraft is being rolled into position in 
the hangar. 

It will be seen in Fig. 3 that the aircraft is mounted 
on its chassis at a positive angle of incidence, almost at 
the landing attitude. At the end of the catapulting 
stroke, therefore, the aircraft would be very nearly at 
the appropriate incidence for flight without artificial 
aids. Such a nose-up, tail-down attitude has to be 
considered in relation to landing; it beings the nose 
wheel into action much earlier than is customary. 
Thus, the aircraft has little opportunity to acquire 
angular momentum on the pitch forward and there is a 
speed or attitude at which it will make three-point 
landing. There is thus a general tendency to spread 
the load on to all three shock absorbers, giving a useful 
reserve margin of shock absorption and strength. If 
the nose-up attitude is overdone, however, with excess 
speed or a last-minute nose-down change of attitude, 
the condition will arise of first contact forward of the 
centre of gravity. 

The twin nose-wheel arrangement was governed by 
the space available in the retracted stowage. Geo- 
metrical limitations made it impossible to provide a 
vertical nose oleo which would have led to a simple 
castoring bearing in its base. Experiments with the 
nose and tail towing of models showed that the angle 
of this castor bearing was critical, and so an offset 
castor bearing had to be provided at the bottom end of 
the oleo. To avoid nose-wheel “‘ shimmy,” the freedom 
of the castor for take-off, landing and retraction is 
limited, but it is freed for slow-speed handling, man- 
g@uvring and towing. 

The strength of the airframe structure was obtained 
by mechanical test development. The calculations were 
based on an early estimate and take no account of 
fluctuations in total weight during the design. The 
airframe was finally put up for structural test with a 
load distribution based on the actual total weight which 
the finished aircraft would have. During the course of 
these tests a few local points had to be strengthened, 
but the method proved to be most satisfactory for 
obtaining a light and efficient structure. 

The flywheel effect of a turbine is considerable and 
after shutting or opening the throttle there is an 
appreciable delay before the turbine-speed responds. 
Messrs. Armstrong Siddeley had made successful 
experiments with a single Mamba fitted with a Rotol 
propeller in a ‘‘ Balliol ” trainer aeroplane, running the 
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turbine continuously at constant speed and varying 
the thrust by changing the propeller pitch. This 
system of control was introduced into the double- 
Mamba power plant. To satisfy the constant- 
speed condition when throttling for landing, the 
flight fine-pitch stops are withdrawn and the propeller 
blades are free to take up whatever fine pitch is neces- 
sary to satisfy the minimum shaft h.p. In other words, 
at the “ cut,” with turbines running at constant speed, 
the propeller approaches its ground fine-pitch stop. 
The constant-speeding system gives a satisfactory rate 
of loss of thrust at the ‘‘cut”’ and at gliding speeds 
enters a condition of negative thrust which provides a 
useful increment of drag. 

For anti-submarine warfare the fixed-wing aircraft, 
in due course, may be replaced by the helicopter. 
A large load-carrying all-weather helicopter can solve 
a number of problems in a much simpler fashion than is 
possible with a fixed-wing aircraft. It will not only 
simplify equipment, but it should be possible for it to 
operate from the merchant ship. 





TRADE PUBLICATIONS, 


Industrial Instruments.——We have received a copy, in 
Danish, of the general catalogue of process-control instru- 
ments issued by George Kent, Ltd., Luton, Bedfordshire. 


High-Vacuum Gauges.—A series of publications relating 
to their high-vacuum gauges has been received from 
W. Edwards & Co. (London), Ltd., Worsley Bridge- 
road, Lower Sydenham, London, S.E.26. 


Contour Projector.—Gaston E. Marbaix, Ltd., Devon- 
shire House, Vicarage-crescent, Battersea, London, 
8.W.11, have sent us an illustrated brochure showing the 
uses of the Kodak contour projector. 


Office Equipment.—Remington Rand, Ltd., Common- 
wealth House, 1-19, New Oxford-street, London, W.C.1, 
have issucd a well-illustrated catalogue of office desks, 
tables, presses, filing cabinets, chairs, etc., in wood and 
in steel. 


Compressors.—We have received a booklet issued by 
G. and J. Weir, Ltd., Cathcart, Glasgow, S.4, illustrating 
their motor, Diesel, and steam-engine driven com- 
pressors with capacities ranging from 15 to 1,000 cub. ft. 
per minute. 


Rotary Switch.—A leaflet describing a 10-way and “off ” 
double-pole rotary switch with a maximum rating of 
5 amperes at 230 volts, has been issued by Precision 
Components (Barnet), Ltd., 13, Byng-road, Barnet, 
Hertfordshire. 


Cyclone Dust Collector.—The layout and applications 
of a high-efficiency cyclone dust collector are described 
in an illustrated brochure issued by Sturtevant Engineer- 
ing Co., Ltd., Southern House, Cannon-street, London, 
E.C.4. This cyclone is particularly suitable for handling 
fine dusts and is made in comparatively small diameters. 


Emergency Lighting for Theatres and Cinemas.—We 
have received from the Tudor Accumulator Co., Ltd., 
50, Grosvenor-gardens, London, S.W.1, a leaflet describing 
the Safetylyte B lighting equipment, which operntes from 
a rectifier and floating battery, for emergency use in 
cinemas and theatres. 


Electrical Measuring Instruments.—Details of the 
‘Megger insulation testers, Bridge-Megger testers, ohm- 
meters, Megger earth testers and other electrical measur- 
ing instruments, which they have been manufacturing 
for over 50 years, are contained in a pamphlet issued by 
Evershed & Vignoles, Ltd., Acton Lane Works, Chiswick, 
London, W.4. 


Hangars with Welded-Steel Frames.—A reprint of an 
article which appeared in Engineering News-Record, on 
two hangars for Copenhagen airport, has been issued by 
the builders, Hills (West Bromwich), Limited, Albion- 
road, West Bromwich. One hangar is 140 ft. by 330 ft. 
in plan, and one of its 330-ft. sides provides a clear door 
opening. A truss of this length to span the opening is 
given additional support by cantilevering the transverse 
trusses. 


Timber Seasoning.—Information on seasoning timber 
by forced-draught ventilation is given in an illustrated 
brochure issued by the Sturtevant Engineering Co., 
Ltd., Southern House, Cannon-street, London, E.C.4, 
which includes descriptions of the cross-shaft kiln, a 
single-stack kiln using reversible-propeller overhead fans, 
the larger double-stack kiln with automatic control, 
and the external-fan kiln which employs a centrifugal 
fan and air-heater battery installed outside the kiln. 

Double Glazing Units.—Pilkington Brothers, Limited, 
St. Helens, Lancashire, have issued an illustrated booklet 
giving particulars of “ Insulight ’’ double and multiple 
glazing units, which consist of hermetically-sealed windows 
composed of two panes of glass separated by a metal spacer 
and a cell of dehydrated air. They provide excellent 
thermal and acoustic insulation, and resist the formation 
of condensation. The book includes condensation charts 
for single, double, triple and quadruple glazing. 





BOOKS RECEIVED. 


La Technique du Vide. By MAURICE LEBLANC. Librairie 
Armand Colin, 103, Boulevard Saint-Michel, Paris (5e), 
France. [Price 200 francs.] 

Report of the Conference on Electricity as an Aid to 
Productivity, 15th and 16th November, 1950. The 
Institution of Electrical Engineers, Savoy-place, 
London W.C.2. [Price 6s. post free.] 

The London Chamber of C ce. Sixty-Ninth Annual 
Report of the Council. Work of the Year 1950. Offices 
of the Chamber, 69, Cannon-street, London, E.C.4. 

Capacitors for Industry. Edited by W. C. BLOOMQUIST. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 4.50 dols.]; 
and Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 36s. net.] 

Design of Electrical Apparatus. By PROFESSOR JOHN H. 
KUHLMANN. Third edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 6.50 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 52s. net.] 

Chemical Engineering Operations. By DR. FRANK 
RuMFORD. Constable and Company, Limited, 10, 
Orange-street, London, W.C.2. [Price 30s. net.] 

Heat and Thermodynamics. By Dr. J. K. ROBERTS. 
Fourth edition, revised by Dr. A. R. MILLER. Blackie 
and Son, Limited, 16-18, William IV-street, London, 
W.C.2. [Price 35s. net.] 

Transactions of the Institution of Naval Architects. Edited 
by CapraIn (8S) A. D. DucKworTH, R.N. (ret.). 
Vol. 92. Offices of the Institution, 10, Upper Bel- 
grave-street, London, S.W.1; and Henry Sotheran, 
Limited, 2, Sackville-street, London, W.1. [Price 105s. 
to non-members, with 10 per cent. discount to mem- 
bers.] 

The New Zealand Institution of Engineers: Proceedings. 
Vol. 36, 1949-50. Ferguson and Osborn, Limited, 
Lambton Quay, Wellington, New Zealand. 

Catalogue of Lewis’s Medical, Scientific and Technical 
Lending Library. Revised to December 31, 1949. 
H. K. Lewis and Company, Limited, 136, Gower-street, 
London, W.C.1. [Price 17s. 6d. to library subscribers, 
35s. to others.] 

Bearing Lubrication. C. C. Wakefield and Company, 
Limited, 46, Grosvenor-street, London, W.1. [Price 
21s.) 

Physics of Lubrication. A Symposium held jointly by 
the British Rheologists’ Club and the Manchester and 
District Branch of The Institute of Physics in Man- 
chester, from June 29 to July 1,1950. British Journal 
of Applied Physics, Supplement No.1. The Institute 
of Physics, 47, Belgrave-square, London, S.W.1. 
[Price 15s.] 

Electric Power Stations. By T. H. Carr. Vol, II. 
Third revised and enlarged edition. Chapman and 
Hall Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 75s. net.] 

The Story of Exhibitions. By KENNETH W. LUCKHURST. 
The Studio Publications, 66, Chandos-place, London, 
W.C.2. [Price 30s. net.] 

Power Transmission Directory and Trade Names Index. 
1950-52. Trade and Technical Press, Limited, 65-66, 
Chancery-lane, London, W.C.2. [Price 5s. net.] 

Overseas Economic Surveys. Costa Rica. By B. P. 
SULLIVAN. H.M. Stationery Office, Kingsway, Lon- 
don, W.C.2. [Price 1s. 3d. net.] 

The Design of Prismatic Structures. By A. J. ASHDOWN. 
Concrete Publications Limited, 14, Dartmouth-street, 
London, 8.W.1. [Price 8s.] 

Department of Scientific and Industrial Research. Road 
Research Laboratory and Geological Survey and Museum. 
Sources of Road Aggregate in Great Britain. Second 
edition. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 3s. net.] 

Newnes Engineer’s Reference Book, 1951. Edited by 
F. J. Camm. George Newnes Limited, Tower House, 
Southampton-street, Strand, London, W.C.2. [Price 
50s. net.] 

The Metropolitan Railway. By C. BAKER. [Price 9s. 
cloth bound, 7s. 6d. in paper covers, postage 4d.] The 
London, Tilbury and Southend Railway. By H. D. 
WEtcH. [Price 5s., postage 4d.) The Oakwood 
Press, Tanglewood, South Godstone, Surrey. 

World Geography of Petroleum. Edited by WALLACE 
E. Pratr and DorotHy Goop. Published for the 
American Geographical Society by Princeton Univer- 
sity Press, Princeton, New Jersey, U.S.A. [Price 
7-50 dols.] and Oxford University Press (Geoffrey Cum- 
berlege), Amen House, Warwick-square, London, E.C.4. 
(Price 48s. net.] 

Compléments d’Hydraulique. Part II. By Prorressor 
L. ESCANDE. Dunod, 92, Rue Bonaparte, Paris (6e), 
France. [Price 1900 francs.] 

United States National Bureau of Standards. Applied 
Mathematics Series No. 10. Tables for Conversion of 
X-Ray Diffraction Angles to Interplanar Spacing. The 
Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. [Price 
1-75 dols.) 





LAUNCHES AND TRIAL TRIPS. 


M.S. ‘SuN XVIII.”—Single-screw tug, built by 
Philip & Son, Ltd., Dartmouth, for W. H. J. Alexander, 
Ltd., Leadenhall-street, London, E.C.3. To be used for 
sea-going and harbour duties. Main dimensions: 82 ft, 
6 in. between perpendiculars by 21 ft. 6 in. by 10 ft. 6 in. 
Seven-cylinder Diesel engine fitted with a 3 to 1 ojl- 
operated reverse-reduction gear and developing 500 s.h.p. 
at 430 r.p.m., constructed by Ruston & Hornsby, Ltd.. 
Lincoln. Trial speed, 10-43 knots; standing pull at the 
bollard, 74 tons. Trial trip, January 29. 

S.S. “City OF SINGAPORE,’”’—Single-screw cargo 
vessel, built and engined by Alexander Stephen and Sons, 
Ltd., Glasgow, for Ellerman Lines, Ltd., London, E.C.3, 
Seco1.d vessel of an order for two. Main dimensions: 
450 ft. by 61 ft. 6 in. by 32 ft. 9 in. ; deadweight capacity, 
10,930 tons on a draught of 28 ft. 2 in.; gross tonnage, 
about 7,340. Parsons reaction steam turbines with 
si.gle-reduction gearing, a1.d two Babcock ard Wilcox 
oi]-bur.ii.g boilers, to develop 5,500 s.h.p. at 105 r.p.m. 
Service speed, 14 knots. Trial trip, February 28. 

M.S. “‘ LonDoN.”—Single-screw cargo vessel, built by 
the Burntisla.d Shipbuilding Co., Ltd., Burntisland, 
Fife, for the Dw.dee, Perth and Lordon Shippii.g Co., 
Ltd., Dw.dee, for service between Lo1z.don ai.d Du dee. 
Muin dimensions: 201 ft. between perperdiculurs by 
36 ft. 3 in. by 21 ft. 1 in, to shelter deck; deadweight 
capacity, 875 toi.s on a druught of 12 ft. 9 in.; gross ton- 
nage, 706. Eight-cyli der two-stroke dircct-reversing 
Dicsel eu.gine, to develop 1,280 b.h.p. at 250 r.p.m., 
constructd by British Polar Engiues, Ltd., Glasgow. 
Speed, 12 knots. Trial trip, March 11. 

M.S. “ BRITISH BUILDER.”—Sir gle-scrcw oil tanker, 
built and engb.cd by William Doxford ai.d Sons, Ltd., 
Sw.derlai.d, for the British Tai.ker Co., Ltd., Loi don, 
E.C.2. Third vessel of an order for four. Main dimen- 
sions: 490 ft. overall by 61 ft. 9 in. by 34 ft. 1 in.; 
deadweight capucity, 12,250 tons on a draught of 
27 ft. 74 in. Doxford four-cylitder opposed-piston oil 
engine, to develop 3,100 b.h.p. at 105 r.p.m. aid provide 
a speed of 113 knots, Trial trip, Mirch 22. 


M.S. “‘ Kimanis.”—Twin-screw cargo vessel, carrying 
40 first-class, 24 second-class az.d 500 unberthed passen- 
gers, built by the Caledon Shipbuilding and Ex ginecring 
Co., Ltd., Dudee, for the Si gapore/British North 
Borneo trade of the Straits Steamship Co., Ltd., Sir ga- 
pore. Muain dimensions: 312 ft. overall by 51 ft. by 
29 ft. 6 in. to shelter deck; gross tonnage, 3,100; dead- 
weight capacity, 2,400 tons on a draught of 17 ft. Two 
eight-cylider opposed-piston Diese] engines, to develop 
a total of 2,560 b.h.p. at 250 r.p.m., constructed by 
British Polar Engines, Ltd., Glasgow. Speed, 132 knots. 
Launch, March 22. 


M.S. “‘ Haut-BrIon.”’—Single-screw coaster, built and 
engined by Chautiers et Ateliers Augustin Normand, 
Le Havre, Frai.ce, for the French Ministry of the Mer- 
cantile Marine, Paris. Main dimensions: 194 ft. 11 in. 
between perpendiculars by 30 ft. 6 in. by 18 ft. 43 in.; 
deadweight capacity, 850 metric tons on a draught of 
13 ft. 34 in. M.A.N.-type two-stroke single-acting Diesel 
engine developing 750 h.p. at 180 r.p.m. Launch, 
March 22. 

M.S. ‘ AUREOL.”—Twin-screw liner, to carry 265 
first-class and 100 cabin-class passengers and cargo, 
built and engined by Alexander Stephen & Sons, Ltd., 
Glasgow, for the United Kingdom/West Coast of Africa 
service of the Elder Dempster Lines, Ltd., Liverpool. 
Main dimensions: 538 ft. by 70 ft. by 36 ft. 6 in.; 
deadweight capacity, 7,400 tons on a draught of 25 ft. 
Two Stephen-Doxford four-cylinder combined-stroke 
opposed-piston oil engines, to develop 9,400 b.h.p. at 
118 r.p.m. Service speed, 16 knots, Launch, March 28. 


S.S. “‘ CLAN SUTHERLAND.”’—Single-screw cargo liner, 
to carry twelve passengers, built by the Greenock Dock- 
yard Co., Ltd., Greenock, for the Clan Line Steamers, 
Ltd., London, E.C.3. Last vessel of an order for three. 
Main dimensions: 476 ft. between perpendiculars by 
66 ft. by 40 ft. 8 in. to upper deck ; deadweight capacity, 
11,100 tons on a draught of 28 ft.; gross tonnage, 8,450. 
Reaction steam turbines with double-reduction gearing, 
to develop 9,400 s.h.p. at 108 r.p.m. and a speed of 164 
knots in service, constructed by the Parsons Marine 
Steam Turbine Co., Ltd., Wallsend-on-Tyne ; and two 
oil-fired steam generating units, manufactured by 
Babcock and Wilcox, Ltd., London, E.C.4. Machinery 
installed by John G. Kincaid & Co., Ltd., Greenock. 
Trial trip, March 30. 


M.S. ‘“ BATTERSEA.”’—Single-screw collier, built by 
S. P. Austin & Son, Ltd., Sunderland, for the British 
Electricity Authority, London, W.1. First vessel of an 
order for two. Main dimensions: 260 ft. between 
perpendiculars by 39 ft. 6 in. by 18 ft. 6 in.; dead- 
weight capacity, about 2,700 tons on a draught of 
17 ft.1in. Clark-Sulzer eight-cylinder two-stroke single- 
acting trunk-piston Diesel engine, developing 1,280 
b.h.p. at 225 r.p.m., constructed by George Clark (1938), 
Ltd., Sunderland. Speed on trials, 11} knots. Trial trip. 
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ENGINEERING IN THE FESTIVAL OF BRITAIN. 


II.—THE DOME OF DISCOVERY AT THE SOUTH BANK EXHIBITION. 











By a structural combination of aluminium alloy 
and steel, the largest dome in the world has been 
built for the South Bank Exhibition. It is about 
365 ft. in diameter, roughly the same as the height of 
St. Paul’s Cathedral in London; the internal 
diameter of the dome of St. Paul’s, however, is only 
102ft. Eventhe Pantheon, in Rome, is only 144 ft. 
and the neighbouring dome of St. Peter’s is practi- 
cally the same in diameter as the Pantheon. 

The general conception of the Dome of Discovery 
has been the work of Mr. Ralph Tubbs, A.R.I.B.A., 
the architect, whose design was required to fulfil 
certain uncommon conditions. ‘It was to be the 
most outstanding as well as the largest of the 
temporary buildings on the South Bank Site; it 





of tubular steel struts which are slightly inclined to 
the vertical, The diameter at the base of these 
struts is 365 ft., which is the same as the radius of 
curvature of the dome. A canopy extends beyond 
the perimeter of the ring girder to a distance of 
about 8 ft., as shown in Fig. 20, on:page 455. Below 
the dome is an “‘ apron” (Fig. 14) which is in the 
form of an inverted cone connected at its upper 
edge to the ring beam, whence it extends downwards 
to meet a cylindrical “‘ drum ” wall rising up from 
the ground. This wall is eccentric in relation to the 
dome, so that the line of intersection of it and the 
apron forms an ellipse which is in a plane inclined 
to the horizontal, the maximum height of the wall 
being 40 ft. 5 in. and the minimum height 8 ft. 6 in. 





the gallery floors are constructed of precast-concrete 
slabs, wherever possible, to hasten construction and 
facilitate eventual demolition. The galleries, and, 
indeed, the whole dome, will be used for displaying 
exhibits relating to British contributions to discovery 
and exploration—not only by land and sea, but into 
the nature of the living world and the universe. 
Aluminium alloy is used for the whole of the roof, 
including ribs, rafters, purlins and sheeting. The 
arrangement of the main ribs of the dome is shown 
by the full lines in Fig. 11, herewith. It will be seen 
that, in plan, they form two equilateral triangles 
(with curved sides) and six ribs radiating from the 
centre. These main ribs are based on great cireles of 
the dome, and are arranged in three principal 








had to be weatherproof, light-tight, cool in summer, 
and covering a vast area free of internal obstructions. 
Its appearance had to be strikingly original, pleasing, 
and perhaps impressive. It should be unpreceden- 
ted in scale; but apart from amazing ordinary 
people by its size it should also gain the intellectual 
approval of the more cultured or sophisticated 
visitors to the Exhibition by the felicity of its 
structuralform. Itshould combine sound principles 
of wsthetics with the novelty of the latest technical 
developments in engineering design. Moreover, its 
construction should be possible within the limits of 
time and cost allowed for it in the Festival scheme.” 
That expression of the architect’s task is from a 
paper on the structural design of the dome which 
Mr. Gilbert Roberts, B.Sc.(Eng), M.LC.E., presented 
at a meeting of the Institution of Civil Engineers 
on April 3. Some further information in this 
article is taken from Mr. Roberts’s paper, which 
opened with an acknowledgment of the leading 
part in the work of design that was taken by the 
late Sir Ralph Freeman, M.I.C.E., until he died in 
March, 1950. Figs. 11, 14, 15 and 20 are also based 
on illustrations in Mr. Roberts’s paper. 

The consulting engineers for the dome are Messrs. 
Freeman Fox and Partners, 68, Victoria-street, 
London, S.W.1; the main contractors are Messrs. 
Richard Costain, Limited, Dolphin-square, London, 
S.W.1; and the structural contractors are Messrs. 
Horseley Bridge and Thomas Piggott, Limited, 
Horse! y Works, Tipton, Staffordshire. 

Fig. 10, on this page, shows the outward appear- 
ance of the dome as it was on January 10 this year ; 
and Figs, 14 and 15, on Plate X XIX, are a part- 
sectional elevation and plan, respectively. A steel 
“ting girder,” the centre-line of which is 342 ft. in 
diameter, supports the ribs, rafters, purlins and 
sheeting, and is itself carried on a triangular system 














—_—. Ribs Lying Wh 
on One Great Circle 


(260 8.) 

Actually, the drum wall consists of an inner, 
vertical skin, and an outer, conical skin battened to a 
slope of 1 in 4, with a series of reinforced-concrete 
buttresses, the space between the skins being used 
for accommodating the services of the dome as well 
as a number of emergency escape stairs. As the 
dome is without windows, a series of ventilating 
chambers, housing inlet fans and filters, is arranged 
near the top of the wall, with extraction fans in the 
sloping apron. Within the dome are three galleries, 
at a height of 35 ft., 22 ft. and 12 ft., respectively, 
the highest being crescent-shaped (to conform with 
the space between the two eccentric circles of the 
design) and supported on reinforced-concrete fins, 
15 in. thick, which taper from top to bottom as 
shown in Fig. 17, on Plate XXX; some of the fins 
are also shown in plan in Fig. 15. The lower 
galleries are supported on a steel framework, and all 





directions so as to form a series of triangles. By 
adopting ribs based on great circles, the construction 
and erection were simplified ; each rib is built up 
of eight sections of various lengths for assembly 
on the site, the longest section measuring 57 ft. 
and weighing 12 cwt. The intermediate -ribs, 
shown dotted in Fig. 11, are based on three or 
more separate great circles. The points of inter- 
section of the main and intermediate ribs with the 
periphery of the dome are spaced at equal intervals 
of 15 deg., thus dividing the periphery into 24 equal 
sections of convenient length. Aluminium-alloy 
rafters are fixed between the main ribs and inter- 
mediate ribs, and the resultant triangular openings 
are spanned by aluminium-alloy purlins. 

The main ribs, which are illustrated in Figs. 19, 
20 and 21, on page 455, are lattice girders of trian- 
gular cross-section, curved to a radius of 365 ft. 
to conform with the great circle of the dome. 
This section, Mr. Roberts explained, was chosen 
because it eliminated one plane of bracing and 
reduced the area of the lower gusset plates; it 
also provided room for a man to craw] through the 
rib during erection. The eight sections from which 
each rib is built up, were constructed to close limits 
to ensure a true form of the completed dome, the 
required accuracy being achieved by using metal 
assembly jigs, the top booms of which were formed 
to the inside radius of the ribs. Each adjacent pair 
of main rib sections was pre-assembled in a former 
approximately 120 ft. long, with drilling and ream- 
ing jigs for locating the site bolt holes at each of the 
rib sections with those in the rib end tie-plates and 
in the main top and bottom gusset plates. 

The ribs were fabricated from special extruded 
sections (Figs. 19 and 21): a splayed bulb-edge 





channel for the bottom chord ; an angle section for 
the two top chords ; agpulb angle section for cross- 
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bracing; and a wide bulb channel for the ends. 
The bottom chord section is the largest structural 
section—actually 8 sq. in.—ever extruded in 60 ft. 
lengths. The extruded sections are of AW10B 
alloy (nominal composition: 1-0 per cent. silicon, 
0-6 per cent. magnesium, up to 1-0 per cent. 
manganese, and the remainder aluminium), the 
specified properties of which are as follows : 0-1 per 
cent. proof stress, 15 tons per square inch ; ultimate 
tensile strength, 18 tons per square inch; and 
elongation, 10 per cent. The average test results, 
however, were 18 tons per square inch, 20 tons per 
square inch; and 14 per cent., respectively. The 
ribs were assembled with cold-driven -in. rivets 
of AW5 alloy, those in the top being countersunk 
and those ‘on the sides snap-headed. Such large 
aluminium-alloy rivets had not previously been 
driven cold in this country; single-blow hydro- 
pneumatic squeeze riveters, supplied by Messrs. 
Broom and Wade, Limited, High Wycombe, were 
used for this purpose. These riveters exert a force 
of 25 tons with an air pressure of 80 lb. per square 
inch, or 30 tons with 100 lb. per square inch, and 
are fitted with a rapid-advance head which gives 
a quick stroke on to the work under light pressure, 
followed by the full force when the snap meets the 
rivet. Fig. 21, opposite, illustrates this work in 
progress. 

The various extruded sections were curved to the 
radius of the dome by stretching them over a curved 
former, thereby facilitating the fabrication of the 
ribs and eliminating the locked-up stresses which 
would have remained if the sections had bent in the 
usual way. Messrs. Structural and Mechanical 
Development Engineers, Limited, Slough, Bucking- 
hamshire, were the sub-contractors for the manu- 
facture of the main rib girders, also for the apron 
structure and*.the, canopy. Messrs. Imperial 
Chemical Industries, Limited, Nobel House, London, 
S.W.1, supplied the two Jarge sections for the main 
ribs, and Messrs. Southern Forge, Limited, Langley, 
Buckinghamshire, supplied the rafters, purlins and 
cross-bracing sections for the main ribs. 

In his paper to the Institution of Civil Engineers, 
Mr. Roberts gave three reasons why it was decided 
not to connect the roof sheeting rigidly to the 
supporting framework: buckling of the skin due 
to a difference in temperature of the sheeting and 
the ribs would probably have occurred, unless a 
large number of stiffening members had been 
introduced ; the additional work of fabricating and 
riveting these stiffeners would have increased the 
timie and cost of the structure ; and there appeared 
to be advantages in the thermal and acoustic insula- 
tion of the ‘sheeting from the framework. The 
sheeting, therefore, was regarded simply as a 
weather protection, free to move in any direction 
tangential tothe dome. It is held to the framework 
by suitable connections, but is separated therefrom 
by felt which will deaden any drumming or rattling 
in a high wind. 

At this stage.of the design, Mr. Roberts stated, 
the framework'was considered as a series of inter- 
secting ‘arches, the thrust from which produced 
tension ‘in the ring enclosing them. This ring also 
acted as a. girder, taking vertical and horizontal 
bending moments as well as torsion, and was there- 
fore referred to as the “ring girder.” As it was 
desirable for this member to be strong and rigid, 
it was decided to make it of mild steel, with shop 
and site welded joints, rather than aluminium. 

The design of the roof, he said, presented a major 
problem, as there was no method of determining 
its thickness by stress calculation. It had to be 
strong enough to carry the weight of men working 
on the roof without risk of permanent deformation, 
but it was essential to reduce the thickness as much 
as possible. After referring to the design of gas- 
holders and storage tanks, with due allowance for 
the difference in materials, it appeared that 12-s.w.g. 
sheet would be satisfactory on a span of 4 ft. between 
purlin centres. The canopy around the periphery 
of the dome consists of pressed aluminium-alloy 
troughs bolted to the ring girder and sheeted on 
top with 18-s.w.g. sheet ; this arrangement is shown 
in Figs. 12 and 20. 

A preliminary estimate of the cost of the dome 
structure, Mr. Roberts stated, showed that the 
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limit allowed for in the Festival budget would be 
exceeded by about 20 per cent. At this time the 
drawings were almost ready to be sent out for 
tenders, but it occurred to him that if all linear 
dimensions were reduced in the ratio }#§, the quan- 
tities of materials, and probably the cost, would be 
reduced in the ratio (})°, without any alteration 
in the design and assumptions. All figures on the 
drawings were therefore reduced by + in. per inch, 
and photographic reductions of the drawings com- 
pleted the change within a few days. 

Dealing with the loading of the structure, Mr. 
Roberts stated that tests with a model of the dome 
were carried out by Professor N. A. V. Piercey, 
D.Se., M.L.C.E., in a wind tunnel at Queen Mary 
College. The model was used to investigate the 
pressure distribution due to winds from various 
directions and inclined to the horizon at angles 





up to + 11} deg. Suction was present over most 
of the dome roof, the maximum being about 10 |b. 
per square foot in a 75-m.p.h. wind. On the apron, 
however, suctions, i.e., downward forces, up to 
16 lb. per square foot occurred on small areas. 
Allowance was also made for snow to a maximum 
intensity of 10 Ib. per square foot, with a drift 
towards one side. The dead load due to sheeting, 
purlins, rafters and ribs amounted to 4-41 Ib. per 
square foot; the total load above the ring girder 
was 180 tons, the weight of steel in the ring girder 
was 100 tons, and half the weight of the apron was 
20 tons, making a total dead load on the struts of 
200 tons. The working stresses in the steel were 
those specified in the appropriate British StanJard 
(B.S. 1387, Class C, for the tubular struts), brit as 
there was no British Standard for aluminium @:l0y 
in structures, the safe working stress was determined 
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Fic. 16. Dome UNbER CONSTRUCTION; FEBRUARY 21, 1950. 
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Fig. 17. INTERIOR OF Dome UNDER CONSTRUCTION ; SEPTEMBER 4, 1950. 





























Fig. 18. GENERAL View BEFORE SHEETING WAS IN PLACE. 
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by applying a load factor to the specified proof 
stress. In view of the novelty of the use of alumi- 
nium alloys in such a large structure, and the lack 
of information as to its uniformity in large-scale 
production, it was decided to adopt a fairly liberal 
load factor. The value adopted was 24, which gave 
a basic allowable tensile stress of 6-7 tons per square 
inch. 

For a preliminary stress analysis it was assumed 
that each rib supported a 16-ft. width of sheeting, 
and bending moments and direct thrusts were 
calculated for the dead load, a 75 m.p.b. wind and 
snow. The maximum slenderness ratio for the 
rib chord members was approximately 40, corres- 
ponding to an allowable compressive stress of about 
5} tons per square inch. The hoop tension in the 
ning girder due to symmetrical loading was calcu- 
lated and horizontal bending moments could be 
estimated on the assumption of equal areas for 
positive and negative moment diagrams. On this 
basis, Mr. Roberts continued, the ring girder was 
capable of carrying the dead load plus a uniformly- 
distributed superimposed load of 10 Ib. per square 
foot at a maximum fibre stress of about 5 tons per 
Square inch. In addition, the bending stress due 
to the half-weight of the apron sheeting, purlins, 
and radial girders amounted to about 4 ton per 
Square inch, Allowance was also made for the 
Stresses in the struts arising from the horizontal 
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forces due to the wind. The struts 
were manufactured by Messrs. Tube- 
wrights, Limited, Egginton House, 25, 
Buckingham Palace-road, London, 
S.W.1, who are a subsidiary firm of 
Messrs. Stewarts and Lloyds, Limited. In the 
detail design of the structure, ease of fabrica- 
tion, erection and dismantling was important ; 
shop fabrication was to be kept to a minimum 
and site joints were to be made easily, using bolts 
or clips. The single-pin end connections of the 
struts (shown in Fig. 20) was ideal in this respect. 
Bolts fitted in reamed holes were used for the rib 
joints, and }-in. bolts and Lindapter clips were used 
for attaching the purlins, rafters and main ribs. 
The apron girders (Figs. 14 and 20), which ranged 
in span from 20ft. to 80 ft., were box-girder sections, 
shop riveted and with site bolt joints. Pop rivets 
were used for the apron purlins and sheeting. For 
the intermediate rafters of the dome roof, an 
aluminium-alloy extruded section was used; it 
is in the form of an I girder with bulb edges to the 
flanges to stiffen the section and to hold the Lin- 
dapter clips, and with the upper part of the web 
thickened where it is notched to fit on to the ledge 
on the top-chord member. The roof drainage 
system is entirely out of sight: a gutter is formed 
between the sloping top of the ring girder and a 
projection of the canopy sheeting (Fig. 20); thence, 
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rainwater drains through pipes in alternate radial 
apron girders to a circular main inside the drum 
wall. The edge of the roof sheeting just above the 
gutter is stiffened by a curved channel, riveted to 
it and held against uplift by die-cast aluminium 
storm clips which allow a tangential radial move- 
ment of 1} in. The dome sheeting is being pro- 
tected by Tretol Chemiprufe—a clear gloss lacquer 
manufactured by Messrs. Tretol, Limited, 12-14, 
North End-road, London, N.W.11. Chemiprufe is 
particularly suitable for use on aluminium alloys 
and other metals which are not usually painted. 
It provides a high degree of protection against 
industrial atmospheres, acid and alkaline vapours, 
etc., and effectively prevents discoloration of the 
treated surfaces. 

Referring briefly to the site work, Mr. Roberts 
said that great care was taken to ensure good fits 
of the fitted bolts; it was probable that most of 
the bolts, as fitted, had a clearance of less than 
half the maximum allowed by B.S. 153. For con- 
necting one great-circle rib with two secondary ribs, 
the holes in the great-circle rib and the correspond- 
ing holes in the top gusset plate were drilled and 
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reamed in the shop, but the other holes were com- 
pleted on the site. To avoid having to break the 
joint to remove swarf from between the plates, 
fz-in. holes were drilled in the member, through 
alternate $-in. holes in the gusset, and }-in. high- 
tensile service bolts fitted therein while the other 
holes were drilled and reamed for the }#-in. holes. 
An opportunity occurred to take stress measure- 
ments of the dome to confirm the design theory. 
One half of the roof was loaded with about 4 tons 
of pig iron suspended by a wire rope from each rib 
intersection point, this loading corresponding ap- 
proximately to 3} Ib. per square foot. At each of 
24 selected points on the ribs, stresses were mea- 
sured as nearly as possible on the neutral axes of 
the three main chord members, thus eliminating 
local bending stresses. It was then possible to 
find the effect of a uniform load over the whole 
surface by superposing stresses measured at certain 


TABLE I. 





August, 1949 
September 19, 1949 


September 27, 1949 
November 1, 1949 
January 15, 1950 
February 7, 1950 


Tenders invited a0 os ‘ 
Tenders received .. a ne an 
Order placed with Horsel y Bridge and 
Thomas Piggott, Limite on _ 
Aluminium-alloy sections for ribs ordered 
from manufacturers... “s wa 
First heavy aluminium-alloy section ex- 
truded.. +0 os ve ee 
First consignment of aluminium-alloy 
sections delivered to fabricators ta 














First ribs delivered to site aa ..| May 19, 1950 
First section of steel ring girder delivered 

tosite .. os oe oe - aa 18, 1950 
First delivery of welded steel struts ay 12, 1950 

TaBLeE II. 
Erection. Date Commenced. Date Completed. 

Ring girder. . April 18, 1950 May 16, 1950 
Ribs... ~e May 20, 1950 August 19, 1950 
Struts May 15, 1950 June 12, 1950 
Rafters August 2, 1950 September 12, 1950 
Purlins le August 19, 1950 October 5, 1950 
Roof sheeting August 25, 1950 October 12, 1950 
Radial girders .| August 24, 1950 October 2, 1950 
Apron purlins ..| September 15, 1950 | October 27, 1950 
Apron sheeting .| October 16, 1950 November 15, 1950 











points in the loaded half of the dome on those 
measured at symmetrical points in the unloaded 
half. The stresses so obtained agreed reasonably 
well with those calculated by the arch analysis. 
The maximum dead-load stress in the ribs was about 
1 ton per square inch. The structure can therefore 
carry its own weight, plus a superimposed load of 
10 lb. per square foot over half its surface with a 
maximum fibre stress in the ribs of about 4} tons 
per square inch. 

Mr. Roberts concluded his paper with two state- 
ments of the more significant dates in the progress 
of the work; these are reproduced in Tables I 
and II, herewith. 

(T'o be continued.) 





INDUSTRIAL GaS CONFERENCE.—The Gas Council is 
to hold an industrial gas conference on Monday, April 30, 
at the Queen’s Hotel, Birmingham. The principal 
speaker, Alderman J. C. Burman, will speak on “ Gas in 
Industry.” Representatives from each of the 12 area 
gas boards and menufacturers of gas-fired appliances will 
attend the conference ; later in the day there will be a 
visit to the British Industries Fair at Castle Bromwich. 





ATOMIC PHYSICS EXHIBITS AT THE SCIENCE MUSEUM.— 
The Director of the Science Museum. South Kensington, 
London, S.W.7, announces that the museum’s exhibits 
relating to atomic physics have recently been collected 
together and are now ou view on the centre gallery on 
the top floor. The historical exhibits, which were on 
view before, include the mass-spectrograph used by 
Aston to determine the masses of individual atoms, and 
part of the original apparatus used by Cockcroft and 
Walton in 1932 to split atoms without the aid of radio- 
active materials. There is also an early example of a 
cyclotron which was used by its inventor, E. O. Lawrence, 
New exhibits include a selection of modern instruments 
for detecting and measuring radiations from radio-active 
substances. A Geiger-Miiller counter is shown in 
operation. The application of radioactivity in medicine 
is illustrated by three examples of early apparatus for 
radio-therapy, presented by Westminster Hospital. The 
importance of photography in atomic physics is illus- 
trated by a series of photographs of particle tracks 
ranging from those obtained by C. T. R. Wilson in his 
cloud-chamber experiments to modern photographs 
obtained in cosmic-ray research. 
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Ordinary Non-Linear Differential Equations in 

Engineering and Physical Sciences. 

By N. W. McLacutan, D.Sc. Oxford University 

Press (Geoffrey Cumberlege), Amen House, Warwick- 

square, London, E.C.4. (Price 21s. net.] 

Most students of engineering and of physics are 
familiar with mechanical oscillations in which the 
restoring forces are proportional to the displacement, 
and the damping forces to the velocities.. The 
equations of motion of such systems, with constant 
masses, are linear, containing as coefficients constant 
inertia, damping and spring factors. Analogous 
expressions for the oscillations of an electrical circuit 
may be obtained by assuming constant impedances ; 
that is, by assuming that the network includes only 
constant reactances, resistances, and capacities. It 
is also common knowledge that the general form of 
the equation of free oscillation for a simple system 
embraces cases of non-linear damping and non- 
linear restoring force. Often the deviation from 
linearity leaves the general character of the motion 
unchanged ; for example, the simple harmonic 
oscillation of a linear system will be accompanied by 
harmonics of small amplitude when the deviation 
from linearity is taken into account. In some 
instances, however, the whole character of the 
motion changes. Slight negative damping in the 
range of small displacements may bring about self- 
excited periodic oscillations with periods quite 
different from that of the undamped harmonic 
oscillation. Further, a non-linear spring factor may 
fundamentally change the phenomena of resonance. 
With a linear system, the response to a periodic 
force is a forced oscillation of period equal to that of 
the force, together with free oscillations of period 
equal to the natural period of the system. If those 
two periods coincide, resonance will occur. It is not 
difficult to realise that, in a non-linear system, the 
application of a periodic force will also excite higher 
harmonics ; but it is not so easy to see at first glance 
that, in such a system, an external force can also 
excite oscillations, the frequency of which is a 
fraction of its own. The occurrence of this phen- 
omenon, known as sub-harmonic resonance, will 
perhaps suffice to indicate the complicated character 
of non-linear problems. Dr. McLachlan’s book is 
to be welcomed, therefore, as providing engineers 
and physicists with an instructive introduction to 
the mathematical side of the subject. 

By restricting the text to ordinary equations of 
this type the author has managed, in the space of 
200 pages, to cover a wide variety of topics at a pace 
which can be followed without undue difficulty by 
mvt serious students. Starting with a general 
survey of the subject, in Chapter I, the work pro- 
ceeds, under separate chapter headings, to the 
consideration of equations which are readily integ- 
rable ; and of those integrable by elliptic integrals 
and functions, in the discussion of which the classical 
problems of the simple pendulum and of the elastica 
have been utilised for purposes of exemplification. 
The ramifications of the subject are numerous, so 
that a particular section will appeal in different ways 
to different readers. Chapter IV, on equations 
having periodic solutions, is a case in point, since 
many students of physics and electrical engineering 
will welcome the application of the perturbation 
method of solution to a self oscillatory thermionic 
valve circuit, and the solution given of self- 
oscillations with an electric motor-generator com- 
bination. In the same place, however, there are 
several items of general utility, as, for example, 
sub-harmonic resonance, and relaxation oscillations, 
this being a self-excited type in which one of the 
physical quantities alternates abruptly between two 
levels, where it remains approximately constant for 
a relatively longtime. The attention of engineering 
readers may be further drawn to Chapters V to VII, 
where the method of slowly varying amplitude and 
pbase, the equivalent linear equation and equations 
having periodic coefficients, give rise to investiga- 
tions of surges in a hydro-electric installation, and of 
self-excited oscillations due to forces of aerodynamic 
origin. The work as a whole exhibits Dr. McLach- 
Jan’s considerable knowledge of loud speakers and 





similar equipment. 


A purely analytical method is not always feasihie, 
and, unless a differential analyser or an electronic 
calculating machine is available, the investigator is 
faced with the task of solution by graphical or 
numerical methods. Any such process of integration 
is tedious compared with an analytical one, but, 
once the technique has been acquired, the solution 
in graphical form may be obtained fairly quickly in 
a particular case, after the manner expounded in the 
final chapter of this informative book. 





Some Theory of Sampling. 

By PROFESSOR W. E. DEMING. John Wiley and Sons, 

Incorporated, 440, Fourth-avenue, New York 16, 

U.S.A. [Price 9 dols.); and Chapman and Hall, 

Limited, 37, Essex-street, London, W.C.2. [Price 

72s. net.) 

Most engineers have had occasion to apply statis- 
tical methods in the office or in the field. The aim 
may have to do with quality control in the manu- 
facture of a particular component, or with organisa- 
tion for marketing certain products, or, in these 
days, with the problem of securing the best possible 
distribution over a given region of merchandise 
in the manufacture of which controlled or rationed 
materials are employed. The general subject of 
statistics is of great utility in numerous professions 
in the successful pursuit of which the matter of 
probability plays a part. Applications date back 
a couple of centuries at least, in that the distin- 
guished mathematician Demoivre was compelled by 
force of circumstance to spend part of his long 
sojourn in England in solving problems of chance 
for professional gamblers. Thus the subject of 
Professor Deming’s book touches numerous aspects 
of commercial and industrial activity, and of Govern- 
mental activity, too. 

It is hardly possible to detail the contents of the 
book, with its 17 chapters, which fall into five parts. 
In an easy style, the author starts with the simplest 
ideas by discussing the planning of a survey and 
the various sources of error to be avoided in the 
course of the undertaking. Students of the mecha- 
nical and natural sciences, who bave some training 
in the statistical control of quality and in the 
planning of experimental work, will find Chapter 4 
a convenient point of departure for the gradual 
acquisition of the knowledge of how to compute 
the variants of a sum or mean under prescribed 
conditions of sampling, and to avoid likely pitfalls 
in drawing conclusions from stratified sampling. 
In the same part of the work, due attention is 
drawn to the important distinction between 
enumerative and analytical problems. An example 
of the first of these two typical problems is the 
estimation of the number of inhabitants in a certain 
area and the yield of foodstuffs cultivated there, for 
purposes of determining the amount of food to be 
imported or the amount that can be exported without 
detriment to health. In analytical problems, 
interest centres on the causes of patterns and varia- 
tions that take place from year to year, or from 
region to region, or from class to class, or from one 
treatment to another. These considerations lead 
up to Chapter 8, in which the student is introduced 
to applications of the theory of probability to the 
control of risks that are involved in formulating 
rules of acceptance based on samples, with particular 
reference to the risk met with in the inspection of 
industrial products. The two chapters of Part Ill 
follow, with an analytical estimation of the error 
and of the precision of a sample which merits careful 
study, because these topics are not nearly 50 well 
understood by engineers and others as they should 
be 


The book as a whole conveys an infectious 
enthusiasm which may be largely attributed to its 
practical outlook. This is best indicated, perhaps, 
by Part IV, in which a detailed summary 15 given 
of how the preceding theory was applied in two 
particular instances. The first of these exemplifica- 
tions relates to the rationing of tyres in the United 
States during the war years, when it was required 
to ascertain the number of tyres, for all classes of 
vehicles, held by dealers, distributors and manuf a0 
turers. To obtain the requisite data, inventories 
of the dealers were taken each quarter, which, 





together with monthly reports from the distributors 
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and manufacturers, provided fairly complete infor- 
mation on the stocks available for civilian use. 
Chapter 11 describes how, in the interests of accuracy 
and economy, the quarterly inventories were 
successfully replaced by methods of sampling. The 
second problem discussed, in the next chapter, con- 
cerns the combined mission of British and American 
observers which was sent to Greece in 1946 to 
examine the electoral lists which were being prepared 
for a plebiscite on the issue of the monarchy, with a 
description of the procedure followed, and of the 
conclusions reached. Up to this stage of the 
treatment, a knowledge of advanced algebra alone 
is required. 

The occasional publication, in professional and 
technica] journals in different countries, of papers 
purporting to show how statistical methods may 
be substituted for practical ones in the design of 
structural and other systems will, no doubt, con- 
vince some engineering readers that, in this regard, 
statistics, like the calculus of variations, requires 
considerable craftsmanship for its proper use. 
Such students are, of course, assumed to have read 
the final part of this excellent treatise, in which a 
knowledge of the calculus is needed to grasp the 
chapters on the detailed study of binomial and 
related distributions, the gamma and beta functions, 
distribution of the variants in samples from a 
normal universe, tests for hypotheses in normal 
theory, and the distribution of external and internal 
variances. It contains numerous exercises and 
illustrative examples for those interested in most 
branches of science: for physicists in particular, 
there is an instructive solution to a problem first 
formulated by Lord Rayleigh, on the resultant of a 
large number of oscillations, and another on the 
disintegration of radioactive substances. 





INSTITUTION OF MECHANICAL ENGINEERS.—The brief 
$3 Index of Papers”’ whieh have appeared in the Pro- 
ceedings of the Instifedion of Mechanical Engineers has 
now Leen revised to cover the years from 1847 to Decem- 
ber, 1949. Copies may be obtained by members, gratis, 
on application to the secretary of the Institution. 





BumpIne EXHIBITION AT CHESTER.—The Ministry of 
Works, in association with the building industry, is 
organising an Exhibition of Modern Building at the 
Little Roodee, Chester, from June 22 to 30. It will 
cover an area of 200,000 sq. ft., and will include facilities 
for demonstrations of mobile and heavy plant. A special 
feature will be the section devoted to power-driven hand 
tools. The Ministry requests that any manufacturer of 
mechanical aids, wishing to secure part of the available 
Stand space still remaining, should apply to the Chief 
Plant Adviser, Ministry of Works, Lambeth Bridge 
House, London, 8.E.1. 
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(Concluded from page 426.) 


In accordance with a practice followed in previous 
years, the exhibits of the Cambridge Instrument 
Company, Limited, 13, Grosvenor-place, London, 
S.W.1, at the exhibition recently organised in Lon- 
don by the Physical Society, were confined to one 
scientific category. On this occasion, physical 
chemistry was selected as the scientific field, and 
particular emphasis was laid on methods of gas 
analysis and on equipment appropriate to it which 
depends for its functioning on the thermal conduc- 
tivities and magnetic properties of gases. Some 
exhibits illustrated methods of analysis to which 
there is no satisfactory simple alternative. In 
connection with the exhibit, the company issued a 
monograph dealing with the history of the develop- 
ment of the thermal conductivity method of gas 
analysis and the association of the company with 
pioneers in this field. An appendix to the brochure 
contains details of a wide range of applications of 
the method in industry and research. 

The photograph reproduced in Fig. 14, on this 
page, illustrates a high-speed audio-frequency signal- 
level recorder exhibited by Messrs. Dawe Instru- 
ments, Limited, 130, Uxbridge-road, Hanwell, 
London, W.7. . The instrument measures, and subse- 
quently records, the response characteristics of 
audio-frequency apparatus and is suitable for signals 
of rapidly varying intensity covering a wide range 
of frequency. The equipment, therefore, may be 
used to determine, inter alia, the characteristics of 
microphones, amplifiers and loudspeakers. The 
frequency range covered is from 30 cycles per 
second to 100 kilocycles per second. The chart 
and servo mechanism are driven by a synchronous 
motor. 

Another of the same company’s exhibits was the 
equipment illustrated in Fig. 15, which has been 
designed as part of a photo-finish camera installation 
for race events. The time base is a train of dials 
geared so as to register hours, minutes, seconds and 
milliseconds, and these dials are driven, by a crystal- 
controlled oscillator and synchronous motor through 
an electrically-operated clutch. A time base also 
is recorded on, the film as a series of numbers photo- 
graphed in succession on its edge. These follow 
one another at intervals of one-fiftieth of a second 
through the medium of auxiliary equipment employ- 
ing a rotating shutter. At the start of the race, an 
electrical impulse closes the clutch and sets the 
timing system in motion. As the finishing post is 
approached, the camera is switched on and the film is 





Fig. 15. Race-Trmine Camera; Messrs. Dawe INsTRUMENTS, 


LIMITED. 


driven, continuously past a slot at a rate suited to 
the speed of the subject being photographed. At 
the same time, the clock dials are illuminated and 
an image of them is projected through an optical 
system on to the edge of the film. Rapid processing 
of the film makes it possible for the photographic 
record to be in the judge’s hands approximately 
20 seconds after the finish of the race. 

On page 411, ante, we illustrated and described 
an oxygen analyser manufactured by Messrs. 
Elliott Brothers (London), Limited, Century Works, 
Lewisham, London, §8.E.13. This company also 
exhibited the items of equipment illustrated in 
Figs. 16 and 17, on page 458. The first is a 
high-speed cathode-ray oscillograph which has been 
designed to record single or repetitive high-speed 
transients. The time of sweep can be varied from 
0-05 micro-second to 2-5 milliseconds. Timing 
and voltage-calibration circuits are incorporated 
in the instrument, and a built-in potential divider 
permits impulses having amplitudes up to 30 kV 
to be recorded. By means of a metering circuit, 
the cathode currents of all the valves in the instru- 
ment can be checked. With an f/1 lens and sensi- 
tive photographic film, writing speeds of 20,000 km. 
per second can be recorded. 

The strain-gauge load-cell illustrated in Fig. 17 
is an electrical device for measuring compressive 
loads. It consists of a solid cylinder of high- 
tensile steel with four strain-gauges attached to its 
surface which are connected to form a bridge circuit. 
The cylinder and gauges are enclosed in a drum 
which is filled with dry air and sealed in order to 
stabilise the adhesive. A hollow cylinder of similar 
form may be employed as a pressure gauge. The 
load cells may be used either directly with a sensitive 
galvanometer, or with a magnetic modulator ampili- 
fier or with an all-magnetic inverter amplifier. The 
magnetic amplifier may also be used to sum the 
outputs from a number of load cells so that the 
total load may be displayed on a single indicator. 

The Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17, exhibited 
a number of major items of research equipment, 
including an electron-diffraction camera for observ- 
ing and photographing the surfaces of thin layers of 
metallic and non-metallic materials. The instru- 
ment employs a hot-cathode electron gun with 
automatic focusing arranged to give maximum 
intensity and small spot size. The specimen to be 
examined is mounted on a plate which has ring 
seals to facilitate its removal from or replacement 
in the main tube. By the use of a rotating head 
with a holder accommodating three specimens, 
direct comparisons may be made. A high degree of 
vacuum within the apparatus is maintained by an oil 
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diffusion pump assisted by arotary pump. Another 
of the company’s exhibits was a mass spectrometer 
which was designed primarily for the determination 
of the abundance ratios of stable isotopes in the mass 
range 1 to 70. The construction of the equipment 
is such that it can be used for routine isotopic 
tracer work as well as for research purposes. 
Isotopes of a given element are selected by manual 
adjustment of the ion-accelerating voltage, an 
operation comparable with the tuning of a radio 
receiver, : 

The British Thomson-Houston ..Company, 
Limited, Rugby, exhibited a high-voltage water- 
cooled ignitron valve. This.is a single-anode 
rectifier having a mercury pool as cathode and is 
intended for power rectification. The particular 
model exhibited was designed for an anode voltage 
of 20 kV and a continuous anode current of 150 


amperes. The current flow is controlled not only| 


by the igniters—a series conducting electrodes 
partly immersed in the cathode—and also by 
shield and control grids, A third grid is employed 
to distribute the voltage stress. A groupof ignitrons 
may be connected in standard circuits for power 
rectification and inversion, and the valve may also 
be used as a switch to control pulses of current 
having peak values up to 1,500 amperes, or more. 
It is being used for this purpose in the 375-MeV 
synchrotron under construction for Glasgow Univer- 
sity and will control the supply of pulses of current 
to the magnet windings at a pressure of 17kV. The 
ignitron is housed in a steel cylinder approximately 
8 in. in diameter, the overall length of the complete 
valve being 3 ft. 6in. In the range of small com- 
ponents, the company also exhibited photo-electric 
cells of the photo-conductive type which change 
their resistance when subjected to infra-red radia- 
tion, the magnitude of the change being dependent 
on, both the intensity and the wavelength of the 
radiation. The pattern exhibited has small overall 
dimensions, being § in. in diameter and # in. deep. 
The photo-sensitive surface is a film of lead sulphide 
on a glass button, suitably protected from fumes 
and dirt and enclosed in a plastic case. High sensi- 
tivity, quick response, reliability and long life 
are claimed for the cell. 

The exhibits of Messrs. Kelvin and Hughes, 
Limited, New North-road, Barkingside, Essex, 
included a sine-cosine potentiometer recently 
developed by the company as a result of considerable 
research into the operation of sliding contacts. A 
potential is applied to a linear resistance wound 
on a flat card, and the winding is traversed by 
rotating brushes which may be up to four in number. 
The potentials of the brushes with respect to a 
fixed centre-tap on the winding are equal to the 
applied potential multiplied by the sines or cosines 
of the angles of rotation of the brushes. The 
resistance wire employed is invariably a precious 
metal and the total resistance of the winding may 
be as low as 200 ohms or as high as 100,000 ohms. 
The requisite quantity and type of lubricant is 
applied to the winding during the assembly of the 
components. The contacts on the brushes are 
made from an alloy containing precious metals and 
connections to the brushes are made through 
rhodium-plated s'iprings and brushes which also 
have precious-metal alloy contacts. The brushes 
are carried on a shaft mounted in ball bearings. 
The maximum degree of accuracy which is practic- 
able is + 0-2 per cent. of the highest available 
potential and the minimum angle of resolution is 
5 minutes. The potentiometer has applications 
in phase-shifting circuits, trigonometrical resolvers, 
circular time-base generators and low-frequency 
sine-wave generators. The company also exhibited 
a magnetically-damped turn and sideslip indicator 
for aircraft, a wrist altimeter for aircraft personnel 
requiring to make delayed parachute descents, and 
an ultrasonic detector for finding internal flaws 
in metals and other materials, 

Among the many instruments and assemblies of 
equipment of diverse types and applications which 
were exhibited by the research establishments of the 
Ministry of Supply, one of the most interesting was 
the high-speed camera developed by the Armament 
Research Department and illustrated in Fig. 18, 
opposite. Although the camera is still in its ex- 
perimental stage, sufficient success has attended 
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its use so far to justify the claim that it is the 
fastest high-definition. ciné-camera in the world. 
The camera is of the drum type, but the drum and 
film are stationary and the successive images are 
projected on to the film from a central mirror which 
rotates at high speed. The shutter of the camera 
is an optical one which is controlled by a Kerr. cell 
in such a way that the time of each exposure is 
limited to one tenth of a microsecond; while the 
speed of rotation of the mirror is such that successive 
exposures follow one another at intervals of two 
and a half microseconds, a rate equivalent to 400,000 
frames a second. For satisfactory results, an 
intensely brightly. illuminated subject and a high- 
speed film are, of course, essential, but, given 
these pre-requisites, the definition is extremely 
good and a high resolution is achieved. The aper- 
ture is equivalent to f/50. The camera is equipped 
with a tele-photo lens system and is particularly 
suited to the detailed photography of explosions. 
In the present design, the number of exposures at 
any one time is limited to 80, made in two milli- 
seconds, during one half-rotation of the mirror. 

The camera housing is a light-alloy drum of about 
4 ft. 3in. internal diameter. It is closed by a light- 
tight lid—not shown in the illustration—when 
the camera is in use. At the centre of the drum 
is a small air-driven single-stage turbine which is 
mounted with its rotor vertical and supported on a 
single ball bearing. The turbine is supplied with 
compressed air from eight bottles and consumes 
250 cub. ft. of air per minute when rotating at 
150,000 r.p.m. The spindle of the rotor is extended 
upwards for about 6 in. and passes through two 
flexibly-supported bearings which take side loads 
only. Midway between these bearings, and mounted 
on the spindle, is the rotating mirror which consists 
of a rectangular piece of stainless-steel plate which is 
highly finished on each of its two faces. The 
plate is drilled along its major axis to accommodate 
the spindle and is furnished with a collet at each 
end to hold it fast in position. Surrounding the 
turbine, and concentric with it, is a steel cylinder 
about 11 in. in diameter. This cylinder, as will be 
seen from Fig. 18, has two sets of holes drilled 
through it along two semi-circles in different 
horizontal planes. Viewed directly from above, 
the two semi-circles overlap by 90 deg.; each 
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contains forty holes, equally spaced, at an angular 
separation of 4 deg. 30 min., and of such a diameter 
that the thickness of metal separating them is as 
small as is practicable. In each of the holes there 
is a small lens which is supported in a thin steel 
sleeve and cemented in position. The inner 
cylinder is also furnished with two semi-circular 
steel rings which are just visible in the illustra- 
tion and are screwed to the drum parallel to the 
rings of lenses. Their position is adjustable. 
Each of the steel rings is furnished with a series of 
40 chromium-plated facets spaced uniformly at 
the same angular interval as the lens holes. 
The optical system for the light entering the 
camera is contained in the tube seen passing through 
the drum towards the left in Fig. 18. The light 
from the object enters the tube through an 
objective lens and after coming to a fucus passes 
through a magnifier. There follow a polariser and 
analyser, crossed at 90 deg. so that, normally, no 
light passes through them, and separated by a Kerr 
cell. The latter consists essentially of two metal 
plates forming electrodes which are immersed in 
nitrobenzene. This liquid becomes doubly refracting 
when an electric potential is applied to the plates 
and this phenomenon results in a rotation of the 
plane of polarisation of the light entering the 
liquid from the polariser. In consequence, some 
ot the polarised light is able to pass through the 
analyser into the camera. The Kerr cell, therefore, 
acts like the mechanical shutter of a conventional 
camera. The light which passes through the 
analyser falls subsequently on a semi-silvered 
mirror which is mounted so that half the light 
continues to travel in the same direction as before, 
while the other half is reflected to another mirror 
in a somewhat lower plane. Each beam of light 
then enters the inner cylinder through a field lens 
and falls on the rotating mirror, from which it is 
reflected once more, through one or other of the 
rings of lenses mentioned previously. Before being 
fixed in position, each of these lenses was adjusted 
to produce a sharp image of the object on the emulsi- 
fied surface of one or other of the two strips of film 
which are held in slotted guides on the inside of the 
drum. The maximum area of each image is a circle 
of 2 in. diameter. As the central mirror rotates, 
the images wax and wane in succession. The geometry 
of the system is such that their movement is com- 
paratively small, and when the rotational speed is 
150,000 r.p.m., the process is sufficiently rapid 
for pictures of good definition to result without the 
use of the Kerr cell shutter. Under such conditions, 
of course, the illumination of the object need not 
be nearly so intense. For high definition, however, 
the Kerr cell is necessary, and means must be 
provided for operating it in synchronism with the 
mirror. * 
In order to control the operation of the Kerr c« ll, 
lamps which form light sources are mounted in ea¢'t 
of the two short tubes, seen attached to the inner 





cylinder, on the right and left. The light from 
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each of. these sources is limited by a slit and 
passes through a semi-silvered mirror before being 
focused on the rotating mirror by means of a 
lens. The ray reflected from the mirror falls on 
one or other of the rings of steel-facets referred to 
previously, and if it strikes a facet, is reflected back 
along its previous path all the way to the semi- 
silvered mirror. It will be appreciated that an 
arrangement of this kind calls for an inclination of 
both the tubes containing the light sources and the 
reflecting facets, so that neither the centre lines of! 
the former nor the normals to the latter are hori- 
zontal. Otherwise, each tube and its corresponding 
ring of facets would be in one plane and the con- 
tinuity of each ring would, of necessity, have to be 
interrupted. On reaching the semi-silvered mirror 
once more, part of the beam of light is reflected 
downwards into a photo-multiplier, passing on its 
way through a slit which limits its cross-sectioned 
area still further. The photo-multipliers, which are 
contained in the cube-shaped boxes visible in 
Fig. 18, controls the amplifier and the pulse- 
generating circuit which delivers 16-kV pulses to 
the Kerr cell, and ensure that light passes through 
the optical shutter into the camera at each instant 
when the rotating mirror is so located that the 
light is reflected from it exactly through the centre 
of one of the small lenses mounted in the inner 
cylinder. There is practically no delay in the 
Operation of the photo-cell and the application of 
the pulse to the Kerr cell. It has been proved that 
the pulse is initiated by the light reflected into the 
photo-cell from the edge of the facet which is first 
illuminated, and the facet rings have been located 
accordingly. 

When the camera is to be loaded, the film strips 
are placed in cassettes which are bolted subse- 
quently to the outside of the drum. The leading 
end of the film is passed through a slit, one of which 
18 visible in the illustration, and run through the 
guide to a second slit and through it to the receiving 
cassette. After the drum has been closed, the 
parts of each film to be exposed are wound into the 
camera. The semi-circular strips of white paper 
Seen inside the drum in the photograph are slipped 


into guides which normally house the film. As 
was mentioned previously, the semi-circular rings 
of lenses overlap by 90 deg., and the same is true 


of the film strips. The field lenses are located 
m planes which bisect the rings and, accordingly, 
the light is never incident on or reflected from the 
rotating mirror at an angle to the normal greater 
than 45 deg. 

It was mentioned earlier that the speed of rotation 
of the central mirror is limited by the resistance 





of the ambient air and that a later stage in the 
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design is envisaged when the mirror will run in a 
vacuum. Even if higher speeds could be attained 
without evacuating the mirror chamber,’ trouble 
would ultimately be experienced owing to com- 
pressibility and the formation of shock waves. 
With a view to effecting a still further improvement, 
the Armament Research Department have deve- 
loped a rotating system which is entirely free of 
mechanical support and rotates in a high vacuum 
almost entirely without frictional resistance. Al- 
though the principle is not new, the equipment, 
which is illustrated in Fig. 19, contains some 
interesting features. The rotor is a steel cylinder, 
part of which was machined out to form a central 
rectangular lamina and highly polished on both sides. 
The rotor is supported vertically by means of an 
iron-cored electromagnet, the current for which 
is derived from a thermionic-valve amplifier. The 
equilibrium position in such an arrangement is, of 
course, unstable and it is necessary, therefore, to 
make it stable by altering the gradient of the 
magnetic field artificially. This is accomplished in 
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a simple manner. The lower end of the spindle 
serves as a cut-off for a horizontal beam of light 
emitted by a lamp and directed on to a photo-cell. 
When the spindle falls, owing to the action of 
gravity on the rotor, part of the light is cut off and 
the change in current in the cell is employed to 
increase the output of the amplifier. The increased 
magnetic field pulls the rotor upwards again. 
Should the rotor be pulled up beyond its equilibrium 
position the increased illumination of the cell results 
in a loss of power from the amplifier and'a reduction 
in the magnetic force. In this way, thé selected 
equilibrium position is rendered stable. Rotation 
is imparted to the rotor by means of 4 rotating 
magnetic field in the manner of a polyphase induc- 
tion motor. The rotor is proportioned so that it 
possesses gyroscopic stability. It would, therefore, 
if slightly disturbed, tend to precess round its 
equilibrium position. Precession of this kind is 
damped out very simply. A rod of soft iron rests 
in a container shaped like a test tube and filled with 
oil, the top end of the rod being a short distance 
below the bottom end of the rotor spindle. ‘The 
magnetic attraction between the two pieces of 
metal and the viscous resistance of the oil on the 
lower one suffice to damp out any precession of 
the rotor. 

Five of the research establishments of the Depart- 
ment of Scientific and Industrial Research were 
represented at the exhibition. The equipment 
illustrated in Fig. 20 was developed by the Engineer- 
ing and Metrology Divisions of the National Physi- 
cal Laboratory, Teddington. It was designed for 
tensile fatigue tests on small screws up to 0-8 mm. 
diameter and accommodates 24 test pieces which 
may be subjected simultaneously to any desired 
range of load between 0 and 15 lb. tension. The test 
pieces are attached at their upper ends through 
spherical seatings to a circular plate supported at its 
centre, and their lower ends are coupled to guided 
rods each of which terminates in a collar. A helical 
spring is compressed between each collar and the 
underside of a swashplate which is rotated by fixed 
runners pressing against its lower surface. The 
swashplate is carried on a central gimbal mounting, 
and the angle through which it rocks may be 
adjusted by moving the whole unit up or down. 
A master counter and 24 other counters are operated 
electrically to record the number of cycles of stress 
applied to the specimens. When a specimen breaks, 
the corresponding counter is automatically cut out. 
The circular plate above the plate supporting the 
test pieces, is a dynamic balance which is tuned to 
the frequency of the swashplate with the object of 
relieving vibrational stresses in the machine. The 
speed of rotation is approximately 3,000 r.p.m. 
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ALTHOUGH machinery has been used in the pro- 
cessing of wine for a number of years now, it is only 
during comparatively recent times that mechanical 
aids have been introduced into the vineyards. In 
the past, the use of tractors has been precluded 
to a considerable extent by the closeness of the 
vines and the slope of the ground. In many vine- 
yards, however, the vines are trained along wires 
stretched between posts at a heightof approximately 
2 ft. above the ground and spaced some 4 ft. 
apart, and where the gradient is not too steep, small, 
or miniature, tractors of the type described in 
last week’s issue can be used with good efiect. 
This only applies, of course, when there is little, or 
no, foliage and when the vines are not bearing 
fruit. To overcome this limitation, several French 
tractor manufacturers have designed three-wheel 
machines with a high ground clearance so that they 
are capable of straddling the growing vines. Several 
tractors of this type were being shown at the Salon, 
a good example being furnished by the Tracteur 
Brandt, which is manufactured under licence from 
Vincent Ballu by Etablissements Emile Régnier, 
77, Rue Albert-Sarraut, Versailles. It is illustrated 
in Figs. 6 and 7 at the top of this page, Fig. 6 show- 
ing it equipped for dusting grown vines and Fig.7 
as arranged for cultivating between the rows. The 
latter illustration also gives a clear idea of the 
arrangement of the horizontal training wires used 
in vine growing. 

The tractor is fitted with a Brandt two-cylinder 
in-line water-cooled petrol engine having a bore 
and stroke of 100 mm. and 120 mm. respectively, 
and developing 23 h.p., French rating, at 1,600 
r.p.m. A three-speed gearbox is incorporated in 
the transmission and this is designed to give two 
working speeds of 3-7 km. and 7-5 km. per hour, 
respectively, and a road speed of 25 km. an hour. 
The back axle is of straightforward design and final 
drive to the land-wheels is through roller chains 
arranged inside reinforced casings. Brakes are 
fitted to the rear wheels only and, in accordance 
with usual practice, are arranged so that they can 
be applied independently to assist steering ; their 

use enables the tractor to be turned in a circle 
having a radius of 2:7 m. The outstanding feature 
of the tractor is, of course, the high axle clearance ; 
this is approximately 1-3 m. and, as the wheel-track 
is adjustable between the limits of 2 m. and 2-4 m., 
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the machine should prove most useful in those 
vineyards employing the horizontal-wire method of 
growing. Three inter-row spaces can be worked 
together, the tools being arranged in front of the 
two rear wheels and behind the front wheel, out- 
rigger brackets being provided for the rear tools. 
It should, perhaps, be emphasised that the use of 
the Brandt tractor is not confined to vineyards 
as it will obviously prove equally useful for all row- 
crop work, particularly where the crops are tall. 
AS a consequence, a wide range of standard tools 
such a8 one-way ploughs, hoes, ridgers, etc., has 
been developed by the manufacturers, who state 
that it is capable of performing all agricultural 
duties commensurate with its power. 

A somewhat different form of three-wheel tractor 
to that just described was being shown by Messrs. 
Garnier et Cie, Redon. This machine, which is 
known as the Enjambeur, is illustrated in Fig. 8, 
on this page, from which it will be noted that the 
wheel arrangement is similar to that employed on 
a motor-cycle combination. It is driven by a 





Renault water-cooled four-cylinder petrol engine 
rated at 22-30 h.p., French rating, which is arranged 
to drive the rear wheels through chains. Only 
one ratio is provided and this gives a maximum road 
speed of 18 km. an hour. Like the Brandt tractor, 
it has been designed specifically for row-crop work, 
the high axle clearance, namely, 1-2 m., rendering 
it particularly suitable for use in standing crops 
such as vines, potatoes, beetroot, tobacco, ete. 
Two track widths are available, i.e., 1-4 m. and 
2 m., and the manufacturers claim that the mpl 
mum turning-circle diameter is 2-8 m.; this 
figure obviously refers to the wheel track of 1-4 m. 
The tools are arranged immediately behind the rear 
wheels and the two linkages are arranged so tbat 
they can be raised or lowered by compressed-air 
cylinders, air for this service being supplied by 4 
1 h.p. engine-driven compressor ; compress d air 
is also used for operating the crop-dusting e4™P 
ment. In working order, the overall length 1s 
2-72 m., the height, measured to the driving anit 
1-62 m., and the weight approximately 2,000 kg. 
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Quite a large proportion of the heavier tractors 
at the exhibition were fitted with Diesel engines, 
some of advanced design. The Société de Gérance 
de la Manufacture d’Armes de Paris, 271, Boulevard 
Ornana, St.-Denis, Seine, for example, were showing 
a four-wheel tractor fitted with an opposed-piston 
two-stroke engine of this type. A photograph of 
the tractor, which is known as the M.A.P. t 
DR 30, is reproduced in Fig. 9, on Plate XXXI, 
Where it is shown hauling a four-furrow disc plough, 
a good indication of its power. The engine has two 
cylinders arranged horizontally across the tractor, 
one hehind the other. Each cylinder is fitted 
with a pair of opposed pistons and these come 
toge her on the compression stroke to form a com- 
mon combustion chamber and, towards the end of 
the «xpansion, or working, stroke, they uncover the 
exh ust and air-inlet ports in much the same manner 
as in a Doxford engine. Each piston is connected 
by « short, rigid rod to one end of a rocking lever, 
the other end of which is joined by a main con- 
hecting rod to the crankshaft, which is arranged 





below the cylinders with its axis parallel to that of 
the tractor. A separate crank is provided for each 
piston, rocking lever and connecting-rod assembly, 
the rocking levers being offset to allow for the 
fact that two pistons operate on a common axis. 
Scavenge air is supplied by a thrée-lobe helical- 
type Root’s blower driven from the front end of 
the crankshaft through a vertical bevel shaft. 
Apart from the engine, the tractor follows conven- 
tional practice. The transmission assembly com- 
prises a single-plate clutch, a five-speed gearbox 
and a spiral-bevel drive to the rear axle, final drive 
to the land wheels being by means of spur wheels 
and pinions mounted in casings integral with the 
body of the axle. Chassisless construction is 
employed, the engine, clutch bousing, propeller- 
shaft housing, gearbox and back axle being bolted 
together to form a single rigid assembly. Brakes 
of the internal-expanding type are fitted to the rear 
wheels only and, in accordance with usual practice, 
the linkage is designed so that they may be applied 
separately or together. Ackermann-type steering is 
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fitted and the turning radius, when using the 
brakes, is given as 3 m. The overall length is 
3 m., the width 1-72 m., and the maximum height 
1-85 m., while the weight is 2,200 kg. 

One-way ploughs are the rule, rather than the 
exception, in France, and several examples of this 
class of implement were being shown on the various 
stands. The exhibits on the stand of Etablisse- 
ments Huard, Chateaubriant, Loire Inferieure, for 
example, included two-furrow one-way ploughs 
suitable for use behind Renault, David Brown and 
Ferguson tractors, to mention but a few. The 
plough designed for use with the Renault tractor 
is illustrated in Fig. 10, on Plate XXXI, where it is 
shown at work. It is used in conjunction with the 
tractor hydravlic-power lift assembly and is arranged 
£0 that it can be coupled to the tractor by means of 
the Renault automatic coupling device; this is 
illustrated in Fig. 11, on Plate XXXI. There are, 
of course, four separate bodies and each is provided 
with its own disc coulter; they form two separate 
assemblies and these are mounted opposite-handed 
at each side of a rigid central member. A simple 
hand-operated crank mechanism is used to turn the 
plough over at the'end of each furrow, the mechan- 
ism being operated by a lever within easy reach 
of the driver. The angle of attack of the bodies 
in relation to the ground is altered by means of 
a toothed quadrant and pinion, operation of which 
alters the position of the plough towing eye. The 
quadrant and pinion assembly can be seen in 
Fig. 11, and it will be appreciated that rotation 
of the pinion will cause the bell-crank lever to 
which it is attached to swing about its pivot and 
vary the position of the towing eye in relation 
to the frame of the plough. Three sizes of body 
are available, namely, 10 in., 12 in. and 14 in., the 
width of furrow varying from 50 cm. to 75 cm., 
according to the body used. 

As previously mentioned, the Salon was inter- 
national in character and several European countries 
were represented. The exhibits from Sweden, for 
example, included the medium tractor illustrated in 
Figs. 12 and 13, on Plate XX XI, which was being 
shown on behalf of the manufacturers, Messrs, A/B 
Bolinder-Munktell, Eskilstuna, Sweden, by Messrs. 
Cie Bolinder’s, Paris. This tractor has been con- 
structed to meet the needs of those requiring a 
small machine suitable for rough work. It is fitted 
with the makers’ 20-h.p. engine and is sufficiently 
powerful to haul a two-furrow 12-in. plough in 
medium and lighter soils and a single-furrow 14-in. 
plough in stiff soils. The engine, which is designed 
to operate on crude oil, is a two-stroke in-line unit, 
having a bore and stroke of 120 mm. A 10-in. 
diameter single-plate clutch is fitted and this trans- 
mits the power to a five-speed gearbox designed to 
give road speeds of 4 km. an hour in first gear, 
5 km. an hour in second, 6-9 km. an hour in third, 
13-6 km. an hour in fourth, and 20 km. an hour 
in top gear. Brakes are fitted to the rear wheels 
only and the operating pedals can be coupled 
together for normal service or kept separate for use 
as steering brakes. When used in the latter capa- 
city, the turning radius of the tractor, measured at 
the outer edge of the outside front wheel, is only 
3:25 m. The standard equipment supplied with the 
tractor includes a swinging-type drawbar and an 
electric starter motor, together with the associated 
dynamo and batteries. A rear power take-off is 
available and, if required, this can be supplied with: 
a belt-drive adaptor. The wheel track is adjustable, 
two widths being available at the front, namely, 
1-2 m. and 1-37 m., and three. at the rear, the 
dimensions in this case being 1-2 m., 1-4 m. and 
1-5 m. In working order, but without any imple- 
ments attached to the rear, the overall length is 
2-62 m., the greatest breadth 1-66 m., and the 
height at the steering wheel 1:61 m. With a 
full quota of water, fuel and lubricant the weight 
is 1,300 kg., but this can be increased to a maximum 
of approximately 1,800 kg. by adding ballast 
weights on the driving wheels and water in the 
tyre inner tube. 

One of the largest displays was staged by Régie 
Nationale des Usines Renault, Billancourt, Seine, 
who, in addition to several examples of their tractors, 
were showing a wide range of implements developed 
by the various French manufacturers of agricultural 
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machinery specifically for use with the Renault 
tractor; these included several types of ploughs, 
cutter bars, cultivators, beet lifters, ete. The 
Renault tractor is illustrated in Fig. 14, on Plate 


XXXII, where it is shown fitted with a mounted one- 


way plough. Two models are available, namely, 
normal and vineyard, that illustrated being the 
normal model. With the exception of certain minor 
differences, however, the two models are basically 
similar. Both are driven by a four-cylinder side- 
valve engine having a bore and stroke of 85 mm. 
and 105 mm., respectively, and developing a maxi- 
mum of 35 h.p. at 1,800 r.p.m., when operating on 
petrol; it can be run with equal facility, however, 
on paraffin or alcohol. A three-bearing crankshaft 
is used and the equipment installed on the engine 
includes a starter motor and associated dynamo, 
etc. The gearbox provides four forward speeds 
and cne reverse, top gear giving a maximum road 
speed Of 134 miles an hour, and the unit is arranged 
so that it can be removed from the tractor separately. 
The design of the rear axle follows standard practice 
and the rear wheels are arranged so that the track 
can be increased by increments of 2 in. from 35 in. 
to 58 in. on the standard model, and from 30 in. to 
50 in. on the vineyard model. Similar arrangements 
are made for the front wheels, which, on both models, 


can be varied in track width between the limits of |- 


37 in. and 55 in. 

Two power take-off points are available, namely, 
a belt pulley, which is arranged at the side of the 
gearbox, and a shaft at the rear of the tractor for 
driving reapers, binders, etc. A 15}-in. diameter 
belt pulley is fitted and, when the engine is running 
at its normal speed, the linear speed of the belt 
is 2,530 ft. per minute ; the pulley is designed so that 
it can be used to drive a cutter bar mounted at the 
opposite side of the machine. The rear power take- 
off shaft runs at 552 r.p.m. and is designed so that 
it also operates the mechanical, or hydraulic, lift 
forthe implements. In working order, and complete 
with hydraulic equipment, the standard model 
weighs 4,028 Ib. and the vineyard model, 3,720 Ib. ; 
these weights can be increased materially, however, 
by the use of ballast weights on the front and 
rear wheels and water in the tyres. On both 
models, the wheelbase is 5 ft. 4 in., the overall 
length, 9 ft. 7 in. and the maximum width 5 ft. 10 in. 

Reference was made earlier to the large number 
of small power-driven cultivators displayed in the 
Salon. Limitations of space preclude descriptions 
of all these, but a particularly good example is 
furnished by that illustrated in Fig. 15, on Plate 
XXXII, namely, the Passe-Partout, which was being 
shown by the manufacturers, Société des Tracteurs 
et Motoculteurs Staub, 25, Boulevard de Verdun, 
Courbevoie, Seine. This machine is fitted with a 
single-cylinder petrol engine having a capacity 
of 500 c.c. and developing 9 h.p., French rating, at 
2,500 r.p.m. Side valves are employed and the unit is 
designed so that, when required, it can be operated 
«nalcohol. <A notable feature of the machine is the 
provision of an automatic clutch and a five-speed 
gearbox. The automatic clutch simplifies starting 
from rest and the gearbox ratios have been selected 
to give a wide range of working speeds varving from 
1-4 km. an hour to 9 km. an hour. Normally, the 
machine is fitted with metal-shod wheels, but 
pneumatic-tyred wheels are available, as witnessed 
by the illustration. The wheel track is variable 
between the limits of 54 cm. and 1-06 m., and the 
steering arms are arranged so that they can swing to 
the side, thereby permitting the operator to keep 
clear of the trailed implements. A good selection 
of tools is available for use with the machine, 
including ploughs of various sorts, harrows, a 
side-mounted cutter bar and a rotary cultivator. 

The exhibits on the stand of the Société des 
Tracteurs et Motoculteurs Staub also included the 
small four-wheel tractor illustrated in Fig. 16, on 
Plate XXXII. Known as the A.M.10 light tractor, 
this machine has been developed to fill the gap 
between the motor cultivator and the larger types 
of four-wheel tractor. It is a particularly neat little 
machine, a notable design feature being the employ- 
ment of a ‘* backbone ” type of chassis construction, 
the “ backbone ” comprising the torque tube, which 
joins the engine to the gearbox and back axle 
assembly. The power unit is a single-cylinder 
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air-cooled petrol engine somewhat larger than 
that fitted to the Passe-Partout, the capacity 
being 600 cub. cm., and the output 12 h.p., French 
rating. A single-plate clutch is used to transmit the 
drive to the gearbox, which, like the motor culti- 
vator, has five ratios giving road speeds of from 
1-6 km. to 12 km. an hour. A double-reduction 
back-axle is fitted, primary reduction being obtained 
by a worm and worm wheel, and secondary reduction 
by a spur gear and pinion, while the differential is 
provided with a locking device. Bendix brakes are 
fitted to the ‘rear wheels only and are arranged so 
that they can be applied separately, suitable locking 
arrangements being provided for use when parking 
the tractor. A rear power take-off is available and 
this can be fitted with a pulley having its axis 
either parallel or at right angles to the longitudinal 
axis of the tractor. 

The tractor illustrated in Fig. 17, on Plate X X XII, 
is of particular interest in that it is fitted with a 
single-cylinder two-stroke Diesel engine having a 
continuous rating of 40 h.p., French rating, and a 
maximum output of 45 h.p. It was being shown 
by the manufacturers, Société Francaise de Matériel 
Agricole et Industriel, Vierzon, Cherbourg. The 
cylinder, which is arranged along the axis of the 
tractor, has a bore and stroke of 225 mm. and 
260 mm., respectively, entry of the air and dis- 
charge of the exhaust gases being controlled by 
ports uncovered by the piston at the end of the 
working stroke in the normal manner. Scavenge 
air is supplied by crankcase compression and the 
crown of the piston is shaped so that the air is 
diverted towards the combustion ante-chamber in 
the cylinder head as it enters the ports. The 





cylinder frame, crankcase, transmission casing and 
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rear axle are bolted together to form a single rigil 
unit which acts as the chassis, there being no frame 
in the strict sense of the word. There are five 
forward speeds and a single reverse speed, and when 
the tractor is fitted with pneumatic tyres the 
maximum road speed is 20 km. an hour. Inde- 
pendently-applied brakes are fitted to the two rear 
wheels, and, there is, in addition, a hand brake 
which operates on the transmission. In working 
order, the tractor has an overall length of 3-37 m., 
a width of 1-805 m., and an all-up weight of 3,300 kg. 
Société Francaise were also showing a smaller 
version of this tractor, but, apart from minor 
details, the general design is the same, the main 
point of difference being the engine, which has a 
bore and stroke of 180 mm. and 216 mm., respec- 
tively, and develops a maximum of 30 h.p., French 
rating, at 800 r.p.m. 

The French design of beet and other root crop 
elevators differs but little from British practice. 
A typical elevator is illustrated in Fig. 18, on 
page 461; this was being shown by L’Industrielle 
Agricole du Soissonnais, 15-17, Rue Auber, Paris, 1X. 
As will be seen from the illustration, it consists of 
link-type elevators, driven from the tractor 
power take-off and arranged so that the machine 
discharges the beet into a trailer drawn along- 
side. Several forms of beet-topping units were 
being shown, a good example of an advanced design 
being furnished by that illustrated in Fig. 19, on 
page 461 ; this was being shown by M. Jean More, 
Noyelles-sur-Escaut, par Marcoing, Nord, and forms 
an integral part of his beet-lifting machine. -\s 
will be seen from the illustration, the unit consists of 
a track-type feeler and a rotating-dise knife. ‘The 
track of the feeler is set at an angle and, as ' 
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machine moves forward, climbs on to each beet, 
lifting with it the topping disc. The speed of the 
irack is slightly faster in a backward direction, 
however, than the forward speed of the whole 
machine ; the beet, therefore, are pulled backwards 
slightly towards the rotating disc, thus counter- 
acting any tendency for a large beet to be pushed 
away from the disc. A correcting device is incor- 
porated in the unit to adjust automatically the 
amount of crown cut from each beet so that a large 
beet loses more top than a small one. To achieve 
this, the feeler and topping disc are not directly 
connected, but are suspended separately from a 
deformable parallelogram arranged so that the 
lift given to the feeler by a large beet is transmitted 
in a lesser degree to the topping disc. 

Many different types of trailer were being exhi- 
bited in the transport section, most being of French 
manufacture. Some of the trailers were of advanced 
design, several being fitted with Ackermann steering 
operated by the towing bar and arranged so that a 
steering lock of nearly 90 deg. can be obtained. 
Greater use of the backbone type of construction 
appears to be made by French designers, a good 
example of a trailer embodying this feature being 
that illustrated in Fig. 20, on page 462; this 
was being shown by M. Paul Francois, Mirau- 
mont, Somme. The form of chassis construction 
will be apparent from the illustration and it will be 
noted that the body can be tipped to one side or 
the other by means of two hydraulic rams located 
above the centre of the front and rear axles, the 
actual direction of tipping being controlled by 
removable pins. 

The exhibits in the transport section also included 
several types of manure spreader. One of these, 
which was being shown by the manufacturers, 
Ateliers de Poclain, Le Plessis-Belleville, Oise, is 
illustrated in Fig. 21, on page 462. It is a three- 
wheel machine and has a capacity of 6 tons, the 
apron and beater-spreader mechanism being driven 
from the tractor power take-off. The beater- 
Spreader mechanism, however, is removable so that, 
when required, the unit can be used for the conveying 
and quick discharging of root crops such as beetroots, 
etc. The main structure is of welded-steel construc- 
tion and the spreader mechanism consists of two 
tooihed rollers arranged one above the other across 
the rear of the body and driven by a chain from the 
main power take-off shaft, which extends along 
One side of the body. Bendix brakes are fitted to 
the rear wheels and these may be applied from the 
tractor driving position by means of a cord. 
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Srx-CyLInDER ENGINE CouUPLED TO GENERATOR. 


GENERAL-PURPOSE DIESEL 
ENGINES. 


Messrs. Ruston anD Hornssy, Limitep, Lincoln, 
announced recently the introduction of a new range of 
four-stroke Diesel engines designed to meet the demand 
for heavy-duty units having a low power-weight ratio. 
Tne new engines, which have been given the type 
designations 4 to 6YE, have been developed for such 
duties as the propulsion of locomotives and small ships, 
driving excavators and cranes and operating electric- 
power plants. Three models are available, namely, 
4YE, 5YE and 6YE and, as the type designations 
indicate, these are four-, five-, and six-cylinder units, 
respectively. The maximum continuous outputs are 
75 horse-power for the 4YE engine, 94 horse-power for 
the 5YE engine and 112 horse-power for the 6YE engine, 
all ratings referring to an engine speed of 1,500 r.p.m., 
an ambient temperature not exceeding 85 deg. F., and 
altitudes up to 500 ft. 

The design of all three sizes of engine is basically 
similar. Two of the range are illustrated in Figs. 1 
and 2 above, Fig. 1 showing the six-cylinder model 
coupled to a generator and Fig. 2 the four-cylinder 
model. The crankcase and cylinder block are of 
monobloc construction, the depth of the crankcase 
being sufficient to enclose the main reciprocating and 
rotating parts. Renewable wet-type liners are fitted 
to the cylinder bores and inspection doors are provided 
at one side of the crankcase to give easy access to the 
bottom-end bearings. The cylinder heads are detach- 
able, being cast in blocks of two or three according to 
the engine type, and they are fitted with the overhead- 
valve gear and the injectors, the valves being operated 
from the camshaft through push rods and rocking levers 
in the usual manner. The camshaft, however, is 
situated well up in the cylinder block so that short rigid 
push rods can be used. High-grade cast iron is used 
for the cylinder-head castings and special heat- 
resisting steel for the valves, the operating mechanism 
for the latter being supplied with oil under pressure 
from the main lubricating system. 

An underslung crankshaft is fitted, bearings of the 
steel-backed copper-lead type being provided between 
each crank throw. It is machined from a steel stamping 
and, to ensure immunity from torsional-vibration 
troubles, has generous proportions ; the main journals, 
for example, have a diameter of 44 in. A solid-disc 
flywhee! is fitted to the driving end of the crankshatt 
and the flywheel housing is provided with a standard 
S.A.E. No. 0 or No. 1 attachment according to require- 
ments. The connecting rods are machined from 
H-section steel stampings, the bottom ends being fitted 
with pre-finished steel-backed copper-lead bearings and 
the little ends with phosphor-bronze bushes. To 
enable the rods to be withdrawn through the cylinder 
bores, the bottom ends are split at an angle and studs 
are used instead of the more usual through-bolts. 
Pistons of low-expansion silicon-aluminium alloy are 
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used and each is fitted with three pressure rings and 
two scraper rings, the latter being arranged one above 
and one below the gudgeon pin. A fully-floating 
gudgeon pin is fitted to the piston and is retained in 
position by circlips in the normal manner.. 

Vertical fuel pumps of the monobloc type, tontaining 
a separate pumping unit for each cylinder, are used on 
all three types of engine, the fuel delivery being regu- 
lated by helices formed on the plungers. Multi-hole 
injectors: are fitted to the cylinder heads and these are 
arranged so that they epray directly into the combustion 
chambers formed in the piston crowns. A centrifugal 
governor is driven from one end of the fuel-pum 
camshaft, and hand-lever control gear is provided. 
Lubrication of all moving parts except the gudgeon 
pins and pistons is by pressure, a gear-type pump, 
chain-driven from the crankshaft, being installed in the 
lowest part of the detachable oil sump. The pump is 
fully submerged and the complete lubricating system 
is designed so that it functions efficiently when the 
engine is operating on gradients up to 1 in4. Cooling is 
on the thermo-syphon system, water circulation being 
assisted by a centrifugal pump driven from the crank- 
shaft by twin V-belts. The belts also drive a radiator 
fan and the dynamo used in connection with the engine 
starting system. Normally, a 24-volt electric starter 
motor is employed for this purpose but air valves can 
be incorporated in the cylinder head for air starting 
if required. 

The overall dimensions vary, of course, according to 
the type of engine. On the four-cylinder model, the 
overall length, measured from the fan pulley on the 
crankshaft to the rear of the clutch housing, is 
3 ft. 10% in., this dimension being increased to 
5 ft. Of in. on the six-cylinder model. The height, 
measured from the sump drain plug to the top of the 
air filter, is 4 ft. 2¢ in., and the overall width 2 ft. 54 in. 
on all models. The distance of the crankshaft centre 
from the lowest point on the sump is constant at 
1 ft. 6% in., and from the crankshaft centre to the air 
cleaner, constant at 2 ft. 7$ in. The approximate 
weights are: 2,100 lb. for the 4YE model, 2,470 lb. for 
the 5YE and 2,850 lb. for the 6YE model. All models 
can be fitted with the Ruston and Hornsby friction 
clutch and the design of the clutch housing and forward 
part of the engine is arranged so that either three- 
point or four-point suspension can be used with equal 
facility. 





LECTURES ON GAS TURBINES, IN AUSTRIA.—The 
British Council is sponsoring a series of lectures to be 
delivered in Austria tais month by Mr. Hayne Constant, 
Director of the National Gas Turbine Establishment, 
Farnborough. Mr. Constant will address the Society 
of Civil Engineers and speak at the Technische Hoch- 
schule, in Vienna, and he will also speak at the Tech- 
nische Hochschule in Graz. His subjects will be 
“General Progress in Gas Turbines,” ‘‘ Gas-Turbine 





Research,”’ and “‘ Aircraft Gas Turbines.” 
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BRITISH EXPERIMENTAL PILE 
(BEPO) AT HARWELL. 


In an article which appeared in our issue of Decem- 
ber 15, 1950, on page 497, describing the graphite 
low-energy experimental pile (Gleep) installed at the 
Harwell Atomic Energy Station of the Ministry of 
Supply, it was stated that this pile had been constructed 
to run at as high a power as possible without elaborate 
cooling arrangements; and to enable slow neutron 
absorption cross sections of the elements to be com- 
pared by the pile-modulation method. It was also 
explained that high power was necessary so that 
radioactive isotopes could be produced in it until the 
larger pile Bepo (British Experimental Pile), also 
installed at Harwell, had become “ divergent.” The 
Ministry have just released for publication, following an 
agreement between the atomic energy authorities of 
Canada, the United Kingdom and the United States, 
the first detailed description of the construction and 
composition of Bepo, and we reprint this description 
below. 

The fundamental design of Bepo was undertaken by 
the United Kingdom staff working at the Montreal 
Laboratory in Canada during 1945-1946. The Depart- 
ment of Atomic Energy at Risley, who were responsible 
for the engineering design and construction, began 
work on the project early in 1946. The Ministry of 
Works, under the direction of the Department of 
Atomic Energy, began construction in June, 1946, and 
the work was sufficiently far advanced in two years for 
the plant to be handed over to the Harwell Research 
Establishment for final tests and operation. 

Bepo is a graphite-moderated air-cooled pile with a 
central thermal neutron flux of 10!* neutrons per sq. 
em. per sec., a critical loading of 28 tons of uranium 
metal, and a full uranium load of 40 tons, giving rise to 
an excess reactivity which can be used for producing 
isotopes or for experimental purposes. The air-cooling 
system was designed to limit the maximum surface 
temperature of the fuel élements to 200 deg. C. Loading 
to critical size took place on July 5, 1948, the uranium 
being added channel by channel until the reaction 
became divergent. The power of the pile was con- 
tinuously monitored in the sub-critical state by specially 
made measuring instruments, and when the pile 
diverged the power was permitted to rise to 50 watts, 
with no coolant flowing, before the reaction was shut 
down by the automatic safety system. This was 
followed in the ensuing months by a gradual work-up 
to tull power, the design maximum flux being reached 
by Christmas, 1948. 

As Harwell was established in a vacated aerodrome 
which included four large hangars, it was possible for 
the construction of the pile to proceed at once under 
cover by using one of them as the pile building, although 
a section of the roof had to be raised 20 ft. to provide 
additional headroom above the pile for handling tall 
experimental equipment. The cooling-air exhausters 
required a new building and this was constructed 
adjacent to the selected hangar to which it is con- 
nected by underground air and service ducts. About 
180,000 cub. ft. of air per minute is required to cool the 
pile and this is drawn through the pile, in a single-pass 
system, by a number of exhausters situated between 
the pile and the main exhaust stack. Filters are 
provided in the air intake to clean the air before it is 
passed through the pile and another set of filters is 
located between the pile and the exhausters to remove 
any trace of radioactive dust which might arise in the 
pile itself before the air reaches the main machinery 
which discharges into the base of a 200-ft. stack. 
Since materials introduced into the pile are radioactive 
on removal, there is within the pile building a concrete 
storage block with accommodation for some five tons 
of irradiated uranium cartridges (usually called 
** slugs ’’) and numerous other cells where irradiated 
materials can be stored temporarily on removal from 
the pile until they have decayed sufficiently for safe 
handling. Irradiated material from the pile has to be 
withdrawn directly from the pile into lead flasks and a 
feature of the pile building is the overhead-crane 
system to permit the eisy handling of these heavy 
flasks. 

The general construction of the pile itself is illus- 
trated by the longitudinal section, Fig. 1. The 
reacting part is a cube of graphite of 26 ft. sides through 
which pass 1,849 channels about 34 sq. in. in cross 
section and pitched at 7}-in. centres. The central 900 
of these channels can accommodate bars of uranium 
machined into cylindrical rods, 12 in. long by 0-9 in. 
diameter, encased in aluminium to prevent oxidation of 
the ufanium and the escape of fission products into the 
cooling-air stream. Twenty uranium bars are included 
in each channel leaving 3 ft. of empty channel at each 
end. The channels are loaded radially outwards from 
the centre to form a right cylinder of 10 ft. radius and 
20 ft. long. The remainder of the graphite around this 
central core serves as a reflector to neutrons which 
would otherwise escape from the central system. In 
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addition to the main channels this graphite moderator is 
perforated with holes for experimental purposes, so 
that the actual structure is somewhat complicated. It 
is built up of standard blocks each 7} in. by 7} in. by 
29 in. long with features machined in their surfaces 
which provide, when assembled, all the necessary 
holes. Some 850 tons of graphite required machining 
into about 25,000 blocks with more than 60 variations 
in the basic types, and this work was executed in a 
workshop specially erected for the purpose at Harwell. 
The general machining tolerance adopted was 
+ 0-0025 in. on all dimensions and such accuracy was 
maintained that the total height of the 26-ft. completed 
stack was correct to within 0-03 in. From the top 
and one side, cubes of graphite “thermal columns ” 
project from the main moderator. These columns, by 
virtue of their distance in graphite from the nearest 
source of fast neutrons, provide a source of almost pure 
thermal] neutrons. 

The 900 central channels are connected at both the 
air-inlet and air-outlet ends by headers 4 ft. wide, 
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common to both graphite and shield was preserved. 
The method adopted was first to level and set the 
cast-iron base plates on which the graphite is stacked 
to within +0-01 in., then to erect on this base the 
steel-frame structure of walls and roof. On this 
structure the 6-in. cast-iron shield plates and the tubes 
through the shield were set to +0-01 in. in 3-ft. “ lifts,” 
each lift being concreted in turn; great care being 
exercised to ensure that the concrete penetrated to all 
interstices in the shield and that no voids or cracks 
were left to provide subsequent leakage paths for 
radiation. Fig. 2, opposite, shows the interior of the 
pile before stacking the graphite. 

The pile is loaded by pushing in a row of “ slugs’ 
from the charge face of the pile, and unloaded by means 
of steel push-rods which push the irradiated uranium 
slugs out through the unload face into a lead-shielded 
container. A bridging section is provided connecting 
each uranium air channel with a hole through the 
shields so that the uranium bar can cross the air 
headers. The holes through the shield are, of course, 


’ 





extending over the whole graphite face. The headers 
are connected to the 10-ft. by 8-ft. underground ducts 
of the main air system. The main outer structure of 
the pile consists of a reinforced-concrete and steel 
shell lined with cast-iron plates 6 in. thick, and con- 
stitutes the biological shield for attenuating the intense 
radioactivity within the pile. The radiation level 
outside when the pile is running at full power is only 
twice that which exists when the pile is fully shut 
down, thus ensuring that the sensitive instruments 
used for experimental work are not adversely affected 
by background activity. The 6-in. cast-iron shield 
provides an initial large attenuation of thermal neutrons 
and y-rays, so that the bulk of the radiation energy 
escaping from the reflector is converted into heat in a 
conducting and heat-resistance material from which it 
can be easily transferred to the cooling-air stream 
circulating past the sides of the cast iron, so avoiding 
high temperatures in the concrete. 

When the graphite moderator was stacked, stringent 
precautions were taken to ensure clean conditions so 
as to exclude dust and other impurities, with high 
capture cross-section for neutrons, which might prevent 
the pile from reacting. To obtain these conditions, 
the shield was built as a complete box, the air ducts 
and all holes through the shield being sealed off, and 
the inside of the pile meticulously cleaned and lightly 
pressurised with clean air before graphite stacking was 
started. The entire shield therefore had to be con- 
structed as a unit, and one of the problems in the 
construction of the pile was the extreme accuracy with 
which the pile shield, comprising some 3,000 tons of 
concrete and 600 tons of steel, had to be assembled in 





plugged to prevent the escape of radiation at all times 
other than when an individual channel is being loaded 
or unloaded. It can be seen from Fig. 1 that all holes 
through the shield are stepped so that no direct path 
is provided for the escape of radiation. Loading and 
unloading machines are carried on 12-ton hydraulic 
hoists extending the width of the pile, and can be 
located accurately to any horizontal row of shield 
holes on the load and unload faces of the pile and 
traversed on the hoists to select the requisite hole in a 
given horizontal row. Fig. 3, opposite, is a view of 
the experimental and unloading faces of the pile when 
it was about half completed. 

As explained earlier, the pile is cooled under induced 
air draught, which was preferred to forced draught in 
order to establish a negative pressure within the pile 
with respect to the atmosphere, to ensure that any 
leakage of air at the many holes through the shield 
wall would involve fresh air flowing inwards and not 
activated air or dust outwards. Although this results 
in less advantageous conditions at the exhausters than 
a forced-draught system, it is fully justified in practice 
by the greater simplicity of the experimental arrange- 
ments. The basis for the specification of the cooling 
system was the air quantity and pressure drop required 
through a central uranium channel in order to keep 
the temperature of the hottest uranium cartridge below 
200 deg. C., for a rate of heat release corresponding to 
a total power of four megawatts. The heat release p:' 
unit length along a channel, and from channel ‘ 
channel across the pile, is not uniform, since the dist”! 
bution of neutrons in a pile is a maximum in the centr, 
falling off towards boundaries. In order to econom 
in pumping power, the air flow down each channe! 





order that continuity and alignment of the 3,800 holes 
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EXPERIMENTAL ATOMIC PILE AT HARWELL. 
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justed to suit its heat release. Five 1,400-h.p. 


single-stage compressors, running as exhausters, are 
Ins 
fi ir 


dri 


talled to draw the air through the pile, of which 
are required for the full-power conditions. The 
ve for each exhauster is from a direct-coupled 


!,900-volt three-phase induction motor taking power 
em the National Grid through suitable step-down 
onsformers and control gear. 

‘he pile is controlled by introducing four boron- 


bide filled hollow steel rods, 2 in. in diameter, hori- 


ntally into the side of the pile, so that, when fully 


rted, the rods extend across the reacting core. 
se rods can be placed in position accurately from 
h-buttons in the control room. In addition, there 
second system of ten similar rods, known as shut- 


wn rods, operating vertically in the pile and having 
‘© positions only, right in or right out. When both 
ystems are fully inserted, the fission rate within the 








AND UnLoapine Facss. 


pile is about a milliwatt, since the boron in the rods 
absorbs thermal neutrons very strongly. The start-up 
procedure is first to withdraw the shut-off rods, then 
the control rods to a position where it is known that 
the pile power will rise at a reasonable rate ; when the 
desired power is reached the rods are moved in until 
the indicated power level is steady. In subsequent 
operation compensation for self-induced changes in 
the reactivity of the pile must be made by control-rod 
movement. These changes occur due to variation in 
the graphite and uranium temperatures and the build-up 
of certain fission products with a high neutron capture 
cross-section. All the self-induced reactivity changes 
tend to shut-down the pile, so that, after starting-up, a 
continued outward withdrawa! of the control rods is 
necessary for several days until steady conditions are 
reached. This adjustment was originally effected by 
hand, but an automatic regulating system has now been 





installed which not only relieves the operator of a 
tedious task, but also maintains a more steady power 
level than can be achieved by hand control, this being 
a desirable feature for experimental work. The shut- 
down rods, controlled by compressed air, are available 
at all times to shut-down the pile rapidly, in under a 
second, if conditions of fault should arise in the plant. 

The power of the pile is measured in two ways, 
the first of which is by means of a heat-balance 
measurement in the cooling air. This, although 
accurate, has a slow response due to the inherent 
thermal time lags of the system, and therefore is of 
no use for the instantaneous control of the pile. The 
second is by measuring the thermal-neutron flux. This 
method, which is sensibly instantaneous, employs 
ionisation chambers within the pile shield which produce 
a small electric current proportional to the thermal 
neutron flux in which they are immersed. This output 
is amplified and displayed on suitable instruments in 
the control room. In the latter are instruments indi- 
cating activity gained by cooling air on passing through 
the pile, while y and thermal neutron health monitors, 
permanently installed around the pile, are connected 
up in a similar way. 

In addition to the many lessons learnt during the 
design, construction and initial start-up of the pile, 
in two years of full-power operation, Bepo has been a 
valuable research tool. All the facilities provided have 
been exploited, neutron beams from the thermal 
columns have been used in many nuclear experiments, 
and physicists, chemists, metallurgists and biologists 
have been able to further their knowledge of the effects 
of radiation on matter. The rapidly growing demand 
for radioactive isotopes in all fields of scientific research 
and for industry has been met by production in Bepo, 
the largest radioactive source so far handled being a 
500-curie cobalt source for biological work. In the 
technological field, experience is being gained which 
has direct application in the development of nuclear 
power, important aspects being the development of 
control equipment, observation of the effects of radia- 
tion on structural materials and the study of shielding 
design. In all, Bepo is playing a vital part for Britain 
in the building-up of fundamental knowledge of the 
science and engineering of nuclear energy and in pro- 
viding new tools for research in many other fields of 
scientific endeavour. 





THE IRON AND STEEL INSTITUTE. 


THE annual general meeting of the Iron and Steel 
Institute will be held at the Institute’s offices, 4, 
Grosvenor-gardens, London, 8.W.1, on Wednesday, 
Thursday and Friday, May 30 and 31, and June 1. 
The meeting opens on the first day at 10 a.m. when the 
report of Council will be submitted and medals and 
awards presented. The new President, Mr. Richard 
Mather, will then be inducted and will deliver his 
presidential address and the morning will conclude 
with the presentation of a paper, by Mr. B. Matuschka, 
on “‘ The Present Position of the Converter Process ; 
Economic Comparisons with other Steelmaking Pro- 
cesses.” At 2.30 p.m., Dr. J. B. Austin will present 
films entitled ‘‘ Study of the Zone in Front of a Blast- 
Furnace Tuyere by Means of High-Speed Motion 
Pictures and Models,” and will initiate a discussion on 
“* Significance of Equilibrium and of Reaction Rate in 
the Blast-Furnace Process.” At 7 for 7.30 p.m., that 
evening, a members’ dinner will be held at the 
Dorchester Hotel, Park-lane, London, W.1. 

At 10 a.m. on the second day, Thursday, May 31, a 
joint discussion on three papers will be commenced. 
They are: ‘‘ Aspects of the Blast-Furnace Situation 
in the U.S.A.,” by Mr. O. R. Rice ; ‘‘ Evolution of the 
All-Carbon Blast-Furnace,” by Dr. J. H. Chesters, 
Mr. G. D. Elliot and Mr. J. Mackenzie; and “ Radio- 
active Indicators for Blast-Furnace Refractory Wear,” 
by Mr. E. W. Voice. In the afternoon, from 2.30 until 
5, four papers will be jointly discussed, namely : “ The 
Smidth Agglomerating Kiln; Plant and Practice at 
East Moors Works, Cardiff,” by Mr. W. E. Simons ; 
“Sinter Making at Appleby-Frodingham,” by Mr. 
G. D. Elliot and Mr. N. D. Macdonald; ‘“ Effects of 
Controlled Variables on Sinter Quality. Part I. 
Development of Experimental Sinter Plant and 
Preliminary Results using Northants Ore,” by Mr. 
E. W. Voice, Mr. C. Lang and Mr. P. K. Gledhill ; 
and ‘“ The Sintering of Northamptonshire Iron Ore : 
A Production-Plant Study of Factors Affecting Sinter 
Quality,” by Mr. D. W. Gillings, Mr. E. W. Voice, 
Mr. C. Lang and Mr. P. K. Gledhill. 

On the third and last day of the meeting, Friday, 
June 1, from 10 a.m. until 1 p.m., there will be a joint 
discussion on two papers, the first being: ‘ Full-Scale 
Blast-Furnace Trials,” by Mr. J. A. Bond and Mr. 
T. Sanderson, and the second, “ Distribution of 
Materials in the Blast Furnace. Part III1: Further 
Factors Influencing the Distribution of Solids in the 
Blast Furnace,” by Mr. R. Wild. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


NEW INDUSTRIES IN SCOTLAND.—Having regard to the 
growth of industry and the state of the labour market in 
Central Scotland, the Executive Committee of the 
Scottish Council (Development and Industry) resolved 
on April 13, on a significant alteration of policy. They are 
to set up immediately an expert panel to decide in what 


other parts of the country new industries can be sited | 


advantageously and to seek a meeting with the Highland 
Panel to review the whole position in the Highlands and 
Islands. 

Dry Dock EXTENSION.—When the necessary formal- 
ities have been completed, work will begin on an 
extension to the No. 2 Elderslie dry dock of Barclay, Curle 
& Co., Ltd., Scotstoun, Glasgow. The dock will be 
lengthened by more than 30 ft. to enable it to accom- 
modate the larger vessels now being built by Clyde firms 
or ships using the river. When extended the dock will 
be 653 ft. long and 85 ft. wide, with accommodation for 
vessels drawing up to 24 ft. 





MILNGAVIE-SOUTH WEST GLASGOW WATER MAIN.— 
The Secretary of State for Scotland has intimated that he 
is prepared to contribute 25 per cent., under the Distri- 
bution of Industry Act, 1945, towards the approved final 
cost of a 36-inch diameter water main from Milngavie to 
the south-west of Glasgow, including a separate tunnel 
under the River Clyde. The construction of a separate 
tunnel for this purpose, independently of the proposed 
Whiteinch-Linthouse tunnel, has the support of Glasgow 
Corporation Water Committee. 





THE LATE Mr. H. OSBOURNE BENNIE, WH.SC.—We 
regret to learn of the death, on April 12, at his home in 
Glasgow, of Mr. Hugh Osbourne Bennie, a former direc- 
tor of the Scottish Machine Tool Corporation, Limited. 
Mr. Bennie, who was 86, was awarded a Whitworth 
Scholarship of 1501. in 1885, being second in the list, 
which was headed by the late Thomas Clarkson, inventor 
of the Clarkson boiler. A year later, though only 21, 
Mr. Bennie took charge of the business of James Bennie 
and Company, subsequently James Bennie and Sons, of 
Govan, makers of shipyard machine tools. The firm was 
merged in the Scottish Machine Tool Corporation in 1937. 
In 1938, Mr. Bennie became managirg director of the 
Corporation ; he relinquished that position in 1944, but 
remained a directcr for a further five years. Mr. Bennie 
was a member of the Institution of Engineers and Ship- 
builders in Scotland, which he joined in 1898. 





COAL-MINING MACHINERY Factory.—The new factory 
of Joy-Sullivan, Ltd., at the Cappielow Industrial 
Estate, Greenock, is to be opened on April 27, by the 
Chancellor of the Exchequer, Mr. Hugh Gaitskell. 
Built for Messrs. Joy-Sullivan by Scottish Industrial 
Estates, Ltd., the factory will make coal-mining machin- 
ery and will provide employment for 850 to 1,000 men. 

MIDLOTHIAN GAS UNDERTAKINGS.—The Scottish Gas 
Board have taken over the three Midlothian gas under- 
takings of Newtongrange, Arniston, and Rosewell from 
the National Coal Board. The works will be included in 
the recently-formed Edinburgh division of the Gas 
Board. Gas undertakings taken over by the Scottish 
Gas Board now number 197, a fifth of the total in the 
United Kingdom. 

QUESTION OF NATIONALISATION OF WATER SUPPLIES.— 
The annual meeting of the Scottish Section of the Insti- 
tution of Water Engineers was held in Glasgow on 
April 6. Mr. T. W. Leslie, County Engineer, Ayr, reading 
the presidential address of Mr. T. O’Beirne, who was 
absent through illness, said that there was little call for 
the nationalisation of the water supplies of Scotland, 
as no private water companies existed. If nationalisation 
were introduced, staff control would not be made easier, 
neither would labour difficulties be lessened. 








CLEVELAND AND THE NORTHERN 
COUNTIES. 


DETERIORATING CONDITIONS IN THE IRON AND STEEL 
INDUSTRIES.—Among outstanding disturbing features in 
the North-East Coast iron and allied trades is the un- 
avoidable restriction in the distribution of steel for 
ordinary commercial purposes. This has been occasioned 
by the expanding demand for material to deal with the 
rearmament plans. Ceaseless efforts to halt the de- 
creasing production are meeting with little success. Stocks 
of imported ore, pig iron and scrap have been heavily 
drawn upon to deal with users’ urgent requirements and 
are now at inconveniently low levels. Unless better 


deliveries of these commodities can be arranged in the 
near future outputs at certain Tees-side consuming 
plants cannot be maintained at their present level. 

THE NORTH-EAST Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—The result of the ballot for the 
election of members of the North-East Coast Institution 
of Engineers and Shipbuilders is as follows: President, 
Sir Philip B. Johnson ; vice-presidents, Professor L. C. 
Burrill and Mr. W. H. Purdie ; members of Council, Mr. 
F. L. Bolt, Professor A. F. Burstall, Mr. W. D. Horsley, 
| Mr. E. J. Hunter, Mr. W. Muckle, Mr. W. S. Paulin, 
| Mr. T. E. Smith, Mr. J. B. Woodeson, and Mr. W. 
| Campbell Allen. Of these, Sir Philip Johnson, and 
Messrs. Bolt, Horsley, Hunter, Muckle, Woodeson and 
Allen have previously served on the Council and are now 
re-elected for a further term of office. 

CHANGES DUE TO STEEL-INGOT SHORTAGE.—A further 
reduction in the number of shifts worked at the Cargo 
Fleet Iron Co., Ltd., Middlesbrough, has become neces- 
sary on account of the shortage of raw material. About 
100 employees—mostly youths and girl operators—are 
affected. The ingot tonnage thus rendered available 
will be transferred to a heavy mill that has orders in 
band for essential re-armament purposes and is at pre- 
sent not running at maximum capacity owing to ingot 
shortage. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


ARMAMENTS AND EXPORTS.—The Hon, R. A. Balfour, 
an ex-Master Cutler, said at a dinner on April 9, at 
which Sheffield industrialists entertained Sheffield 
University professors, that the considerable demands 
to be made on Sheffield by the re-armament programme 
must be met while maintaining the export trade. He 
emphasised that Sheffield’s future lay more and more iu 
the production of special steels, and added that servicing 
industries which had grown up to supply plant for the 
steel industry of Sheffield now obtained contracts in 
world competition. 





SHORTAGE OF BILLETS.—The pronounced shortage of 
billets in Sheffield, referred to in these notes last week, is 
seriously hampering production in many works. The 
prime cause is an enforced reduction of steel production, 
amounting to approximately 3,000 tons of steel a week, 
due to lack of sufficient iron and steel scrap and a shortage 
of imported ores. The latter shortage became pro- 
nounced when ore ships were chartered for the import of 
American coal, 





INDUSTRY AND THE UNIVERSITY.—To strengthen the 
links between the industry of Sheffield and district and 
the University of Sheffield, three teams of University 
professors and lecturers have been visiting twelve steel 
firms in Sheffield and Rotherham. In return. the 
University invited industrialists to speak on local and 
national problems of the steel industry. Sheffield 
University, through its Applied Scientific Department 
and the Trades Technical Societies, has played a con- 
spicuous part in Sheffield’s industrial life for many years. 





ENTERPRISE IN SOUTH AFRICA.—Sheffield technicians 
have played a very important part in launching a new 
industry in South Africa, namely, that of producing 
bright-drawn steels. Every stage of production in the 
new works, built at a cost of 50,0001., will have a system 
of laboratory control which will include a recently- 
developed magnetic method used by W. T. Flather, Ltd., 
Sheffield, the technical. advisers to the new company, 
Flather Bright Steels (Pty.), Ltd. The works cover 
25,000 sq. ft. and are situated in the Nuffield industrial 
towaship in the Witwatersrand. The chairman of 
W. T. Flather, Ltd., Mr. F. J. Kershaw, and the joint 
managing directors, Messrs. G. M. Flather and Denis G. 
Flather, are developing the South African company in 
conjunction with South African industrialists. 


THE MIDLANDS. 


BRIDGE RECONSTRUCTION IN BIRMINGHAM.—Following 
upon the rebuilding of Hill-street road bridge over the 
tracks of the London Midland Region, British Railways, 
now almost completed, work will be started on the 
adjoining Navigation-street bridge, which also spans a 
section of the London Midland Region. The bridge, 
which is in the centre of Birmingham, carries a heavy 
road traffic, and it will be reconstructed in two parts, 
the northern half first, and the southern half when tke 
first part is completed. Some reduction in road width will 
be inevitable, and road passenger services are to be 
altered to reduce congestion as far as possible. Other road 
vehicle drivers have been advised to use alternative 
routes whenever they can. 


NUNEATON WATER SuPPLy.—The City of Birmingham 





has given notice that it intends to apply to the Minister 





of Local Government and Planning for authority to 
proceed with a scheme for supplying Nuncaton, Warwick- 
shire, with water in bulk. The scheme, which was 
approved by the City Council two years ago, is for th» 
supply of water at a maximum rate of 2,250,000 gallos 
a day; at first the quantity supplied will be 1,250,009 
gallons daily. To carry out the proposed scheme it will 
be necessary to install electrical pumping plant at th: 
Whitacre works of the Corporation, and to extend the 
mains to join those of Nuneaton. Birmingham already 
supplies water in bulk to a number of local authorities, 
including Coventry, and the proposed scheme includes 
the conversion to electricity of the existing steam plant 
at present supplying about 3,000,000 gallons a day to the 
latter city. 

RE-OPENING OF STRATFORD CANAL.—The Stratford - 
on-Avon Canal, which had not been used for commercial 
purposes for 20 years, has been re-opened by the Docks 
and Inland Waterways Executive. The first boat, on 
its way from London to Cheshire for a cargo of salt, 
passed through on April 9. By means of the Stratford - 
on-Avon Canal, a link is formed between the Grand 
Union and the Worcester and Birmingham Canals. It 
had formerly been under the control of the Great Western 
Railway, and had silted so badly that boats could only 
pass with the greatest difficulty. The Docks and 
Inland Waterways Executive have carried out an exten- 
sive programme of dredging and repairing, and so 
restored the canal to its former state of usefulness. 





DRAINING A CANAL BASIN.—To.-drain a disused canal 
basin at Bilston, the town fire brigade has been called 
upon to provide pumps. It is estimated that about 
2,000,000 gallons of water will have to be pumped into 
the main canal before the basin can be filled in. The 
land thus made available will be used for storage purposes 
by W. H. Arnott Young & Co., Ltd., scrap iron and steel 
merchants. 

MODEL ENGINEERING EXHIBITION AT BIRMINGHAM.— 
A model engineering exhibition under the auspices of 
the Birmingham Society of Model Engineers will be 
opened at the Friends’ Institute, Moseley Road, Birming- 
ham, 12, on April 25. There will be 400 exhibits, includ- 
ing some of particular Birmingham interest, and one 
which was shown at the Great Exhibition at Hyde Park 
in 1851. The honorary secretary of the Birmingham 
Society of Model Engineers is Mr. W. H. Kesterton, 31, 
Wood Green-road, Quinton, Birmingham, 32. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


THE QUARRY INDUSTRY IN SOUTH WALES.—Speaking 
after his induction as President of the Neath and 
Briton Ferry. Chamber of Commerce at the annual 
meeting held on April 11, Mr. W. R. Bater referred to 
the enormous increase in productivity in South Wales. 
Instancing his own industry as an example, he pointed 
out that whereas the output from quarries in South 
Wales and Monmouthshire, for materials for road main- 
tenance, reinforced-concrete constructions and buildings 
had been 600,000 tons in 1939, it had reached 1,600,000 
tons in 1950. 

SouTH WALES AND MONMOUTHSHIRE IRON AND STEEL 
FEDERATION.—After filling the office of chairman for 
30 years, Mr. J. H. Lones retired, owing to indifferent 
health, at the annual meeting of the South Wales and 
Monmouthshire Iron and Steel Federation, held at 
Newport on April 9. Mr. Lones was formerly chairman 
and managing director of the Blaenavon Iron & Steel Co., 
Ltd., and it was stated that the absence of any major 
dispute in the steel industry during the long period he 
held the chair of the Federation was due largely to his 
wise handling of labour questions. The new chairman 
of the Federation is Mr. John Lewis, secretary and 
director of the Whitehead Iron and Steel Co., Ltd., 
who has been acting as chairman during the past year. 
Mr. J. L. Hamilton, of the Northern Aluminium Co., Ltd., 
was elected vice-chairman. 





ACQUISITION OF LIVERPOOL SHIPPING COMPANY.— 
The Swansea firm, British Anthracite Co., have acquired 
the old-established Liverpool shipping company of 
Richard Hughes & Co. (Liverpool), Ltd. Since the 
termination of their coal-sales agency the Swausea 
company have coasiderably widened their interests by 
the purchase of a number of businesses. 

CARDIFF-LIVERPOOL AIR SERVICE.—Mr. Kenneth 
Davies, chairman of the Welsh Advisory Council for 
Civil Aviation, speaking at a ceremony marking the 
opening of the new Cardiff-Liverpool air service, 5: id 
that it was hoped that a suitable aerodrome would be 
provided soon for an intermediate stop at Wrexham. 
The Council was hoping for further developments in 
air routes in Wales. 
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NOTICES OF MEETINGS. 





It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section: Monday, April 23, 5.30 p.m., Savoy-place, 
Victoria-embankment, W.C.2. Discussion on ‘ The 
Trend of Design of Television Receivers,” to be opened 
by Dr. A. J. Biggs. London Students’ Section : Monday, 
April 23, 7 p.m., Great Western Hotel, Reading. ‘“‘ Power 
Station Practice, with Particular Reference to Earley 
Station,” by Mr. J. E. G. Silvester and Mr. M. G. Nash. 
Monday, April 30, 7 p.m., Savoy-place, Victoria- 
embankment, W.C.2. Address by the President of the 
lastitution, Sir Archibald J. Gill. North-Eastern Centre : 
Tuesday, April 24, 7 p.m., City Hall, Newcastle-upon- 
Tyne. Faraday Lecture on ‘‘ Lamps and Lighting: A 
Record of Industrial Research,” by Mr. L. J. Davies. 
North Midland Centre: Wednesday, April 25, 6 p.m., 
Yorkshire Electricity Board’s Offices, Market-street, 
Huddersfield. ‘‘ The Planning of an Electricity Board’s 
Distribution System,” by Mr. G.O. McLean. Institution : 
Thursday, April 26, 5.30 p.m., Savoy-place, Victoria- 
embankment, W.C.2. 42nd Kelvin Lecture on ‘‘ Modern 
Conceptions of the Ultimate Structure of Matter,” by 
Sir John D. Cockcroft, F.R.S. Scottish Centre: Friday, 
April 27, 7 p.m., Central Halls, Edinburgh. Faraday 
Lecture on “‘ Lamps and Lighting,” by Mr. L. J. Davies. 

SHEFFIELD SOCIETY OF ENGINEERS AND METALLUR- 
GIsTs.—Monday, April 23, 7 p.m., The University, 
St. George’s-square, Sheffield, 1. Film Display: ‘“ The 
Manipulation of Corrosion and Heat-Resisting Steels— 
Machining, Pressing and Polishing,’ ‘“‘ Sound Steel,” 
“ Steam,” and “‘ Splashing in an Ingot Mould.” 


INSTITUTION OF PRODUCTION ENGINEERS.— Manchester 
Section: Monday, April 23, 7.15 p.m., College of Tech- 
nology, Sackville-street, Manchester. ‘“ Steam Turbine 
Manufacture,” by Mr. A. C. Annis. South Wales and 
Monmouthshire Section: Tuesday, April 24, 6.45 p.m., 
South Wales Institute of Engineers, Park-place, Cardiff. 
“Measurement of Productive Efficiency,” by Mr. 
Walter C. Puckey. Luton Section: Tuesday, April 24, 
7.15 p.m., Canteen, Messrs. Igranic Electric Company, 
Limited, Elstow-road, Bedford. ‘Special Electric 
Control Gear Applications,”” by Mr. R. K. Fleming. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, April 24, 
5.30 p.m., Great George-street, Westminster, S.W.1. 
James Forrest Lecture on ‘“‘ Some Unsolved Problems in 
Civil Engineering,” by Mr. G. A. Maunsell. Yorkshire 
Association: Friday, April 27, Great Northern Station 
Hotel, Leeds. 6.45 p.m.; Students’ Annual Meeting. 
7 p.m., Association Annual Meeting. ‘‘ Civil Engineering 
and Medicine in the Field of Environmental] Health,” by 
Dr. N. R. Beattie. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—W estern 
Group: Tuesday, April 24, 7.30 p.m., Grand Hotel, 
Bristol. “Trends in Vehicle Design, with Particular 
Reference to the Commercial Motor Show, 1950,” by 
Mr. P. M. A. Thomas. 


INSTITUTE OF FUEL.—Wednesday, April 25, 10 a.m. 
and 2.30 p.m., Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Final Con- 
ference in “A Study of Drying.” Yorkshire Section: 
Friday, April 27, 6.30 p.m., Queen’s Hotel, Leeds. Annual 
Meeting and Annual Dinner. Address by incoming section 
President, Professor A. L. Roberts. 


RoyaL Society or ARTS.—Wednesday, April 25, 
2.30 p.m., Royal Society, Burlington House, Piccadilly, 
W.1. Cadman Memorial Lecture on “ Safety in Mines,” 
by Sir Andrew Bryan. 

INSTITUTE OF BRITISH FOUNDRYMEN.—London 
Branch: Wednesday, April 25, 7 p.m., Waldorf Hotel, 
Aldwych, W.C.2. Annual Meeting. Film Display: 
” Castings ” and “ Forgings.” Birmingham Branch: 
Wednesday, April 25, 7.15 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham, 3. Annual 
Mecting. Report of Sub-committee on the Repair and 
Reclamation of Grey-Iron Castings by Welding and 
Bur ling-On, presented by Dr. A. B. Everest. West 
Riding of Yorkshire Branch: Saturday, April 28, 
6.30 p.m., Technical College, Bradford. Annual Meeting 
aid Reading of the S. W. Wise Prize-Winning Paper. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—W est 
Midlands Section: Wednesday, April 25, 7 p.m., 
Wolverhampton and Staffordshire Technical College, 


Wulfruna-street, Wolverhampton. ‘Some Physical 
Pri ciples Used in Electronic Equipment,” by Dr. 
T. Emmerson. London Section: Thursday, April 26, 


6.30 P.m., School of Hygiene and Tropical Medicine, 
os ppel-street, W.C.1. “ An Eight-Channel Transmitter 
or an Experimental Carrier Wire-Broadcasting System,” 
by Mr. R. G. Kitchenn. 


ROYAL AERONAUTICAL Society.—Thursday, April 26, 
® p.m., Institution of Civil Engineers, Great George- 





street, Westminster, S.W.1. Discussion on “‘ Air Travel 
from the Passenger’s Point of View.” 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
April 26, 6 p.m., 11, Upper Belgrave-street, Westminster, 
S.W.1. ‘“ Design and Construction of a Large Span 
Prestressed Concrete Shell Roof,” by Lieut. Col. G. W. 
Kirkland and Mr. A. Goldstein. 


Roya STaTISTIcaL Socrety.—Industrial Applications 
Section: Thursday, April 26, 6.30 p.m., Grand Hotel, 
Sheffield. Discussion on “‘ Accident Statistics,” opened 
by Mr. A. H. A. Wynn. 


INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Western Branch: Thursday, April 26, 6.45 p.m., 
Engineers’ Club, Albert-square, Manchester. ‘ Centri- 
fugal Pumps in Steam Power Stations,” by Mr. R. 
Pennington. Institution: Friday, April 27, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. Meeting in 
conjunction with the Industrial Administration and 
Engineering Production Group. ‘‘ The New Factory,” by 
Mr. J. G. Bulger. AUTOMOBILE DIVISION.—Birmingham 
Centre: Tuesday, April 24, 6.45 p.m., James Watt 
Memorial Institute, Great Charles-street, Birmingham, 3. 
“The Performance and Weight of Automobile Petrol 
Engines,” by Mr. Donald Bastow. Western Centre: 
Thursday, April 26, 6.45 p.m., Royal Hotel, Bristol. 
“Wear of Fuel-Injection Equipment and Filtration of 
Fuel for Compression-Ignition Engines,’”’ by Dr. A. E. W. 
Austen and Mr. B. E. Goodridge. Derby Centre : Monday, 
April 30, 7.15 p.m., Midland Hotel, Derby. ‘‘ Prospects 
of the Gas-Turbine Car,” by Mr. Geoffrey Smith. 


CHEMICAL SocreTy.—Thursday, April 26, 7.30 p.m., 
Burlington House, Piccadilly, W.1. Centenary Lecture 
on “ Some Recent Advances in the Chemistry of Natural 
Products,” by Professor R. B. Woodward. 


INCORPORATED PLANT ENGINEERS.—South Yorkshire 
Branch: Thursday, April 26, 7.30 p.m., Grand Hotel, 
Sheffield. ‘‘ Cutlery,” by Mr. W. Dobson. Birmingham 
Branch: Friday, April 27, 7.30 p.m., Imperial Hotel, 
Birmingham. “ Lifting Appliances: Their Use and 
Care,”’ by Mr. A. 8S. Wann. 


INSTITUTE OF ECONOMIC ENGINEERING.—Friday, 
April 27, 7 p.m., The Cowdray Hall, Henrietta-place, 
Cavendish-square, W.1. ‘“‘ Problems of Organisation,” 
by Mr. H. A. Macdonald. 


Royat InstiruTion.—Friday, April 27, 9 p.m., 
21, Albemarle-street, W.1. ‘* Atoms Encaged: A New 
Type of Compound,” by Mr. H. M. Powell. 








‘TRAINING OF ELECTRIC WELDERS.—AS part of their 
scheme for training electric welders, the Lincoln Electric 
Company have established a cinema at their Welwyn 
Garden City factory in which it will be possible to show 
a series of colour films covering the many phases of arc 
welding. The cinema will also be used as. a lecture 
room and contain examples of Lincoln arc-welding 
equipment and of welded products. In addition, there 
is an electrically-operated “ stillograph.” 





TELEVISION REDIFFUSION SERVICE.—In the tele- 
vision service which was opened in the Margate area 
on Thursday, April 12, by Central Rediffusion Services, 
Limited, Regent-street, London, S.W.1, the visual 
signals are received from Alexandra Palace on an aerial 
65 ft. high, the array employed giving a gain of about 
10 decibels. The sound signals are transmitted by cable 
to a control centre where they are monitored, amplified 
and distributed ; the vision signals are similarly trans- 
mitted by an overbead cable to a kiosk where they 
are corrected, amplified and distributed. The sub- 
scribers equipment comprises a cathode-ray tube with 
its associated scanning and power supplies. Most of 
the usual vision and all the sound circuits present on a 
normal set are, however, omitted. 





ForM OF APPLICATION FOR IMPORT LICENCE. 
—A revised form of application for import licence, 
ILB/A (revised), for goods other than vehicles, machin- 
ery, plant, and scientific instruments and parts, is being 
introduced by the Import Licensing Branch of the 
Board of Trade as from April 23. The form provides 
that the applicant, in effect, completes his own form of 
import licence with two copies, and in approved cases, 
this will be validated as an import licence by the Board 
of Trade. The date of the issue of the licence will be 
indicated by a perforated device. While applications 
for licences on the old form will continue to be accepted 
by the Board of Trade, it is hoped that importers will use 
the new form as soon as possible. Copies may be 
obtained from the Board of Trade, Import Licensing 
Branch, Romney House, Tufton-street, London, S.W.1 
(Telephone : ABBey 9080), or from all Regional Offices 
of the Board of Trade. 


PERSONAL. 


Str ROBERT SINCLAIR, K.C.B., K.B.E., has retired from 
the presidency of the Federation of British Industries, 
21, Tothill-street, London, S.W.1, after holding the 
position for two years. Sm ARCHIBALD FORBEs, deputy- 
president of the Federation, has been elected President 
in succession to Sir Robert. 


Mr. FRANK LONSDALE has relinquished his position as 
general manager of Fraser & Chalmers Engineering Works 
of the General Electric Co., Ltd., Erith, Kent, owing to 
ill-health. He is a director of the General Electric Co., 
and will remain on the board and continue to act in an 
advisory capacity at Erith. 


Mr. H. V. Porrer, B.Sc., F.R.1.C., M.I.Chem.E., 
chairman and managing director of Bakelite Ltd., has 
been elected chairman of the Association of Chemical and 
Allied Employers. Mr. E. P. Hupson, M.A., F.R.S.E., 
has been elected vice-chairman, while Mr. F. J. ROBINSON 
M.B.E., A.R.1.C., M.I.Chem.E., has been re-elected 
chairman of the Plastics Group. 


Mr. ARTHUR DEAN, M.Sc., D.I.C., M.I.C.E., who has 
been chief officer engineering (works) at the Railway 
Executive Headquarters since January 1, 1948, has been 
made civil engineer, North Eastern Region, British Rail- 
ways, York. 


Mr. D. N. TURNER, M.I.Min.E., is to retire from his 
positions of chairman and from the directorates of the 
Staveley Coal and Iron Co., Ltd., and the Staveley Iron 
and Chemical Co., Ltd., as from July 1, on account of 
advancing age. 


Mr. JOHN DRINNAN, M.I.Mech.E., managing director 
of Siskol Machines, Ltd., Penistone-road, Sheffield, 6, 
has retired after 50 years of service with the firm, but is 
to retain his seat on the board. 


Mr. J. H. DRYBURGH has relinquished the position of 
chairman of Hubert Davies & Co., Ltd., Salisbury House, 
London Wall, E.C.2, but remains a member of the board 
of directors. Mr. ROLAND PaGEt, the managing director 
of the company, has been elected the new chairman. 


Mr. KENNETH MORRISON, until recently general 
manager of Penman & Co., Ltd., Caledonian Boiler 
Works, Glasgow, has taken up the appointment of 
technical manager to Shaw-Petrie Ltd., pipework con- 
tractors, of North Hillington, Glasgow, S.W.2, and 
33, Maiden-lane, London, W.C.2. 


Mr. J. C. Fuoyp, A.F.R.Ae.8., M.1.Ae.S., chief 
design engineer for transport aircraft to A. V. Roe 
(Canada) Ltd., bas been awarded the Wright Brothers 
Medal of the Society of Automotive Engineers for his 
paper on the “‘ Avro Canada Jet Airliner,” delivered in 
Detroit in January, 1950. 


Dr. C. S. DRAPER has been appointed head of the 
Department of Aeronautical Engineering at the Massa- 
chusetts Lastitute of Technology, Cambridge, Massa- 
ckusetts, U.S.A., as from July 1. 


Mr. W. T. F. Hassan, A.M.I.Mech.E., who joined 
Coventry Climax Engines, Ltd., Widdrington Road 
Works, Coventry, and their associate company, Coventry 
Diesel Engines, Ltd., on February 1, 1950, has now been 
elected to the board of directors. 


Mr. H. McConcuie has been appointed manager of the 
branch at Russell Chambers, 54, Merrion-street, Leeds, of 
Newman Industries Ltd., Yate, Bristol. 


B.S.A. Toots LtTp., Mackadown-lane, Marston Green. 
Birmingham, have purchased the plant of MACHINE 
Toots (LETCHWORTH) LTD., and taken over the work in 
progress at that firm’s Stewart Works, Works-road, 
Letchworth, Hertfordshire. Mr. J. E. RoGERS, works and 
general manager at Letchworth for the past 104 years. 
has been appointed works manager of B.S.A. Tools, Ltd., 
Letchworth Branch. Mr. F. J. G. PetzoLpT has been 
made operation research engineer for all the factories of 
the B.S.A. Tools Group excepting B.G. MACHINERY 
Lrp., and CARDIFF FOUNDRY AND ENGINEERING Co. 
(1947), LTD. 


Mr. PETER Scott, manager, publicity department, The 
English Electric Co., Ltd., 24-30, Gillingham-strect, 
London, S.W.1, has been joined by Mr. ROBERT JOHNSON 
as assistant publicity manager, and MR. MALCOLM LOGAN, 
M.A.(Oxon.), F.R.S.A., a8 Press relations officer, the 
latter in place of Mr. J. H. M. Sykes, who has re- 
linquished the appointment. 


ScoTTisH MECHANICAL LIGHT INDUSTRIES LTD., 
42-44, Waggon-road, Ayr, have appointed PATERSON 
BROTHERS, Symingtor, Ayrshire, to be sole distributors 
of “Scot Mec” bammer mills for the whole of 
Scotland. 

SrorDY ENGINEERING LTp., thermal and mechanica! 


engineers, have moved to more commodious premises at 
Cumbria House, Goldthorn Hill, Wolverhampton. 





(Telephone : Wolverhampton 37341-2.) 
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«“B” POWER STATION. 














Fig. 1. 





Fig. 2. 


NEW POWER STATIONS FOR THE 
B.E.A,: VIII—LITTLEBROOK ‘ B,’’ 


Tue Littlebrook “B” station of the British Elec- | 


tricity Authority, which will have an initial capacity of 
120 MW, is situated adjacent to the Littlebrook “ A” 
station near Dartford, Kent ; its exterior is illustrated 
in Fig. 3. The coal supplies will be water-borne and 
will be pulverised in three mills for each boiler, two of 
which will have a capacity of 18,000 lb. per hour and 
one of 6,000 Ib. per hour. There will be five boilers 
of the re-heat type, which are being constructed by 
the International Combustion Company, Limited, 19, 
Woburn-place, London, W.C.1, and each of which will 
be capable of evaporating 264,650 Ib. of water and 
re-heating 232,865 lb. of steam per hour at an estimated 
gross efficiency of 91 to 92 per cent. Control will be 
automatically effected by apparatus supplied by Bailey 
Meters and Controls, Limited, and will include arrange- 


InpucED DravueGut Fans. 


HyproGEen-CooLep ALTERNATOR IN COURSE OF ERECTION. 











EXTERIOR OF STATION. 


Fic. 3. 


iments for adjusting the pulverised-fuel burners from | the temperature of the condensate will be raised i 
ithe control panel. A balanced draught system is 
| provided; the induced-draught fans are shown in 





Fig. 2. 

| The generating plant will consist of two 60-MW 
three-cylinder re-heat turbines, which are being con- ; 3 i 
structed by Metropolitan- Vickers Electrical Company i the first in this country to employ hydrogen 





|Limited, ‘Trafford Park, Manchester. These sets | cooling at a pressure of 0-5 Ib. per square inch. 
|have been designed for operation at a pressure of | be recalled that hydrogen-cooling is 
1,235 lb. per square inch and a temperature of | port * ia station. One o 
825 deg. F. The steam will be discharged from the high- | under erection in Fig. 1. 
pressure cylinders at a pressure of about 350 lb. per je stepped up to 132 kV. ey 
|square inch and a temperature of 515 deg. F. and will | T he Littlebrook site also accommodates b . o. 
pass thence to the re-heat sections of the boilers. After | station, the capacity of which is 120 MW, = t a 
re-heating, the steam will pass a pressure of about | station is in course of construction. meee : - 
340 lb. per square inch and a temperature of 825 deg. F. | will contain four 60-MW sets and will a as ae 
to the intermediate-pressure turbine and thence |from the fact that the boilers will not be : e . 
through the low-pressure cylinders to the condensers. | de-superheaters, control of the steam — wien 
Cooling water will be obtained from the Thames, and | entirely effected by tilting the pulverised-tuel D 


The generator voltage 








n six 


feed-heating stages. The final temperature will be 
about 420 deg. F. The use of re-heat was adopted to 
obtain an efficient heat cycle without having to employ 
abnormally high steam temperatures. The alternators 


will generate at 11-8 kV and are interesting as being 
for 
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ENGINEERING, 
35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention*of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE BAR 3663 and 3664. 


All editorial correspondence should be addresged 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 

places abroad, with the exception 

EID os civciscsevsisscdvavsacesevsess 
For Canada 


£510 0 
£5 5 0 


Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Sereial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


Copy” instructions and alterations to standing 
advertisements for display announcements must be 
— at least 10 days previous to the date of pub- 
lation, otherwise it may be impossible to submit 
Proots for approval. 


‘ The Proprietors will not hold themselves responsible 
or advertisers’ blocks left in their possession for more 
than two years. 
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ELECTRICITY AND 
PRODUCTIVITY. 


Mucu has been said in recent years about the 
relative productivities of American and British 
labour and one of the reasons commonly given for 
the leading position held by the former is the much 
larger amount of power available for each workman. 
Comparisons which cover the whole of the com- 
plicated and varied industries of two countries 
can only properly be made in general terms and it 
would be well not to accept the specific figures 
which are frequently given aw pied de la lettre. 
A recent statement on the subject is to the effect 
that while the consumption of electricity in British 
industry has increased by 90 per cent. in the last 
ten years, the increase in American industry during 
the same period has been 160 per cent. This 
progress has been accompanied by an increase in 
productivity per man-hour twice as great in America 
as in Great Britain. These figures were given by 
Mr. H. Dreghorn in a lecture delivered at a conference 
on “ Electricity as an Aid to Productivity,” held 
by the Institution of Electrical Engineers on 
November 15 and 16, 1950. Although, as suggested 
above, the figures need not be taken too literally, 
they certainly indicate the general state of affairs. 

The lectures delivered at the conference, and the 
discussions to which they gave rise, have been made 
available in a recent publication.* The meetings 





* Report of the Conference on Electricity as an Aid 
to Production, November 15 and 16, 1950. The 
Institution of Electrical Engineers, Savoy-place, London, 
W.C.2. [Price 6s. post free.] 





were divided into five sections which, respectively, 
dealt with motive power in the factory; heating 
processes; welding applications; handling and 
inspection ; and shop lighting, heating and ventilat- 
ing. The purpose of the conference was to furnish 
works managers and factory executives with infor- 
mation about the various ways in which electricity 
can assist production, It was not concerned with 
the design or manufacture of electrical apparatus, 
but with the use to which it can be put. As Sir 
Vincent Ferranti said, in an opening address, the 
object was to point out ‘‘ what electricity can do 
rather than how it can do it.” : 

It is indicative of the position which electricity 
has taken in the modern world, that what is probably 
its greatest contribution to the development of 
the manufacturing industries was not specifically 
mentioned during the conference. Its services are 
now taken for granted. The ubiquitous uses to 
which electricity can be applied have no parallel in 
any other power agency and it was the purpose of 
the conference to deal with these, but the basic 
qualification which has given electricity its present 
commanding position is the facility with which it 
permits power to be transmitted and distributed. 
The supply systems covering practically the whole 
country facilitate the setting up of manufacturing 
upits almost anywhere and it is primarily due to its 
agency that factories have been set up in so many 
country towns. 

When Edison had devised an incandescent lamp, 
he announced that he had solved the problem of 
‘‘sub-dividing the electric light.”” The reference 
was to the fact that this type of lampcould be made 
in small units as compared with the arc lamp, the 
only electric-lighting source previously available, 
which was unsuitable for most indoor applica- 
tions. The ‘sub-division of the electric light” 
was concerned with one appliance for utilising 
electricity, but the parallel with which this article 


g4| is concerned is that the “sub-division” of the 


supply may be carried to any extent. This is the 
second basic qualification by which electricity has 
been, and is, of such importance in the manufactur- 
ing industries. Although it was stated above that the 
facility with which electricity can be transmitted 
and distributed was not specifically dwelt on at 
the conference, it was, none the less, implicit in 
much that was said, and the possibilities of “ sub- 
division ’’ were dealt with by Mr. Dreghorn in his 
lecture on ‘“‘ Motive Power in the Factory.” He 
dealt with supply arrangements, shop wiring, 
individual and group driving and other matters. 
The second communication, made by Mr. O. W. 
Humphreys, was concerned with ‘ Industrial Heat- 
ing Processes.” This is a field in which, in some 
applications, electricity has no ,competitor, an 
example being the setting of synthetic-resin glues 
by high-frequency heating. This is of particular 
value in connection with veneer assemblies used in 
the aircraft and furniture industries and, to some 
extent, in railway-carriage building. The melting 
and heat-treatment of metals were dealt with in 
some detail by the lecturer, but some of the aspects 
of these applications of electricity are of very long 
standing and it is probable that information about 
some of the more modern processes was of greater 
value to the audience in suggesting procedures which 
they might profitably adopt in their works. The 
use of induction heating for brazing tips on cutting 
tools and in other forms of assembly is @ case in 
point. Mr. Humphreys quoted a case of brazing 
small steel yokes formed from sheet-steel blanks. 
Output, as compared with brazing with a gas flame, 
was trebled, with a saving in cost of more than a 
shilling per part. As was pointed out by one of the 
speakers in the discussion, induction hardening is 
being used for the treatment of motor-car gears, 
but this particular use has made much greater 
progress in America than in this country. The use 
of electrically-generated radiant heat for paint 
drying and allied processes, has been extensively 
applied, but the information about electrostatic 
spraying, which was given in the course of the dis- 
cussion, was probably new to many of the audience. 
In this process, the paint particles are charged 
electrically on leaving the spray gun and are 
attracted towards the articles to be coated. The 
object is to reduce labour costs and avoid waste. 
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It was stated that a paint saving of 50 per cent. 
was not unusual. 

““ Welding Applications,” the subject of the third 
lecture, given by Mr. H. West, dealt with a branch 
of work in which information and experience is 
fairly widespread. The résumé of the methods 
employed need not be reproduced here; it is 
probable that some of the figures relating to per- 
formance in different applications formed the most 
useful items in both the lecture and the discussion. 
They may have induced some works men either to 
try new methods or reconsider those they already 
had in use. As an example, it was stated that an 
automatic machine operating the submerged-arc 
process could weld heavy steel sections in two runs 
which would have required up to 50 runs for hand 
welding. In the submerged-are process, a bare- 
wire electrode is used and the arc is formed under a 
bed of granulated flux powder which is fed by the 
machine ahead of the arc. In the course of the dis- 
cussion a new method of soft-soldering aluminium 
was described by Dr. B. E. Noltingk. This was 
not directly germane to the subject of welding, but 
was of considerable interest. Normally it is 
difficult, or impossible, to solder aluminium owing 
to the tough oxide skin which forms over it. By 
applying electrically-generated ultrasonic vibrations 
it is possible to erode a shallow surface which can 
be tinned and subsequently soldered. 

In the session dealing with ‘‘ The Handling and 
Inspection of Materials” two lectures were given. 
That by Mr. G. V. Sadler, on handling, dealt with 
the movement of material in the shops by means of 
cranes, conveyors, hoists, etc. There is nothing 
specifically electrical about appliances of this class, 
except that no other power agent can be so con- 
veniently applied to the multitude of varied drives 
which are involved. The lecturer gave many 
figures illustrating the economy of electrically- 
driven plant of this kind. Mr. C. F. Brockelsby, 
dealing with ‘‘The Gauging and Inspection of 
Materials,” had a subject which embraces processes 
which are essentially electrical. This applies par- 
ticularly to many methods of non-destructive test- 
ing. The position which electricity holds in this 
field cannot be better indicated than by repeating 
Mr. Brockelsby’s words. He pointed out that use 
might be made of “‘ magnetic, electromagnetic, 
electrostatic, piezo electric, photo-electric and super- 
sonic” phenomena and also of the properties of 
X-rays and radioactive materials. The development 
of artificial radioactive isotopes is a striking example 
of the applications of electricity in practical affairs. 

The whole of the lectures so far mentioned were 
concerned directly with some aspects of productive 
methods, but the indirect effect of the matters 
dealt with in the last lecture may have an important 
influence on output. The lecture, by Mr. R. O. 
Ackerley, was entitled “ Lighting, Heating, Ventila- 
tion, etc.” One of the important qualifications 
which electricity may claim as a lighting agent is 
the facility with which it may be applied. It is 
probably fair to say that the increases in production 
which have resulted from improved illumination are 
mainly due to the adaptability of electric lighting 
and the ease with which the illumination in specific 
areas may be arranged to suit the operations there 
being carried on. Mr. Ackerley quoted some 
examples of increase in production as a result of 
improved lighting. One of these, which may be 
assumed to be a case of locally-applied rather than 
general lighting, concerned typesetting, in which 
an increase from 1-3 to 20 foot-candles resulted 
in a 24 per cent. increase in production. This is 
probably not a good »xample, as clearly the original 
lighting was quite inadequate. A better example 
is an increase of 9 per cent. in production in general 
engineering with an increase in illumination from 
6 to 16 foot-candles. Electricity cannot claim the 
same status in heating and ventilating as in lighting. 
Ventilating fans are certainly usually driven by 
electric motors, but this is merely another example 
of the ease with which the electric drive may be 
applied. Although electric heating for process 
work is common, electricity is probably seldom 
applied for general workshop heating in this country. 
A possible, but uncommon, application is the 
operation of a central-heating system from an 
electrode boiler. 





ENGINEERING. 


PUBLIC HEALTH 
ENGINEERING. 


Not quite a year ago—to be precise, in our issue 
of May 28, 1950—we gave some particulars of a new 
post-graduate course in “‘ Public Health Engi- 
neering,” which had been introduced by the govern- 
ing body of the Imperial College of Science and 
Technology, with the co-operation of the London 
School of Hygiene and Tropical Medicine. The 
scheme was sponsored by the International Health 
Division of the Rockefeller Foundation for the 
promotion of public health and, as we explained at 
that time, the primary intention was “to instruct 
engineers in the medical principles on which work 
on sanitation, etc., should be based.” We com- 
mented that the scheme, as outlined, appeared to 
be more likely to attract the medical graduate than 
the engineering graduate, although the course was 
designed primarily for graduates in civil engineering. 
It was made clear, however, that it would not be 
restricted to those who had qualified in this branch 
of engineering, but that “‘ students of equal status 
in other scientific studies” might be accepted if 
they could convince the College authorities that 
they were equipped to take proper advantage of 
the instruction arranged. The course has now been 
in operation for nearly a year, and we have received 
recently a copy of a progress report on its func- 
tioning, which was prepared for submission to the 
Public Health Engineering Advisory Committee of 
the Imperial College. This committee, which was 
convened by the Imperial College, includes repre- 
sentatives of the governing bodies of the schools 
concerned, together with representatives of various 
professional institutions. There are also two inde- 
pendent members. 

The course was instituted in October, 1950, with 
a group of eight students ; but this modest number 
is by no means indicative of the interest that the 
scheme had aroused. As a result of the preliminary 
publicity given to the scheme, and of the vigorous 
support given to it by Professor Gordon Fair, of 
Harvard University, applications and inquiries were 
received from all parts of the world. Professor Fair 
not only delivered papers on various aspects of the 
subject to the Institution of Water Engineers and 
the Institute of Sewage Purification, and a lecture 
on ‘Public Health Engineering, with special 
reference to American Experience ” to the Institu- 
tion of Civil Engineers, but was instrumental in 
persuading the Rockefeller Foundation to award 
three bursaries of 330]. each, to enable students to 
take the course. The three bursaries were duly 
awarded, two of the successful applicants being 
employees of London firms of consulting engineers, 
who released them for a year, on the understanding 
that they would return to their previous employers 
after completing the course. The third was 
previously employed in municipal work. A fourth 
British student received a Government grant to 
assist him to take the course. 

The Colonial Office helped actively to publicise 
the course, and informed all the Colonial Govern- 
ments of the opportunity afforded. As a result, 
four nominations were received from Colonial 
Governments, though, in the end, only one of the 
nominees was able to attend; he was an engineer 
from Mauritius, where he had been employed in 
the Public Works Department, though latterly 
seconded for work on malaria control. He is the 
official delegate of the Mauritius Government to 
the annual congress of the Royal Sanitary Institute, 
which is to be held in Southport next week. The 
three remaining students enrolled were all from 
overseas. One was sent by the Government of 
Egypt; one came from Jordan, with a World 
Health Organisation Fellowship; and one was 
sent by the Government of Venezuela, mainly to 
study British practice in water supply and treat- 
ment. A number of applicants, from India, Malaya, 
Nyasaland and elsewhere, were unsuccessful because 
their qualifications were considered not to be up 
to the required standard ; and one candidate from 
Iraq, though enrolled for the course, was unable to 
take it because of his liability for military service. 

All except one of the students enrolled were men 
who had been engaged in engineering practice for 





periods of from two to ten years; but the report 
observes that three of the present third-year stu- 
dents in the civil engineering department of the 
City and Guilds College have expressed the wish to 
enrol for the next session, and numerous other 
requests for particulars have been received, some of 
which may lead to applications and enrolments for 
the 1951-52 session. It is evident, however, that 
finance is a stumbling block in many cases, and 
that many more British students would have taken 
the course if they could have found the money to 
support themselves during another year at the 
College. There can be no doubt that the course is 
meeting a real need, even though some of the indi- 
viduals and authorities who have been so quick to 
take advantage of it may not previously have 
arrived at the stage of formulating that need with 
any precision. At the same time, it must be borne 
in mind that the original syllabus was, to some 
extent, tentative and experimental; as the report 
admits, ‘“‘ amendments in the light of experience are 
inevitable.” 

As with the syllabus, so also with the physical 
apparatus; with the growth of experience, the 
apparatus may be expected to become more exten- 
sive and also more stabilised in character. At 
present, the laboratory established in the City and 
Guilds College for the study of public health engin- 
eering is designed mainly for work on water supply 
and treatment, and sewage treatment. The grant 
received from the Rockefeller Foundation has 
enabled a good deal of apparatus to be acquired ; 
for example, a Stanton analytical balance, a micro- 
scope, a muffle furnace, a drying oven, a Hearson 
incubator, etc. During the first half-session, the 
laboratory was used for the physical and chemical 
examination of water. Experiments in the methods 
of treating water and sewage are in process of 
development. Next session, when the College 
library is moved into the Unwin Building, the 
opportunity will be taken to extend the laboratory 
considerably. It may be remarked that a special 
library of public health engineering is being assem- 
bled, the Rockefeller grant having included an 
allowance for this purpose. At present, it contains 
only some 200 books, but, no doubt, it will grow in 
time into a collection of note. 

During the first half-session, the courses followed 
closely on the provisional syllabus, particulars of 
which were given in our article in May last, to which 
reference has been made. A considerable amount of 
practical work has also been arranged, notably with 
the collaboration of the Oxford City Council and 
the Royal College of Science. In the present week, 
April 16 to 21, the students have been at Oxford, 
where the city engineer (Mr. J. C. Riddell) and the 
sewage-works manager (Mr. R. W. Covill) have 
placed at their disposal a pilot plant containing 
percolating filters, and equipment for the activation 
and digestion of sludge. Visits have also been paid 
to the works and laboratories of the Metropolitan 
Water Board and the London County Council, and 
to a demonstration, at the Geological Museum, of 
underground water-supply investigations. Visits to 
other plants for water and sewage treatment are 
being arranged for the summer session ; and, as an 
addition to the original programme, those students 
who wish to do so will be enabled to attend lectures 
in the Geology Department on the geology of water 
supply. At the end of the summer term, the 
students will spend two weeks at the field station of 
the Imperial College, at Silwood Park, near Ascot, 
where they will be able to undertake practical work 
on limnology, rural sanitation problems, the control 
of insect pests, etc. 

It will be seen, therefore, that the organised study 
of public health engineering is making steady and 
encouraging progress. For the 1951-52 session, the 
syllabus will be substantially the same as at present, 
since, as the report states, “‘ there is no evidence as 
yet that any particular subject is superfluous or tas 
instruction in other subjects is essential,” The 
organisers are, perhaps, more than usually fortunate 
in having, among their pioneer students, such r 
large proportion who have had already a useful 
experience of practical engineering work : and it 1s 
to be noted that ‘‘ the views of the students on the 
course will be obtained and taken into consideration, 
as a guide to future developments. 





In 
of Ag 
Wate 
consi 
the : 
relati 
this : 
Drair 
repor 
of wl 
1930. 
with 
of th 
many 
the |] 
Boar 
lished 
funct 
respo 
regul: 
howe 
in ma 
mont! 
are st 
does 1 
tenan 
cours 
water 
with 
of the 
before 
lation 





PU QO aor @ 


- 


+O @ 


APRIL 20, IQ5I. 





ENGINEERING. 





471 





NOTES. 


Lanp DratnaGE LEGISLATION. 


In February, 1947, at the request of the Ministry 
of Agriculture and Fisheries, the Central Advisory 
Water Committee appointed a sub-committee to 
consider proposals and make recommendations for 
the amendment and modernisation of the law 
relating to land drainage. At present, the law on 
this subject is principally contained in the Land 
Drainage Act, 1930, which resulted from the 1927 
report of the Royal Commission on Land Drainage, 
of which the chairman was Lord Bledisloe. The 
1930 Act established a number of Catchment Boards, 
with jurisdiction over the complete watershed area 
of their respective rivers or groups of rivers; but 
many Of these Boards have since been replaced by 
the River Boards, constituted under the River 
Boards Act, 1948. Where River Boards are estab- 
lished, they have taken over the land drainage 
functions of Catchment Boards, together with 
responsibility for the prevention of pollution and the 
regulation of fisheries. Experience has shown, 
however—indeed, it has been obvious to travellers 
in many parts of England and Wales during recent 
months—that, even so, the land-drainage provisions 
are still far from adequate, because their application 
does not regulate effectively the standards of main- 
tenance in an immense aggregate mileage of water- 
courses, drains, channels and ditches, in which 
water can accumulate. The method of dealing 
with these minor drains, etc., and the financing 
of their maintenance, provided the main questions 
before the sub-committee on land drainage legis- 
lation, whose report is issued to-day. It is entitled 
Iand Drainage in England and Wales, and is issued 
by the Ministry of Agriculture and Fisheries through 
H.M. Stationery Office, at the price of 3s. 6d. net. 
The main recommendations of the sub-committee, 
which was presided over by Sir Arthur Heneage, 
D.S.0., D.L., who is chairman of the main Com- 
mittee and also President of the Catchment Boards’ 
Association, are that the responsibility for maintain- 
ing watercourses should lie with River Boards ; 
for drains, with Internal Drainage Boards; and 
for ditches, with owners and occupiers. All lands 
within a River Board’s area should contribute to its 
funds and, for this purpose, a new “ drainage 
charge ” should be levied on all hereditaments not 
assessed to general or drainage rates; this new 
charge should be in two parts, one part being at 
a rate equivalent to the rate of precept on local 
authorities in the area, and the other part at a rate 
(normally to be fixed at 9d. in the £) on the net 
annual value as determined for the purposes of 
Schedule A income tax. If and when the new 
charge is imposed, there should be representation on 
the River Boards of the farming interests affected. 

Tue INstrTUTION OF MECHANICAL ENGINEERS. 

A Steam Group paper on “Steam Piping for 
High Pressures and High Temperatures” was 
presented by Dr. R. W. Bailey, F.R.S. (vice- 
President), at a meeting of the Institution of 
Mechanical Engineers on Friday, April 13, with the 
President, Mr. A. C. Hartley, C.B.E., in the chair. 
Dr. Bailey examined six considerations, namely, the 
stresses developed as a result of creep, and the 
creep strain allowable for design; the design tem- 
perature needed to provide for the rated temperature 
and pressure, together with the allowed fluctuations 
M pressure and temperature; the influence of 
creep in removing the thermal expansion loading 
of @ pipe-line at operating temperature, and in 
Imposing it wholly when the system is cold, when 
creep determines design; bolted or otherwise 
Temovable joints at terminal or other special 
Positions, and measures to minimise joint loading ; 
materials and corrosion; and piping for less 
advanced conditions. The discussion was opened 
by Mr. F. Shakeshaft, who said that the total capital 
expenditure on station piping in the 1946-56 pro- 
gramme of the British Electricity Authority 
‘mounted to approximately 31,000,000]. It was 
‘stimated that the rate of expenditure for the 
last five years of this programme would be 4,000,000I. 
Per annum, and thereafter a recurring expenditure 
of nearly 5,000,001. per annum. Dr. Bailey’s 
Paper had shown that savings in capital expenditure 





and in high-duty steels in short supply were possible. 
Investigations to substantiate his conclusions were 
already in hand. Dr. J. S. Blair, who spoke next, 
felt that some of the assumptions on which the 
author’s formule were based were rather broad. 
It was clear that Dr. Bailey was modifying Lamé’s 
formula for determining pipe thickness, and it was 
interesting to consider that there might be other 
methods by which that modification could be made. 
Mr. H. N. Pemberton approached the paper from 
the point of view of marine engineering, where 
advanced steam conditions were attended by certain 
disadvantages: there did not appear to be any 
advantage to shipowners in the saving of weight ; 
it was not prudent to seek a slight saving in fuel 
consumption at the expense of dependability ; the 
effects of extraneous loads, vibration, etc., had to 
be considered ; and the author’s precise calculations 
were upset if the thickness of pipes had to be 
increased to cover manufacturing tolerances, etc. 
Mr. J. Chamberlain asked whether it would not be 
better to use, in place of cast-steel elbows, tube 
manufactured by a process which did not cause 
thinning at the bends. Lieutenant (E) J. L. 
Spanyol said that it had been felt for some time 
that the large thickness (and consequent reduced 
flexibility) of high-temperature pipes was one 
of the major obstacles in the way of the adoption 
of advanced steam conditions in sbips. A rational 
design method which would enable pipe thickness 
to be reduced was particularly useful to designers of 
naval machinery, where weight and space saving 
was most important. The use of special gaskets in 
flanged joints helped to overcome the effect of bolt 
relaxation and flange distortion due to creep. A 
recent American design used a bellows-type gasket, 
in which steam pressure tended to maintain a 
sufficient joint pressure after bolt relaxation had 
occurred. Mr. W. E. Bardgett expressed concern 
at the possible danger that the idea that the 
austenitic steels were not superior to ferritic steels 
for long life might become fixed in their minds 
when there was every possibility that this was not 
the case. It ought to be acknowledged that no 
data were available to prove the case. 
University CoLLecr Lonpon. 

Among the changes which occurred on the profes- 
sorial Board of University of London, University 
College, Gower street, London, W.C.1, during the 
1949-50 session, were the retirement of Professor 
R. O. Kapp, B.Sc. (Eng.), M.I.E.E., from the 
Pender Chair of Electrical Engineering ; the resigna- 
tion of Professor C. A. Hart, D.Sc. (Eng.), M.I.C.E., 
F.R.LC.S., the first holder of the Chair of Surveying 
and Photogrammetry, on appointment as Vice- 
Chancellor of the new University of Engineering 
and Applied Sciences at Roorkee, U.P., India; the 
resignation of Professor E. N. da C. Andrade, D.Sc., 
F.R.S., from the Quain Chair of Physics, to take 
up the Fullerian Professorship and the Directorship 
of the David Faraday Laboratory at the Royal 
Institution ; and the election of Dr. Kathleen Lons- 
dale, F.R.S., to a Chair of Chemistry. Professor 
Lonsdale, who was the first woman Fellow of the 
Royal Society, has thus become the first woman 
professor of University College. It is stated in the 
annual report of the- College, covering the year 
October 1, 1949, to September 30, 1950, that the 
academic staff numbers 445, of whom just over 
50 are honorary members. The number of profes- 
sors is 47 and that of readers 39, the totals for the 
whole University of London being 324 professors 
and 214 readers. During the year under considera- 
tion the student population, namely, 3,600 persons 
of whom just over 700 were post-graduates, reached 
the highest figure in the history of the College. 
The growth of the number of post-graduate stu- 
dents has led to the establishment in the .College 
of the post of adviser to post-graduate students. 
In the Faculty of Engineering, it is stated in 
the report that considerable progress has been 
made in the erection, in the mechanical-engineer- 
ing laboratories, of new internal-combustion engines, 
comprising a 40-h.p. oil engine presented by W. H. 
Dorman and Company, Limited, and a 40-h.p. 
Morris Motors engine, which is arranged to drive a 
supercharger presented by Rolls-Royce, Limited. 
Two researches have been brought to a conclusion 
during the session, one being on the leakage of gas 





through a labyrinth and the other on the charac- 
teristics of a propeller pump. In the electrical- 
engineering laboratories, research on the electrical 
breakdown characteristics of air has been continued 
and extended to other gases. A grant from the 
R. W. Paul Fund, of 1,000/., a year for two years, 
is being given by the Royal Society to support 
research on the measurement of microwave power 
by radiation pressure. This investigation is well 
advanced. The tables of examination results show 
that 26 B.Se., 3 M.Sc., 3 Ph.D., and one D.Sc. 
Degrees were awarded in the Faculty of Engineering. 


PuysicaL Soctety’s AwaRbs. 

The awards in the craftsmanship and draughts- 
manship competition organised by the Physical 
Society in connection with their recent exhibition 
in London have now been announced. The judges 
report that 108 entries were received, compared 
with 100 last year, and that the general standard of 
work was again very high. Marked improvements 
were Observed in the work submitted in the groups 
relating to draughtsmanship and to gauges and 
tools. The winner of the first prize in the junior 
section of the instrument-making class, Mr. D. F. 
Conway (Messrs. Negretti and Zambra, Limited), 
also won the third prize in draughtsmanship and 
was awarded the Sylvanus Thompson Prize, an 
outstanding achievement. He submitted a pneu- 
matically-operated automatic controller mechanism. 
To the Society’s regret, there was again only one 
entry in the group covering optical instruments, 
but, as an example of craftsmanship, it was con- 
sidered outstanding and the most accurately made of 
all the entries. The prize winner was Mr. 8S. Turner 
(Messrs. Hilger and Watts, Limited), who submitted 
a Lummer Brodhun cube. Owing to the increase 
in the number of entries and the exceptionally high 
standard of craftsmanship, the judges felt it to be 
essential that work submitted should afford evidence 
of all-round competence and should not, as in many 
cases in the past, be almost entirely machine made. 
An example of outstanding ability, regarded as an 
almost unique entry, was a 5-in. micrometer theo- 
dolite, complete with case and accessories, designed 
and constructed by a youth aged 17} years and 
submitted through a technical school. A special 
prize was awarded to this entrant, Mr. K. W. Brittan 
(Gateway School, Leicester), since he included 
with his entry not only working drawings, but also 
a detailed descriptive manuscript describing the 
nature of the optical system employed, the many 
original features of his design and the reasons for 
their adoption. 


Tue GauGE anp Toot EXHIBITION. 

The third Gauge and Tool Exhibition is to be 
held at the New Hall of the Royal Horticultural 
Society, Elverton-street, Vincent-square, London, 
§.W.1, from Tuesday, May 15, to Friday, May 25. 
The exhibition will be formally opened on Tuesday 
at 11 o’clock by Mr. W. R. Herod, President of the 
International General Electric Company of America, 
and Co-ordinator of North Atlantic Defence Pro- 
duction, and will remain open daily, except Sunday, 
from 10.30 a.m. to 7 p.m. Seventy-five firms have 
taken stands, and will display gauges and measuring 
instruments and equipment; jigs and fixtures ; 
special-purpose machinery ; press tools; portable 
power tools; engineers’ small tools; moulds and 
dies; and diamond tools. The exhibition, which 
was held first in 1946 and again in 1948, is being 
organised by the Gauge and Tool Makers’ Associa- 
tion, Standbrook House, 2-5, Old Bond-street, 
London, W.1, from whom catalogues are now 
available at the price of 2s. 6d., postage included. 
The charges for admission will be 2s. 6d. between 
10.30 a.m. and 5 p.m., and 1s. from 5 p.m. to 7 p.m. 
A competition in craftsmanship and draughtsman- 
ship for apprentices and learners attached to 
member firms is being held by the Association in 
conjunction with the exhibition, and entries will be 
on view in the lecture room of the New Hall. Mr. 
F. W. Halliwell, M.I.Mech.E., M.I.Prod.E., President 
of the Association, has stated that the annual turn- 
over of the gauge and tool. industry is now about 
35,000,000/., compared with 40,000,0001. for the 
machine-tool industry. In a foreword to the cata- 
logue he says that the Association has materially 
assisted its members, consisting of over 200 firms, 
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by issuing market research reports, circulating 
abroad 14,000 copies of an export catalogue in four 
languages, preparing a model agreement for the 
employment of overseas agents, arranging displays 
of members’ products at international exhibitions, 
and organising visits. 
THE ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS. 


At the annual dinner of the Association of Super- 
vising Electrical Engineers, held at the Connaught 
Rooms, London, on Friday, April 13, a silver salver 
was presented to Professor R. O. Kapp, B.Sc. (Eng.) 
M.I.E.E., in recognition of his services from 1940 to 
1950 as chief examiner for the Association’s Swann 
Diploma scheme. Making the presentation, Mr. 
T. G. N. Haldane, M.A., M.I.C.E., M.I.E.E. (Presi- 
dent of the Association), said that the success of 
the scheme was due in no small measure to Professor 
Kapp’s work. The toast of the “The Electrical 
Industry ” was proposed by Colonel Sir Stanley 
Angwin, K.B.E., who remarked that there never was 
a time when it was so necessary to wish the industry 
success ; the Budget had raised acute problems, 
superimposed on the requirements of the defence 
programme and the export drive. Speaking as a 
Whitworth Exhibitioner, he was glad that the 
Association were doing so much to uphold the value 
of apprenticeships. Sir Archibald Gill (President 
of the Institution of Electrical Engineers), who 
responded to the toast, asserted that the electrical 
industry was flourishing, both on the manufacturing 
and operating sides, though the shortage of raw 
materials and the limitations on capital expenditure 
gave rise to difficulties. With a view to improving 
the standard of qualifications of electrical tech- 
nicians, the Institution of Electrical Engineers had 
set up a committee to inquire into the matter, and 
the Association were co-operating. This point was 
taken up by the President, Mr. Haldane, when pro- 
posing the toast of “Our Guests”; he said that 
he believed the A.S.E.E. was a model of the kind 
of association needed in this cause, and he was sure 
the A.S.E.E. would be prepared to extend its scope. 
Sir Harold Hartley, K.C.V.O., F.R.S. (chairman of 
the Electricity Supply Research Council), respond- 
ing on behalf of the guests, said that he had been 
accorded the privilege of announcing that Mr. 
Haldane had accepted an invitation to serve a 
second term as President of the Association. The 
work of the Association, Sir Harold said, was of 
considerable value. 





LETTERS TO THE EDITOR. 
THE PANGANI FALLS HYDRO- 
ELECTRIC SCHEME, TANGANYIKA. 


To THE Epiror oF ENGINEERING. 


Str,—We were surprised to note that your 
otherwise excellent article on the Pangani Falls 
hydro-electric scheme, which appeared in your 
issue Of March 30, on page 368, ante, conveys the 
impression, from the wording of its concluding 
paragraph, that we were responsible only for the 
erection of the transmission and distribution lines. 
In fact, we were responsible for the whole of the 
construction, and also for the design of the scheme. 

We should be grateful if you would take suitable 
steps to correct this misleading impression. 

Yours faithfully, 
For BaLFrour, Beatty AND COMPANY, 
LIMITED, 
J. D. Gwynn. 
66, Queen-street, 
London, E.C.4. 





GRAPHICAL SOLUTION OF 
EPICYCLIC GEAR TRAIN 
PROBLEMS. 


To THE Eprror or ENGINEERING. 


Str,—Further to my article in your issue of 
March 16, on page 312, ante, and the correspondence 
on this subject by Mr. W. McHutchison and Mr. 
Duncan Morrison, published in the issue of April 6, 
on page 408, ante, I should like to add a few words. 


dents are elegant and straightforward; the merits 
of either of them are naturally a function of the 
personal skill and efficiency with which each one 
can be applied to a certain type of problem. The 
solution given by Mr. McHutchison is essentially an 
analytical one, while, in my own presentation, I 
endeavoured to give a method which is, on the whole, 
graphical. Line adcb in Mr. McHutchison’s 
Fig. 2, is a mirror image of the top portion of my 
own Fig. 4, line B’C’ D’ A’; the graphical division 
of this line being substituted by taking ratios B/A, 
B/C, and soon. Mr. McHutchison draws attention 
to the wider application of his diagram, i.e., making 
use of it for the purpose of torque calculations. This 
is a point T did not pursue any farther, though its 
relevancy is already implied in my article: it is 
stated there that the angular velocities in the 
angular-velocity diagram give a reciprocal measure 
of the torque values. 

The diagram shown by Mr. Morrison has a useful 
direct-reading scale attached. As might be expected, 
this can be applied to any graphical method and is 
only a matter of choosing the appropriate scale. 
Generally, it is not practical to tie a diagram down 
to a definite speed scale, as it has to be modified 
or constructed anew whenever the input speed of 
the gear train is changed, or a different part in the 
train is held fixed. When using an analytical 
method it is, necessarily, of great importance to 
give due regard to the relative sense of rotation 
of the gearwheels; this can be neglected in a 












































graphical analysis where the “sign” looks after 
itself. Only one rule need be observed, i.e.. 
distances measured in one direction from a fixed 
datum are of one sign, and are of opposite sign when 
measured in the opposite direction. As the type of 
gear train becomes more complicated, these “‘ sign ” 
difficulties are frequently a source of trouble. A 
graphical representation, giving the velocity of any 
one wheel with respect to any other part in the gear 
train, in magnitude as well as in direction, is there- 
fore of immense help; more so, when bevel-gear 
trains are involved. 

To illustrate the ease with which even the more 
complicated gear trains can be solved, an arbitrary 
gear unit is shown in the accompanying diagrams. 
Fig. 1 shows a diagrammatic arrangement of a 
compound gear train, which could be used in connec- 
tion with a two-speed hoist. In Fig. 2, the angular 
velocity diagram, in heavy lines, is extended below 
the linear velocity diagram. It is constructed 
on the lines explained in my article on page 312, 
ante, and readers should be able to follow it without 
further explanation. (An equally satisfactory dia- 
gram can be obtained by proceeding as shown in 
Mr. Morrison’s letter.) Note that the diagram gives 
all the speed relationships, linear as well as angular, 
at a glance. No doubt, there are many ways of 
solving gear-ratio problems, though, for the purpose 
of design, I find it primarily of great help to have 
a complete visual picture of the velocity performance 
of a gear unit, particularly for the more complicated 
ones. It will be obvious that the accuracy of any 


graphical method will necessarily depend on the 
scale of the dirgrams ; and, whenever more precise 
results are required, mathematical expressions 
may be substituted. The diagrams will then act 
as a guide and check for the correct analysis of the 


made by your correspondents, quot homines, tot 
sententiae; and, no doubt, the various methods 
put forward will give your readers ample choice to 
suit their individual tastes and requirements. 
Yours faithfully, 
W. H. Mann. 


[We should point out that Mr. Mann’s origina] 
article, on page 312, ante, was submitted to us before 
the publication of a paper, quoted by Mr. Morrison, in 
the Z.V.D.I. of November, 1950.—Eb.. E.] 





COAL UTILISATION. 
To THE EpITorR OF ENGINEERING. 


Str,—In your recent review of the annual report 
of the British Coal Utilisation Research Association, 
on page 376, ante, you make some statements on 
domestic heating which are, at the very least, open 
to challenge. You say that, “‘ with the increasing 
use of gas and electricity for domestic heating and 
cooking, the question of the efficiency with which 
solid fuel is burned in domestic grates and stoves 
is presumably gradually becoming of less import- 
ance.” The very opposite is the case. 

In 1946, the Fuel and Power Advisory Council, 
in their report on ‘‘ Domestic Fuel Policy” (the 
‘* Simon Report ’”—Cmd. 6762), recommended that 
the main winter space-heating and water-heating 
load should be taken by solid fuel, in the interest 
both of the householder and of the nation. This 
recommendation was accepted by the Government 
and, as recently as Monday last, was reiterated by 
the Minister of Fuel and Power in reply to a Parlia- 
mentary question. The Simon Report pointed out 
that it would be economically impracticable for gas 
or electricity to bear this winter load, since to do 
so would involve a great expansion of plant which 
would be idle in summer. The difficulties in the 
form of electrical load-shedding and shortage of gas 
supplies, which have arisen in recent winters from 
the misuse of gas and electricity for continuous 
space-heating, have been sufficiently apparent. 

We must, in fact, continue to use solid fuel for 
winter space-heating and water-heating, and, that 
being so, it is constantly becoming more important 
that the fuel should be used as efficiently as possible. 
It may be true that the efficiency of a domestic 
grate is not a matter on which the average house- 
holder has any knowledge, or in which he is directly 
interested ; all householders, however, are very 
greatly interested in getting more warmth and 
greater comfort out of their fuel. The new appli- 
ances provide this service, and, in our experience, 
on every occasion on which they are displayed they 
attract very great attention. For example, when 
we exhibited a display of modern appliances, pro- 
duced by a wide range of manufacturers, at the 
Daily Mail Ideal Home Exhibition, we were over- 
whelmed with inquiries. 

Later in your review, you say that most owners 
of houses fitted with older appliances have probably 
never heard of the new types, are not prepared to 
pay for them even if they have, or cannot get them 
if they so desire. We are endeavouring by our 
publicity to make the new appliances as widely 
known as possible, and we are finding that, when 
their advantages are realised, householders are quite 
prepared to pay for the cost of them, which is 
relatively small in relation to the fuel saving and 
the extra comfort that can be obtained from them. 
Our efforts would be fruitless indeed, if the new 
appliances could not be obtained ; in fact, they can 
be, and we should be very glad to put anyone who Is 
in difficulty into touch with sources of supply. _ 

As far as cooking appliances are concerned, It 
may be noted that the Simon Report stated : 
‘“‘ Solid fuel cookers of remarkable efficiency and 
convenience are now coming on the market, but 
they are expensive in initial cost. If cheap solid- 
fuel cookers could be produced with these high 
qualities, gas and electricity would have to face 
very keen new competition.” Since the report was 
issued, many types of efficient and inexpensive 
solid-fuel cookers have been produced, which are 
proving extremely popular, especially in those er 
of the country where there is a tradition in favour ° 
cooking by solid fuel. 





gear unit as a whole. 





Both the methods put forward by your correspon- 
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tacular success in their work to increase the effici- 
ency With which fuel is used in British industry. 
By arrangement with the Ministry, this Council 
have taken over responsibility for advice on the 
efficient domestic use of solid fuel. Success in this 
field will benefit not only the householders con- 
cerned, but also industry, by making available coal 
which at present is being wastefully used, and by 
reducing the electrical load shedding that arises 
from excessive use of electricity in the home. 
T am, Sir, 
Yours faithfully, 
Eric BELLINGHAM, 
Director-General. 


The Coal Utilisation Joint Council, 
13, Grosvenor-gardens, 
London, S.W.1. 
April 16, 1951. 





OBITUARY. 
SIR CHARLES BRESSEY, C.B., C.B.E. 


Ir is with deep regret that we record the death, on 
April 14, of Sir Charles Bressey, the author of the 
“Bressey Report” on the traffic problems of 
London which was published in 1938. He was 
77 years of age. 

Charles Herbert Bressey was born on January 3, 
1874. He was educated at Bremen and Rouen, and 
at the Forest Schoo], Walthamstow. On returning to 
England, he was articled to his father, J. T. Bressey, 
F.R.LB.A., under whom he acquired a varied 
experience of architectural and surveying work for 
numerous local authorities, and of miscellaneous 
public works. In the 1914-18 war, he served in the 
Royal Engineers in France and elsewhere, being 
demobilised with the rank of lieutenant-colonel and 
being mentioned in despatches and awarded the 
0.B.E. and the distinction of Chevalier of the Legion 
of Honour. The latter part of his war service was 
spent with Sir Henry Maybury, M.I.C.E., on the 
staff of Sir Eric Geddes, then the Director-General of 
Transportation. Immediately after the war, he 
was sent to Germany, where he served on the Inter- 
Allied Commission controlling communications in 
Cologne and district. 

In 1919, on demobilisation, he joined the newly- 
formed Ministry of Transport as Divisional Road 
Engineer under Sir Henry Maybury, and, in 1921, 
became chief engineer of the Roads Division of the 
Ministry. Seven years later, when Sir Henry 
Maybury retired, Bressey was appointed principal 
technical officer to the Roads Department, a 
position which he held until 1934, when he was 
seconded in order to carry out a highway develop- 
ment survey of the whole of Greater London. His 
report, published in 1938, aroused much interest and 
discussion, though the outbreak of war in 1939 
prevented any action being taken on the lines that 
he had proposed, which had included the construc- 
tion of tunnels under Hyde Park to facilitate road 
traffic between the north and south of London. He 
retired from the Ministry of Transport on December 
31, 1938. For his services in the Ministry, he was 
awarded thé C.B.E. in 1924 and the C.B. in 1930; 
and he received a knighthood in 1935, in recognition 
of his work on the London Survey, although this was 
hot completed for some years afterwards. 

_ Sir Charles was a past President of the Chartered 
Surveyors’ Institution, and a former member of 
Council of the Institute of Transport. He was 
President of the Junior Institution of Engineers in 
1938-39, a vice-president of the Institution of 
Professional Civil Servants, a member of the 
Institution of Municipal Engineers and of the 
institu ion of Highway Engineers (whose President, 
Mr. J. Spencer Killick, C.B.E., he had succeeded at 
the Ministry of Transport in 1928), an honorary 
member of the Town Planning Institute and of the 
Institution of Royal Engineers, and a member of 
the Permanent International Commission of Road 
Congresses, In November, 1938, following the 
Publication of his report on London roads and road 
traffic, le received the honorary degree of D.Sc.(Eng.) 
from London University. He was a Deputy 
Lieutenant for the county of Essex, and a member of 


the Governing Body of Imperial College. During 
the recent war, he commanded an Essex battalion 
of the Home Guard. Intensely thorough in all that 
he undertook, and always one of the most approach- 
able and unassuming of men, Sir Charles Bressey will 
be long remembered in the various institutions with 
which he was connected; and, whatever plan is 
adopted eventually to deal with the growing problem 
of London’s road traffic, it will almost certainly 
contain some of the ideas which he put forward. It 
was @ great disappointment to him—thorgh one of 
which he said little—that circumstances necessitated 
the shelving of his scheme for London ; but his work 
did not go unrecognised, for he was appointed vice- 
chairman, under Sir Edwin Lutyens, of the Royal 
Academy’s Planning Committee ; and he was invited 
on several occasions to deliver lectures on town 
planning and road planning on the Continent— 
commissions which his command of foreign lan- 
guages, especially French and German, enabled him 
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since 1916, on appointment to the post of chief 
metallurgist to I.C.I., Limited, Landore, Swansea. 
In 1938, four years after his arrival in Swansea, 
he was promoted to the position of technical manager 
at Landore and was serving in that capacity at the 
time of his death. Mr. Davies was elected a 
member of the Institute of Metals in 1916 and was 
chairman of the Swansea local section of the Institute 
from 1937 to 1938 and from 1946 to 1947, during 
which periods he served also as a member of 
Council of the Institute. As recently as March, 
1950, he had again been elected a member of Council 
of the Institute. He was elected a Fellow of the 
Institution of Metallurgists in 1946. 





THE INSTITUTE OF 
METALS. 


(Continued from page 395.) 


WHEN the members reassembled at the Park 
Lane Hotel, London, on the afternoon of the second 
day of the annual general meeting of the Institute 
of Metals, held on March 13, 14 and 15, the Presi- 
dent, Professor A. J. Murphy, again occupied the 
chair. * 

METALLURGICAL AsPpECTS OF CoLD-WORKING. 

The discussion on the five papers in the sym- 
posium on “ Metallurgical Aspects of the Cold- 
Working of Non-Ferrous Metals and Alloys ” was 
continued. Dr. H. Ford, who opened the afternoon 
discussion, said that Dr. Cook and Dr. Richards had 
concluded that there were two mechanisms of de- 
formation, namely, slip within the crystals followed 
by some general shearing mechanism. They had 
investigated the cold-rolling process and had shown 
that this second mechanism set in after some 50 per 
cent. reduction by rolling. In some recent experi- 
ments, carried out on high-conductivity copper in 
plain plastic deformation between two compression 
rolls (so that the material was deformed in plain 
strain) it had been found that the onset of this 
second mechanism could be delayed quite consider- 
ably. In fact, it did not set in until about 80 per 
cent. reduction by plain compression had been 





THe Late Sir Cuarues Bressey, C.B., C.B.E. 


to undertake with particular satisfaction to his 
audiences. His original mind and vigorous per- 
sonality will be long and pleasantly remembered by 
those who were associated with him in the Ministry 
of Transport and elsewhere. 





MR. HARRY DAVIES. 


WE note also with regret the death of Mr. Harry 
Davies, which occurred at his home, at Caswell, 
Swansea, on April 9, afteralongillness. Mr. Davies, 
who was technical manager, Imperial Chemical 
Industries, Limited, Metals Division, Landore, 
Swansea, was born in 1891, and educated at King 
Edward VI Grammar School, Stourbridge. On 
leaving school in 1907, he became an articled pupil 
of Mr. Joseph Lones, F.I.C., public analyst, and 
remained with him for four years. In 1911, Mr. 
Davies entered the University of Birmingham as a 
student of metallurgy and, in 1915, was awarded a 
Bowen research scholarship in the University. 
In the following year he was appointed metallurgist 
to the Dunlop Rubber Company, Limited, but 
resigned the post in 1917 to take up that of research 
metallurgist to Messrs. Rudge-Whitworth, Limited, 
Coventry and Birmingham. In 1920, Mr. Davies 
was appointed senior chemist and metallurgist to 
Elliott’s Metal Company, Limited, Birmingham, and 
continued in this capacity when the firm was 
acquired by Imperial Chemical Industries, Limited. 
In 1934, Mr. Davies left Birmingham and resigned 








his position of lecturer in non-ferrous metallurgy 
at Birmingham Technical College, which he had held 


reached, and this was a process analogous to rolling. 
On, the question, of roll cooling, Mr. Davies, in his 
paper, referred only to cooling by sprays. Theye 
were many rolling mills in this country in which 
cooling jackets were fitted to the rolls. His own 
feeling was that cooling by sprays, involving the 
flooding of the rolls, was certainly much the better 
method. Jackets had rather a tendency to pick 
up small stray particles which adhered to the pads 
under the jackets, resulting in scratch rings on the 
rolls and defects on the strip. 

Mr. H. H. Eggington referred to the use of 80 : 20 
brasses of fine grain (in the region of 0-010 to 
0-020 mm. diameter) for press work. Such fine- 
grain brasses, he stated, were ultimately drawn 
down to as little as 0-003 or 0-004 in. wall thickness 
with a tolerance of less than a quarter of a thou- 
sandth of an inch and they exhibited physical 
properties which conformed to what was usually 
termed the “ quarter-hard” condition. From the 
blank they cupped satisfactorily to between 40 and 
50 per cent. cup reductions and drew well in such 
commercial procedures as would be considered 
normal for 70:30 brasses. They were also amen- 
able to fairly rapid high-temperature inter-stage 
annealing without grain difficulties, so that the fine 
grain was maintained throughout the cupping and 
drawing operations. As pointed out by Dr. Jevons, 
the gilding brasses had a reduced susceptibility to 
season, cracking and this, in combination with 
advantages in cupping and drawing for specific 
types of work, might well make the use of the 
80: 20 and 90: 10 brasses economic propositions. 

Professor H. W. Swift stated that among the 
common sheet-metal tests, Dr. Jevons set most 
store on the ordinary tensile tests, and, in particular 
on the value of “ general elongation ” at incipient 
necking. He claimed that “the information given 
by reasonably-accurate stress-strain curves was 
most reliable.” In view of these statements he 
(Professor Swift) would like to ask Dr. Jevons, in 
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the first place, how the tensile test could be inter- 
preted to give really discriminating comparative 
information on “ drawability”’; secondly, what 
evidence of real correlation could be produced ; and, 
thirdly, how it could be applied as a reliable accept- 
ance test. Of the wedge-drawing test (in which a 
wedge-shaped tensile specimen was pulled through 
a die or chamber having sides at the same taper 
and a clearance space approximately equal to the 
original thickness of the sheet to be tested), Dr. 
Jevons had suggested that “if its results were 
considered in the light of long industrial experience, 
it would prove to be not less informative, and 
probably more discriminating, than the tensile 
test.” Of the cup-drawing test, Dr. Jevons had 
complained that for every sample tested several 
blanks had to be machined accurately to different 
sizes. In actual fact, however, all that was required 
for an acceptance test was a single blank of a pre- 
scribed diameter. Moreover, since the cup-drawing 
test was the only one which was obviously capable 
of making distinctions of various kinds it seemed a 
safer speculation for the future than any other form 
of test for drawability. 

Dr. R. Schnurman, speaking on Mr. Chisholm’s 
paper, raised one point concerning terminology and 
the definition of terms. When the “ film strength ” 
of a lubricant was spoken of, he would like the 
physical meaning of film strength to be explained to 
him and how it could be measured. The next 
speaker, Mr. C. E. Davies, stated that, in all cases 
of cold-rolling, uniform distribution of roll lubricant 
and the method of application were almost as 
important as the exact nature of the lubricant itself. 
Patchy or irregular distribution was obviously bad. 
Incidentally, an efficient lubricant was no doubt 
valuable in preserving the surface condition of the 
rolls and reducing the wear and the frequency of 
re-grinding. Mr. W. J. Thomas, who spoke next, 
stated that it still remained a fact that the funda- 
mental problem in cold rolling was the reduction 
of heat, whether it emanated from the bearings, 
was generated by friction between the strip and the 
rolls, or came from the rolls themselves. The 
reduction of the heat generated and the controlled 
dissipation of such heat as could not be avoided, or 
which might even be advantageous, needed still 
further investigation. 

Mr. R. Linford said that although the designer 
should put much care and consideration into the 
design of a rolling mill, that was not the only factor 
which decided the operating efficiency of the mill. 
Other factors included the skill of the operators, 
not only individually but as a team ; the thorough- 
ness of the maintenance, not only of the mill but of 
the ancillary equipment ; and the dexterity of the 
- rolling-mill team at roll changing. Hence the 
responsibility for production efficiency was divided 
between the operator and the rolling-mill builder. 
One method of improving production efficiency and 
cutting down costs was to handle the pieces as few 
times a possible. A subsequent speaker, Dr. A. R. E. 
Singer, stated that the importance of friction in all 
metal-working operations was not doubted, and in 
none was it more important than in the cold-rolling 
of metals. The coefficient of friction had been 
mentioned, but not very much was known about it 
in connection with rolling, or, for that matter, in 
many other metal-working processes. Research on 
the problem, though necessary, would be very 
difficult. 

In a brief reply to points raised in the discussion, 
Mr. S. F. Chisholm agreed that the terms “ film 
strength ” and ‘lubricity ” were rather loose. He 
stated, however, that a lubricant possessing film 
strength was one that would prevent, to a great 
extent, metal-to-metal contact and was strong in 
compression, A lubricant which had a high degree 
of lubricity was one which was weak in shear. It 
had been stated that even white spirit could be used 
satisfactorily as a finishing rolling oil. That was 
quite true but this material had a relatively low film 
strength and also a very low flash point, so that it 
was extremely hazardous to use it on a flood basis. 

Dr. T. L. Richards stated that the paper by Dr. 
Ccok and himself, as indicated by the rapporteur, 
had been highly condensed. Dr. Ford had men- 
tioned the two mechanisms of deformation and had 
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at a somewhat later stage in the deformation, than 
the authors had found by rolling. This was not 
surprising, because Dr. Cook and himself had con 
ducted a test to ascertain whether the same mechan- 
ism occurred in compression. The second mechanism 
had appeared but not at the same reduction as in 
rolling. No explanation could be offered as to why 
the reductions were different, except that the two 
different processes affecting the deformation might 
result in the change occurring at different stages. 

Mr. H. J. Miller, in the course of his reply, said 
that some reference to the production, of rectangular- 
section wire by rolling methods might be added to 
his and Mr. Cleaver’s paper on wiredrawing tech- 
nique. In the United States it was now fairly 
universal practice to produce copper wire of this 
type, as it was required in very large quantities for 
motor windings, ranging, perhaps, in section, up 
to 4 in. or }? in. wide and up to } in. in thickness. 
This material was produced by rolling in a tandem 
installation, there being usually three horizontal 
rolls with two vertical rolls between them. Operat- 
ing speeds ranged up to 1,500 ft. per minute and the 
metal was flooded with a light lubricating oil. It 
was apparent that considerable heat was generated, 
indications showing that the temperature attained 
was about 200 deg. C. 

Mr. C. E. Davies, who also replied briefly to points 
raised in the discussion, stated that he thought that 
every rolling mill should be fitted with a reliable 
load-measuring device if an enterprising manufac- 
turer of instruments could develop suitable equip- 
ment which would withstand the rather rough 
usage it might receive in a rolling mill. There were 
many load-measuring devices which were quite 
satisfactory from the laboratory point of view. 
The question of measuring by flying micrometers 
and the regulation of screwdown as now conducted, 
after all, were fairly effective. He had been interested 
to have an account of experience in which increased 
rolling speed resulted in improvement in production 
and the general efficiency of working. He had 
always felt that high speeds were a good thing, 
especially for the softer metals, and, particularly for 
aluminium. In recent developments in the rolling 
of steel there were mills working at 2,000 ft. per 
minute and the general opinion of a practical roller, 
who, hitherto, had used speeds not exceeding 
1,000 ft. per minute, was that he could roll more 
easily at the higher speed. Temperature control 
was easier and the tension applied on the coiler 
seemed to be much lighter. With regard to the 
question of cooling jackets versus sprays, cooling 
jackets had many factors to recommend them, 
because they controlled the liquid in a closed circuit, 
but there were many practical difficulties and it was 
not possible to get quite as much heat out of a 
roll as when using an external spray. Fortunately, 
in these enlightened days operators in producing 
firms were only too willing to co-operate to the 
utmost with the rolling-mill designer and the 





asccrtained that the second mechanism appeared 


builder of the rolling installation. Although, 











however, the builder of the rolling plant was told 
exactly what was wanted, in some cases he could 
not fulfil the requests made. 

On the motion of the President, a vote of thanks 
was accorded to the authors of the five papers 
in the symposium, and to the rapporteur, and the 
meeting was adjourned until 10 a.m. on the following 
day, Thursday, March 15. 

(To be continued.) 





FAIREY DELTA-WING AIRCRAFT. 


THE accompanying illustration shows a new high- 
speed research aircraft, the F.D.1, designed and 
constructed by the Fairey Aviation Company, Limited, 
Hayes, Middlesex, which has recently made its first 
flight. This is the third type of British swept-back 
“‘ delta ”-wing experimental aircraft to fly within the 
past six months, the other two being the Avro 707B 
and the Boulton Paul P111, described, respectively, 
on pages 217 and 468 of our 170th volume (1950). 
Both these aircraft are powered by Rolls-Royce Nene 
engines, whereas the Fairey F.D.1, which is rather 
smaller, with a wing span of only 19 ft. 6} in. and an 
overall length of 26 ft. 3 in., is fitted with a Rolls-Royce 
Derwent engine, ejecting at the rear of the fuselage. 
A retractable tricycle undercarriage is fitted. 

Control in flight is provided by elevons and a rudder. 
It will be noticed that a small tailplane is fitted, high 
on the fin, on the prototype machine ; together with 
fixed wing-tip slots, this has been incorporated as 
a safety feature during the early stages of flight-testing, 
but will, presumably, be removed when sufficient 
handling experience has been gained. Air brakes and 
wing-tip parachutes are provided for decelerating 
the aircraft during flight, and a central drogue-type 
parachute is installed in the rear end of the fuselage 
to shorten the landing run and relieve the wheel 
brakes. 

It is interesting to note that, before the design of the 
F.D.1 was commenced, extensive wind-tunnel tests 
were carried out on a variety of swept-wing plan-forms, 
including forward sweep and compound “ W” and 
““M” configurations. These investigations were fol- 
lowed by successful flight tests on pilot-less radio- 
controlled scale models of the aircraft. 





UNITED KINGDOM PRODUCTION OF PIG IRON AND 
STEEL.—Statistics issued by the British Iron and Steel 
Federation indicate that the output of steel ingots and 
castings in this country, during March, was at an annual 
rate of 16,546,000 tons, compared with 17,147,000 tons 
in March, 1950. The 1951 output was affected by the 
Easter holidays, which fell in April in 1950. Pig-iron 
production was at the rate of 9,572,000 tons in March, 
1951, against 9,696,000 tons in March, 1950. 





RoyaL SanrraRyY INsTITUTE.—The John Edward 
Worth prize of 401. of the Royal Sanitary Institute, for 
1950, has been awarded to Mr. W. Shaw, county sanitary 
officer of Cornwall, for his essay, “ Provision of Water 
Supply and Sanitation for Nine Houses not Served by 4 
Water Undertaking or by a Sewerage Authority.” he 
John S. Owens prize of 151. has been awarded to Mr. 
G. H. Wilkinson, sanitary inspector, Corby Urban 
District Council, for his essay on ‘“‘ Atmospheric Pollution 
from the Modern Steel Plant.” 
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THE ELECTRICITY SUPPLY 
POSITION.* 


By Str Jonun Hackina. 


Tue first step towards the integration of the elec- 
tricity supply industry followed the First World War, 
when it became apparent that some rationalisation 
was necessary in the national interest. Accordingly, 
by the Act of 1919, the Electricity Commissioners were 
established for the purpose of co-ordinating the applica- 
tion and regulating the broad principles of electricity 
supply. The 1919 Act also provided for the formation, 
on a voluntary basis, of Joint Electricity Authorities, 
by the amalgamation of individual electricity under- 
takings. Only four Joint Electricity Authorities were 
formed. 

The next development, and the first real stage in 
the integration of the Industry, was the passing of 
the 1926 Act, under which the Central Electricity 
Board was established. At this time, some 600 
municipal and company undertakings were responsible 
for the generation and distribution of electricity within 
prescribed areas, and in only a few instances were 
their systems interconnected. Different supply volt- 
ages were used and the frequency of alternating- 
current supplies was not standardised. Many of the 
supply undertakings were small and operated their 
own small generating stations, whereas others had no 
station of their own and bought their requirements in 
bulk from one of their larger neighbours. 

The main duties laid upon the Central Electricity 
Board were to co-ordinate the generation and trans- 
mission of electrical energy and to make available a 
cheap and abundant supply for distribution. This, 
of course, involved the standardisation of the frequency 
of supply throughout the country. Although the 
Board did not take over the ownership of the generating 
stations, they had powers to regulate their output, to 
arrange for their extension or the construction of new 
stations, to standardise frequency of supply, and to 
unify tariffs as far as possible. The construction of 
the grid transmission system, which operates at 
132,000 volts and links the principal generating stations 
in the country, was carried out between 1928 and 
1933. The system at present consists of about 5,500 
route miles of main transmission lines and cables. 

The object of the interconnection of the main 
generating stations was to enable economies to be 
made in the amount and the cost of new plant, and in 
fuel consumption. By interconnection, spare capacity 
could be pooled and considerable savings in capital 
costs could be achieved. Selective loading and the 
shutting down of uneconomical plant permitted con- 
siderable reductions in overall fuel consumption and 
operating costs. A further advantage was improved 
reliability of supply. 

The next major step was the Act of Nationalisation 
in 1947. Under this Act, the ownership of some 300 
generating stations and of the main transmission 
system of the Central Electricity Board was taken 
over on April 1, 1948, by the British Electricity 
Authority, and 14 Area Boards were formed which 
were responsible for distribution. The new structure 
has made possible further integration of the system, 
and appreciable economies have been effected in con- 
nection with reinforcements of the transmission system 
and the provision of new points of supply: It is now 
the practice for necessary extensions to be discussed 
between the Central Authority and the Area Board 
concerned, and for the scheme which is most economical 
from a national point of view to be adopted, irrespec- 
tive of whether the major part of the cost falls to the 
Area Board or to the Central Authority. It has been 
estimated that the capital savings which it has been 
possible to make in this way, have averaged about 
1}/. million per annum. 

The greater co-ordination which is now possible also 
offers considerable advantages with regard to the 
installation of new generating plant. The Authority 
now decide not only where and when new generating 
plant shall be installed, but they are also responsible 
for the detailed design and installation. The co- 
ordination by a single organisation of the planning and 
design of plant extensions should result in increased 
economy and the minimum delay in the commissioning 
of new plant. 

The demand for electricity varies from hour to hour 
during the day, being greatest during the working hours 
of the morning and afternoon, and least during the 
night. It also varies from season to season. As elec- 
tricity cannot be commercially stored, a supply under- 
taking plans to install sufficient generating plant to 
meet these peak-loads. The present position is that 
there is not an adequate amount of plant to meet the 

* Liewelyn B. Atkinson Lecture, delivered in London 
at a joint meeting of the Royal Society of Arts and the 


Institution of Electrical Engineers on April 18, 1951. 
Abridged, 








winter peak-load, and the maximum which can be sup- 
plied is about 114 million kW out of a total winter peak 
requirement of 13} million kW. There is thus a shortage 
equivalent to a maximum of about 15 per cent. at peak- 
load periods. Moreover, the need to take plant out of 
service for maintenance when the winter is over offsets 
to such an extent the reduction in demand in the 
summer that the margin between available plant 
capacity and demand is little greater now in summer 
than in winter. The need for load cuts may thus, in 
present circumstances, occur at any time of the year 
during week-day working hours, under unfavourable 
weather conditions which lead to increased demand for 
lighting and heating. 

In this country, we are now using over twice as much 
electricity as before the war, and the annual consump- 
tion has roughly doubled in each period of ten years. 
The most important class of sales is, and always has 
been, sales for industrial purposes. The present 
relative importance of the various classes of sales can 
be clearly seen from Table 1, herewith. 


TABLE I.—Analysis of Electricity Consumption by Types 
of Consumer, 1949-50. 














Annual Electricity Consumption. 
Type of Consumer. 
Amount, Percentage 
millions kWh. of Total. 

Industrial .. ae oe 20,784 50-1 
Commercial cs ‘a 5,072 12-2 
Farm om ~ oa 372 9 
Domestic + ‘ 13,460 32-5 
Traction: Rail .. od 885 2-1 
Street .. os 546 1:3 
Publiclighting .. <a 360 0-9 
Total ie oa 41,479 100-0 











It will be seen that, broadly speaking, industry, 
commerce and traction take about two-thirds of the 
total supply, and domestic consumers the remaining 
one-third. These figures, however, relate tc the total 
consumption over the year by classes of consumer. 
What is more significant from the point of view of the 
peak-load problem is the contribution which each class 
of consumer and class of load makes to the total load 
during the peak-load period. No precise measure- 
ment of this is available, but estimates indicate that the 
contribution which each class of load would have made 
to the system peak during the winter of 1949-50, if 
supplies had been given at normal frequency and voltage 
and if there had been no load-spreading schemes or 
other restrictions on consumption, would have been 
approximately as shown in Table II. The prevent 
use of electricity by the British worker is only about 
one-third that of his American counterpart, and there 
is no doubt that this is one of the major reasons for the 
present lower individual productivity in Britain. If 
this country is to hold its position in the forefront of 
the industrial nations of the world, it is urgently 
necessary that the power at the disposal of the British 
worker should be increased as rapidly as possible until 
it equals or exceeds that at the disposal of an American 
worker. British Electricity are planning to provide 
for such an increase. 


TABLE II.—Estimated Contribution of Various Classes of 
Consumer to Potential Winter Peak Load (1949-50). 








Contribution to Potential 
Class of Consumer. Winter Peak Load, 
Per cent. 

Industrial .. ic 7 we 46 
Commercial . . a i“ a 15 
Domestic and farming as ad 35 
Traction sas _ ee ‘ 4 
Public lighting Negligible 

Total on oa 100 








Prior to the war, it was normal practice to decide 
generating-plant extension programmes about three 
years in advance of the date when the plant was 
required, and to provide sufficient new plant not only 
to cover the estimated increases in load, but also to 
allow for the replacement of all plant which was 
expected to become obsolete and uneconomical to 
operate. During the war years, the installation of 
new plant was restricted to that required for war 
purposes. The resultant growing shortage of plant 
capacity made it necessary to suspend the replace- 
ment of plant and to keep all available plant in service. 
It was some time before the effects of this curtailment 
in the installation of new plant was felt, but by the 
end of the war a serious shortage of generating plant 
existed, much of the plant in use was obsolete and 
unreliable, and—most serious of all—practically no 
new plant was under construction. 

It became clear that, to restore the position, the 
required rate of installation would have to be very 
much greater than anything which had been achieved 





pre-war, and this during a period when there would 
inevitably be serious industrial dislocation and short- 
ages of men and materials. In the spring of 1945, the 
principal manufacturers were therefore warned that 
the programmes for several years ahead would be likely 
to average some 1,500,000 kW—about twice the 
maximum rate of commissioning ever achieved pre-war 
—and were asked to arrange for an increase in their pro- 
ductive capacity ; but it soon became apparent that it 
would be very difficult to increase rapidly the annual 
rate of new plant construction to that required. Under 
the difficult post-war conditions, three years was 
insufficient for the construction of a power station ; 
almost double that time was necessary. Furthermore, 
a difficult situation arose as a result of the uneven 
utilisation which was being made of the productive 
capacity of the heavy electrical plant manufacturers. 
Before the vesting date, the design and construction of 
extensions or new stations was the responsibility of 
the individual undertakings. There was an under- 
standable tendency for these undertakings to place 
orders with those manufacturers who had given them 
good service in the past, or who could offer more 
advanced designs; but, as no national co-ordination 
was possible, one or two manufacturers accumulated 
more work than they could complete in a reasonable 
time. This was particularly the case as far as the 
boiler manufacturers were concerned, and it therefore 
became necessary to adopt a procedure of allocation 
of orders for main plant items. 

It was during this early post-war period, and before 
the rate of plant commissioning had again approached 
the pre-war level, that the fuel crisis of the winter of 
1946-47 occurred. The disorganisation which could 
result from a shortage of electricity for industrial pur- 
poses was demonstrated during this period and, in 
consequence, the manufacture of plant for power 
stations was given the highest priority. A special 
department of the Ministry of Supply was created to 
assist in obtaining the necessary materials. Similar 
assistance was rendered by the Ministry of Works as 
far as the civil engineering work was concerned. It 
soon became clear that, after allowing for exports 
and the requirements of home industries, the rate of 
expansion of the existing boiler manufacturers was 
not sufficient to meet the Authority’s needs. The 
Authority therefore made arrangements with John 
Brown and Company, Limited, to undertake the 
manufacture of large boiler plant. This, however, can 
only be regarded as a long-term measure, as the first 
boiler will not be in service until 1955. 

The fabrication of high-pressure pipework has also 
at times imposed a restriction on the commissioning of 
new plant. The Authority have arranged with a 
éanufacturer not formerly engaged on this type of work 
—C. A. Parsons and Company, Limited—to erect a 
new shop for the purpose, and this is now in produc- 
tion. At the same time, the established pipework 
manufacturers have expanded their capacity, so that 
delays due to the shortage of pipework should be 
avoided. The supply of valves and of boiler tubes has, 
at times, been inadequate, and arrangements have been 
made to purchase limited quantities from abroad. 

In addition to this direct action with manufac- 
turers, a good deal has been done to accelerate the 
construction of new plant by attention to features of 
design. One important aspect is the degree of stan- 
dardisation which has been introduced, in order to 
reduce the design and drawing work involved and to 
simplify tooling. Two standard sizes of turbo-alterna- 
tors have been adopted operating under specified steam 
conditions, for installation wherever possible, though 
a limited number of non-standard machines will con- 
tinue to be manufactured in order to complete existing 
stations as originally planned and to gain experience 
with plant operating under more advanced steam 
conditions. Boiler drum and tube sizes, boiler capa- 
cities, and pipe and valve dimensions have also been 
agreed, and should assist considerably in accelerating 
the construction of plant during the next year or two. 
In the case of two stations, this process of standardisa- 
tion is being taken much farther and the two stations 
will, as far as possible, be indentical in layout and 
construction, the same basic drawings being used. 
The Authority have also established a progress, inspec- 
tion and test department to co-ordinate the progress of 
manufacture and erection of plant, and to decide which 
items should, in the national interest, be given priority. 

As a result of these efforts considerable progress has 
been made towards attaining a rate of installation 
adequate to meet the annual growth of load and to 
start reducing the present plant shortage of about 
2 million kW. Table [I1, on page 476, shows the amount 
of new plant capacity brought into service in each year 
since the war. Substantial though these achievements 
have been—and the amount of plant brought into 
service in 1950 was greater than that installed in any 
previous year in the history of the industry—they have 
still not been sufficient. Year by year the rate of 
increase in demand has exceeded the plant brought 
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into service, though by now the point of balance 
has probably about been reached. 


TABLE IIIl.—Output Capacity of New Generating Plant. 








5 Capacity. 

Year. (kW sent out.) 
1946 307,000 
1947 340,000 
1948 566,000 
1949 703,000 
1950 965,000 








There are still substantial difficulties in the way 
of achieving these steadily expanding programmes, 
not only due to shortages of labour, materials, and 
manufacturing capacity, but of an administrative and 
financial nature. For instance, the preliminary nego- 
tiations now necessary before the construction of a 
new power station can cause serious delay. These 
preliminaries include submission of the scheme to the 
Ministry of Town and Country Planning, the Ministry 
of Agriculture and Fisheries, the Air Ministry, the 
Defence Authorities, etc. In addition, adequate 
notice of the Authority’s intention has to be given and 
it is open to any individual, provided he has reasonable 
grounds, to lodge an objection. Any serious objection 
may necessitate the holding of an inquiry, which intro- 
duces further delay and may result in consent to the 
construction of a new station being withheld. 

Finally, there is the problem of coal supplies. The 
thermal efficiency of electricity generation throughout 
the country, 17-1 per cent. in 1932, increased rapidly 
to 20-9 per cent. in 1939 but the war brought about 
a reduction in the figure. Since the war, the improve- 
ment has been continued, and the national average 
figure for all stations is now some 21-5 per cent. The 
best 50 stations are averaging nearly 25 per cent., 
and the best individual stations, 28 to 29 per cent. 
An increase of only 0-1 per cent. in thermal efficiency 
represents a reduction in coal consumption of roughly 
140,000 tons and a saving of over 350,0001. a year. 
British Electricity is now probably the largest single 
consumer of coal in the country. The consumption 
at their stations already exceeds 30 million tons per 
annum and is likely to rise greatly. It is estimated 
that to increase the total consumption of electricity in 
manufacturing industry from the present British 
figure of 2 units per operative-hour to the United 
States figure of 6 units would require an increase of 
about 40 million tons a year in coal for electricity 
generation. It is therefore vital that adequate coal 
supplies should be available to the new power stations. 

Very great efforts are being made to eliminate the 
present shortages as quickly as possible by the installa- 
tion of additional plant. As far as the next few years 
are concerned, it would be unwise to attempt to forecast 
exactly the additional capacities which it will be 
possible to put into commission, but, as a result of a 
careful survey which was made last year, a range of 
figures was agreed which represent for each year the 
higher and lower limits of the plant expected to be 
commissioned. These figures are shown in Table IV, 
herewith. The lower figures represent the capacities 
which the Authority are confident should be capable of 
achievement; the higher figures are those which 
should be possible if the steps already taken are as effec- 
tive as is hoped, and if adequate supplies of labour 
and material are available to the manufacturers. 


TABLE IV.—Estimated Rate of Commissioning New 
Plant Capacity. 








Range of Band, 
Year. kW sent out. 
1951 .. ee “a ay 1,000,000-1,250,000 
1962... - o* ne 1,150,000—1,400,000 
1953 ~ es oe ee 1,300,090-1,500,000 
1954 ree ee ee aor 1,400,000—1,600,000 
055 .. = oe ee 1,500,000-1,700,000 
1956 and subsequently 1,600,000-1, 800,000 








Due to the many preliminaries which are neces- 
sary before final consent can be given to the con- 
struction of a new station, provisional programmes 
have to be prepared ‘or six or seven years ahead. 
The Authority have, nevertheless, made estimates 
of the probable position during future years, and these 
indicate that, even under the most favourable condi- 
tions, it will not be possible to meet the probable 
demand in full before 1954. If, on the other hand, 
it proves impossible to achieve a higher rate of commis- 
sioning than that given by the lower limit of the bands, 
and if exceptionally severe weather conditions are 
experienced, full demands will not be met until after 
1958. As far as the next two or three years are con- 
cerned, and in spite of the best efforts of the manufac- 
turers, the available plant capacity will fall appreciably 
below the probable maximum demand, especially 
under severe weather conditions. 


LABOUR NOTES. 


Criticisms of the present tendency to favour un- 
skilled and semi-skilled men, in negotiations for higher 
wages, are contained in the spring issue of the Marine 
Engineer Officers’ Magazine, the official journal of the 
Marine Engineers’ Association, which was published 
last Tuesday. The Association states, in its notes 
and comments from the chief office, that one thing 
appears to stand out in all recent wage negotiations, 
irrespective of what trade or industry is concerned. 
The employing class seems deliberately to favour 
unskilled employees against the skilled. Tradesmen 
and craftsmen appear to receive much less considera- 
tion than the purely labouring types of employees and 
semi-skilled workmen. Agreements are made which 
create a feeling of frustration and bitterness among the 
skilled employees, who see the unskilled men securing 
the larger percentage of the increases in pay arising 
out of the negotiations. 





Much of the unrest in the shore engineering industry, 
it is stated, is the direct result of the skilled employee 
receiving less favourable increases in pay than those 
granted to the unskilled workman. The present-day 
policy of many trade unions appears to be aimed at 
improving the rates of pay of the lowest-paid grades 
in industry, without securing commensurate increases 
for the skilled grades. During the recent wage nego- 
tiations through the National Maritime Board, the 
article continues, the strongest representations were 
made to the owners that they should agree to uncerti- 
ficated junior engineers being granted an increase in 
pay, at least equal to that given to junior ratings, but 
the officers’ societies were unable to persuade the 
owners to concede that point. The article concludes 
by stating that no one who has served an accredited 
apprenticeship should be rewarded less favourably 
than unskilled men and it considers that the failure of 
the owners to provide a higher rate of wage increase 
for junior uncertificated engineer officers will have 
repercussions which will affect entries into the service. 





Regarding the salaries of chief engineers, the Marine 
Engineers’ Association states that it was agreed, 
during the negotiations through the National Maritime 
Board, that, in future issues of the Board’s year book, 
the rates for chief engineers should be set out on a 
page dealing solely with that rank. The Association 
reports that it endeavoured to obtain a ruling that the 
rates for chief engineers should not appear in the 
year book, on the ground that, if the owners felt that 
it was a good policy not to publish the rates payable to 
shipmasters, the Association, on its part, considered 
that a similar policy should apply to chief engineers. 
Although, under the new agreement, chief engineers 
receive a higher rate of increase than any other officers, 
the Association was not able to establish the principle 
that there should be a state of parity between masters 
and chief engineers regarding their pay. The Associa- 
tion affirms that it brought forward this question during 
the early stages of the discussions, but, later, withdrew 
it from the Board’s agenda as a matter of policy. As, 
however, “it is the avowed intention ” of the M.E.A. 
to secure rank and pay for chief engineers on a parity 
with those of shipmasters, ‘“‘ this matter will be followed 
up until success is achieved.” 





Technicians and engineering draughtsmen in Govern- 
ment employment are to receive substantial increases 
in their salaries, as the result of awards by the Civil 
Service Arbitration Tribunal, which were announced 
on Monday last. The maximum rates for architectural 
and engineering draughtsmen will be advanced by 501., 
to 5751. a year, and those for chief draughtsmen by 
801., to 1,030/. a year. Corresponding improvements in 
pay will be granted to other classes of technical em- 
ployees on the same salary levels. In all, some 24,000 
Civil Servants in these grades will benefit from the 
awards, which will take effect as from October 1, 1950, 





As the result of an agreement between the Treasury 
and the Civil Service Alliance some 75,000 temporary 
employees in clerical grades of the Government service 
are to receive increases in wages. These will amount 
to 10s. a week for men aged 25 and over, and to 8s. a 
week for women. Lesser sums will be paid to the 
younger staffs. According to an announcement made 
on Monday last by the Civil Service Clerical Association, 
a constituent union of the Alliance, the new weekly 
rates of pay for men will be 71. 8s. for grade I, 61. 16s. 
for grade II, and 61. 6s. for grade III. For women, the 
rates will be 51. 18s. for grade I, 51. 8s. for grade II, 
and 51. for grade III. Some of those to whom these 
increases will apply may have received wage advance- 
ments already, as the result of an agreement entered 
into in October, 1950, and any such amounts will be 








deducted from the increases now conceded, which wil] 
be effective as from December 1 last. 





Contrary to the usual tendency during February, the 
working population of Great Britain increased by 
12,000 during February last and, at the end of that 
month, the number of persons, aged 15 and over, who 
were working for pay or gain, or who had registered 
themselves as available for such work, numbered 
23,261,000. According to returns published by the 
Ministry of Labour and National Service on Tuesday 
last, the size of the Armed Forces had risen by 20,000 
to a total of 793,000, of whom 771,000 were men. 
There were fewer than one thousand Ex-Service men 
and women on release leave seeking employment. 
There was a decrease of 2,000 during the month in the 
number of persons employed in the basic industries, 
which comprise mining, quarrying, agriculture, fishing, 
gas, electricity, water, transport and communications. 
The total number employed in these industries at the 
end of February was 4,156,000. 





An additional 6,000 men and women obtained employ- 
ment in the engineering, metal, and vehicle industries 
during February, thereby bringing the number of 
workpeople engaged in this group to 4,115,000, at the 
end of the month. There was a decline in the number 
of employees in the food, drink and tobacco industry by 
3,000, bringing the end-of-month total to 797,000, but 
increases in employment occurred during February in 
the textile and clothing industries, and in the chemical 
and allied trades. Industries engaged in other branches 
of manufacture secured an additional 3,000 employees, 
bringing the total number of persons engaged in them 
to 1,507,000. In the manufacturing group of industries 
as a whole, 8,670,000 persons were employed at the end 
of February, compared with 8,659,000 at the end of 
January. Employment in the building and contracting 
industry increased by 12,000, but, in the distributive 
trades, it declined by 7,000 persons. 





There were 274,861 persons registered for employ- 
ment on the books of the Ministry of Labour and 
National Service on March 12, 1951, compared with 
301,952 on February 12, a decline by 27,091 during the 
four-weekly period. The total on March 12 comprised 
177,936 men aged 18 and over, 4,946 boys of less than 
18 years old, 86,574 women aged 18 and over, and 
5,405 girls of less than 18 years old. Of the total of 
91,979 women and girls, 45,663 were married persons. 
The Ministry states that on March 12, 7,109 of the total 
number of unemployed people were only temporarily 
out of work. Of the rest, 68,627 persons had been 
unemployed for not more than two weeks, 67,883 
persons for more than two weeks but for not more than 
eight weeks, and 131,242 persons for more than eight 
weeks. It is estimated that the number of persons 
registered as unemployed on March 12 represented 
1-3 per cent. of the total number of employees, com- 
pared with 1-5 per cent. on February 12. The corres- 
ponding figure in March, 1950, was 1-7 per cent. 





A verdict of guilty on one count only was returned 
lact Tuesday against the seven dockers, and the men 
were later discharged. As on previous occasions, a 
one-day strike was staged last Monday. In London, 
8,310 dockers, out of the 27,000 employed at the docks, 
did not report for work, and, at Birkenhead, another 
1,570 men were on strike. The National Dock Labour 
Boardreported on Tuesday that on that day the number 
of strikers in London had increased to 9,130 and that 
60 ships in the port were idle and 40 undermanned. 
Work was continuing normally, however, on 65 other 
ships. The Board also stated that the Birkenhead 
men had returned. 





No agreement was reached in the discussions on the 
dispute in the electrical-contracting industry, which 
were begun in London on Wednesday of last week, 
when representatives of the British Electricity Author- 
ity, the Electrical Trades Union, and the other two 
unions involved met Sir Robert Gould, the chief 
industrial commissioner to the Ministry of Labour. 
The meetings continued until last Friday and, on the 
following day, the parties informed Mr. Aneurin Bevan 
of their failure to make progress. It was announced 
subsequently by the Ministry that Mr. Bevan had 
decided to set up a court of inquiry to investigate the 
matter. The strikers, of whom there were neally 
2,000, returned to work last Tuesday, in accordance 
with the decision of a mass meeting on the previous 
day, at which it was decided to await the courts 
findings. The strike began in mid-February when. it 
is alleged, an electrician belonging to the E.T.U. ws 
suspended, after refusing to accept as a mate a mem!" 
of the Transport and General Workers’ Union. 
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THE LONDON-BIRMINGHAM 
TELEVISION RADIO-RELAY LINK.* 


By R. J. Crayton, D. C. Espizy, G. W. S. Grirritx 
and J. M. C. Prnxuam. 
(Concluded from page 449.) 

THE automatic frequency-control unit compares the 
signal frequency produced by the modulator with the 
cross-over frequency of a discriminator circuit and 
develops a bias voltage proportional to the frequency 
difference and of a polarity dependent on its sense. 
Since the unit may be required to control either asym- 
metrical television signals or symmetrical test signals, 
there are two discriminator circuits, one tuned to give 
zero output at 32-5 megacycles and the other to give 
zero output at 34 megacycles. The output of the dis- 
criminator required is switched to a push-pull direct- 
current amplifier d in Fig. 6, on page 449, ante, with a 
cathode follower output. The discriminators are pre- 
ceded by a limiting intermediate-frequency amplifier h, 
which operates normally on symmetrical signals. When 
an asymmetrical signal is being transmitted, however, 
“ gating” pulses, derived from the vision-frequency 
signal through the generator i, are used, so that the 
amplifier is only operative during the line-frequency 
synchronising periods. The discriminators employ 
resonant cable lengths as the tuned circuits and incor- 
porate a voltage-doubler circuit with germanium- 
crystal diodes. 

The terminal demodulator contains a limiting inter- 
mediate-frequency amplifier, a discriminator and a 
vision-frequency amplifier. The intermediate-fre- 
quency amplifier is of standard design and begins to 
limit on signals 10 decibels below the normal input of 
1 volt root-mean-square. There is only one discrimina- 
tor—centred on 34 megacycles—and, as in the automa- 
tic frequency-control unit, resonant open and short- 
circuited cables are used as the tuned circuits. A third 
length of cable, which is one-quarter of a wavelength 
long at 34 megacycles, is connected across the discri- 
minator to reject any second-harmonic components. 
The vision-frequency amplifier contains three stages of 
amplification and a cathode-follower stage, giving three 
independent outputs. The three amplifying stages 
operave in push-pull to balance the current and reduce 
the low-frequency coupling required. The first ampli- 
fying _Stage—which is fed from the discriminator— 
contains six valves in two sets of three. One/side of 
the stage is driven and is cathode-coupled to the 
_— passive side. This stage feeds a cathode fol- 

ower with a high-impedance output stage, which is 
+ mia: through a 250-ohm helix-type inner cable to 

© ¢qualiser unit. This unit contains an attenuating 
pad ‘or setting the level and space for any equalisation 
of frequeney response which may be necessary. 


- Paper read before the Institution of Electrical 
ngineers on Thursday, March 1. Abridged. 
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The signal is returned to the demodulator through 
a 250-ohm cable and there are two further balanced 
amplifying stages. The final stage feeds three separate 
cathode-follower output stages, one for the main output 
and the other two for the monitor outputs. Direct- 
current restoration is provided at high level in the final 
amplifying stage, while attenuator networks reduce the 
level to that required for the standard one-volt peak-to- 
peak output required. This is done because direct- 
current restoration is not satisfactory on signals of 
low amplitude. The direct-current restoration can be 
switched out when symmetrical signals are being 
handled. Only single input and output connections are 
required for each channel and, since the channel equip- 
ment is duplicated, input and output switching units are 
needed at the terminal stations. Switching is carried 
out by a latched pair of relays with low-capacitance 
contacts. In addition, the input switching unit con- 
tains an amplifier and cathode follower, which gives a 
monitor output. 

The aerial system for a transmitter or receiver 
consists of the dipole and passive reflector shown in 
Figs. 7 and 8 which are located in the aperture of a 
paraboloidal mirror. The reflecting surfaces of the para- 
boloid consist of a number of tubes which are spaced 
about a quarter of a wavelength apart, each tube being 
bent so that its centre lies on the required para- 
boloidal surface. The tubes are horizontal and parallel 
to the plane of polarisation of the radiation from the 
dipole head. Fig. 9, page 478, shows a pair of para- 
boloids on the mast used on the reversible system. The 
paraboloid has an aperture plane 14 ft. in diameter, the 
aperture being reduced to 10 ft. in the horizontal direc- 
tion to permit more compact mounting on the towers in 
the two-way system. Both the reflecting tubes and the 
bracing structure, which supports them, are of corro- 
sion-resisting aluminium alloy, the bracing structure 
being welded and the reflecting tubes being clamped to 
it. 

In the dipole head the-transformation from an 
unbalanced to a balanced feed is effected by rejector 
sleeves over the outer conductor of the line. The 
main outer conductor is continued beyond the dipole 
arms and carries the passive reflector on a second 
rejector sleeve. A short-circuited stub is used to 
correct the impedance of the dipole, as shown in the 
X-ray photograph reproduced in Fig. 7. The reflecting 


surface formed by the tubes is accurate to witbin | po 


+0-5 cm. The theoretical gain of the aerial system 
over a sample half-wave dipole is 27-5 decibels and no 
deterioration of the performance, due to the use of a 
non-continuous reflecting surface, has been detected. 
The beam width in the horizontal plane is + 5-5 deg. 
at half amplitude and the amplitude of the first side 
lobe is less than 10 per cent. of that of the main beam. 
The beam width in the vertical plane is + 3-5 deg. 
An aluminium-alloy centre casting is employed for 
fixing the feed tube carrying the dipole head. Flanges 


on this feed tube and the centre casting are jig-drilled 
and dowelled to ensure correct alignment of the dipole 
with the reflecting tubes. 

The aerial feeder connections are transferred from 
the working to the stand-by equipment by the radio- 
frequency switch illustrated in Fig. 10, page 478. This 
consists of two arms which are brought together in a 
T-junction. The single output connection is taken from 
the centre point of this junction. One arm presents a 
pfree transmission path and the other a ih of high 
attenuation at the signal frequency. At a change-over 
the conditions of the arms are reve Each arm con- 
sists of a coaxial line across which two stubs are con- 
nected. In the “ stop ” condition each stub on the arm 
is a quarter wavelength open-circuited line. For the 
** pass ” condition the stub is changed to a short-cir- 
cuited line by connecting a series resonant circuit across 
its freeend. The elements of the resonant circuit are the 
capacitance between a plunger and the inner conductor 
of the stub and the inductance of a bridge which. is 
connected to the plunger. The plungers are moved 
by insulating rods actuated by a double-eccentric 
mechanism driven by an electric motor. The same type 
of switch is used for reversing the system. The switch 
is so effective over a sufficiently wide frequency range 
that only two types are necessary, one to cover the 
870 and 890 megacycle bands and the other the 917 and 
937 megacycle bands. In the “stop” condition the 
insulation loss of the switch in a 62-ohm cable is 
greater than 60 decibels over a band of 30 megacycles 
and in the “ ” condition the insertion loss is 
less than 0-05 decibel over the same frequency range. 
A monitoring point is provided on each arm of the 
switch so that the stand-by equipment can be tested 
while the main equipment is in operation. 

A series of band-stop filters has been designed to 
reject the unwanted components in the output of the 
transmitters and to protect the receivers against 
spurious signals. Each filter gives a pass band at the 
signal frequency concerned and a high attenuation 
at a single frequency or band of frequencies. They 
consist of a number of sections of coaxial line forming 
stubs which are connected across the main transmission 
line at spacings of one quarter wavelength. A band- 
pass filter is also included in the feeder cable to the 
receiver to reject all the frequencies, except those of the 
signal. This consists of two resonant cavities coupled 
by a line an odd number of wavelengths long. These 
cavities are each tuned to resonance at the centre- 
frequency of the pass-band. A band-pass effect is 
thus obtained over a limited frequency range, while 
outside this range the attenuation of the filter is 
about twice that of the cavity. Coaxial cables with 
solid polythene dielectric are used for all connections 
in the signal channel. 

Electrical heating is provided on the dipole heads 
and paraboloids of the aerial system to prevent the 
excessive accumulation of ice. The heating elements 
for a paraboloid consist of loops of tinned-copper 
mineral-insulated cable with an external diameter of 
4 in., which are run inside the aluminium reflecting 
tubes. The dissipation is 20 watts per foot. A 10-watt 
heating element, which is fed from a 24-volt supply, is 
also inserted in each radiator arm and each reflector 
arm of the dipole head. As the power available is 
insufficient to allow all the paraboloids at a station to 
be heated at once, a distributor is installed so that the 
central sections of the transmitting paraboloids are 
heated first for a short period, then those of the receiving 
paraboloids and finally the outer circuits of all four 
aerials, the sequence being subsequently repeated. 
When the heating for either the “ Go” or “ Return” 
channel is switched on, the dipoles in all the aerial 
systems are heated continuously. 

The working and stand-by repeaters and the power 
units are automatically controlled by a change-over 
unit. This controls the switching-on sequence of each 
repeater and its connection to an appropriate power 
unit. It also performs several other ancillary functions. 
A panel on the front of the unit is provided for the 
local control of the repeaters and is duplicated close 
to the repeaters themselves. The various functions 
are performed by a group of 112 telephone-type relays, 
two uniselectors and contactors. The starting-up 
sequence is controlled by one uniselector, which is 
stepped by a relay chain. Either of the two repeaters 
can be connected to either of the two power units by 
contacts of special design, and the interconnection 
desired may be selected before starting up. All im- 
rtant circuits in the repeater are continuously 
monitored, the faults shown being classified as major 
or minor. The former are arranged so that the particu- 
lar component is replaced immediately by its stand-by, 
whereas the latter only indicate that the fault is 
imminent. 

The whole of the supervisory control of the link 
and its telecommunication facilities are performed over 
a control channel consisting of a four-wire repeater 
circuit. The frequency spectrum of this channel 





ranges from 300 to 3,100 cycles and is used as follows : 
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300 to 2,500 cycles for speech communication between 
all. stations, with a 660 + 20-cycle band for telephone 
calling purposes ; and 2,700, 2,820, 2,940 and 3,060 
cycles for supervisory control signalling purposes. The 
earth-phantom circuit of each pair of the four-wire 
channels is used to pass a direct-current signal forward 
to the next intermediate station so as to convey the in- 
formation that the previous one is transmitting. 
Controls are provided at both the Birmingham (‘‘ Go ” 
channel) and London (‘‘ Return” channel) control 
points for selecting either repeater or power unit and 
starting and stopping the stand-by Diesel generator. 
The repeaters at all stations can also be started or 
stopped simultaneously and the change to the stand-by 
repeater and power unit made. Indications are given as 
to which repeater and power unit have been selected and 
are in use when the aerials are radiating and the 
channels have been started ; and whether the Diesel 
generator has been started and is running or not. 
The fact that the supervisory-control equipment at a 
station is in working order can be verified. 

The supervisory-control system is arranged so that 
when a selection is made a local uniselector is stepped 
and positioned both locally and at the distant station. 
A check is thus made that both the uniselectors at 
the distant station and those at the local station are 
in the same position. An “ operate” signal is then 
sent automatically to the local station or stations. 
A change to the stand-by apparatus actuates an alarm 
signal at the control station, which automatically 
selects each station in turn. When the station at 
which the alarm signal has originated has been found 
a second alarm signal is sent back which stops the 
selection of subsequent stations. The apparatus at 
the control station then selects sach piece of equipment 
in the faulty stations in turn and indicates its condition 
on the control panel. The lamp of the apparatus 
that has changed then flickers and an alarm bell is 
rung. On pressing a key the bell is silenced and the 
lamp glows steadily. 

The original specification required that compre- 
hensive field trials should be undertaken within six 
months of the placing cf the contract to ensure that 
the proposed technique was likely to provide adequate 
performance. Two vehicles were therefore fitted out 
for mobile transmission and reception purposes and 
with these stability, echo, impulsive interference and 
aerial-height tests were carried out. Transmission 
test apparatus (consisting of a wave-form generator 
and display unit), group-delay-measuring and linearity 
test equipment, a vision-frequency oscillator and level- 
measuring equipment for signal and noise power have 
been installed to measure all the factors in transmission 
performance between the terminal stations. At all 
the stations there is a cavity wavemeter with an 
accuracy of one part in 10,000 and a range of 800 to 
1,000 megacycles and an ultra-high-frequency watt- 
meter with an accuracy of 0-5 decibel and a power 
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range of one to 60 watts. In addition, a heterodyne 
frequency meter is provided at each terminal station 
which, by comparison with the Droitwich signal of 
200 kilocycles, measures frequencies in the 800 to 
2,000 megacycles range to within one part in 100,000. 
This unit is used to calibrate the cavity wavemeters. 

Stayed masts were installed for the preliminary field 
trials and the temporary reversible system. These 
have been replaced by self-supporting steel towers of 
galvanised steel lattice construction varying in height 
from 65 to 125 ft. to the centres of the aerials, depending 
on the local site conditions. An illustration of the 
permanent tower at Dunstable is given on the left of 
Fig. 11, opposite, with a temporary tower on the right. 
Only two of the paraboloids, however, are shown on the 
permanent tower. The structural design of the towers 
was based on the assumption that the paraboloids 
might be completely covered with ioe in the event of a 
temporary failure of the de-icing system ; and that the 
members might also carry a coating of ice. The wind 
pressure in the case of a tower completely covered by 
ice was assumed to be given by 


P = 25 + Ib. per sq. ft., 


where H is the height above ground of the area under 
consideration. The forces imposed on the tower 
members by windage are considerably greater thaa 
those imposed by any vertical loads. In order to cater 
for the varying angles between the paraboloid axes, the 
steelwork immediately behind the latter had to be 
designed to suit the particular station at which, the 
tower was to be erected. For the purpose of strength 
calculation, however, it was assumed that the parabo- 
loids were mounted with their axes in the direction of 
the wind force being considered. The foundations 
were oriented to ensure the maximum accuracy of the 
axis in azimuth and the final adjustment of these 
axes was carried out at the paraboloid bearings. 

As will also be seen from Fig. 11, the permanent 
towers are surmounted by a 9-ft. square signal cabin in 
which all the radio equipment is housed. These cabins 
were designed as completely screened cages. They are 
thermally insulated to minimise condensation and are 
equipped with axial-flow fans to provide forced ventila- 
tion to the transmitter cubicles. The power and 
control circuits, which are run up the towers, are 
encased in welded stainless-steel sheaths. The cables 





thus formed are supported on chocks attached to the 
back of the channel rails on which a power-operated | 
hoist runs. Access to the cabin is obtained by a 
staircase up the middle of the tower. The terminal | 
towers at each end of the link are mounted on Post | 
Office telephone exchange buildings and are of | 
** Eiffelised” design, as illustrated in Fig. 12, opposite, | 
which shows the Birmingham tower. All the radio 
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CONTRACTS. 


THE BURNTISLAND. SHIPBUILDING Co., LTD., Burnt- 
island, Fife, are to build two self-trimming colliers for 
Wm. Cory & Son, Ltd., London. The first, a steamer of 
4,600 tons deadweight, will be built by the firm’s asso- 
ciated company HALL, RUSSELL & Co., LTp., Aberdeen. 
The propelling machinery will consist of triple-expansion 
superheated-steam engines supplied by the NorTH 
EASTERN MARINE ENGINEERING Co. (1938), Ltp. The 
second collier is a motorship of 2,700 tons deadweight. 
The propelling machinery will consist of 1,050-b.h.p. 
Diesel engines constructed by BRITISH POLAR ENGINES, 
Lrp., Glasgow. The Burntisland Company have, more- 
over, secured a contract to build a 7,800-ton deadweight 
cargo motorship for A/S Rederiet Odfjell, Bergen, 
Norway. This vessel will also be built by Hall, Russell 
& Co., Ltd., while the 6,000-b.h.p. Gray-Polar geared 
Diesel engines, to give the vessél a speed of 15 knots, will 
be constructed by the CENTRAL MARINE ENGINE WORKS 
(Wm. Gray & Co., LTD.), West Hartlepool. 


THE CALEDON SHIPBUILDING AND ENGINEERING CO., 
Ltp., Caledon Shipyard, Dundee, have received an order 
for one 18,000-ton deadweight tanker for Mr. Iver Bugge, 
Larvik, Norway. Propelling machinery of the Bur- 
meister and Wain type will be supplied by HaRLanp & 
WoLrr, LTp., Belfast. The Caledon Company have also 
received an order for two cargo vessels, each of 7,500 tons 
deadweight capacity, from H. Hogarth & Sons, 
Glasgow. The propelling machinery of these two 
vessels will be supplied by Jonn G. Kincaip & Co., 
Ltp., Greenock. . 


Joun I. THoRNycROoFT & Co., Lrp., Thornycroft 
House, Smith-square, London, S.W.1, have obtained a 
contract from the South African Railways for heavy- 
duty three-axled motor vehicle chassis to the value of 
over 500,0001. The majority will be equipped with eth 
firm’s 170-b.h.p. petrol engine and the remainder with a 
Thornycroft Diesel engine. All vehicles will be required 
to haul a trailer over rough country roads having long 
average gradients of 1 in 9 and maximum gradients of 
1 in 5. 


THE BLYTHSWOOD SHIPBUILDING Co., LTD., Scotstoun, 
Glasgow, have secured orders for two single-screw oil-tank 
steamers. The larger will be of 20,000 tons deadw ight 
capacity and furnished with double-reduction ge red 
turbine machinery capable of giving her a speed of about 
154 knots on fully-loaded trial. She is being built te 
the order of the Baltic Trading Co., Ltd., London. The 
other tanker, the order for which has beer placed bY 
Skibs A/S William Hansens Rederi, Bergen, Norway, 
will have a deadweight capacity of 3,500 tons. lier 
machinery will consist of triple-expansion engines £1V' g 
her a speed of 11 knots when fully loaded. The mach 


equipment is installed in a cabin at roof level, only the | ery for both ships will be supplied by Davin Rows & 
radio-frequency and heater cables being run up the towers. ' Co., Lrp., Glasgow. 
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NOTES ON NEW BOOKS. 
Radio Laboratory Handbook. 


By M. G. ScroeelE, B.Sc., M.I.E.E. Fifth edition. 

lliffe and Sons, Limited, Dorset House, Stamford- 

street, London, S.E.1. [Price 15s.] 
THE fifth edition of this popular book appears with 
little change ; wisely, perhaps, since its original purpose 
was to teach the fundamentals of radio and electrical 
measurements. The new techniques associated with 
wavelengths, unknown to the practical engineer when 
the Handbook was first published in 1938, are ample 
subject matter for a new book. For the junior tech- 
nician and the amateur, it provides sound instructions 
presented in a descriptive style, easy to read and to 
absorb. The use and limitations of the basic measuring 
instruments, and the techniques of measuring funda- 
mental circuit parameters, are clearly expounded by an 
author of long practical experience who is fully aware 
of the requirements of the reader who often needs to 
know not only how to use his test gear, but also how 
to ma'« it. The book is generously illustrated with 
explanatory circuit diagrams and half-tone reproduc- 
tions of typical test equipment. 





Time Pases (Scanning Generators): Their Design and 
Development, with Notes on the Cathode-Ray Tube. 
By 0. S. PucKLE, M.B.E., M.I.E.E. Second edition. 
Chap nan and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 30s. net.] 
AFTEr. ‘ive impressions, and translations into French 
and D itch, this book has been completely revised and 
pract lly doubled in size for the second edition. The 
new material covers the extensive advances made 


ae the war years, and the expanding television 
> iagsall Amorg the most significant of these new 
in i ae, Covenopancate are the marked improvements 
-theemge 6 Bnd the accuracy of initiation of the 
? gether with a notable increase in trace velocity, 
—. ‘cy In anti-aircraft fire, despite the doubling in 


od of the target. 
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have occurred in connection with frequency dividers, 
counting circuits and blocking oscillators, so that it is 
now possible to measure times of the order of one 
microsecond with considerable precision, and rather 
longer intervals with accuracies of the order of one 
part in 50,000. Mr. Puckle’s wide first-hand knowledge 
of all aspects of the subject is clearly apparent in his 
accounts of recent work, where details of circuits and 
values of circuit components are preceded by discussions 
of the principles underlying their operation. Adequate 
cross-references are provided. Chapter IX, dealing 
with ‘ Miller-Capacitance Time Bases,” is entirely new, 
as also is Appendix V, on “ Simple Electrical Computing 
Networks.” Extensive additions and modifications are 
to be found throughout most of the original chapters. 
One of the principal uses of the time base is in connection 
with the cathode-ray tube, and the first appendix con- 
tains a masterly exposition of its construction and 
functioning, together with a most useful discussion on 
the causes of distortion. 





Electronic Engineering Master Index, 1949. 


Electronics Research Publishing Company, Incor- 
porated, 480, Canal-street, New York 13, N.Y., U.S.A. 
[Price 17.50 dols.] 


ELECTRONIC engineering and its related subjects form 
a wide field of activity, served by an enormous literature. 
The individual who buys the technical journals out of 
purely amateur interest, and the professional worker 
who is well served by the libraries and circulating 
schemes organised by laboratories and factories, share 
the problem of how to record in accessible form the 
many papers and articles, of interest but not immedi- 
ately applicable, which are encountered in their reading. 
This is the problem tackled by the compilers of this 
Index with conspicuous success. To those unfamiliar 
with the previous volumes, it may be stated that the 
aim is to provide references to all the literature on the 
subject, published throughout the world in the period 





+.) : ° 
‘t of which has been the attainment of greater | under review. The 12,000 entries in this volume cover | 


|articles in the world’s technical periodicals, all books 
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elsewhere), British and American official reports, the 
reports of the British and American investigators of 
war-time activities in Germany and Japan, and 
American patents. The general classification is under 
subjects (themselves separately indexed), often with 
sub-divisions—an arrangement which appears to -meet 
the requirement for ready reference. The publica- 
tions covered are separately indexed, with the addresses 
of the publishers, and the index of subjects also 
includes cross-references to previous volumes, extending 
back to 1925. The service offered by the Index to 
research and development workers would be difficult to 
over-estimate. The further service of providing back 
numbers or photographic eopies of articles in «many 
publications, however, may not be generally available 
in this country. A slight language difficulty may also 
be found to exist ; for example, the whole field of sound 
recording and reproduction may be concealed from 
some British inquirers because they are listed under the 
general heading of ‘‘ phonograph.” 





Lioyp’s REGISTER WRECK STATISTICS.—Statistics 
issued by Lloyd’s Register of Shipping show that, during 
the quarter ended September 30, 1950, 37 merchant 
ships making together 49,327 gross tons were totally 
lost or condemned owing to casualty or stress of weather. 
Of these, four ships totalling 16,817 tons were owned in 
this country. Ships otherwise broken up or condemned, 
during the same quarter, totalled 93 and aggregated 
264,719 tons. Out of these, 24 ships, comprising 70,546 
tons, were owned in the United Kingdom. 


MECHANICAL ENGINEERING LABORATORIES OF THE 
MANCHESTER COLLEGE OF TECHNOLOGY: ERRATUM.— 
In our description of the plant in the above laboratories, 
we stated, on page 361, ante, that the vertical engine 
which was illustrated in Fig. 8, on Plate XIX, accom- 
panying the article, was constructed by Messrs. Robey 
and Company, Limited. This is incorrect, as the engine 
made by Messrs. W. Sisson and Company, of 
| Gloucester. There is a Robey engine in the laboratories, 





was 


Other major developments published in America (and many of those published | but it is a horizontal compound. 
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RADIO-CONTROLLED SHIP 
MODELS.* 


By S. G. Lankester and 8S. G. DREIER. 


In certain investigations—for example, the develop- 
ment of improved types of rudders for destroyers and 
motor torpedo-boats—free self-propelled models are 
used. For steering investigations at the Admiralty 
Experimental Works, Haslar, electrically-propelled 
wooden models up to 26 ft. long are run in Horsea 
Lake and, so far, have been controlled either by human 
helmsmen or by a special time-clock. The model starts 
on a straight approach course from the side of the 
Lake for about 20 to 50 yards, carries out a complete 
circle and then stops (Fig. 1). During the run, its 
course is plotted by a special camera. Motor speed, 
rudder torques and pressure, and heel, are recorded 
automatically. The circles are repeated for different 
speeds of approach and rudder angles. 

The aim of the experiments is to forecast the steering 
ner -oggr of the full-scale ship, and, more particu- 
arly, to assess the improvement (or otherwise) in the 
steering performance resulting from fitting different 
forms of rudder or from making alterations to the after- 
body of the ship. The change resulting from one small 
alteration may only be a reduction of 2 or 3 per cent. 
in the steering-circle diameter, or in the rate of turn, 
and it is therefore important to ensure that the rudder 
angle is always exactly repeated. 

A helmsman is undesirable because he is too heavy 
and is also inclined instinctively to shift his weight 
when the model goes into a turn, and so alter the angle 
of heel, which will affect the turning circle. For motor 
torpedo-boat investigations, where a high power : weight 
ratio is required, the weight of a helmsman canno tbe 
accepted. Larger models cannot be used, since increase 
in size would mean increase in the approach run and 
turning circle, which would not conveniently fit into the 
lake area. 

Recent models, therefore, have all been controlled 
by a time-clock, evolved at the Admiralty Experiment 
Works, which gives the necessary rudder order after a 
predetermined time of approach run, and stops the 
main motors after the circle is turned, through a series 
of relays. At the end of each run, the model is collected 
4 motor op ef and towed back to its starting point. 

he setting of the time intervals on the clock, and the 
course on which the model is released, have to be very 


accurate ; otherwise there is a risk of the model 
turning outside the field of view of the recording camera 
or colliding with the bank. With a 1/9th model 


at a scale speed of 15 knots (45 knots for a full-sized 
ship), a head-on collision with the bank may mean 
heavy damage to the model and to the recording 
instruments mounted in it. Moreover, collecting the 
model by motor boat is a time-wasting factor. Much 
valuable work has been carried out using this method, 
but much time would be saved and risk of damage to 
the model avoided with a satisfactory system of remote 
control. Work at Horsea Lake is very dependent on 
wind and weather conditions, so it is essential that every 
effort be made to carry out as many runs as possible 
in the comparatively few really suitable days in the 
year. 

The most important requirement for a system of 
remote control of a steering model is that the rudder 
angle applied by a given order from the shore should 
be accurate to within 0-1 deg. The control should 
also be able to cause the main motors to run slowly 
for the normal return run, and to stop them in an 
emergency. Its weight should be under 20 lb. 

One of the two radio-control systems now under 
development at the Admiralty Experiment Works uses 
a transmitter frequency within the band permitted 
by the General Post Office for model-control systems. 
By means of a telephone-type dial switch and control 
unit, signals of up to ten rapid impulses can be trans- 
mitted, preceded by a long pulse, at any single opera- 
tion of the dial ; the long pulse “ saturates ” the ship- 
borne unit via a slugged relay until dialling is com- 
pleted, which prevents incorrect interpretations being 
accepted. A tone-modulated carrier wave is used to 
reduce the chance of the model responding to inter- 
ference. 

The model carries a receiver designed to operate a 
uniselector switch and a succession of relays. Dialling 
transmits a series of signals to the model which are 
“sorted” by the control unit, and relays operate the 
main motor switch and steering motor. The weight 
of this system is about 27 lb., excluding the weight of 
the 12-volt battery required for power supplies. In 
some models, it should be possible to obtain the 12 
volts from a tapping off the batteries driving the 
propulsion motors. 

A series of contacts at 5 deg. spacing are attached 
to the steering quadrant and connected to a uni-selector 
(Fig. 2). On dialling, for example, the codes for “ Port 





* Communication from the Admiralty, London, S.W.1. 
Abridged. 








Rudder” and ‘25 degrees,” the steering motor is 
started in the port direction and one bank of the 
selector is connected to the 25-deg. contact. When a 
wiper arm on the rudder stock reaches the 25-deg. 
contact, a relay trips and the steering-motor current is 
interrupted. A magnetic brake, which is “ held off” 
for the whole time that the steering motor is energised, 
prevents over-running. The various codes available 
are shown in Table I. 


TABLE I. Codes Available in Shore Control Unit. 


frequency from an audio beat-frequency oscillator, 
The receiver output is connected to a low-frequency 
discriminator, tuned to a normal mid-frequency of 
500 cycles per second, and two or more filters, tuned to 
4,000 and 8,000 cycles, respectively. The discrimin:tor 
operates a two-way moving-coil relay which energises 
the steering motor to port or starboard, depending 
on whether it receives a “‘ positive” or “‘ negative ” 
signal. One of the tuning condensers of the discrimi- 


TABLE II. Code for Typical Operation. 





Code. Evolution. | Indiéator Light. 


Evolution. Code. 





2 Stop Nil 

3 Start Blue 
6 Slow Opal 
4 Port | Red 

5 Green 
i | 
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So that the operator may be aware which codes are 
operative, indicator lamps in the shore unit are illu- 
minated when the appropriate signals are dialled. In 
the ship-borne unit the whole system restores to 
normal, i.e., to the no-signal condition, automatically 
after each evolution is completed ; in order, however, 
that the operator may know the latest “‘ state ’’ of the 
model, it is arranged that automatic homing takes 
place in the shore unit only after the first four codes, 
i.e., Start, Stop, Starboard and Port. After all subse- 
quent codes, the control unit remains in the energised 
state although the unit in the model, which is similar 
electrically, has restored ; the operator can thus see 
the last intelligence transmitted to the model, even 
though the model-control unit is restored to normal. 
The operator presses a manual clearing button before 
dialling any code subsequent to the fourth code, to 
restore the control unit to the no-signal condition, and 
avoid incorrect indicator lamps being illuminated. 

As an example of a typical operation: to start a 
model, run with rudder amidships, carry out a 360-deg. 
turn to starboard with 15 deg. of rudder, and then 
proceed slowly to the opposite shore, the codes would 
be as indicated in Table II. 

A possible disadvantage of the above system, 
especially if more complicated mancuvres are re- 
quired, is the time taken to dial each required order. 
An alternative system now under development uses a 


Start model... Be 

Rudder amidships ont 

Starboard turn with 15 | Press clearing button, dial 5, then 83. 
deg. rudder 

Rudder amidships 

Slow a we 

Stop 


Press clearing button, dial 7. 
.| Press clearing button, dial 6. 
2 





nator is connected to the tiller of the model so that, 
in the “ hard-a-starboard ”’ position, the mid-frequency 
becomes 600 cycles, and 400 cycles for hard-a-port. 

On raising the modulation frequency from 500 to, 
say, 550 cycles, the discriminator output energises the 
steering relay in the starboard direction. When 22 
deg. of starboard rudder is reached, the mid-point of 
the discriminator frequency becomes 550 cycles per 
second, the steering relay is de-energised, and the 
steering motor stops. On transmitting signals with a 
modulation frequency of 4 and 8 kilocycles per second, 
the model is slowed and stopped, respectively, by means 
of relays connected to the two higher-frequency filters. 

The dial code system of radio control has already 
been tried in a wax model in the Haslar tank, and, 
after small modifications, will soon be in use at Horsea. 
The discriminator system is in the preliminary develop- 
ment stage, but promises satisfactory results. 





TRADE PUBLICATIONS. 


Industrial Vacuum Cleaner.—C.M.1. Products, Ltd., 8, 
New College-parade, Finchley-road, London, N.W.3, have 
issued two pamphlets, one of which gives particulars and 
operating instructions of an industrial vacuum cleaner ; 
the other deals generally with the use of compressed air 
for industrial cleaning. 


Screwdrivers.—We have received a leafiet describing 
the purpose and use of a shock-action screwdriver 
manufactured by C.M.I. Products, Ltd., 8, New College- 
parade, Finchley-road, London, N.W.3, with which 
seized and rusty screws may be removed and counter- 
sunk screws may be tightly driven into hard wood. 

Drawing Office Equipment.—We have received from 
W. G. Pinner & Co., 1, York-road, Birmingham, 16, a 
leaflet giving particulars of the “ Precima’”’ drafting 
machine, incorporating the functions of a T-square, set- 
square, ruler and protractor. A universal ball-joint 
drawing-board holder with a full 360-deg. movement, 
and other drawing office equipment are also described. 


Scraper Chain Conveyor.—British Jeffrey-Diamond 
Ltd., Stennard Works, Wakefield, Yorkshire, have 
issued an illustrated leafiet giving particulars of a scraper 
chain conveyor for heavy-duty longwall-face conveying, 
capable of handling material at rates from 80 to 250 tons 
per hour. It can be driven by either a 25-b.p. electric 
motor or a 25-h.p. compressed-air turbine. 


Engineering Uses of Rubber.—A well-illustrated bro- 
chure entitled ‘‘ Elastomeric Engineering Examples,” has 
been prepared by the André Rubber Co., Ltd., Kingston 
By-Pass, Surbiton, Surrey, to show the application of 
rubber to engineering purposes. The book consists of 
three sections, dealing with structural components 
comprising rubber bonded to metal, moulded rubber 
details, and rubber protective coatings. 


Boiler Furnaces.—The Turbine Furnace Co. Ltd., 
2388, Gray’s Inn-road, London, W.C.1, have published 
an illustrated brochure describing the “Turbine ” 
furnace for boiler plants. The grate comprises troughs 
of diminishing cross-sectional area, each carrying 4 
number of firebars set at a suitable angle to ensure low 
resistance to the forced draught. Steam-jet forced 
draught is normally provided, but the furnace can also 
be adapted to fan-forced draught. It can be used in 
conjunction with mechanical stoking. 


Cements for Chemical Plant.—A second edition of the 
booklet Cements Used in Chemical Plant Construction. by 
R. Ward, which was first published in 1944 and has 
been out of print for some time, has been published gratis 
by Doulton & Co., Ltd., Doulton House, Albert-embank- 
ment, London, S.E.1. The booklet is divided into four 
sections, the first dealing generally with the properties 
and applications of cements ; the second, third and fou rth 
sections consider in greater detail the characteristics and 
uses, respectively, of hydraulic cements, acid-resis' ing 





transmitter with amplitude modulation at variable 


cements, and plastic cements ard lutes. 
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ROLLING MILL FOR HOE AND TROWEL BLADES. 


BRONX ENGINEERING COMPANY, LIMITED, LYE. 








ROLLING MILL FOR HOE AND 
TROWEL BLADES. 


THE accompanying illustration shows a new type 
of rolling mill for producing the blades of hoes and 
builders’ trowels which has been introduced recently 
by the Bronx Engineering Company, Limited, Lye, 
near Stourbridge. The machine is suitable for both 
the eye type of hoe familiar in this country, and the 
tang type of hoe, largely supplied to plantations over- 
seas, in which the tang of the hoe is simply fitted into 
a bamboo cane. Blades weighing up to 2 lb. can be 
handled. 

To resist the tension loads imposed by the top 
roll, the framework of the machine consists of two 
cast-iron housings secured to a cast-iron ribbed base- 
plate by four steel tie-bars, held at the bottom by 
wedge keys and tensioned by the tie-bar nuts at the 
top of the housing. An extension of the baseplate 
supports the gearing and the flywheel. The mandrel 
rolls, which are machined from 0-45 per cent. carbon- 
steel forgings, are supported in phosphor-bronze bushes 
enclosed in split cast-iron chocks; the top roll is 
adjustable for height over a small range, each upper 
chock being suspended by tie-rods from a bridge piece 
clearly shown in the illustration, mounted on an 
adjusting screw. A cast-iron breaker block is provided 
between the chock and the base of the adjusting screw 
to guard against overloads and jamming. Different 
patterns of hoe can be accommodated simply by 
changing the rolling chills, which are secured to the 
mandrel rolls by taper wedges and keys. 

A 15-h.p. motor drives the rolls through V-belting 
and a V-pulley bolted to the steel flywheel, and thence 
through double-reduction gearing to the top and 
bottom mandrel rolls, giving a roll speed of 55 r.p.m. 
The final drive to the top roll is through an idler gear, 
which remains in mesh with the gearwheel keyed to the 
roll over the whole range of vertical adjustment. ll 
the gears are of fabricated-steel construction with 
machine-cut teeth. 

When manufacturing hoes, the steel blanks are first 
stamped out. With eye-type hoes, a further operation 
on & power press is required to form the eye in which 
the wooden handle is secured. The blanks are then 
teady for rolling; after heating, they are given their 
first two passes through the end-spreading rolls, seen 
at the left of the illustration, in which they are cross- 











rolled to the required width. The blanks are then 
re-heated and are rolled to the correct length by two 
passes through the long rolls between the housings. 
Eye-type hoes can be located by the operator placing 
the eye of the hoe in a recess on the bottom roll, but 
this method is not possible with tang-type hoes. The 
light trolley which can be seen in the front of the 
machine has therefore been incorporated to locate the 
prongs holding the hoe blank and to feed the blank 
into the rolls. After end-rolling, the blanks are trimmed 
to the finished size, formed to the required curvature 
in a press, then sharpened, ground and painted. 





ELECTRICAL FREQUENCY RECORDER.—A frequency 
recorder which has been developed recently by Messrs. 
George Kent, Limited, Luton, consists essentially of a 
Wien bridge. This bridge embodies resistances and con- 
densers, of the values necessary to provide the required 
range, usually 47 to 51 cycles per second, and mechan- 
ically-coupled slide wire contacts by which the circuit is 
balanced. The scale of the instrument is approximately 
linear, its accuracy is + 0-03 cycle per second over the 
whole range and it is sensitive to changes of less than 
0-01 cycle. 





FILM ON PRODUCTION AND USE OF STEEL CASTINGS.— 
An industrial sound film, entitled ‘‘ Great Names ”’ and 
produced by the Big Six Film Unit, 35, Endell-street, 
London, W.C.2, for Messrs. F. H. Lloyd & Co., Ltd., 
James Bridge Steel] Works, near Wednesbury, Stafford- 
shire, was recently first shown in London. It runs for 
30 minutes and depicts the production of steel castings 
at Messrs. Lloyd’s works, and their subsequent machining 
and use in the construction of dumpers, road 
rollers, locomotives, cement-making and mining machin- 
ery, mobile forging manipulators, coke-oven and ore- 
sintering plants and excavators, in the works of numerous 
engineering companies. Among these are Aveling- 
Barford, Ltd., Associated Portland Cement Manufactur rs 
Ltd., Distington Engineering Co., Ltd., the North British 
Locomotive Co., Ltd., Ransomes & Rapier, Ltd., Ruston- 
Bucyrus, Ltd., the Vulcan Foundry, Ltd., and Wellman 
Smith Owen Engineering Corporation, Ltd. We are 
informed that sound tracks of the commentary on the 
film, in French, Spanish, Portuguese and Turkish, have 
now been made and that copies of the film are to be sent 
to many overseas countries. 





LAUNCHES AND TRIAL 


M.S. “‘ SHANKLIN.””—Twin-screw vessel with accom- 
modation for 1,400 passengers, mails and general cargo, 
built and engined by William Denny & Brothers, Ltd., 
Dumbarton, for the Portsmouth-Ryde ferry service of 
British Railways, Southern Region. Main dimensions : 
200 ft. overall by 46 ft. by 10 ft. 6 in. to main deck ; 
draught 7 ft.; gross tonnage, 965. Two Denny-Sulzer 
eight-cylinder Diesel engines together developing 1,900 
b.h.p. at 375 r.p.m. Speed, 144 knots. Launch, 
February 22. 


M.S. * AGumLa.”—Single-screw tug and water-carry- 
ing vessel, built by Philip & Son, Ltd., Dartmouth, for 
the Comp&nia Sud-Americana de Vapores, Valparaiso, 
Chile. Main dimensions: 110 ft. between perpendicu- 
lars by 25 ft. by 12 ft. 3 in.; capacity of fresh-water 
tanks, 160 tons; carries two towhooks, each with a 
working load of 10 tons. Four-cylinder Diesel engine, 
to develop 680 b.h.p. at 260 r.p.m., constructed by 
British Polar Engines, Ltd., Glasgow. Speed, 10} knots. 
Launch, February 28. 


M.S. “ AIGRETTE.”—Single-screw trawler, built and 
engined by Chantiers et Ateliers Augustin Normand, 
Le Havre, France, for the Société des Pécheries de 
l’Océan, Arcachon, Gironde, France. Main dimensions : 
105 ft. between perpendiculars by 23 ft. by 13 ft. 3 in. ; 
fishroom capacity, 4,450 cub. ft. M.A.N. six-cylinder 
four-stroke single-acting Diesel engine to develop 450 b.p. 
at 207 r.p.m. and aspeed of 10} knots. Launch, March 8. 


M.S. “‘ CELIA B.”—Single-screw water-carrying vessel, 
built by Philip & Son, Ltd., Dartmouth, for the Fal- 
mouth Corporation, for service in Falmouth Bay and 
on the Helford River. Main dimensions: 52 ft. by 
15 ft. by 6 ft. 4 in.; carrying capacity, 50 tons. Six- 
cylinder oil engine fitted with 2 to 1 reduction gearing 
and electric starting, to develop 72 b.h.p. at 1,200 r.p.m., 
manufactured by L. Gardner & Sons, Ltd., Manchester. 
Speed, 64 knots. Launch, April 3. 


M.S. “* Vanga.”—Single-screw oil tanker, built by the 
Furness Shipbuilding Co., Ltd., Haverton Hill, County 
Durham, for Skibsaktieselskapet Nordheim, Oslo, Nor- 
way. Main dimensions: 560 ft. between perpendiculars 
by 80 ft. by 42 ft. 3 in.; deadweight capacity, 24,800 
tons on a summer draught of 32 ft. 34 in. Hawthorn- 
Doxford six-cylinder two-stroke single-acting opposed - 
piston oil engine, to develop 6,600 b.h.p. at 115 r.p.m. 
in service, constructed by R. & W. Hawthorn, Leslie & 
Co., Ltd., Hebburn-on-Tyne. Speed about 14 knots. 
Launch, April 5. 


M.S. ‘* ARBITRATOR.”’—Single-screw cargo vessel, built 
and engined by William Doxford & Sons, Ltd., Sunder- 
land, for Thos. & Jas. Harrison, Ltd., Liverpool. Last 
vessel of an order for four. Main dimensions: 460 ft. 
overall by 59 ft. 6 in. by 37 ft. 8 in.; deadweight capa- 
city, 10,000 tons on a draught of 26 ft. 6 ia. Doxford 
four-cylinder opposed-piston oil engine, to develop 3,300 
b.h.p. at 108 r.p.m. Service speed, about 12} knots. 
Launch, April 5. 


M.S. “ BLACKWALL Pornt.”—Single-screw collier, built 
by S. P. Austin & Son, Ltd., Sunderland, for the British 
Electricity Authority, London, W.1. Second vessel of 
an order for two. Main dimensions: 260 ft. between 
perpendiculars by 39 ft. 6 in. by 18 ft. 6 in.; deadweight 
capacity, about 2,700 tons on a draught of 17 ft. 1 in. 
Clark-Sulzer eight-cylinder two-stroke  single-acting 
trunk-piston Diesel engine, developing 1,280 b.h.p. at 
225 r.p.m., constructed by George Clark (1938), Ltd., 
Sunderland. Service speed, 10} knots. Launch, April 5. 


M.S. “‘ Hore EAGLe.”—Single-screw oil tanker, built 
by Sir James Laing & Sons, Ltd., Sunderland, for A/S 
Leif Hoégh & Co., Oslo, Norway. Second vessel of an 
order for two. Main dimensions: 565 ft. between per- 
pendiculars by 74 ft. 9 in. by 41 ft. 6 in.; deadweight 
capacity, 23,000 tons on a draught of 32 ft. Six-cylinder 
opposed-piston oil engine, to develop 6,800 b.h.p. at 
118 r.p.m., constructed by William Doxford & Sons, 
Ltd., Sunderland. Speed, 144 knots. Launch, April 6. 


S.S. “Sr. LEeGER.”—Single-screw trawler, built by 
Cook, Welton & Gemmell, Ltd., Beverley, Yorkshire, 
for Thomas Hamling & Co., Ltd., Hull. Sixth post-war 
vessel built for these owners. Main dimensions : 189 ft. 
by 32 ft. by 16 ft. 3 in.; gross tonnage, 750; fishroom 
capacity, 15,750 cub. ft. Triple-expansion steam engine 
to develop 1,100 i.b.p. at 130 r.p.m., and one oil-fired 
multitubular boiler, constructed and installed by Charles 
D. Holmes & Co., Ltd., Hull. Speed 13 knots. Launch, 
April 9. 


H.M.S. “‘ DucHEess.”—Seventh of the Daring class of 
destroyers ; built by John I. Thornycroft & Co., Ltd. 
Southampton, for the Royal Navy. Extreme length 
390 ft. ard beam 43 ft. To carry six 4-5-in. guns and 
six smaller guns, and to mount two “ pentad ”’ torpedo 
tubes on deck. Geared steam turbines constructed by 
the shipbuilders will be installed. Fifth vessel in the 
Royal Navy to be named Duchess. Launch, April 9. 





ENGINEERING. 





APRIL 20, 195i. 








WOOD-BURNING LOCOMOTIVE. 


NORTH BRITISH LOCOMOTIVE 


COMPANY, LIMITED, GLASGOW. 
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WOOD-BURNING 4-8-2 LOCO- 
MOTIVES FOR PORTUGUESE WEST 
AFRICA. 


Srx Class-11 4-8-2 locomotives, designed for burning 
wood with a calorific value of 7,600 B.Th.U. per lb., 
have been built at the Hyde Park Works of the North 
British Locomotive Company, Limited, 110, Fleming- 
ton-street, Glasgow, N., for the Benguela Railway 
Company. They embody rather more than the usual 
refinements and accessories for steam locomotives, 
and the tender is carried on two four-wheel bogies. 
The design and inspection of the locomotives at the 
builders’ works was under the supervision of the 
consulting engineers, Messrs. Freeman Fox and 
Partners. The engines and tenders have recently been 
shipped, fully erected, to Lobito, Angola. One of the 
locomotives is shown in the accompanying illustration. 

The track gauge is 3 ft. 6 in. and the maximum axle 
loading in full working order does not exceed 13 tons. 
The locomotives are required for hauling passenger 
trains of 500 tons up gradients of | in 80 and on curves 
with a minimum radius of 300 ft. The grate area is 
40 sq. ft. (7 ft. 6 in. long by 5 ft. 3f in. wide) ; the boiler 
pressure is 200 lb. per square inch ; the two cylinders 
have a bore and stroke of 21 in. and 26 in., respectively ; 
the diameter of the coupled wheels is 4 ft. 6 in. ; and the 
tractive effort at 85 per cent. of the boiler pressure is 
36,100 lb. The weight on the coupled wheels being 
51-65 tons, the adhesion factor is 3-2. The weight of 
the engine in working order is 79-65 tons, and of the 
tender 51-7 tons. 

The boiler barrel consists of three rings, the external 
diameter of which is 5 ft. 14} in. and 5 ft. 44 in. at the 
front and rear, respectively. The distance between 
the tubeplates is 19 ft. 3 in., and there are 76 tubes of 
2} in. outside diameter and 26 superheater flue 
tubes of 5} in. outside diameter. The heating surfaces 
amount to 958 sq. ft. for the small tubes and 665 sq. ft. 
for the large tubes (total, 1,623 sq. ft.); 154 sq. ft. 
for the firebox (including three arch tubes) ; and 420 sq. 
ft. for the superheater. The total evaporative surface is 
therefore 1,777 sq. ft., and the combined total, evapora- 
tive and superheater, is 2,197 sq. ft. The round-top 
firebox is stayed radially and the inner box is of copper. 
The roof stays are of Longstrand steel, with four rows 
of flexible stays at the front to allow for expansion. 
Rigid water-space stays are of copper and flexible 
stays in the breaking zones of Longstrand steel. The 
brick arch is supported by three water tubes with an 
outside diameter of 3 in. 

The smokebox is fitted with a Kylchap exhaust 
system and provision is made for counter-pressure 
steam inlets at the bottom of the blast pipe. An 
efficient spark arrester is also provided, and the 
main steam pipes are solid-drawn steel tubes with 
lens joints arranged in accessible positions. The 
superheater is a standard Melesco unit, with 26 elements 
of 1} in. outside diameter, and the header is fitted 
with a Gresley anti-vacuim valve. A Foster pyrometer 
is alsod provided. The regulator is situated in the 
dome and is actuated by zearing on the right-hand side 
of the cab. The firegrate has been designed for burning 
wood, as already noted, and is provided with a drop 
section at the front end. The ashpan is of the single- 
hopper type, with a drench system and a bottom 
sliding door controlled from the footplate. An Ajax 
steam-operated firehole door is fitted, with an Auld’s 
steam-reducing valve, a firehole protector and deflector 
plates. 

The asbestos mattresses which lag the boiler and 
firebox are held by mild-steel sheets with stainless-steel 
bands. The steam fittings include a Gresham and 
Craven No. 12 S.A. injector, a Davies and Metcalfe 
No. 11 class-J exhaust-steam injector, two 34-in. Ross 
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pop safety valves, a 1}-in. Everlasting blow-off cock 
and two sets of reflex water gauges.” The main steam 
stand is mounted on top of the firebox, outside the 
cab. , 

The main frames, each in one continuous length, are 
machined from 34-in. rolled-steel slabs and are stayed 
by a number of steel castings. The coupled axleboxes 
are of solid bronze, with Ajax grease lubricators and 
grease blocks, and with greage lubrication to the hub 
faces. The axlebox guides and wedges are fed with oil 
from reservoirs cast in the axlebox crowns. Laminated 
bearing springs are fitted throughout, and those from 
the leading coupled wheels to the trailing-truck wheels 
inclusive are compensated, with the coupled-wheel 


springs overhung. The drawgear consists of Henricot’] 


automatic couplers at the front of the engine and the 
rear of the tender (the latter fitted with Spencer- 
Moulton spring draught gear); coupler centralising 
gear; an emergency draw hook and shackle at the 
front of the engine ; an intermediate drawbar, with a 
coil spring at the tender end ; and safety links between 
the engine and tender. 

Each cylinder, of cast iron, is integral with half the 
saddle, and the barrels and steamchests are fitted with 
renewable cast-iron liners. Hendrie by-pass valves, 
and anti-vacuum valves of the South African Railways 
pattern are mounted on the steamchests. A steam- 
chest pressure gauge and relief valves are also provided. 
The counter-pressure brake system consists of a steam 
valve which admits steam to the exhaust passages of 
the cylinders, and a water valve, on the firebox back, 
below the water level, which admits water to the top of 
the steamchests and both ends of the cylinders. A 
Wakefield Eureka sight-feed lubricator, four-feed 
type N, delivers oil to the cylinders. 

Walschaerts valve gear actuates 11-in. piston valves, 
and the reverse gear is of the Hadfield steam-operated 
type. Roller bearings are fitted to both ends of the 
eccentric rods; elsewhere in the motion, bronze 
bushes are used, lubricated by grease through holes in 
the centres of the pins. Ajax automatic soft-grease 
lubricators are used for the valve-spindle crosshead 
guides. The crossheads and slidebars are of the Laird 
type, and the connecting and coupling rods are fluted, 
with grease-lubricated floating bushes at the crankpin 
bushes. The front bogie is a spring-beam design, with 
side control by laminated springs; Skefko roller 
bearings are fitted to the axleboxes, and the bogie 
centre pivot is provided with an oil-lubricated bronze 
liner. The hind truck is also fitted with Skefko roller 
bearings, but side control is by means of coil springs. 

Brake blocks, acting on the front of all coupled 
wheels except the leading pair, are controlled by a 
Gresham and Craven steam-brake valve, but for the 
vacuum brakes of the tender and train, the same firm’s 
SSJ-type ejector is fitted. Counter-pressure braking 
apparatus, similar to that already in use on the Benguela 
Company’s Class-9C locomotives, is provided. Other 
equipment on the engine includes Lambert wet- 
sanding gear; a Teloc speed recorder; and Stone’s 
electric lighting equipment, with a turbo-generator, 
headlight, lamps for the cab, gauges, etc., and plugs 
for a portable inspection lamp. 

The tender has a water capacity of 5,000 gallons 
and a wood-fuel capacity of 650 cub. ft. The tank and 
bunker are of welded construction, with internal wash 
plates and with staying arranged so that every part of 
the tank is accessible to a man entering through the 
filling hole. The tank is fitted at the rear end with a 
cock for connecting to an auxiliary water wagon. The 
underframe is built up of steel channels and sections 
welded together. Skefko roller-bearing axleboxes are 
fitted to the tender bogies, which are of the plate-frame 
spring-beam type ; the centre pivots, like that on the 
engine bogie, are fitted with oil-lubricated bronze liners. 
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Underhung laminated bearing springs and adjustable 
spring links are fitted, and a 2l-in. vacuum-brake 
cylinder actuates blocks on the outside of all tender 
wheels. 

The principal dimensions, apart from those men- 
tioned, are : diameter of front bogie wheels, 2 ft. 44 in., 
and of hind-truck and tender wheels, 2 ft. 10 in.; 
coupled wheelbase, 14 ft. 5 in.; engine wheelbase, 
32 ft. 3 in. ; engine and tender wheelbase, 60 ft. 2 in. ; 
height from rail to boiler .centre-line, 8 ft. 74 in.; 
height from rail to top of chimney, 13 ft. 2 in.; and 
total length, cow-catcher to tender coupler, 69 ft. 3 in. 
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THE MOTOR TANKER ‘“ CREDO.’’ 


WE illustrate above a Diesel-engined tanker, the 
Credo, which has been completed recently by Messrs. 
Vickers-Armstrongs Limited at their shipyard at 
Walker-on-Tyne, to the order of the Norwegian firm 
of A/S Jensens Rederi II, of. Arendal. As will be 
seen, she is of the single-deck type, with machinery 
aft and with poop, bridge, and topgallant forecastle. 
She has a cruiser stern. The principal dimensions 
are: length overall, 605 ft. 104 in.; length between 
perpendiculars, 565 ft.; breadth moulded, 80 ft. ; 
depth moulded to upper deck, 42 ft. 6} in. The 
summer draught is 32 ft. 6} in. and the deadweight 
capacity is 25,150 tons. The dry-cargo capacity is 
78,789 cub. ft. Propulsion is by a single screw, driven 
by a Doxford opposed-piston oil engine of 6,600 brake 
horse-power, constructed by the shipbuilders. The 
above power is developed at 115 revolutions per 
minute, and a mean indicated pressure of 88 lb. per 
square inch. On trial, it is stated, 7,200 brake horse- 
power was obtained. The sea speed is 13} knots. 

The cargo space is divided into 11 triple tanks, five 
being in the middle body, with groups of three forward 
and three aft, these groups being separated from the 
‘midship five by the two pump rooms, which are of 
the full width of the centre tanks, with cofferdams on 
each side extending through the wing tanks. At each 
end of the cargo-tank space there is a cofferdam extend- 
ing for the full breadth of the ship. Longitudinal 
framing is adopted throughout the length of the cargo 
Space, and transverse framing at the ends of the ship. 
The longitudinal bulkheads are corrugated horizontally 
and the transverse bulkheads vertically. The trans- 
verse framing is riveted, and riveting is used also for 
the bilge strakes of the shell plating and for the gun- 
wale bars. With these exceptions, the main tank 
structure is welded. Cross bunkers, for the fuel oil for the 
main engine and the two cylindrical auxiliary boilers, 
are arranged between the forward end of the machinery 
Space and the after cofferdam, and additional fuel is 
carried in double-bottom tanks under the engine room, 
and in two deep tanks forward of the cargo tanks. 
The total fuel capacity is 1,843 tons. Feed water also 
's carried in double-bottom tanks under the engine 
room, the capacity of these being 289 tons. Dry 
cargo can be carried in the space above the forward 
deep tanks, in the *tweendeck spaces, and in the fore- 
castle and part of the bridge structure. 

_The cargo-oil loading and discharging system con- 
‘ists 0: 12-in. pipes from all wing and centre tanks to 
12-in. crossover pipes on deck, six of which are adjacent 
to the after pump-room and two to the forward pump- 


room. A 12-in. main extends from the after crossover 
Pipes co the stern, and 10-in. mains on the port and 
Starboxrd sides connect the forward and after cross- 


overs. On the starboard side there is also a 6-in. oil- 
fuel transfer line, extending from the engine room to 








the oil-fuel pump-room, which is forward of the cargo 
tanks. The cargo-oil pumps, all of which were supplied 
by J. P. Hall and Sons, Limited, Peterborough, are of 
the horizontal duplex type, with a combined capacity 
of 4,500 tons an hour. J. P. Hall and Sons also sup- 
plied the two stripping pumps, which have a capacity 
of 110 to 150 tons an hour. 

The deck officers are accommodated in the bridge 
house and the engineers in the poop. The accommo- 
dation for both officers and crew is designed on notably 
liberal lines, there being suites consisting of a day 
cabin, sleeping cabin and bathroom for the captain 
and for the owners ; and of a day cabin, sleeping cabin 
and office for the chief officer and the chief engineer. 
The rooms for the owners and the captain, with a smoke- 
room between, are on the captain’s bridge. On the 
bridge deck, below the captain’s bridge, are the cabins 
of the chief officer, the second, third and fourth officers, 
and the pilot, and also a library. On the boat deck are 
the dining saloon ; a hospital with four beds ; a dental 
surgery and a cabin for a dentist (distinctly unusual 
features) ; and a cabin and office for the chief stewar- 
dess. 

In the poop there are, in addition to the chief 
engineer’s accommodation, the deck officers’ and 
engineers’ messroom, cabins for four engineers, cabins 
and messrooms for the petty officers, crew, and catering 
staff, the galley, washplaces, changing and drying 
rooms, and a Turkish bath. The crew are housed in 
one-berth and two-berth cabins along the ship’s sides 
and across the front of the poop. Aft of the engine 
casing are the refrigerated stores, with the refrigerating 
machinery room on the port side. In the correspond- 
ing space on the starboard side is a laundry, and sundry 
provision stores. Other provision stores, and the deck 
stores, are arranged at the after end of the poop. The 
four 26-ft. steel lifeboats are carried by Schats gravity 
davits, with electric winches for hoisting the boats in. 
Two of the boats are selfspropelled, and one carrics a 
portable wireless equipment. 

The main propelling machinery, as stated, is a 
Vickers-Doxford opposed-piston engine. It has six 
cylinders of 670-mm. bore and a combined stroke of 
2,320 mm., and drives a Stone “‘ Heliston”’ bronze 
propeller. The engine framing and bedplate are 
welded throughout. The shafting is carried in Michell 
bearings. Three double-acting scavenge pumps are 
fitted at the back of the engine and are driven by levers 
from the centre crossheads of Nos. 1, 2 and’3 cylinders. 
A Bibby-Doxford detuner is provided at the forward 
end of the engine to damp out torsional vibrations. 
The turning gear is electrically driven. In general, 
the main engine is of the normal Doxford design. The 
auxiliary machinery is in duplicate, one set being 
electrically driven and the other steam-driven. At 
sea, the main-engine exhaust gases will be used to raise 
steam in a “‘ Nelvin ’’ waste-heat boiler, which also acts 
as a silencer. This steam will be used to drive the 
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steam pumps, and to heat the fuel oil and the domestic 
hot-water supplies, and the main-engine water and 
oil pumps will be electrically driven. It is expected 
that, in these circumstances, it will not be necessary 
to raise steam in the two Scotch boilers except when 
working cargo or using the Butterworth tank-cleaning 
system. Surplus steam from the waste-heat boiler 
will be used, however, to keep the Scotch boilers 
warm and ready for service, Weir hydrokineters being 
fitted to the Scotch boilers to maintain a circulation. 

The Scotch boilers are single-ended, 16 ft. 9 in. in 
external diameter and 12 ft. 6 in. long, each with four 
3 ft. 43 in. corrugated. furnaces with Stephen-Gourlay 
back ends. The heating surface of each boiler is 
about 3,300 sq. ft., and the working pressure is 180 Ib. 
per square inch. This pressure is required for the 
cargo-oil pumps and the tank cleaning system, the 
engine-room auxiliaries being designed to give their 
full output -with steam at 120 lb. per square inch. 
The oil-fuel burning equipment is of the Todd type, 
the burners being fitted to Todd-Howden furnace 
fronts. The forced-draught fan, supplied by James 
Howden and Company, can deliver 17,000 cub. ft. of 
air per minute against 3 in. w.g.; it is steam-driven 
by two engines, one being a stand-by. Spark arresters 
are fitted in the boiler uptakes. 

The main-engine pumps are all independently driven. 
The pumps for the jacket water and the piston-cooling 
water, and the sea-water circulating pumps are all 
supplied by Drysdale and Company; the jacket and 
piston pumps have a total capacity of 300 tons an hour, 
and the circulating pumps, 410 tons an hour. The 
electrically-driven lubricating-oil pump is of the Imo 
type, made by Mirrlees Engineering, Limited ; and the 
corresponding steam-driven set, a direct-acting vertical 
duplex pump, by J. H. Carruthers and Company. The 
main-engine valve-cooling pumps are supplied by 
Worthington-Simpson, Limited. Serck coolers are 
fitted in the main-engine water and oil systems, and 
Auto-Klean strainers in the lubricating-oil system. 
Starting air is provided by two three-stage two-crank 
compressors, driven by steam engines; they are sup- 
plied by G. and J. Weir, Limited, and each has a 
capacity of 175 cub. ft. of free air per minute. In 
addition, there is a Reavell electrically-driven com- 
pressor, with a capacity of 20 cub. ft. of free air per 
minute, for topping up the air bottles at sea. All three 
compressors deliver at 600 lb. pressure per square inch. 
For air storage, there are two reservoirs, each of 
225 cub. ft. capacity. 

Other auxilizries include two Diesel-driven generating 
sets ; these have their own fresh-water and oil pumps, 
but the sea-water circulation through the heat 
exchangers is supplied by an independently-driven 
centrifugal pump, made by W. H. Allen, Sons and 
Company. There are three Alfa-Laval centrifugal oil- 
purifiers, two being for Diesel oil and having a through- 
put of 3 tons an hour each, and the third, for lubricating 
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oil, a throughput of 800 gallons an hour. Drysdale 
and Company supplied the electrically-driven bilge, 
general service, and domestic fresh-water pumps, 
which have capacities of 150 tons, 85 tons and 5 tons 
an hour, respectively ; the bilge pump delivers against 
a head of 60 ft. and the general service pump, 170 ft. 
Steam-driven pumps are also provided, of similar 
capacities and duties, by J.H. Carruthers and Company, 
and the same firm supplied a pump, to deliver 100 tons 
an hour at 200 lb. per sq. in., for the tank-cleaning 
system ; it discharges through a Serck heater. The 
boiler feed pumps, feed tank, feed heater and feed filter 
are supplied by G. and J. Weir, Limited, and the 
condenser, made by Vickers-Armstrongs Limited, is 
of the Weir “ Uniflux” design. For feed make-up, 
there is a Caird and Rayner evaporator with a capacity 
of 30 tons a day, and the same makers supplied the 
high-pressure distiller. A “Turbulo ’’ separator is fitted, 
capable of dealing with 50 tons of oily water an hour. 

The steering gear is of the electric-hydraulic type and 
was constructed by Brown Brothers and Company, 
Edinburgh. It has four rams, operated by two 
independent pumping units, either of which, working 
alone, can move the rudder from hard over to hard over 
in 30 seconds. If the two pumps are used together, 
this time is reduced to 18 seconds. The deck auxiliaries 
comprise three winches and a windlass, all steam-driven 
and all supplied by Clarke, Chapman and Company. 
One winch has cylinders 7 in. in diameter, with a stroke 
of 12 in., and the others have cylinders 10 in. in diameter 
and 14 in. stroke. The windlass cylinders are 12 in. 
diameter and 15 in. stroke. The winches have ex- 
tended warping drums, and 20-in. diameter warping 
ends are also provided on the intermediate shaft of the 
windlass. Of the tubular steel derricks, five are 
designed for 5-ton lifts and one for 3 tons. There is a 
very complete equipment of fire-extinguishing plant. 
A 4-in. copper steam main is led from the engine 
room under the fore and aft gangway, with a 1}-in. 
branch to each cargo tank; and, in addition, a 1-in. 
perforated pipe is led to the bottom of each tank and 
a 14-in. pipe to each pump room, from the deck steam 
main. The usual wash-deck system is provided, and 
there are also chemical and foam extinguishers through- 
out the machinery spaces and the accommodation. 
The vessel has been built under the survey of Lloyd’s 
Register of Shipping, to their 100 Al classification for 
the carriage of petroleum in bulk. 





BRITISH STANDARD 
SPECIFICATION. 


Tae following publication of i interest 
has been issued by the British S Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of the paragraph. 

Modular Co-ordination.—The first report of the 
British Standards Institution on Modular Co-ordination 
has now been published as B.S. No. 1708: 1951. The 
committee state that, for the purpose of the present 
report, the module is defined as a unit to be used in the 
design of buildings and as a basis for the co-ordination, 
firstly, of design and construction and, secondly, of 
standard building materials and components. The 
module forms the basis of a three-dimensional recti- 
linear “‘ grid” which, when used for all types of building 
ensures that standard materials and components can be 
used together and, in turn, will fit into the general 
design layout. The committee stress that modules 
which are units for basic design must not be confused 
with the usual units of measurement such as inches or 
centimetres, althcugh, in practice, modules may be 
expressed by any such normal units of measurement. 
The committee have concentrated on detailed applica- 
tions of horizontal (plan) modules and have reached the 
conclusion that a large unit measuring 3 ft. 4 in. offers 
great advantages both from the design aspect and in 
practical applications. Moreover, a proposal has been 
put forward for the adoption of preferred units for 
height (sectional) use based on increments of 8 in., 
which is an even fraction of the proposed plan module 
of 3 ft. 4 in. In their report the committee point out 
that they have now reached a stage where a very 
considerable amount of work, both on paper and in the 
form of practical experiments, will be needed in order 
to proceed further. It has been thought desirable, 
therefore, to inform the building industry of the con- 
clusions so far reached and to obtain the industry’s 
reactions and comments which may assist the contin- 
uation of the work. [Price 2s. 6d., postage included.] 





INSTITUTE OF MARINE ENGINEERS.~-The 1950 Parsons 
Memorial Lecture will be delivered by Professor L. C. 
Burrill, Ph.D., M.Se., at the Institute of Marine Engineers, 
85, The Minories, London, E.C.3, commencing at 5.30 p.m. 
on Tuesday, May 22. Professor Burrill will take as his 
subject “‘ Sir Charles Parsons and Cavitation.” 
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BULLDOZING EQUIPMENT FOR 
** TRACKMASTER ”’ TRACTOR, 


Tue Trackmaster tractor was introduced by Messrs. 
David Brown Tractors, Limited, Meltham, Yorkshire, 
some two years ago but, until recently, the range 
of attachments designed for use in conjunction witn 
it was only suitable for agricultural purposes. The 
scope of the tractor has now been considerably widened, 
however, by the introduction of hydraulically-operated 
bulldozing equipment designed and manufactured by 
Messrs. Blaw Knox, Limited, Clifton House, Euston- 
road, London, N.W.1. A tractor of this size, fitted 
with bulldozing equipment, may prove extremely useful 
as it can be transported to work sites not normally 
accessible to larger machines and on smaller-scale 
projects it can be used with considerable economy. 

The Trackmaster is by no means the first track-laying 
tractor produced by Messrs. David Brown as, during 
the second world war, they made many tractors of the 
D.B.4 type. A photograph of the latest Trackmaster 
is reproduced on this page, where it is shown fitted with 
the Blaw Knox equipment. A general description of 
this tractor, however, was published in ENGINEERING, 
vol. 168, page 112 (1949), in connection with the Royal 
Show of that year, so it will suffice to give brief details 
here. It is powered by the manufacturers’ four- 
cylinder direct-injection Diesel engine; this unit has 
a bore and stroke of 3§ in. and 4 in., respectively, and 
develops 25 belt horse-power at 1,600 r.p.m. The 
transmission comprises a Borg and Beck single dry-plate 
clutch, a three-speed gearbox, with high and low ratios, 
giving a total of six forward and two reverse speeds, the 
usual form of spiral-bevel drive to the rear cross-shaft 
and final-reduction side spur gears. Controlled 
differential steering is employed, epicyclic gearing and 
a spur-type differential being arranged so that a definite 
turning radius is obtained when either of the steering 
brakes is applied. With this system it is impossible 
to lock the tracks, both tracks continuing to move 
throughout the turn. The tracks are of conventional 
construction and tension in them is maintained by a 
coiled spring which permits movement of the idler in 
the usual manner. The machine has an overall length 
of 113 in., a minimum width of 55 in. and a height of 
56 in., excluding the exhaust pipe and air intake. 

The hydraulic bulldozer was designed specifically by 
Messrs. Blaw Knox for the David Brown tractor and, in 
general, follows the firm’s standard practice for this 
class of equipment. It is shown in position in the 
illustration and it will be noted that the blade is sup- 
ported from the track frames by substantial longitu- 
dinal members, the actual point of connection being 
designed so that there is a high and a low position 
for each member; therefore, by using the higher 
position at one side and the lower position at the other, 
it is possible to give the blade a certain degree of end-to- 
end tilt. The blade is curved to ensure a satisfactory 
rolling action of the material and the ends are closed to 
prevent side spillage and to give added strength. 
Its angle of penetration can be set at any one of 
three values, this adjustment being provided by struts, 
one at each side, which join the top of the blade to the 
corresponding longitudinal member and the lower ends 
of which have three points of attachment. 

As will be seen from the illustration, the blade is 














raised and lowered by means of hydraulic rams, one 
at each side. These actuate crank arms which, in turn, 
are connected to the longitudinal members through 
drop arms, the drop arms being spring loaded to 
prevent shock loads being transmitted to the hydraulic 
rams and the piping of the hydraulic circuit. The 
hydraulic rams and the pivot points for the crank arms 
are fitted to saddles mounted over the tracks and sup- 
ported from the track frames, a position which keeps 
them out of harm’s way and clear from abrasive 
materials. Entry of oil into the rams is controlled by 
a small valve situated conveniently beside, and within 
easy reach of, the driver. The valve has only three 
positions, namely, lift, hold and lower, and renders the 
blade exceptionally easy to manceuvre. Oil is supplied 
under pressure from a large-capacity storage tank 
by a gear-type pump driven from the rear power take-off 
of the tractor. The capacity of the storage tank is four 
gallons and pressure of the working circuit 500 lb. per 
square inch. 

The equipment is of robust but compact construction 
and does not add very much to the length of the 
tractor which, in its standard form, is 9 ft. 5 in. and, 
when fitted with the bulldozer, 11 ft. 43 in. The blade 
length is 5 ft. 84 in. and the blade height 2 ft. 5} in., 
the maximum lift being 3 ft. 2} in. and the maximum 
depth of digging 84 in. The weight of the complete 
equipment is 1,900 lb. 





JOURNAL ON DEVELOPMENTS IN VACUUM RESEARCH 
AND ENGINEERING.—The first number of a new quarterly 
journal, to be devoted to a review of developments in 
vacuum research and engineering, has recently made its 
appearance. It is dated January, 1951, and is entitled 
Vacuum. The journal is addressed to the research 
scientist who depends for his success on vacuum appara- 
tus, to the industrialist who depends, in his production, 
on vacuum processing, and to the specialist who depends 
in his work on the results of such research and processes. 
The journal has two main sections, namely, original 
contributions and abstracts. Book reviews and letters 
to the Editor are also included. The subscription fees are 
11. 5s. in the British Isles and 11. 10s. abroad, and the 
publishers are W. Edwards & Co. (London), Ltd., 
manufacturers of vacuum equipment and associated 
scientific apparatus, Worsley Bridge-road, Lower 
Sydenham, London, 8.E.26. 





SUMMER SCHOOL IN WELDING.—The an 
Research Association, 29, Park-crescent, London, W.1, 
is to hold a summer school on ‘“‘ Welding Design and 
Engineering ”’ at Ashorne Hill, near Leamington Spa, 
Warwickshire, from Friday, May 25, until Saturday, 
June 2. The course will open with two introductory 
days during which recent developments in welding 
practice and metallurgical aspects of welding ferrous and 
non-ferrous metals will be discussed. After this there 
will’be 5} days devoted to general and specialised lect ures 
on welding problems and welding applications. Evening 
discussions on general topics of importance to welding 
engineers will be held. Employers who wish to send 
members of their staff to the school, and persons who wish 
to attend may obtain further particulars and application 
forms from the secretary of the Association, at the above 
address, 
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THE BRITISH INDUSTRIES FAIR AT 


BIRMINGHAM-—I. 








Tus 30th British Industries Fair opens next 
Monday, April 30, at Castle Bromwich, Birmingham, 
and at Earl’s Court and Olympia in London. 
Although a number of non-annual exhibitions fall 
this vear, such as the Engineering and Marine 
Exhibition and the Gauge and Tool Exhibition, the 
B.LF. will, as usual, contain much of engineering 
interest ; in particular, contractors’ plant, metals 
and alloys, mechanical-handling equipment, fur- 





naces, instruments, tools, and quarry, mining and 


Cade 


Fig. 1. Contrnvovus 


colliery equipment will be well represented. Whereas 
the South Bank exhibition and the Kelvin Hall 
(Glasgow) exhibition of the Festival of Britain will 
be selective and designed to illustrate specific 
“themes,” and will achieve this, to some extent, by 
using models and illustrations, the B.L¥. is, of 
course, a trade fair, with a wide range of products. 
Its great value to British industry is shown by the 
fact that, last year, more than 5,000,000/. worth 
of orders were placed while the Fair was on, and 
lx months later orders were still coming in from 
Visitors to the Fair. 

Appropriately for an exhibition which seeks to 
serve the needs of industry as a wrole—specialised 
industries have their own exhibitions—the engineer- 
ing and hardware section is held at Birmingham. 
As usual, this section is being organised by the 
Birmingham Chamber of Commerce, in collaboration 
with the Board of Trade, and will provide rather 
more than 490,000 sq. ft. of space for the 1,241 
exhibitors. An area of about 70,000 sq. ft. in the 
outdoor section will be occupied by the member 


firms of the Federation of Manufacturers of Con- 
tractors Plant, who will be showing a comprehensive 
range of equipment. At Earl’s Court there will be a 
Commonwealth section, where 22 countries will 
exhibit, as well as sections relating to foodstuffs, 
furniture, general and sales services, leather goods, 
plastics, pottery, glassware, suction cleaners, textiles 
and clothing. At Olympia the sections will cover 
office appliances, printing machinery, scientific and 
optical equipment (including exhibits of the Scien- 





S.W.1, will show several interesting gas-fired furnaces 
and air heaters, including the furnace illustrated in 
Fig. 1, herewith, and described later. An impressive 
exhibit forming the centrepiece of the stand is a 
full-size annealing and stress-relieving bogie furnace, 
constructed by the Dowson and Mason Gas Plant 
Company, Limited, Levenshulme, Manchester. It 
is similar to that shown in Fig. 4, on Plate XX XITI, 
in course of erection for the Motherwell Bridge and 
Engineering Company, Limited, which is believed 
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tific Instrument Manufacturers’ Association), and a 
number of other industries. The whole Fair will 
cover 2,861 exhibitors and 90 industries, their 
exhibits displayed on 1,028,584 sq. ft. of stand 
flooring. The value of the exhibits is estimated at 
10,000,0001. 

The Fair will be open each day at Castle Brom- 
wich, Earl’s Court and Olympia from Monday, 
April 30 to Friday, May 11, between the hours of 
9.30 a.m. and 6 p.m., except on Sunday; on tbe 
last day, Friday, the Castle Bromwich exhibition 
will close at 4 p.m. These hours apply only to 
home and overseas buyers; the public will be 
admitted at Castle Bromwich every day from 
2 p.m. and on Saturday all day, and at Earl’s Court 
and Olympia on Saturday, May 5, and Wednesday, 
May 9, only. 

In this series of articles we adhere to our custom 
of describing briefly as many as possible of the 
exhibits that are, in general, new or improved and 





of engineering interest. 
The Gas Council, 1, Grosvenor-place, London, 





to be the largest furnace ever built in this country 
to be fired with town gas, with a gas consumption of 
26,000 cub. ft. per hour; it will take loads up to 
100 tons. The furnace casing consists of a structural- 
steel framework supporting steel-plate walls, which 
are lined with light-weight insulating refractories, 
supplied by Messrs. Kingscliffe Insulating Products, 
Limited, Loxley, Sheffield, the interior surfaces being 
coated with a special cement which seals the pores of 
the brickwork. Behind the insulating refractory is a 
layer of diatomaceous insulation which reduces the 
heat loss still further. The furnace door, not shown 
in Fig. 4, consists of a number of sections with 
machined joints, lined with light-weight insulating 
refractories threaded on to vertical steel rods. Sand 
troughs seal the top and bottom of the door against 
the escape of hot gases under high pressure. The 
door, which is counterbalanced, slides vertically 
between two upright columns at the top of which is 
supported a cross-shaft carrying the sprocket 
wheels and chains by which the door is raised and 
lowered by a handwheel on the side of the furnace. 
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Company, LIMITED. 


The bogie carrying the loads undergoing heat- 
treatment is constructed of firebricks supplied by 
the Glenbcig Union Fireclay Company, Limited, 
and supports heat-resisting ircn rails on which the 
charge is placed. To prevent air entering the 
furnace, sand-seal troughs at the sides and front 
of the furnace can be filled when the bogie is with- 
drawn ; the rear end is sealed by a movable trough 
under the rear wall. This arrangement allows air to 
circulate around the underside of the bogie and 
eliminates any risk of overheating the axleboxes. 
Min-O-Max automatically-proportioning gas burners 
are installed at hearth level. By employing cross- 
firing, direct flame impingement is avoided; the 
hot gases are circulated by harnessing the energy 
of the burning gas and air mixture to draw gases 
from below the roof through refractory Venturi 
blocks built in the side walls; in addition to increasing 
the circulation, this procedure shields the material 
from being heated by direct radiaticn fiom the high 
temperatures in the combustion tunnels of the 
burners. 

Fig. 1 shows a multiple-tube roller-hearth furnace 
similar to that shown on the Gas Council stand, 
constructed by the Incandescent Heat Company, 
Limited, Smethwick, Birmingham, for continuous 
heating processes, such as the bright annealing of 
ferrous and non-ferrous metal pressings, strip, wire, 
sheet and tubes at temperatures up to 1,000 deg. C. 
A suitably conditioned atmosphere can be main- 
tained through all sections of the furnace. Gas is 
burned inside heat-resisting tubes which radiate 
heat ; the products of combustion are kept entirely 
out of contact with the load in the furnace. The 
tubes are fired from the charging end of the furnace. 
Automatic control of the air-gas ratio is provided, 
and each tube has a calibrating valve which can be 
adjusted so that more heat may be delivered 





towards the base of the shell where the wall thick- 
ness is greater. The temperature for annealing can 
be controlled to within + 5 deg. C. 

Another exhibit on the Gas Council stand is 
illustrated in Fig. 2, which shows an automatic 
slot fcrge furnace built by the Thermic Equipment 
and Engineering Company, Limited, Salmon-street, 
Preston, for the Sheffield cutlery industry. The 
many small gas-fired slot furnaces in current use in 
the cutlery industry, for heating the blanks prior to 
forging, are fired by opposed air-blast burners, the 
products of combustion being evacuated forward 
through the working slot. They are considered by 
the East Midlands Gas Beard to be uneconomical 
and uncomfortable for the operator ; it is difficult, 
moreover, to contro] their temperature over long 
periods of operation. The Thermic furnace on 
display has been designed to provide a more satis- 
factory solution. The overall dimensions of the 
unit are 4 ft. 84 in. high, 2 ft. 11 in. wide, and 
2 ft. 2 in. deep. The furnace casing is in }-in. 
mild-steel sheet supported. The sill and roof of the 
working slot are of ¥ -in. heat-resisting steel plate, 
the slot itself being of high-grade refractory. The 
casing of the furnace chamber is lined with 2 in. of 
low-temperature insulating material, then 44 in. of 
high-temperature insulation, faced with }-in. Car- 
borundum cement on the curved face on which the 
flames impinge ; the other internal surfaces are 
faced with high-temperature sillimanite cement. 
The burner is horizontally disposed under the slot ; 
it is fed from both ends with gas at normal pressure 
and air at a pressure of 3 Ib. to 1 lb. per square inch. 
The hot gases, which have a whirling motion 
imposed on them by the shape of the chamber, pass 
over the work in the slot with relatively high 
velocity, and are then recirculated by mixing with 
the higher-velocity gases from the burners and 
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finally deflected sideways through the flues, which 
are arranged at each end of the furnace. The rapid 
circulation promotes even heating and reduces the 
high-velocity ejection of hot gases through the 
working slot which was experienced on the earlier 
slot furnaces. The furnace is provided with an 
automatic time-cycle controller, which, through the 
operation of a solenoid valve, causes the gas flow to 
alternate between maximum rate of flow and a 
by-pass rate of flow according to a timing sequence 
which can be pre-set to maintain the desired tem- 
perature, which is indicated by a thermocouple. 
The furnace has a maximum gas consumption of 
475 cub. ft. per hour when heating up from cold, 
and reaches a temperature of 1,000 deg. (. in 
24 minutes. To maintain a temperature of 1,000 
deg. C., 375 cub. ft. per hour are consumed. 
Also to be shown on the Gas Ccuncil stand, by the 
North Thames Gas Board, is a direct-fired air heater 
which demonstrates the excellent stability of 
Hypact burner flame under forced draught. It 
employs a No. 300 Hypact burner consuming gas 
at 1 in. water-gauge pressure at a rate of 300 cub. ft. 
per hour. A Keith Blackman 12-in. diameter fan, 
rotating at 2,850 r.p.m., supplies 700 cub. ft. per 
minute of air at 3-in. water-gauge pressure. A full 
set of thermostatic and protective controls is incor- 
porated, including a temperature indicator and 
controller consisting of a mercury-in-stee] instru- 
ment operating a bellows and a micro-switch ; an 
electronic flame-failure device and spark ignition ; 
and an air-flow-operated fan-failure switch. The 
dimensions of the model on view are limited by the 
space available, but industrial applications _of 
similar design are possible with a gas consumption 
of 7,000 cub. ft. per hour. 
The tensile and other testing machines made by 
Messrs. Samuel Denison and Son, Limited, Hunslet 
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Foundry, Leeds, are so well known as to require no 
introduction. This year, the range of such equip- 
ment exhibited by the firm will include the self-indi- 
cating tensile-testing machine, known as Model T42, 
which is illustrated in the photograph reproduced 
as Fig. 3, opposite. As can be seen, the machine 
is of the vertical type, the specimen under test being 
held in @ pair of steel wedges. The load is applied 
by means of a single-speed non-reversing squirrel- 
cage motor driving the input shaft of a two-speed 
spur reduction-gear by means of a chain and 
sprocket wheels. The layshaft carries a worm 
which drives a worm-wheel through which passes 
the straining screw. This, and all the gears, 
are immersed in oil. The load on the specimen is 
determined by means of a sensitive lever system 
terminating in a dial-indicator. The upper wedge 
box is suspended from the main weigh-beam, the 
fulerum of which is on the main column of the 
machine. This beam is coupled to the dial through 
a subsidiary lever equipped with four separate 
knife edges. A bush bearing, moved by rotation 
of a handwheel, may be brought into contact with 
any one of the knife edges to provide a fulcrum 
for the lever. The machine has therefore four 
ranges. Simultaneously with the movement of the 
handwheel, a graduated scale appropriate to the 
range selected appears at the windows of the dial 
chart. A second pointer mounted on the glass 
covering the dial indicates the maximum load 
applied during the test. All the knife edges and 
bush bearings are of steel and are precision-ground 
and hardened; they are also interchangeable. 
Both the straining and weighing wedge-boxes are 
stee] castings and are open in order to facilitate the 
insertion and removal of the wedges and the 
specimen. An auxiliary hand-operated gearbox 
can also be fitted to the machine and this makes it 
suitable for proof-stress determinations. A two- 
speed or a four-speed reversing motor can also be 
fitted to give different rates of strain. An automatic 
limit switch prevents the straining wedge box from 
over-running either upwards or downwards. 
Outside the pavilion of the “600” Group of 
Companies, a selection of Jones KL mobile cranes, 
including the new 6-ton model KL66, designed 
and constructed by Messrs. K. and L. Steelfounders 
and Engineers, Limited, Letchworth, Hertfordshire, 
will be on view ; the 6-ton mobile crane, it is claimed, 
combines high-speed operation with sensitivity of 
control. Fig. 5,on Plate XX XIII, shows the crane 
with a 60-ft. jib, and Fig. 6 shows it with the stan- 
dard 20-ft. centres swan-neck jib. The framework 
consists of electrically-welded steel frames and steel 
castings, of the firm’s own manufacture. The 
standard power unit is a 37 brake horse-power 
Perkins Diesel engine, fitted with a maximum-speed 
g0vernor; alternative power units, however, can 
easily be fitted if desired. The engine drives 
each motion, i.e., hoisting, full-circle slewing, 
travelling and derricking, all of which are indepen- 
dent and reversible, through a dry-plate clutch and 
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machine-cut gears and roller chains enclosed in a 
gearbox with oil-bath lubrication. Brakes are 
fitted on all the motions, the hoisting and derricking 
brakes being automatically applied and manually 
adjustable. 

The crane slews on a ring of live rollers, a sprag 
being provided to lock the superstructure while 
travelling. A maximum slewing speed of 2} r.p.m. 
in either direction is provided ; slewing and hoisting 
can be carried out simultaneously. The maximum 
hoisting speed, with the full 6-ton load, is 40 ft. per 
minute, but loads up to 2 tons can be handled at a 
speed of 120 ft. per minute. An inching control 
for lifting or lowering is provided to allow the loads 
to be accurately placed. The derricking gear, which 
operates through a hard-steel worm and phosphor- 
bronze wormwheel, will raise the jib, with load, from 
maximum to minimum radius in 20 seconds. 

For travelling over rough and ‘boggy ground, the 
crane is provided with a four-wheel drive through a 
three-speed gearbox and differential gearing. When 
travelling light, the machine has a maximum 
speed of 6 m.p.h., can turn in a circle of 46-ft. 
diameter, and can negotiate gradients of 1 in 8; 
the full 6-ton load can be carried on level ground at 
speeds up to 3 m.p.h. When the superstructure 
is slewed, the steering is automatically corrected. 
The four road wheels are of the “restrictor” 
type, as on all Jones KL mobile cranes. The 
restrictor rings, which are slightly smaller in 
diameter than the heavy-duty pneumatic tyres, 
limit the tyre deflection and provide additional 
bearing area on soft ground; they also take the 
weight of the crane in the event of a sudden tyre 
burst, and prevent the machine from tipping. 
The crane can also be supplied on a crawler or a rail 
chassis, or without chassis for mounting on a lorry 
or fixed base. 

The principal exhibit on the outdoor stand of 
Messrs. Goodwin Barsby and Company, Limited, 
St. Margaret’s Ironworks, Leicester, is their Goliath 
mobile multi-unit crushing plant for quarries. 
Fig. 7, on Plate XXXIV, is a reproduction of a 
photograph taken earlier this year, showing the 
Goliath plant at Mancetter quarry, Leicestershire, 
where it was subjected successfully to rigorous 
testing of its mobility, flexibility, make-ready and 
crushing rate by an independent body. A towing 
speed of 20 m.p.h. for the plant, towed in two 
sections, was attained; the plant was set up in 
3 hours, and delivered 40-8 tons per hour of stone 
broken down to pass a 1}-in. screen, requiring only 
75 h.p. in all. The plant consists of two units, the 
primary crushing unit and the secondary screening 
and crushing unit; a third screening and storage 
unit may also be added. The primary crusher, 
mainly intended to feed the secondary crusher with 
stunes not exceeding 4 in., can also be adjusted to 
crush down to 24 in., at which the output is reduced 
to about half the maximum. Both primary and 
secondary units are carried on a heavy fabricated- 
steel chassis, with pneumatic-tyred wheels (twin 


wheels in the case of the primary unit) fitted with 
brakes, jacks for locating the vehicle on site, and 
drag bars ; power for operating the plant is provided 
by a self-contained Diesel engine on each vehicle. 

The primary unit comprises a Good-Win Acme 
roller-bearing breaker, fed from a 5-ton reinforced- 
steel hopper at the rear of the unit by a Good-Win 
heavy-duty apron feeder, carried on roller chains 
Operating on steel runners. The crushed material 
from the breaker falls on to a continuous rubber- 
belt conveyor, running on ball bearings, and is 
lifted clear of the unit to a height of 8 ft. to discharge 
on to the secondary unit; for travelling, the con- 
veyor hinges back. A feeder conveyor on the 
secondary unit carries the material discharged by 
the primary unit to a Vitex roller-bearing vibrating 
screen, with three decks, which classifies the material 
and directs it to two crushers or passes the screened 
material to the three stockpiling conveyors, the two 
larger grades of material being discharged on either 
side of the plant and the finer material at the forward 
end. The stockpiling conveyors fold back for 
travelling. The two crushers normally fitted on the 
secondary unit comprise an Acme roller-bearing 
granulator with self-aligning bearings, and roller- 
bearing fine-crushing rolls with renewable man- 
ganese-steel shells; they are driven by a heavy 
roller chain through steel reduction gearing. Both 
machines may be easily adjusted to reduce the size 
of the product to pass a }-in. screen, if desired. The 
product of the two crushing machines is passed by a 
return conveyor and a “ Raff wheel” back to the feed 
conveyor for rescreening ; there is thus no accu- 
mulation of rejects. By adding a third unit, 
consisting of a vibrating screen set above storage 
bins, it is possible to produce seven graded sizes of 
material. Other exhibits by Goodwin Barsby 
include a range of stonebreakers, concrete mixers 
and an unchokeable gravel pump. 

Messrs. Funditor, Limited, Woodbridge House, 
3, Woodbridge-street, London, E.C.1, will show, 
at Olympia as well as Castle Bromwich, a number 
of marking machines suitable for plastics, wood, 
metals, etc.; a sawing machine for plastics; 
drving and pre-heating ovens ; and electric furnaces 
with capacities from 1 cwt. to 1 ton, with automatic 
temperature control. The sand-jet marking machine 
and plastics circular saw were described on page 524 
of our 169th volume (1950), in connection with 
last year’s Fair. The pneumatically-operated can- 
embossing machine illustrated in Fig. 8, on Plate 
XXXIV, is designed for marking tin cans and lids 
with code numbers or letters and for producing em- 
bossed name plates. It is used largely by paint and 
food manufacturers. The can, lid or plate to be 
marked is supported on a sliding anvil which is 
adjustable for height and for the diameter of the can. 
A male die or interchangeable steel type is locked in a 
slot in the anvil, and the female counter-knurl is 
secured in the marking slide at the topof the machine. 
After the can or lid has been, placed in position on 
the anvil, the latter is pushed into position under 
the marking slide, the table is raised pneumatically 
by depressing a pedal, and the marking slide is 
actuated so that the female counter-knur! is rolled 
across the workpiece. The manufacturers state that 
this embossing process causes no damage to the tin 
coating or metal of the can—a matter of some 
importance in the food industries as it eliminates 
the danger of contamination by contact with 
ferrous metal. The machine is also available for 
treadle and hydraulic-pneumatic operation. The 
production rate depends on the arrangements for 
loading and discharging. To prevent operators 
from marking cans or lids in wrong positions, a 
safety device for this purpose can be fitted to the 
machine. 

The Funditor pneumatic marking machine is 
shown in Fig. 9, on Plate XXXIV. Its principle 
of operation is somewhat similar to that of the can- 
embossing machine, but it is suitable for flat, round 
and irregular surfaces of metal, plastic or wood. The 
table of the machine is raised pneumatically, and 
the marking slide, which is mounted on rollers, is 
traversed by means of the lever at the top of the 
machine. The slide is fitted with a carriage, with a 
spindle on which the type holder is free to rotate ; 
the spindle is provided with a registering device 





and a bayonet lock. Type up to 3 in. in length 
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and from yy in. to 4 in. in size can be accom- 
modated in the holder, and can be changed without 
removing the holder from the carriage. For 
marking round surfaces, a straight type holder is 
used ; it takes type engraved on a }-in. body with 
characters yy in. to } in. high. The movement of 
the marking slide is controlled by adjustable end 
stops and the depth of marking is governed by a 
variable-pressure control and gauge. The machine 
is available in four forms, namely, pneumatic, 
pneumatic-hydraulic, treadle, and lever. The pres- 
sure exerted by the table is 5,000 lb., 4,000 Ib. and 
3,000 Ib. for the first three, respectively, and the 
production rate is 500 to 700, 700 to 900, 400 to 600 
and 400 to 700 per hour, respectively. A special 
roller cradle is available for enabling twist drills, 
reamers, taps, cutters, etc., to be marked. 

Messrs. Electromagnets, Limited, Boxmag Works, 
Bond-street, Birmingham, 19, will be showing a 
varied range of permanent-magnet and electro- 
magnetic separators. Their principal exhibit will be 
a new type of magnetic feeder head for use with a 
band conveyor, and this, it is claimed, can exert an 
intensity of magnetic field some three or four times 
greater than the magnetic-pulley and magnetic-drum 
separators that are in current use. It is, therefore, 
particularly suitable for handling large quantities 
of material, such as foundry sand, meal, coal, flock, 
cement, etc., in a limited s In the new mag- 
netic head, which is illustrated in Fig. 10, on page 
487, a rubber and canvas conveyor belt passes, at the 
delivery end, over nine revolving rollers arranged 
between the poles of the magnetic head; the 
latter is stationary and, therefore, the space avail- 
able for the windings of the magnet is not limited 
by the diameter of the head, as is the case with the 
magnetic-pulley or drum separators. In the new 
head, all the magnetic flux is available for extraction, 
whereas with a pulley it is distributed around the 
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periphery. The magnet coils of the new unit can 
be removed for servicing without shutting down 
the conveyor. 

Messrs. Wrights’ Ropes, Limited, Birmingham, 9, 
will be drawing particular attention to their range 
of very large steel and hemp ropes and their exhibits 
will include sections from the ropes used to support 
the 300-ft. high ve:tical feature now erected on the 
South Bank site of the forthcoming Festival of 
Britain Exhibition in London. Sections of winding 
ropes supplied to the National Coal Board and to 
mines on the Continent and in the Far East will 
also be on view, and there will be examples of locked- 
coil aerial ropes designed for use on barrage con- 
struction in connection with hydro-electric power 
schemes. The range of large hemp ropes to be 
shown includes drop-stamp ropes and ropes for tow- 
ing and mooring ships. The associated Rollason 
Wire Company, Limited, Erdington, Birmingham, 
24, will show specimen coils from their range of 
alloy and high-tensile steel wires used in the motor- 
car and cycle industries and in the manufacture of 
bedding and seatings. 

Messrs. F. J. Edwards, Limited, 359-361, Euston- 
road, London, N.W.1, will exhibit a number of 
machines, under the trade name ‘“‘ Besco,”’ for sheet- 
metal work, press work and structural engineering. 
Of the six machines which are new, we illustrate 
and describe four, namely, a treadle guillotine, a 
guillotine shearing machine, a bar-cropping machine, 
and plate-bending rolls. The treadle guillotine 
shown in Fig. 11, on this page, is a rigid machine of 
fabricated steel-plate construction, and is suitable 
for accurately cutting mild steel, stainless steel, 
copper, brass, aluminium, rubber, fibre, mica, card- 
board, etc. It is made in two sizes, for maternal 





up to 36 in. and 48 in. wide ; the thickness in both 
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cases is 16 s.w.g. for mild steel, and in proportion 
for other materials. For the heaviest cut, only one 
operator is required. High-speed steel blades, in 
place of the normal blades, are used for cutting 
stainless steel; and for cutting rubber, fibre, mica 
and cardboard, the blade is ground to a more acute 
angle than for metals. 

The cutting-beam guides are of gunmetal and are 
adjustable for taking up wear. For repetition work, 
adjustable back, front and side gauges are fitted. 
The treadle is designed to prevent twisting if pres- 
sure is not applied centrally and is provided with a 
floor stop to obviate the possibility of injuring the 
operator's idle foot. When the treadle is depressed, 
a hold-down is actuated automatically, and the 
top of the cutting beam is completely covered to 
afford protection to the operator. 

The Model 96-10 guillotine shearing machine 
shown in Fig. 12, on this page, is suitable for widths 
of material up to 96 in., and for mild steel } in. 
thick. It is the largest of a range of seven such 
machines, with capacities of 36 in., 48 in., 72 in. 
and 96 in., some having direct drive suitable for 
14-s.w.g. material and others, like the Model 96-10 
machine, having geared drive, for thicknesses up to 
in. All the machines are of heavy cast construc- 
tion, with the several members rigidly bolted and 
braced. The under-crank arrangement imparts 
stability to the machines. Since the ends of the 
machine have gaps in line with the blades, sheets of 
any size can be trimmed. The bottom-blade beam 
rests directly on the end frames and is adjustable to 
bring the blades into perfect alignment. The top- 
blade beam is guided in long slides in the end frames, 
and is fitted with gibs. The blades, of alloy steel, 
have four cutting edges. Wet 

The clutch is of the “‘non-repeat ’’ multi-jaw type: 
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actuated by a latch box which is arranged so that, 
by turning a small lever, the machine can be made 
to operate for one stroke or to run continuously. 
The sliding clutch member is mounted on a splined 
sleeve which is secured to the end of the crank- 
shaft. The female clutch ring is carried on the hub 
of the flywheel, which is mounted on a long bronze 
bush. A coil spring forces the jaws on the clutch 
sleeve into mesh with the jaws on the clutch ring 
when the treadle is depressed. The motor drives 
the flywheel through multi V-belts. Geared 
machines have the motor mounted on a platform 
at the left-hand end of the machine, but on the 
ungeared machines it is at the right-hand end. All 
shafts, including the crankshaft, run in bearings 
with replaceable phosphor-bronze bushes, Adjust- 
able front and back gauges, and side squaring 
gauges, are provided. The hold-down clamp 
operates automatically when the treadle is depressed, 
and is designed to give a clear view of the cutting 
line and to act as a finger guard. The machine 
illustrated in Fig. 12 is driven by an 8-h.p. motor 
running at 1,500 r.p.m., and the number of strokes 
per minute is 65. 

The Besco bar-cropping machine, Model BS 50F, 
is shown in Fig. 13, opposite. It has been de- 
signed to meet the requirements of structural and 
reinforced-concrete engineering, and is of welded 
steel-plate construction, A safety shear pin is 
fitted to protect the mechanism from overload. 
The capacity of the machine is 1}-in. diameter 
mild-steel round bars, 5}-in. by -in. bars, and 
square or hexagon rods up to 1 in. Alternatively, 
@ number of smaller rods can be cut in one opera- 
tion. The flywheel shaft runs in ball and roller 
bearings; elsewhere, phosphor-bronze bearings 
are used, and the cropping ram moves in adjustable 
bronze guides. The drive is through a multi-tooth 
dog clutch, actuated by a cam for releasing and 
by coil compression springs for engaging. Gauges 
for setting the cutting length are provided, and 
® roller is fitted to the cropping gap to facilitate 
the forward movement of heavy bars or bundles 
of rods. The machine is driven by a 4-h.p. motor 
running at 3,000 r.p.m. 

‘The last machine made by Messrs. F. J. Edwards, 
Limited, which we describe, is the plate-bending 
rolls, type M, shown in Fig. 14, on the opposite page. 
It will produce curved or cylindrical plates from 
10 in. inside diameter, in lengths up to 8 ft.; two 
other models of the machine have capacities of 
4 ft. and 6 ft., respectively. The rolls are of high- 
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quality carbon steel, running in phosphor-bronze 
bearings, with a surface speed of about 23 ft. per 
minute. The top roll can be adjusted by square- 
thread jack screws and is provided with additional 
support at the geared end to enable the workpiece to 
be removed when the swivel bearing has been swung 
clear. The two bottom rolls are driven, through 
three pinions and a flexible tube and coupling, by 
a 7$-h.p. motor, 5-h.p. and 6-h.p. motors being used 
for the smaller machines. The gears run in an oil- 
bath. The motors are of the slip-ring type, con- 
trolled by drum reversing switches. 

Messrs. Kelvin and Hughes, Limited, New North- 
road, Barkingside, Essex, will be showing a range of 
instruments associated with the name of Lord 
Kelvin. These include the well-known mirror 
galvanometer, quadrant electrometer and electro- 


Fig. 16. ELectronic TEMPERATURE CONTROLLER ; 
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static voltmeter, but other instruments which 
date from the time of Lord Kelvin and will be 
on view are the Kelvin air-condenser, switch- 
board ammeter, marine ammeter and mouse-mill ; 
the last mentioned being an electricallv-driven 
electrostatic influence-machine for generating the 
high potentials required to electrify the ink used 
in the Kelvin syphon recorder. Among instru- 
ments developed in more recent times, the firm will 
exhibit their flue-gas analyser and _ |loss-meter, 
illustrated in Fig. 15, on this page. This instru- 
ment may be used to maintain a constant check on 
the composition of flue gases and to indicate the 
optimum firing conditions in a boiler or furnace 
plant. The loss-meter indicates the heat loss 
directly from measurements of the temperature and 
carbon-dioxide content of the flue gases, and, by 
displaying, at the same time, the percentage of 
carbon monoxide and hydrogen in the gases, provides 
a standard by which the quantity of air requisite 
for combustion may be determined. Another of 
the company’s exhibits will be the electronic temper- 
ature controller illustrated in Fig. 16. This instru- 
ment is intended to be used to contro] temperatures 
in furnace work. The electronic equipment is 
housed as a separate unit in the upper part of the 
case and, in the event of its breakdown, may be 
withdrawn and replaced by a spare unit in less than 
a minute; the ned for skilled maintenance is, 
therefore, obviated. Attention has been paid to 
safety in operation and, should the power supply to 
the instrument fail, the control unit immediately 
switches off the external apparatus. 

The name of Samuel Goodyear is a celebrated one 
in the development of rubber, and, on this occasion, 
the Goodyear Tyre and Rubber Company. Limited, 
Wolverhampton, will be including in their display of 
industrial rubber products a range of conveyor 
beltings. This will include oil-resisting and heat- 
resisting belts and examples of belting specially 
designed for employment in the food industry. 
A wide range of transmission belting and con- 
veyor belting will also be on view. Conveyor belt- 
ing has recently found rapidly increasing application 
in mines. Examples of V-belting will also be 
shown, including the type known as the rayon- 
cord V-belt. The lower half of the belt is of com- 
pounded rubber and the upper half contains high- 
tensile rayon cords which give the belt great 
strength and resilience. ‘The whole is enclosed in 
a tough fabric cover which maintains a firm grip on 
the pulley and resists wear. Samples of rotary 
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drilling hose and rayon-reinforced hose for loading 
and unloading petroleum products will also be on 
view. 

The Saunders Valve Company, Limited, Cwmbran, 
Monmouthshire, will be exhibiting a wide range of 
valves of different types, sizes and methods of 
operation. Pressure operation of valves will be 
illustrated by the inclusion of both piston and air- 
motor controlled types and the suitability of such 
valves for remote control will be demonstrated. 
One of the company’s range of diaphragm-operated 
valves is illustrated in the photograph reproduced 
as Fig. 17, on page 489. The working agent may 
be compressed air or hydraulic power. The valve 
opens against the reaction of overhead springs 
which immediately close the valve should the pres- 
sure fall below its working value. The company 
have also undertaken research into the composition 
of plastics suitable for employment as linings and 
diaphragms in valves used to control a wide range 
of industrial fluids. A number of centrifugal 
pumps will also be exhibited, including a pump 
of special design, supplied to dairies, breweries 
and similar establishments where fluids for human 
consumption are involved. All parts of this 
pump which are in contact with the fluid are of 
stainless steel and the installation may be dis- 
mantled quickly for cleaning. For this purpose, 
also, the impeller is divided, in order to expose 
crevices which would otherwise be inaccessible. 

British Insulated Callender’s Cables, Limited, 
Norfolk House, Norfolk-street, London, W.C.2, 
will be showing a one-third scale model of their new 
rope-parting machine. A photograph of the full- 
scale machine, which is suitable for parting steel and 
hemp-cored ropes of diameters ranging from @ in. 
to 4 in—exceptionally up to 14 in.— is reproduced 
in Fig. 18. The ends of the parted rope are left 
sealed and tapered, thus facilitating threading 
through blocks or pulleys and the subsequent 
clamping. The operation takes from 45 seconds for 
a §-in. diameter rope to two minutes for a 1-in. 
diameter rope; the corresponding times for the 
methods in general use being 12 and 20 minutes. 
The parting operation is carried out by fixing the 
rope in two clamping heads and passing a heavy 
current at low voltage through the portion of the 
rope held between the clamps. Initially, the 
rope is twisted by rotating one head to bring all 
the strands into close contact and to ensure even 
heating ; the rope is then stretched by traversing 
the other head until pronounced necking occurs ; 
burning through allows the molten metal to weld 
the ends of the strands and wires securely together. 

The substantial clamping heads, of cast-copper 
alloy, incorporate slotted three-jaw chucks of hard 
h‘gh-conductivity copper alloy. Two of the jaws 
on each head, provided with indicating scales, can 
be pre-set to take the particular size cf rope to be 
parted ; the rope is then laid in the slots, and the 
third jaw is clamped on to the rope with a box 
spanner supplied with the machine. The bearing 
surfaces are (f ample dimensions, to keep down the 
electrical resistance. The chuck jaws are easily 
accessible and can be renewed. The torsion head, 
on the right, can be rotated by a handwheel. The 
tension head is traversed longitudinally by a hand- 
wheel and screwed spindle, the latter being slotted 
along its length and forming part of a trovgh which 
leads to the centre (f the clamping head in which 
the rope is laid. The outer ends of the trough are 
bell-mouthed to avoid damaging th» rope during 
handling. The gap between the heads can be 
adjusted between 1} and 7} in. to suit the size of 
rope and the length of taper required. 

The cast-iron and steel body, on which the 
clamping heads are carried, houses a 25-kVA 
transformer and a contactor actuated by a foot- 
operated contro] switch. The machine is connected 
to the supply mains by a three-pin plug and socket. 
The transformer core consists of high-permeability 
iron stampings; the primary winding, of high- 
conductivity drawn-copper strip, is tapped to 
give a range of eight secondary voltages. The 
ends of the secondary winding, of laminated copper 
strip, are attached to the clamping heads, the torsion 
a being insulated from the body and the tension 

The Morgan Crucible Company, Limited, Batter- 
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Fig. 18. Wrire-Rore Partinc MacuIne; British INSULATED CALLENDER’S CARLES, LIMITED. 

















Fie. 19. Gas-Frrep CruciBLE Furnace; Morcan Cruciste Company, LIMITED. 


sea Church-road, London, S.W.11, will be showing 
for the first time a gas-fired miniature crucible fur- 
nace, developed from the paraffin-fired miniature 
furnace shown last year, which is suitable for produc- 
ing quickly small melts of all non-ferrous metals and 
grey cast iron. It has a crucible capacity up to 
32 Ib. of brass. The gas-fired model, a photograph 
of which is reproduced in Fig. 19, is suitable for 
operating from a town-gas supply at 3-in. to 5-in. 
water-gauge pressure. At 4-in. water gauge, the 
gas consumption is 500 cub. ft. per hour. Air is 
supplied by a blower unit driven by a built-in 





electric motor. The gas-fired furnace is capable of 
melting 10 lb. of aluminium in 10 minutes, 32 Ib. 


of brass in 22 minutes, 32 lb. of copper in 35 minutes, 
or 28 Ib. of grey cast iron in 45 minutes. 


(T'o be continued.) 





NEw AIRCRAFT ENGINES.—Two new British aircraft 
engines have been released receutly from the secret list. 
One is the Nomad, a compounded piston and turbine 
engine built by Messrs. D. Napier and Son, Limited, 
Luton Airport, Bedfordshire. The other is the Olympus, 
a large jet engine constructed by the Bristol Aeroplane 
Company, Limited, Filton, Bristol: it is possible that it 
may be built in America by the Curtiss-Wright Corpora- 
tion, New Jersey, who, it may be recalled, have a long- 





term agreement with the Bristol Aeroplane Company. 
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REFUELLING IN FLIGHT BY 
THE PROBE AND DROGUE 
METHOD. 


By C. H. Latimer-Neepaam, M.Sc.(Eng.), 
F.R.Ae.S., M.S.A.E. 


For several years past, flight-refuelling has been 
accomplished by the ‘“‘looped-hose ’ method, in 
which a weighted line is trailed from the receiver 
aircraft and contact is made by the tanker coming 
alongside and shooting a “‘ contact ”’ line forward of 
the trailed line, which becomes attached by sinking 
intoa grapnel, The tanker winds in the contact line, 
connects the end of the hose to the trailed line and 
allows the hose to unreel, whereupon the receiver 
aircraft hauls in the trailed line, causing the end 
of the hose to lock into a reception-coupling. In 
the meantime the tanker climbs to an upper position 
from which fuel flows by gravity. This method 
has several objections: the time to make contact 
and connect (roughly four or five minutes), the need 
for an operator in the receiver aircraft, and the high 
drag of a 240-ft. length of looped hose. A new 
technique was therefore required, which would 
overcome these disadvantages and which would be 
suitable for use by jet-propelled fighter aircraft. 
It was also desirable to step up the rate of fuel deli- 
very from 100 gallons per minute to 300 or even 
600 gallons per minute in the case of large bombers. 

In the probe-and-drogue system, the tanker trails 
& hose, 40 to 75 ft. long for fighters and 75 to 125 ft. 
long for bombers and air liners, to the end of which 
is attached a conical metal drogue some 32 in. in 
diameter with the open end facing rearward. The 
purpose of the drogue is threefold ; firstly, to retain 
the hose in an approximately straight line ; secondly, 
to hold the hose in a constant position relative to 
the tanker and provide a steady aiming point for the 
Teceiving aircraft ; and, thirdly, to provide a lead-in 
entry for the contacting mechanism on the receiver 
aircraft. On the nose of the receiver aircraft, a 
horizontal tubular member, or probe, is fitted ; 
it is aimed by the pilot at the trailing drogue so that, 
as the receiver approaches the tanker, the probe 
enters the drogue and makes contact. 

Perhaps the most important feature is the hose 
drum, which is spring-loaded in order to take up 
any slack which might develop in the hose as the 
Tecelver aircraft moves forward relative to the 
tanker, A taut hose not only eliminates any 
undesirable whipping, but also gives the minimum 
air drag, and causes less obstruction to the flow of 
fuel. In this manner, the receiver pilot has complete 
control of his aircraft, and also has considerable 
latitude of movement in all three dimensions. 
For refuelling fighters, some tankers are provided 
With three hose units, one being installed in the 





fuselage and the other two being housed in 
streamlined nacelles on the wing tips. A photo- 
graph of a Lincoln aircraft refuelling a Meteor is 
reproduced in Fig. 1. The hose has a bore of 2-3 in. 
for rates of flow up to 200 gallons per minute; a 
bore of 2-5 in. has been standardised for rates of 
flow up to 600 gallons per minute. The hoses have 
synthetic-rubber linings, which are resistant both to 
kerosene and to high-octane petrol, and also retain a 
reasonable degree of flexibility without disintegration 
down to a temperature of — 60 deg. C. They are 
reinforced against crushing by a 14 s.w.g. stainless 
steel wire coil at 0-2 in. pitch, with a woven 
covering, giving an ultimate tensile strength of 
4,000 Ib. 

Several different types and sizes of hose-drum 
unit have been developed ; the one illustrated in 
Fig. 5, Plate XXXV, is the Mark 7. The drogue 
is attached to the end of the hose, which passes 
through a travelling fair-lead engaging with an 
Archimedean thread on a cross shaft, which is chain- 
driven from the drum axis ; as the hose is wound or 
unwound, therefore, the fair-lead traverses accord- 
ingly. The drum is driven by a 5-b.p. electric 
motor through a fluid drive coupling and an 
epicyclic gear, the final drive being by means of a 
chain and sprockets. During refuelling, the motor 
is running continuously. The torque transmitted 
by the fluid drive is controlled by a scoop, which 
varies the level of fluid, the scoop being actuated 
by means of a short lever. For a refuelling 
operation, the hose unit is lowered through a 
trap door in the bottom of the fuselage by means 
of a hydraulic jack, rotation taking place about 
the mounting pins. With the scoop setting in its 
maximum position, the electric motor is switched 
on and the scoop setting is then gradually reduced 
until the drogue drag is just sufficient to start 
the hose unwinding. Excessive speed of the hose 
drum is avoided by means of a brake. When the 
hose is fully extended, spring-loaded pawls engage 
slots in the drum rims and thus prevent further 
rotation. Normally, these stops are withheld by 
means of an electric actuator, which in turn is ener- 
gised by a micro-switch mechanism, illustrated in 
Fig. 4, on page 492. The scoop setting is now 
increased to its operational level, such that the wind- 
in force on the hose is approximately 50 Ib. less 
than the drag of the drogue and hose, the setting 
being varied according to the flight speed. Thus 
it will be seen that, on making contact, a force 
exerted by the probe in excess of 50 Ib. is sufficient 
to move the drogue forward and to start the hose 
winding on the drum. An oil cooler is provided 
to keep the fluid in the drive to a reasonable working 
temperature and the commutator and brush gear 
of the electric motor are blast-cooled. The weight 
of the hose unit (dry) is about 850 lb. 





DROGUE METHOD. 








** Meteor” Atrorarr APPROACHING ‘* LINCOLN’? TANKER FOR REFUELLING. 


Fuel is delivered under pressure by means of 
centrifugal fuel pumps of light weight and compact 
construction, which have been specially designed for 
the purpose. The pumps are of the shrouded-vane 
impeller type and are driven normally by 6$-b.p. 
electric motors coupled through a reduction gear 
to the impeller shaft. The Mark 4 pump illustrated 
in Fig. 6, on Plate XXXV, has a single 4-in. 
diameter inlet centrally located and has a delivery 
rate of 250 Imperial gallons per minute at 4,500 
r.p.m. with a pressure difference of 30 Ib. per square 
inch and a stall pressure of 55 Ib. per square inch. 
The weight of the pump, including the mounting 
bracket but excluding the electric motor, is 17 Ib. 
8 oz. A pump giving a higher rate of delivery, 
namely, 300 Imperial gallons per minute, known as 
the Mark 7, has been developed, using the same 
volute casing with wider impeller vanes. For still 
higher rates of delivery, these pumps may be 
ganged together. For instance, for 600 gallons per 
minute three Mark 4 pumps are employed. Fig. 2, 
on page 492, shows, for a Mark 4 pump, the pressure 
difference plotted against delivery flow, at a con- 
stant r.p.m. of 4,560, over a range of simulated 
altitudes ; the efficiency and inlet and outlet horse- 
powers at 4,560 r.p.m. at sea-level are plotted 
against delivery flow in Fig. 3, on page 492. The 
tests were carried out using 100/130-grade aviation 
petrol, at a temperature of 20 deg. C. The suction 
line had a diameter of 4 in. and a length of 12 ft. ; 
there was a positive inlet head of 2 ft. 6 in. 

The drogue (Fig. 7, Plate XX XVI) is attached to 
the hose by means of a ball joint, in order to reduce 
any twisting effect on the nose of the probe due to 
incorrect alignment during refuelling. At the base 
of the drogue is the reception coupling, which houses 
three toggles for gripping an annular groove on the 
probe nozzle. Each toggle assembly consists of a 
swivelling arm and a spring-loaded arm supporting 
a roller at the common hinge point. These two arms 
are so placed that, as the tapered nozzle enters the 
coupling, the reaction on the roller has its maximum 
component along the axis of the spring-loaded arm, 
whereas when the probe tends to withdraw the 
force exerted on the roller is directed almost parallel 
to the swivelling arm with only a very small com- 
ponent parallel to the spring-loaded arm, Thus, 
only a small force of a few pounds is required 
for the nozzle to enter the coupling, but a large 
force of up to 1,000 Ib. is required to withdraw it. 
At the throat of the coupling is a spring-loaded 
check valve which prevents the egress of fuel 
when the probe is not in position ; it is opened by 
the action of a corresponding valve in the nose 
of the probe. Static discharge brushes are pro- 
vided for equalising the electric potentials of the 
two aircraft just prior to connection. Lights are 
fitted for illuminating the drogue at night. 
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The receiver aircraft is fitted with a probe by 
which contact is made with the tanker and through 
which fuel is fed to the receiver’s tanks. The probe 
may be anything from 1 ft. to 4 ft. or more in 
length for fighter aircraft, but may be considerably 
longer for bombers and civil aircraft. Preferably, 
the probe is attached to the fuselage nose, but where 
this is impossible, due to the presence of other 
equipment, it may be attached to the wing leading 
edge or to an engine nacelle. The probe, which is 
illustrated in Fig. 10, on Plate XXXVI, contains a 
fuel pipe, at the forward end of which is the nozzle, 
which is machined from a bronze casting. A mush- 
room fuel valve is fitted in the extreme nose, 
operated either hydraulically or pneumatically by 
® press button on the pilot’s control column. As 
already mentioned, the nose valve mates with the 
check valve in the reception coupling so that both 
valves open and close as one, and in this way there 
is no spillage of fuel either on making contact or on 
breakaway. The diagram also shows the tapered 
nose portion up which the toggles ride before 
dropping into the annular groove. 

The fuel is conveyed through the gallery to the 
various tanks. each of which is fitted with a shut-off 
valve to prevent over-filling the tank and damage 
due to excessive pressure. Fig. 8,on Plate XXXVI, 
is a cut-away view of the electrically-operated 
Mark 12 refuelling valve. Fuel enters at the head 
of the valve, depresses the piston against a light 
spring and enters the tank through four radially- 
placed ports. This dispersal of the flow avoids 
damage to the tank which could be caused by the 
impingement of a high velocity jet. A small- 
diameter passage, drilled vertically through the 
centre of the piston, allows a continuous leakage 
of fuel through the piston and the jet orifice in 
the base cover. When the fuel has reached a pre- 
determined level in the tank, a solenoid is actu- 
ated, which closes the jet orifice by the vertical 
movement of a plunger and thus allows pressure 
to build up below the piston. The piston, being 
stepped in diameter, has a larger area on the under- 
side than the vertically-projected area of the crown 
and the piston is therefore constrained to move 
upward, thus shutting off the flow. The closure 
movement is not rapid, but, nevertheless, high surge 
loads are liable to develop in the pipe lines ; they 
are relieved by arranging for the piston to be made 
in two parts normally held apart by springs, the 
springs being selected to give the desired relief 
pressure ; when this is exceeded, the piston becomes 
telescoped, which allows a momentary escape of fuel 
and relief of the shock pressure. 

Automatic action of the electric fuel valve is 
obtained by means cf 4 float switch. The switch 
is illustrated in Fig. 9, on Plate XXXVI, and com- 
prises a float and a ficat arm, to which is attached 
@ horseshoe magnet. The switch body houses a 
rocker arm, together with the electrical contacts. 
When the float is in the top position, as illustrated, 
the magnet attracts the upper end of the rocker 
arm, making a circuit through the lower arm and 
the bottom electrical contact. Alternatively, the 
refuelling valve may be manually operated for 
selective filling of the tanks, in which case the 


the solenoid is replaced by a 
simple float and float arm, which, on rising to the 
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full position, closes the jet orifice by means of a 
small metal pad. 

In a refuelling operation, the tanker operator 
first lowers the hose unit, trails the hose, sets the hose 
wind-in load at the desired figure, and switches on 
the fuel pumps. The hose unit is fitted with two 
indicator lamps facing aft, their colours being 
amber and green. When the hose is trailed, the 
amber light comes on automatically and indicates 
to the pilot of the receiver aircraft that the tanker 
is ready to receive him. The receiver aircraft 
approaches from the rear, closes in at a speed of 
some 5 to 10 m.p.h. in excess of the tanker speed, 
aligns the probe with the drogue and continues 
thus until contact has been established. As the 
probe enters the coupling, it is locked in position 
by means of the toggles, and the receiver continues 
until the gap has been decreased by a further 15 ft. 
or 20 ft., by which point he will have adjusted his 
throttles so as to synchronise his speed with that of 
the tanker aircraft. The first 4 ft. or 5 ft. of hose 
movement operates a micro-switch and auto- 
matically opens the main fuel cock in the tanker ; 
at the same time, the amber light is replaced by the 
green light, which indicates to the pilot that the 
fuel is under pressure. Fuel commences to flow 
immediately the receiver pilot presses the button 
to open the nozzle and coupling valves. Should 
the receiver pilot inadvertently drop back beyond 
the limiting position, the amber light appears, 
which indicates that the fuel supply has been cut 
off and that the receiver should adopt a more 
forward position. 

When the receiver tanks are full, or when the 
required amount of fuel has been transferred, the 
pilot releases the valve switch and commences to 
fall back. The hose unreels to its full extent, at 
which point the pawl stops come into operation and 
the hose tension builds up until the toggle-release 
load has been obtained, whereupon breakaway 
takes place. The comparatively large force required 
for breakaway serves the purpose of providing a 
fuel-tight seal between the probe nozzle and the 
coupling, and also guards against premature break- 
away due to momentarily-increased fuel pressure 
upon closure of the tank valves. The operation is 
now complete, except for winding in the hose, 

the unit and switching off the fuel pump 
and hose drum motor. 
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(Concluded from page 474.) 

Tue final session of the recent three-day annual 
general meeting of the Institute of Metals was held 
at the headquarters of the Institute, 4, Grosvenor- 
gardens, London, 8.W.1, on the morning of Thurs- 
day, March 15. Four papers were presented for 
discussion, 

At vumintum-Siuicon-Sopium ALLoys. 

The first two papers on the agenda were discussed 
jointly. The first was entitled “ Modification im 
Aluminium-Silicon Alloys” and was by Dr. B. M. 
Thall and Professor Bruce Chalmers, of the Univer- 
sity of Toronto, Canada, neither of whom was able 
to be present at the meeting. The authors stated, in 
their paper, that in the modification of aluminium- 
silicon alloys by small additions of sodium, the pro- 
perties and structure of the alloys were substantially 
improved. Various explanations of this improve- 
ment had been proposed, but none of them was 
entirely adequate ; moreover, some of the experi- 
mental data on modification were contradictory. 
In the present work, thermal data on the modified 
aluminium-silicon alloys had been re-determined, 
and semi-quantitative determinations of the sodium 
content had been made by means of a radioactive 
technique. The results had led to the formulation 
of a new theory of modification based on the influence 
of sodium on the balance of interfacial tensions 
during solidification. 

It was evident from the experimental results that 
the presence of a small amount of sodium had a 
definite effect on the temperature of eutectic solidi- 
fication and on the eutectic structure. It followed 
that the process of eutectic solidification was altered 
by the presence of sodium. These facts might be 
considered in relation to the mechanisation of 
solidification in eutectics. Two theories had been 
proposed for eutectic solidification. The first 
theory postulated that the nucleation and growth of 
a crystal of one phase so changed the local concen- 
tration of the liquid that it became supersaturated 
with respect to the other phase. The second phase 
then nucleated and formed a crystal. Subsequently 
conditions became reversed and the result was an 
alternation of the two phases. This might be des- 
cribed as the intermittent or alternate solidification 
of two phases. In the other theory, both phases 
crystallised simultaneously from the liquid. In the 
aluminium-silicon series, the aluminium formed 4 
continuous matrix in which was embedded the 
silicon-rich phase. Intermittent crystallisation 
could not occur when one of the solid phases was 
continuous, and the second theory must, therefore, 
apply to the eutectic solidification of the aluminium- 
silicon system. With slow cooling, each silicon 
plate continued to grow and supercooling of the 
liquid was prevented by the presence of — 
crystals on which growth could continue. Wit 
rapid cooling, on the other hand, each silicon 
particle was “ sealed off ” from the liquid, and there 
were no seed crystals. Hence, solidification of the 
silicon could occur only as a result of nucleation, 
which took place at a lower temperature. ; 

The authors suggested that the effect of sodium 
was to reduce the surface energy of the aluminium- 
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Fig.5. MK.7 HOSE DRUM UNIT 
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silicon solid interface resulting in the suppression of 
the growth of the silicon crystal. By making two 
assumptions, it was possible to explain the changes 
in structure and freezing point that occurred in the 
aluminium-silicon system, the assumptions being 
that a leading phase existed and that a very small 
sodium content was able to reduce the interfacial 
tension between the solid aluminium and the solid 
silicon phases. It was well known that a small 
quantity of a suitable addition could have a pro- 
found effect when the surface tension was reduced, 
but not when it was raised. The improvement in 
the mechanical properties of the modified alloys 
could undoubtedly be attributed to the change in 
the distribution of the silicon phase. It followed 
that no distinction should be made between modifica- 
tion brought about by the addition of sodium and 
that accomplished by rapid cooling. 

The second paper was a communication from the 
Research Laboratories of the British Aluminium 
Company, Limited, Gerrards Cross, Buckingham- 
shire, by Dr. C. E. Ransley and Mr. H. Neufeld. 
It was entitled “The Solubility Relationships in 
the Aluminium-Sodium and Aluminium-Silicon- 
Sodium Systems.” The authors stated that the 
solid solubility of sodium in aluminium had been 
determined by direct measurement of the amount 
dissolved when high-purity aluminium was immersed 
in liquid sodium. The solubility was approxi- 
mately 0-002 per cent. in the range 650 deg. to 
550 deg. C., and appeared to have a very small 
temperature coefficient. It was shown that when 
aluminium containing silicon in solid solution was 
heated in liquid sodium, a ternary compound was 
formed as a surface layer or sub-scale. By means 
of experiments in which aluminium strips having 
different silicon contents had been exposed to the 
action of sodium for prolonged periods, it had been 
possible to derive approximate values for the concen- 
tration of silicon and sodium in solid solution in 
equilibrium with this compound at various tempera- 
tures. The equilibrium silicon contents determined 
were : 600 deg. C., 0-15 per cent.; 550 deg. C., 
0:04 per cent.; and 500 deg. C., 0-01 per cent. 
The corresponding sodium contents were in the range 
0-0016 per cent. to 0-0005 per cent. In a tentative 
diagram of the aluminium-silicon-sodium system 
put forward, a ternary eutectic was indicated at 
about 0-017 per cent. sodium. 

SHeaRmne or Meta Barks AND BLANKS. 

The last two papers on the agenda, which, 
again, were discussed jointly, were entitled the 
“Shearing of Metal Bars,” by Dr. T. M. Chang 
and Professor H. W. Swift, of the University of 
Sheffield ; and the “‘ Shearing of Metal Blanks,” by 
Dr. T. M. Chang. In the first paper the authors 
stated that they had studied the stresses, metal 
flow, and crack propagation in the shearing of 
+ in. thick and 1} in. wide bars of lead, tin, alumin- 
ium, copper, brass and mild steel. The apparatus 
used was designed to test the bars in double shear, 
the shearing taking place in sections sufficiently far 
apart to avoid any danger of interference in the 
shearing action at the two sections. It had been 
found that there were two chief modes of fracture 
in shearing without clearance. Ductile materials 
underwent a bodily sliding action along the line of 
shear, with the displaced particles maintaining their 
adhesion until final separation at full punch pene- 
tration. Other materials developed cracks, and the 
separation of the metal occurred either when one 
of the cracks propagated itself through the whole 
thickness of the bar or when the cracks from the 
punch and the die met ; tongues of metal developed 
in the former case, while a clean fracture resulted 
from the latter. Dullness of the cutting edge and 
tensile overstrain tended to increase the maximum 
Shearing load; but, whereas dullness increased 
the punch penetration at failure, overstrain tended 
to reduce it. Finally, an attempt had been made 
to correlate the stresses in shearing and tensile 
tests, but there seemed to be no definite and useful 
telationship between these two tests. 

In the last paper, dealing with the “ Shearing of 
Metal Blanks,” the author, Dr. T. M. Chang, gave 
the results of an investigation on the effects of 
clearance, tool shear, and tool curvature in the 
shearing of circular blanks. The materials tested 
included cast iron, mild steel, brass, copper, zinc, 


aluminium, and lead, ranging in thickness from 
0-036 to 0-5in. The tools employed had diameters 
of 1 to 6 in., clearances up to 58 per cent. of the 
thickness of the material, and shears to as much as 
356 per cent. The results had shown that the basic 
modes of fracture in blanking were essentially the 
same as those in bar shearing described in the 
previous paper ; that the provision of an optimum 
clearance on the tool had the desirable effect of 
reducing both the maximum blanking load and the 
shearing work; and that the characteristics of 
tool shear could be derived from those of a flat 
punch by a graphical construction. 





ENGINEERING AND PUBLIC 
HEALTH.* 


By Proressor A. J. S. Prrparp, M.B.E., D.Sc., 
M.LC.E. 


Ir we are to maintain our efficiency, better tech- 
nological education is not only desirable, but essential. 
Confusion has occurred, however, in the use of words 
and notably in the meaning attached to the terms 
“technologist ” and “ technician.” In most profes- 
sions, and certainly in that of engineering, there are a 
large number of jobs which demand knowledge of 
certain technical matters and considerable skill in their 
application. The scope of such jobs, however, is 
restricted to a oalteder technique, and the men who 
apply that technique can truly be described as tech- 
nicians. In addition, every profession which is based 
on the application of nat laws requires a smaller 
number of highly educated practitioners who can apply 
their knowledge and experience to the solution of its 
problems. To do this, they need fundamental educa- 
tion in the appropriate sciences, which, in our case, 
means in that body of knowledge which should be the 
common property of all professional engineers and 
proficiency in which is recognised by the award of a 
bachelor’s degree in engineering science or an equivalent 
diploma. Before the status of technologist can be 
attained, however, the basic science must be supple- 
mented by specialised knowledge peculiar to a particular 
branch of the profession and, equally important, con- 
siderable practice and skill in its application. Tech- 
nicians and technologists are both essential and 
complementary, but without an adequate number of the 
latter, the status of a profession will surely decline and 
it will become nothing more than a skilled trade. 

In this country, the young man who wishes to be- 
come a struct designer, a hydro-power engineer, a 
highway engineer, or wishes to devote himself to almost 
any other branch of civil engineering is fairly well 
catered for. The qualification for entry upon these 
courses varies, but the ideal is the possession of a first 
degree in engineering or science, or its equivalent. In 
public h a however, the facilities for 
advanced technological studies are less extensive. 
University College, London, and Manchester College of 
Technology have provided instruction in this field for a 
long time, and recent developments are the establish- 
ment of post-graduate schools in Newcastle and at the 
Imperial College of Scierice and Technology, but, as 
far as I am aware, these are the only places where a 
young graduate can hope to obtain the specialised 
education which is so important. 

The lack of facilities for the post-graduate study of 
public health engineering in this country is em i 
if the position here is contrasted with that in the 
United States of America, where the facilities available 
to the young engineer for study are impressive. y 
of the important universities have flourishing schools of 
public health engineering or sanitary engineering, and 
most of the courses are 
leading to a master’s degree. It seemed to be the 
general view that undergraduate education should be of 
a fundamental and general character and that instruc- 
tion in sanitary engineering should only be given at the 
postgraduate level. Specialisation during the under- 

uate course may possibly train technicians ; 
mental work then, followed by postgraduate 
studies, will certainly educate technologists. 

The term “ public health engineering,” when used in 
America, “ includes the public health aspect of all types 
of environmental = a pane <4 — 
u engineering principles. ures of public 
health aie that depend upon engineering materials 
or methods for environmental conditions should be 
considered as public health engineering activities. 
These activities are divided into two distinct but 


post-graduate in character, | Year. 


closely interrelated fields, one having to do with the | pro 


human element and the other with the environment. 
There is no distinct separation between these activities, 
but there is a middle ground in which the activities of 
the physician and engineer merge. Therefore successful 
operation of a public health programme demands 
administrative participation and careful planning by 
both physician and engineer.” 

This definition, taken from a report on “ Educational 
Qualifications of Public Health Engineers,” published 
in the American Journal of Public Health, January, 1947, 
forms the background of the educational methods 
adopted in the American universities, and in the new 
postgraduate work in the Department of Civil Engi- 
neering at Imperial College broadly the same lines 
have been followed. If full co-operation is to be 
obtained between the medical scientist and the engi- 
neer, it is essential that each should understand the 
other’s attitude and, as far as possible, his scientific 
technique. This is best done by association during the 
educational period and, to encourage it, the post- 
graduate courses are organised jointly by Imperial 
College and the London School of Hygiene and Tropical 
Medicine, both of which are colleges of the University 
of London. Young engineers and young physicians 
work together, and, it is hoped, learn runiine of 
each other’s outlook and approach. The course of 
study includes sewe: and sew 
works, stream pollution control, etc., 
engineering matters are supplemented by work in the 
fundamental sciences of chemistry, biology and bac- 
teriology, and in the general principles of public health. 
By this means, it is hoped to produce well-educated 
men who will enter the profession and use their know- 
ledge and skill to the best advantage. 

Opportunities for using speciali education in 
ublic health engineering are many and varied; at 
ome in the municipal field, in the prevention of river 

ae and in water supply, and in the Colonial 

pire in work which will make dangerous tracts of 
country safe for habitation by the extermination or 
control of insect and other carriers of disease, by 
conversion of swamp-land and other less spectacular but 
vital activities. The interests of the country, of the 
profession and of the individual all demand that 
increasing attention shall be paid to the development of 
facilities for the most advanced technological education 
in this, as in all other branches of engineering. This wil} 
call for considerable material assistance ; the univer- 
sities cannot provide these facilities out of their normal 
funds and special provision for them will be necessary. 
There is keener realisation than ever before in this 
country of the vital need to educate our best young men 
and women to the highest standard so that our materia) 
resources may be conserved and used to the greatest 
advantage. It is at least of equal importance that the 
best of those who will safeguard the health of the 

ple, and improve the surroundings in which they 
ive and work, shall also have the opportunity of 
benefiting from the most advanced technological 
education which can be devised. 





BIRMINGHAM GRADUATE SCHOOL 
OF THERMODYNAMICS. 


To meet the need of certain sections of the engi- 
neering industry for a supply of men trained to a 
standard higher than that of a normal undergraduate 
course in the general field of heat engines, and to 
afford opportunities for the study of advanced tech- 
niques and modern develépments in this sphere, a 
graduate school of thermod, ics and related studies 
has been established in the Department of Mechanical 
Engineering of the University of Birmingham. The 
basic course leading to the award of a Diploma of 
Graduate Studies will normally occupy one academic 
. The first course will commence on October 2, 
1951, and will be open to candidates who have a degree: 
in engineering or satisfactory alternative qualifications, 
peer with suitable practical Tr training, 
and experience. The orientation of the teaching at 
the school is towards the theoretical approach, and the 
syllabus will include lectures, supplemented by tutorial 
dame and laboratory work, the latter being designed 
to cultivate familiarity with a wide range of modern 
techniques and methods of measurement and analysis. 
The subjects to be dealt with will include thermody- 
namics, with special reference to heat i and 
combustion | aren gas dynamics, inch i com- 
pressible and incompressible flow ; elasticity at high 
temperature and creep, fatigue and damping; dynamics, 
with special relation to vibration omena ; mathe- 
matics, covering techniques applicable to engineering 
blems ; and instrumentation, including the appli- 
cation of electronic devices. The inclusive fee for the 





* Presidential address to Section B (Engineering and 
Architecture) of the Health Congress of the Royal 
Sanitary Institute, held at Southport, April 23 to 27, 





1951. Abridged. 


basic course is 701., but, in certain cases, a maintenance 
allowance may be awarded. Further details and forms 
of application for admission may be obtained from the 





Registrar, the University, Edgbaston, Birmingham, 15. 
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THE ENGINEERING TRAINING 
DEPARTMENT OF THE BRITISH 
BROADCASTING CORPORATION. 


In 1942, the Engineering Division of the British 
Broadcasting Corporation inaugurated a scheme of 
intensive training for men from other branches of 
electrical engineering to compensate for the loss of 
trained staff to the fighting services, while later the 
training of youths and women operators was also 
instituted. Initially, this training was carried on at a 
central school in London and at a number of smaller 
schools in the provinces, the syllabus at the former 
including instruction in the laws of electricity, acoustics 
and radio propagation, while at the latter there were 
courses of lectures and of operational work on the 
apparatus which lasted two months. In addition, 
instructors were appointed at a number of the larger 
stations and regional centres to bring recruits of both 
sexes up to a standard at which they could profit from 
the training at the schools. 

It was realised, however, that proper facilities for 
full-scale training could not be provided in this way. 
In 1945, therefore, an Engineering Training Depart- 
ment was formed under the superintendence of Dr. 
K. R. Sturley, and a central school was established at 
Wood Norton Hall, Evesham, in March, 1946. Since 
then, considerable developments have taken place in 
the training for both the sound and television services, 
and 1,100 students have already passed through the 
school. 

As regards the organisation of the department, the 
main activities have been concentrated on two types of 
staff: the raw recruit, who enters the service of the 
Corporation as a technical assistant, and the engineer. 
The duty of a technical assistant is to operate the 
various types of apparatus under supervision, while the 
engineer, who is generally, but not invariably, a former 
technical assistant, is concerned with supervision, 
maintenance of apparatus, development, design, re- 
search or administration. Another important feature 
of the department’s work is the provision of refresher 
courses for the senior staff. These concentrate on the 

resentation of new developments and techniques. 
Training is also given to those members of the non- 
engineering statf, known as programme operators, 
who are responsible for the technical control and 
balance of the programme output from the studios. 

On the engineering side, there are five main types of 
courses : initial entry, promotion, refresher, conversion 
and workshop. The department is divided into three 
main branches—instruction, instruction writing and 
general management under the head and assistant 
head, while the instructional branch is divided into 
three sections—fundamentals, audio frequency and 
radio frequency—each of which is in charge of a senior 
instructor. The fundamentals section, in which there 
are four instructors, is concerned with teaching the 
principles of electrical engineering and radio measure- 
ments, light and sound, and mathematics. In the 
audio-frequency section three instructors deal with 
studio control rooms and recording practice, as well as 
with line and network theory. There is also an instruc- 
tor in acoustics who trains programme operators. In 
the radio-frequency section there are three instructors 
who cover transmitiers and camera tubes for television 
and wide-band amplification, with particular reference 
to pulses and transients. 

As radio engineering normally requires a high 
standard of mathematical and technical knowledge, 
one of the problems of the department has been how 
best to present this knowledge so that it can be 
understood by staff whose duties do not normally 
require a wide mathematical background. To over- 
come this difficulty, each section of the work is simpli- 
fied to bare essentials and mathematical representations 
are replaced, as far as possible, by pictorial explana- 
tions. When the intermediate steps cannot be treated 
satisfactorily in this manner, the subject is analysed 
on a cause and effect basis. 

The classrooms, offices and some of the laboratories 
of the school are housed in a mansion built by the 
Duc d’Aumale, fourth son of Louis Philippe of France, 
and enlarged by his nephew, the Duc d’Orleans, in 
1891. Other laboratories, one of which contains a 
complete recording and reproducing unit, and studios 
are accommodated in adjacent buildings. Living and 
bedrooms for up to 100 students are available. 





AVRO *‘ JETLINER ” FOR CANADIAN IctInG TEsTs.—The 
Hawker Siddeley Group have announced that the 
National Research Council of Canada are to use the 
Jetliner air liner, designed and built by Messrs. A. V. Roe 
(Canada), Limited, Malton, Ontario, Canada, for testing 
the operation of electro-thermal wing and tail de-icing 
pads under a variety of icing conditions. A description 
of the electro-thermal de-icing equipment developed by 
the National Research Council was given on page 178 
ef our 170th volume (1950). The Avro Jetliner was 
described on page 462 of our 168th volume (1949). 
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Fic. 2. Frrrmina tHe Breecuss or 20-Ppr. Guns. 


THE ROYAL ORDNANCE FACTORY, 
LLANISHEN, CARDIFF. 


In continuation of their policy of allowing sections 
of the Press to inspect armament establishments, the 
Ministry of Supply arranged a visit, on Tuesday of last 
week, to the Royal Ordnance Factory, Llanishen, 
Cardiff, at present engaged on the production of 
20-pounder guns for the Centurion III tank. Pro- 
duction of the Centurion, it will be remembered, was 
described in ENGINEERING, vol. 170, page 325 (1950), 
in connection with the first Press visit to the Royal 
Ordnance Factory, Leeds. The Llanishen factory was 
built in 1940 and consists, in the main, of two machine 
shops each measuring 600 ft. by 300 ft. and a large tool 
room. It has been employed on the production of guns 
since its inception, the maximum output being reached 
in 1944. Except for a small nucleus, all staff was 
recruited locally and at one period over half of the 
total labour force wag composed of women. At the 
end of the war, it was decided to keep the factory in 
commission, and, to prevent the disbandment of the 
skilled personnel largely trained within the factory 
organisation, production of civilian goods was under- 
taken. Many different articles were made, such as 
spare parts for the automobile industry, sanitary fittings 
for the housing programme and a large range of ceramic 
goods. The institution of the rearmament programme, 
however, has led to the abandonment of this class of 





work and once again the factory is engaged on the work 
for which it was laid down. 

A return to the production of guns did not necessarily 
mean the installation of new and modern machine 
tools; in fact, hardly any new machines have been 
installed at Llanishen and the factory has had to 
carry on with those extant at the end of the war. Even 
so, remarkable progress has been made with regard to 
production techniques and the management claim that, 
should the occasion arise, production of guns at the 
Llanishen factory could be expanded to three times the 
maximum war-time output. This increase has been 
achieved through a variety of means, chief of which is 
probably the employment of much higher cutting 
speeds, made possible, of course, by the introduction of 
improved cutting tools. Cutting speeds have, in fact, 
been increased so much that it proved necessary to 
modify existing machinery such as centre lathes so 
that they could be run at higher revolutions. - Another 
factor that has played an important part in increasing 

roduction is the use of broaching, not only for 
nishing the bores but for rifling them as well ; there is 
no need to hone afterwards and there is little doubt 
that the introduction of broaching has been instrumen- 
tal in removing one of the factors hindering production. 

It is, of course, not permissible to describe the pro- 
duction of the guns in detail. The —_ of the 
gun barrels alone involves some 60 different operations. 
The breech ring and block require 70 and 58 operations, 
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Fic. 3. OverxHavut oF Scout Cars. 


respectively, so in referring to the work carried out in 
the factory, it will only be possible to cover it in broad 
term’ 

The barrels arrive at the factory as rough forgings, 
but pilot-bored, and the first operation consists of 
cutting them to length with a coldsaw. They are then 
prepared for the auto-frettage process; this entails 
machining them to close limits so as to ensure accurate 
dimensional control when subjected to the high internal 
pressures involved in this process. External turning is 
carried out in straightforward centre lathes but, owing 
to the length of barrel, extensive use is made of steadies. 
Boring is not so simple, and much has been done to 
accelerate this process, mainly by modifying the 
machinery. Each barrel is bored from the muzzle end, 
the cutting-tool head being supported by a lignum- 
vitae bush which is cut automatically to conform to the 
diameter of the bore ; lignum-vitae is used as it expands 
slightly under the action of the lubricant and therefore 
fits the bore exactly. The barrel is also driven from the 
muzzle end, a four-jaw hollow chuck being employed for 
this purpose, and is supported by two steadies equipped 
with rollers instead of the usual brass pads, the latter 
having proved unsatisfactory at the high speed em- 
ployed. To ensure efficient removal of the swarf, the 
cutting lubricant, or compound, is supplied to the 
interior of the barrel at a pressure of 200 Ib. per sq. 
in., the chips, as a consequence, being driven to the 
breech end. The barrels are bored, as a rule, when 
rotating at 500 r.p.m., and are driven by multiple 
V-belts directly from a variable-speed motor, the actual 
form of drive, however, varying from machine to 
machine. In fact, hardly any two machines are alike 
as they have been modified to meet the special require- 
ments of the factory. In some cases, the bed of the 
machine is one make and the driving head another ; 
on one machine, for example, the bed is part of a 
Fairbairn Lawson machine while the driving head has 
been removed from a Le Blond machine. A typical 
moci ied boring machine is illustrated in Fig. 1, opposite. 

After the barrel has been bored, the powder chamber 
is machined out and threaded internally ; this thread, 
however, is not required in the finished gun, being used 
only during the autofrettage process. In this process. 
the barrel is subjected to a high internal pressure which 
expands the metal beyond its yield point, thereby 
ensuring that it is not deformed during subsequent 
firing. It is accomplished by sealing the ends and 
introducing glycerine under pressure from a hydraulic 
intensifier, the connection to the barrel being made by 
means of a special plug screwed into the powder 
chamber which, as previously mentioned, is threaded 
for this pu . 

Expansion of the barrel during autofrettage is care- 
fully controlled and the new yield point has to fall 
within close limits. Those barrels which pass this 
process successfully are first heat treated for stress 
stabilisation and are then passed through the finishing 
processes, the first of which is the removal of the 
threaded portion of the powder chamber. In general, 
the finishing processes, so far as turning and boring are 
concerned, follow closely those preceding autofrettage, 





Boring is, of course, finished first and the barrel 
located by the bore for final turning and grinding. 
External threads for the muzzle brake and the breech 
ring are formed on thread-milling machines and, in 
accordance with usual practice, those for the breech ring 
are of the interrupted type, the surplus thread area 
being removed by an end mill. The cone hole and 
extractor ways are then machined in the breech end, 
after which the bore is rifled. This, undoubtedly, is the 
most interesting process as it is carried out by broach- 
ing, an innovation developed mainly at Llanishen and 
one which has reduced the overall production time to a 
marked degree. A plain circular broach is first 
through the bore to bring it to the correct size and 
this is followed by the rifling broaches. In all, 26 
broaches of this type are passed through the barrel, the 
increments ranging from 0-003 in. during the early 
stages to 0-001 in. at the final stages. The feed bar is 
provided with a helical groove to give the necessary 
motion to the broaches, and registers are incorporated 
at the point of attachment to ensure accurate entry of 
the cutting teeth with the rifling. 

The barrels are, of course, inspected thoroughly, 
both during manufacture and on completion. They 
are then fitted with the breeches and the complete 
assemblies given a final examination before proof 
firing. This is carried out on all barrels, after which 
they are returned to the factory for a last inspection, 
during which they are fully stripped to ensure that the 
excessive stresses imposed during proofing have not 
damaged any parts. Manufacture of the breech rings 
and blocks is more or less straightforward and does 
not involve any special processes. It is largely a 
— of shaping, drilling and milling the solid 
orgings to the required shape, but much ingenuity has 
been shown in the design of special tools and jigs. 
Grinding is used extensively in the final processes ; 
all sliding ways, for example, are ground wherever 
possible as this reduces hand work to a minimum 
and has played a large part in increasing the rate 
of production. The achievement of this has also 
involved modifications to many of the existing machines, 
several of which have been fitted with special attach- 
ments designed by the staff and manufactured in the 
tool-room. 

Although designed primarily for the production of 
guns, the Llanishen factory is also engaged on the 
overhauling of scout and armoured cars; part of the 
car overhaul area is illustrated in Fig. 3, herewith. 
This class of work was undertaken three years ago 
as a side line, but has since grown into a substantial 
section of the work. Overhaul is, perhaps, not quite 
the correct term to use as every car is stripped down 
completely and all parts cleaned and, where necessary, 
repaired before re-assembly. In general, new partr 
are used to replace those worn beyond their serviceable 
limits, but a certain amount of recovery work is carried 
out in the factory. The sliding joints used in the 
constant-velocity drive couplings, for instance, are built 
up by welding and then machined to size ; the housings 
for these couplings are recovered in much the same way 
but, after machining, are electroplated to improve the 





wearing characteristics. As in the case of gun pro- 
duction, much ingenuity has been shown in adapting 
standard machine tools to special purposes and quite 
remarkable overhaul times have been achieved. The 
complete factory furnishes a good example of what can 
be achieved by the intelligent use and adaptation of 
existing machinery. 





RESEARCH ON NON-FERROUS 
METALS. 


THE future holds uncertainties for the metal indus- 
tries, and, in particular, the restrictions on copper, zinc, 
nickel and other materials may well have a disturbi 
influence in many hitherto well-established trades. 
The matter is referred to in the recently-issued 31st 
annual report of the British Non-Ferrous Metals 
Research Association, Euston-street, London, N.W.1., 
in which the council state that they are looking 
forward to the continued support of the leaders of the 
non-ferrous metals ind to carry the Association 
through what they consider will be a partioularl 
trying time. As is always the case, the report, which 
covers the year 1950, contains much general informa- 
tion on the research work in progress in the Euston- 
street laboratories. Thus it is stated that the Associa- 
tion’s recent study of the grain refinement of cast 
aluminium-base alloys has revealed the mechanism of 
the grain-refining process and a research has been 
started to ascertain whether the findings of the light- 
alloy studies can be applied to the copper-base allo 
A study of the structure and other properties of possi 
compounds for nucleating the isation of cop 
suggests that a number of materials might be useful. 
Attempts are being made to introduce these substances 
into molten copper-base alloys and it has been possible 
to show that fine-grained castings can be produced by 
suitable additions. A study of the creep properties 
of various high-conductivity coppers for turbo-alter- 
nator rotor windings has been completed. It has been 
shown that silver-bearing tough-pitch coppers are 
much more resistant to creep and softening at elevated 
temperatures than silver-free material, and have much 
the same creep resistance as oxygen-free high-conduc- 
tivity coppers with and without silver additions. 
High-conductivity coppers containing silver have 
supplanted silver-free coppers for rotor windi 

The research on the grain refinement of cast light 
alloys, mentioned above, has been terminated with the 
completion of a further investigation into grain refine- 
ment by additions of titanium and boron. These 
additions produce titanium-boride particles which 
function as nuclei for the crystallisation of the alumin- 
ium-rich primary crystals. While this method of 
grain refinement may be attended by segregation 
difficulties, the work has shown that alloys grain-refined 
in this way are relatively insensitive to the adverse 
effects of overheating. An extensive programme of 
creep and fatigue tests, conducted at 20 deg. C., on 
refined lead and several lead alloys, is in progress. 
Many of the tests will go on for some years but, mean- 
while, the kinds of results which will emerge from the 
work are indicated by the results of shorter-term tests. 
The Association’s earlier experience has shown that 
the creep properties of lead and its alloys are markedly 
dependent on grain size, a coarse grain size being 
associated with high creep resistance. Similar obser- 
vations have been made in the present work and, in 
some cases, the effect of varying the grain size far 
outweighs the effect of variations in composition. 

As a part of a programme of fundamental work 
sponsored by the Ministry of Supply, the Association 
have studied the creep properties of aluminium and 
aluminium-rich alloys at room and at elevated tem- 
peratures. The results show clearly that small iron 
contents, within the very restricted solid-solubility 
of this element, have marked effects on the creep 
and fatigue properties. Further changes are observed 
with increas‘ng iron contents but it is stated to be too 
early yet to decide whether the major effect is due 
to dissolved iron or to the precipitated iron-rich phase. 





BRITISH STANDARD LOCOMOTIVE “ BRITANNIA.”—The 
reproductions of the general arrangement drawings of 
Britannia, the first standard locomotive of British 
Railways, which appeared in the issue of ENGINEERING 
for March 23, 1951, are now available as a separate Plate, 
They comprise sectional elevations and part-sectional 
plans of the locomotive and tender; four cross-sections 
and end elevations of the locomotive; and two part- 
sectional end elevations of the tender. The half-tone 
reproductions on the original Plate XVI have been 
repluced by the locomotive end views. OCopies are 
obtainable from the Publisher, ENGINEERING, 35 and 36, 
Bedford -street, Strand, London, W.C.2, at the price of 1s., 
postage inclnded. 
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THE MANUFACTURE OF CATHODE-RAY TUBES. 


THE GENERAL ELECTRIC COMPANY, LIMITED, LONDON. 





Fie. 1. 


THE MANUFACTURE OF,CATHODE- 
RAY TUBES. 


Tue care, planning and attention to detail in design 
and manufacture which are necessary in the produc- 
tion of much electrical equipment, are well illustrated 
in the layout of the Osram-G.E.C. cathode-ray tube 
works at Perivale, Middlesex. This factory was built 
in 1942 for the Ministry of Aircraft Production, and 
was subsequently used as a shadow factory for the 
manufacture of transmitting and receiving valves. 
Early in 1950, however, the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
equipped the building for the manufacture of cathode- 
ray tubes, and, after machinery, designed and built by 
the company, had been installed, small-scale production 
of tubes with 9-in., 12-in. and 14-in. screens was begun 
after an interval of only five months. The production 
of 16-in. tubes and other types is envisaged, but at 
the present time much of the floor space available is 
devoted to the storage both of raw materials and 
finished products. 

The bulbs forming the tubes are made in the General 
Electric Company’s glassworks at Lemington-on-Tyne, 
while the various components for the electron-gun 
assemblies are produced at Hammersmith. Operations 
at Perivale are therefore confined to the assembly of the 
tubes, work which requires the employment of a high 
proportion of skilled labour, the use of rigid systems of 
quality control and testing, and the co-ordination of a 
number of chemical, engineering and glass techniques. 
The tubes, which are made of glass with high electrical 
insulation, are pressed into typical television shape at 
Lemington to comply with suitable dimensional toler- 
ances and are of sufficient strength to withstand atmo- 
spheric pressure with a high margin of safety. Particular 
care has also to be taken to ensure that the face of the 
tube is free from blemishes. After annealing, the bulbs 
are pressure-tested at Lemington with water applied 
externally at a pressure of two atmospheres. 

On arrival at Perivale, che bulbs are washed on a 
semi-automatic machine, which is illustrated in Fig. 1, 
on this page. After a preliminary rinse with tap 
water in this machine, a weak solution of hydrofluoric 
acid is applied, followed by a rinse of hot tap water 
and a washing with a hot solution of caustic soda. The 
tube is then rinsed with cool tap water and finally with 
cold distilled water. This process takes about 20 
minutes and on its completion the tubes are dried by 
injecting warm filtered air through their necks. The 
next process is to apply a solution of phosphoric acid 
in acetone to the internal faces of the tube to form a 
binder to which the fluorescent powder will adhere. 
For.this purpose, a quantity of binder is filtered into 
the tube and, after the excess liquid has been drained 
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off, is partly dried. Next a controlled amount of 
fluorescent powder, chiefly zinc sulphide, is sprayed 
uniformly in a swirl over the sticky inner surface from 
a specially designed gun and the tube is then rotated 
and tapped to free it from excess powder. The 
unwanted powder is next removed from the entire 
inner surface of the tube, excepting the screen. To 
ensure the success of this comparatively simple opera- 
tion, the grain size, colour and “ free flowing ” proper- 
ties of the powder must be carefully controlled. After 
the powder has been applied, the tube is placed in a 
rotary oven, a photograph of which is reproduced in 
Fig. 2, and baked for 45 minutes at a temperature of 
350 deg. C. to fuse the phosphoric-acid binder. At the 
same time, the evolved vapours are removed by 
blowing in filtered air. 

To prevent the fluorescent surface thus formed from 
being “‘ burnt ” by the negative ions and to reflect the 
fluorescent light towards the viewer, the rear surface 
of the screen is next covered with an aluminium film, 
the thickness of which must not be more than 25 x 10-8 
in., so that the electrons will pass through it. At the 
same time, the aluminium must only cover the rear 
surface of the grains of powder, otherwise fluorescence 
will not occur. To effect this, the voids in the powder 
are filled, so that a reasonably uniform surface is formed, 
by first washing it and then flooding it to a depth of } in. 
with water the temperature of which is controlled to 
within 1 deg. C. The tube is then placed on a specially 
designed tipping head and, when the movement of the 
water has ceased, a small quantity of nitro-cellulose in 
butyl alcohol/ether solution is dropped on to it and 
allowed to spread over its surface. As the ether 
evaporates, a film of nitro-cellulose is formed and is 
lowered on to the surface of the fluorescent powder by 
very slowly decanting the water. The screen is then 
dried and inspected by transmitted light; and a 
graphite coating is applied internally to form the 
circuit between the anode and the side contacts. 

The next operation is to aluminise the tubes. For 
this purpose they are placed in the multi-head machine 
illustrated in Fig. 3, opposite, and are evacuated to a 
high vacuum by mercury-diffusion pumps backed by an 
oil pump. A spiral of pure aluminium is then vaporised 
electrically within the bulb and the metallic vapour is 
condeneed, on the inner surface of the screen. The 
thickness of this layer is controlled electronically by a 
thermionic oscillator, which beats with the output of 
a standard oscillator, the frequency of the latter being 
chosen so that a zero beat frequency is obtained when 
the required thickness of metal has been deposited. 
The bulbs are then passed to an inspection cabinet 
where they are exposed to a moderate pressure in 
order to check the electrical continuity of the graphite 
coating with the side electrode and to enable the 
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screen to be inspected for defects by exciting it with a 
Tesla discharge. 

A parallel operation to the processing of the tube, 
which has just been described, is the assembly of the 
electrodes. The components, which are specially 
cleaned before use, include heaters coated with insu- 
lating material and cathodes sprayed with an emissive 
coating which are jigged and welded on to a glass 
pinch. The whole assembly is finally washed in 
alcohol before being connected to the tube. To indi- 
cate the precision necessary in carrying out these 
operations, it may be mentioned that the aperture of 
the modulator is held to a tolerance of 0-004 in. and 
that the electrode must be flat to within 0-02 in. 
The modulator must also be spaced with respect to 
the cathode by mica washers to within 0-008 in., if 
the grid-base characteristics of the tubes are to be 
uniform. As mica cannot be obtained to such close 
limits of thickness, the required overall value is 
obtained by sorting the washers into a series of groups 
and selecting two, three or four of them to give the 
requisite spacing. 

After the “ gun” has been assembled it is checked 
electrically for continuity and insulation and is washed 
in alcohol. It is then inserted in the neck of the tube 
on a rotary multi-head machine, the bulb being filled 
with dry nitrogen at atmospheric pressure during the 
process to guard against oxidation of the electrodes. 
To. prevent strains being introduced into the glass 
during sealing, the bulb is cooled in a series of tempera- 
ture-controlled chambers and finally in a draught-proof 
box. The pumping machine, which is illustrated in 
Fig. 4, opposite, has positions for 24 tubes and is semi- 
automatic in operation. The high vacuum is obtained 
by using a two-stage mercury pump backed by a rotary 
oil pump and liquid-oxygen trap, while, to remove the 
gases both from the glass and the gun assembly, the 
tube is baked at 380 deg. C. under vacuum, prior to 
the activation of the cathode and the firing of the 
getter which cleans up the last traces of gas. The 
whole operation takes about two hours. 

After removal from the pumping machine the tubes 
are capped, aged and tested. The ageing process 
consists of applying a voltage of 2 kV to the anode and 
slowly increasing it to 10 kV over a period of 30 minutes. 
During this period, the beam current is also gradually 
increased and the screen is scanned to prevent 
“* burning.” 

Testing of the finished tube is carried out in several 
stages, during the first of which it is subjected to 
conditions similar to’ those found in a television 
receiver. In addition, one tube in ten is carefully 
checked for all characteristics and the results are 
plotted statistically. The tubes are then stored in 
cartons for two weeks, after which all are again tested 
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Fig. 4, 


under “ receiver ” conditions. A final test consists of 
taking tubes at random from the final stages of pro- 
duction or stock and testing them for vacuum, peak 
emission, and in an actual receiver. This enables 
production trends to be decided before the normal 
limits of manufacturing tolerance have been reached. 
_, As the bulb of a cathode-ray tube is an expensive 
item, steps are taken at Perivale to re-use those in 
which any small defects occur during manufacture. 
For this purpose, the tubes are re-heated and new 
contacts and stems are melted in. They are then 
annealed and cooled in a lehr to relieve strain, after 
which new necks are joined to the body and the re- 
constituted tube is pressure tested at two atmospheres 
before being re-issued to the production line. 





EXHIBITION OF EXHIBITIONS.—To commemorate the 
centenary of the Great Exhibition of 1851, the Royal 
Society of Arts has arranged an Exhibition of Exhibitions 
at the Society’s house, John Adam-street, Adelphi, 
London, W.C.2. It will be opened by H.R.H. Princess 








Muuti-Hreap Pomprnac Macuine. 


Elizabeth, the President of the Society, on Tuesday 
next, May 1, the exact centenary of the opening of the 
Great Exhibition. The Exhibition of Exhibitions will 
be open to the public on weekdays from 10 a.m. to 
6 p.m., except on Wednesdays, when the closing time 
will be 8 p.m. The admission fee will be 1s. and the 
exhibition will remain open’ until Saturday, Septem- 
ber 29. 


THE INSTITUTE OF METAIS: ERRATUM.—Mr. C. E. 
Davies has drawn our attention to an error which, we 
regret, occurred in our report of his reply to the 
discussion on the symposium on “ Metallurgical Aspects 
of the Cold-Working of Non-Ferrous Metals and Alloys,” 
presented at the recent annual general meeting of the 
Institute of Metals. In the middle column on page 474, 
18 lines up from the foot of the page, occurs the sentence 
commencing “In recent developments in the rolling of 
steel...” Here the word “steel” should read 
* foil,” as Mr. Davies was referring to the rolling of 
aluminium foil and not of steel. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 

Air Filters—A new specification, B.S. No. 1701, 
has been prepared to cover filters for the air supply to 
internal-combustion engines and air compressors other 
than those used in aircraft. It applies to six types of 
filter, namely, dry-medium, viscous, inertia, centri 
or cyclone, oil bath, and a combination of any of the 
foregoing. It is mainly a performance specification 
and deals with the testing of the filters. though no 
dimensions are specified, certain constructional require- 
ments are included. The specification sets out the 
performance figures for air-flow efficiency, pressure 
drop, dust-holding capacity, and oil carry-over and the 
identification marking and servicing instructions are 
given in detail. The conditions and methods of test 
are given in a special section. The tests are based on 
experience gained with filters used in military opera- 
tions and advantage has been taken of information 
gained through investigations on air filters used in 
aircraft operations. [Price 4s., postage included.] 

Aluminium and Aluminium-Alloy Sections.—A re- 
vision of B.S. No. 1161, covering aluminium and 
aluminium-alloy sections for general engineering 
p s, has been issued. The specification was first 
published in 1944 and has now been extended to cover 
additional sizes of sections, and the dimensions, geo- 
metrical proportions and weight per foot run of the 
sections are given. The specification covers equal- 
angle sections from } in. by ? in. to 9 in. by 9 in. ; 
unequal-angle sections from 1} in. by 1 in. to 12 in. 
by 6 in. ; channel sections from 3 in. by 1} in. to 12 in. 
by 4in.; “I” sections from 3 in. by 1} in. to 12 in. 
by 6 in.; and “T” sections from 1 in. by 1 in. to 
9 in. by 9 in. For certain sections more than one 
thickness has been standardised. [Price 5s., postage 
included.] 

Methods for the Chemical Analysis of Titanium and 
Chromium in Iron and Steel.—Two further parts 
(Nos. 17 and 18) in the series of ‘‘ Methods for the 
Analysis of Iron and Steel ” (B.S. No. 1121), have now 
been issued. Part 17 covers methods for the determina- 
tion of titanium in permanent-magnet alloys, which 
may contain from 5 to 15 per cent. of aluminium, from 
7 to 35 per cent. of nickel, from 10 to 30 per cent. of 
cobalt, from 0-5 to 8 per cent. of copper, a maximum 
of 3 per cent. of titanium, and the remainder iron. 
Two methods of determining the titanium, both having 
similar ranges of accuracy, are specified in Part 17 ; 
one has a gravimetric finish and the other an absorptio- 
metric finish. For titanium contents normally found 
in permanent-magnet alloys the methods are stated to 
be equally accurate. It is pointed out, however, that 
the methods are not suitable for alloys containing 
vanadium. Part 18 of B.S. No. 1121 relates to the 
analysis of chromium in ferro-chromium. The method 
specified depends upon the decomposition of the alloy 
by digestion with sulphuric acid, and fuming after the 
addition of phosphoric acid. The chromium is deter- 
mined by silver nitrate-ammonium persulphate oxida- 
tion followed by titration with ferrous ammonium sul- 
phate and standard potassium dichromate using barium 
diphenylamine sulphonate as the indicator. [Prices : 
Part 17, 2s., and Part 18, 1s., both postage included.] 

Sprinkler Systems.—The Council for Codes of Practice 
for Buildings, Construction and Engineering Services, 
working under the gis of the Ministry of Works, has 
issued, in draft form for comment, Code of Practice 
No. 402,201. This concerns sprinkler systems, and 
the design section contains general information on 
the installation of the wet-pipe, alternate wet- and 
dry-pipe, and dry-pipe systems. There are recommen- 
dations regarding the number, position and operating 
temperatures of sprinkler heads, the operation of alarms, 
special precautions for systems liable to freezing, 
pressure gauges, valves and supply connections, 
piping, and multiple-jet sprinkler apparatus. There 
are also recommendations on systems suitable for 
dealing with oil fires, while information is given on 
the actual work of installing a system and on the 
regular tests necessary, including weekly and quar- 
terly inspections. The draft Code is subject to amend- 
ment in the light of comments which should be sub- 
mitted, before May 8, to the Council, at Lambeth 
Bridge House (Room 324), London, 8.E.1. [Price 3s., 
postage included.] 





EXTENSION OF TILBURY POWER STATION.—The British 
Electricity Authority have received the consent of the 
Minister of Fuel and Power to the extension of the 
Tilbury power station by three 60-MW turbo-alternators 
and three 540,000-lb. boilers. When completed, this 





station will have a total installed capacity of 360 MW. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


GROWTH oF GLasGow.—Glasgow Corporation have 
issued a new publication, Industrial Guide to Glasgow, 
designed to show the great changes that have taken 
place, and giving a detailed picture of the city to-day and 
some forecast of its future development. The Guide 
begins with a description of the city in 1100 and goes on 
to outline the industrial and commercial activities within 
its bounds at the present time. 





EXHIBITION OF INDUSTRIAL POWER, GLASGOW.— 
The various halls of the Exhibition of Industrial Power— 
part of the Festival of Britain—which is to be opened 
in the Kelvin Hall, Glasgow, by Princess Elizabeth on 
May 28, are gradually taking shape, and the assembly 
work is still ahead of schedule. Nearly 100 loads of 
prefabricated material have been brought from the 
factory of the exhibition contractors, Armstrong & Co. 
(Wridale), Ltd., Ashton-under-Lyne, to a store at 
Chapelhali, Lanarkshire, and thence gradually moved to 
Kelvin Hall. There will be 500 exhibits on view, and the 
total cost of the exhibition will be 393,0001. 

Licut INDUSTRIES IN GLASGOW.—Lord McGowan of 
Ardeer, the former chairman of Imperial Chemical Indus- 
tries, in the course of his speech after receiving the 
freedom of Glasgow on April 19, declared that the city 
should never relax its efforts to attract new, and especi- 
ally, light industries, to “‘ cushion ” the inevitable depres- 
sion when the Clyde shipyards were short of orders. He 
thought it would be well to encourage American interests 
to erect factories in the area, as, on account of re-arma- 
ment, money for large capital-commitments would be 
short in this country for a considerable time. 

TURNHOUSE AIRPORT, EDINBURGH.—Work estimated 
to last seven months was started on April 23 on the 
extension of the main runway at Turnhouse Airport, 
Edinburgh. A Ministry of Civil Aviation notice states 
that the south-east to north-west runway, now 3,990 ft. 
long, is to be extended by 1,950 ft., to the south-east, 
and new taxiways built. The work involves regrading 
the runway for 1,300 ft. 





Dock WATER SuppLy.—Following complaints from 
shipowners and agents that the fresh-water supply 
available for ships at Grangemouth Docks is inadequate, 
the Town Council have decided to arrange for the installa- 
tion of a new water main as soon as possible. The Docks 
authorities are also planning to renew the piping system. 

DEVELOPMENT OF FITTINGS FOR OIL REFINERIES.— 
The receipt of an order for butt-welded fittings for oil 
refineries in the United States, valued at about 1,000,000 
dols., was announced on April 18 by Clyde Tube Forgings, 
Ltd., Hillington. Before the war of 1939-1945, these 
fittings were not made in this country and had to be 
imported from America. Their manufacture has been 
developed by Clyde Tube Forgings, a subsidiary of 
Shaw-Petrie, Ltd., Glasgow pipework contractors. 


ENGINEERS’ GUILD, GLASGOW CENTRE.—Speaking at 
the inaugural meeting of the Glasgow Centre of the 
Engineers’ Guild, on April 10, Mr. William Boyle, chair- 
man of the Scottish Branch of the Guild, said that, with 
the extensive growth of central planning and control, the 
professional engineer was sometimes overlooked by those 
responsible for administration. The Guild felt strongly 
on that point, he added, and maintained that engineers 
were entitled to be consulted on administrative matters. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


IRON AND STEEL PROpDUCTION.—Statistics issued by 
the British Iron and Steel Federation indicate that the 
production of pig iron on the North-East Coast averaged 
44,800 tons weekly in February, 1951, compared with a 
weekly average of 45,30.) tons in January, 1951, and 
46,200 tons in February, 1950. There were 23 furnaces 
in blast at the end of February, 1951, and the weekly, 
production of 44,800 tons consisted of 7,900 tons of hema- 
tite iron, 35,100 tons of basic iron, 300 tons of foundry 
iron, and 1,500 tons of ferro-alloys. The February, 1951, 
weekly average consumption of home ores was 28,700 
tons and of imported ores, 45,800 tons. The weekly 
average production of steel ingots and castings, during 
February, 1950, was 65,600 tons; during January, 1951, 
62,300 tons; and during February, 1951, 65,400 tons. 
The lagt-mentioned total comprised 63,800 tons of ingots 
and 1,600 tons of castings. The total of 65,400-tons was 
made up of 62,300 tons of basic steel, 1,600 tons of acid 
steel, 1,000 tons of electric steel, and 500 tons made by 
Other processes. 





THE INDUSTRIAL NORTH-East Coast.—Conditions in 
the North-East Coast iron and allied trades maintain 
market transactions within narrow limits and the outlook 
occasions grave anxiety. Outputs of iron and steel fall 
vastly short of current needs and stocks have been heavily 
drawn upon and are now at levels lower than for a 
long time past. Buyers of all Tees-side products are 
in urgent need of much larger deliveries than are obtain- 
able. Pig iron and scrap are extremely scarce and no 
movement toward an early change for the better in the 
perturbing situation is discernible. On the contrary, the 
curtailment of pig-iron production continues as more 
plants are turned over to slack blast. Imports of war- 
time scrap from the Continent have almost ceased. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


POSSIBLE RISE IN STEEL PRICES.—Higher production 
costs are likely to lead to an advance in steel prices. 
The railway-freight increase of 10 per cent. will hit 
steelmakers in two ways, firstly, on raw materials brought 
into Sheffield, and, secondly, on finished products leaving 
the city. Steel prices rose by 8s. per ton on February 21, 
since when there have been advances in freight charges 
and in coal costs. The President of the Sheffield Chamber 
of Commerce, Mr. F. Lloyd, states that some manufac- 
turers will have to work at a loss unless an increase in 
prices is sanctioned. The steel industry, as he pointed 
out, was most vulnerable to higher freight charges. 

THE ScaRcITY OF SULPHURIC AcID.—Sheffield steel- 
makers are large consumers of sulphuric acid, mainly 
for the pickling of steel products to remove scale, and it 
has become necessary to institute economies in the use 
of the acid. These include the re-use of the spent liquor 
after treatment. Investigations are also being pursued 
with the object of using other chemical agents for 
de-scaling, and of removing scale by mechanical action. 





FEWER UNEMPLOYED.—While there are over 5,000 
notified vacancies in Sheffield industry, there are still 
1,221 unemployed on the books. The total, however, 
includes 522 disabled operatives and a large proportion 
of elderly persons. Nevertheless, the present number of 
unemployed is the lowest since 1949 and continues to 
fall. In the middle of 1939 there were 15,930 unemployed 
in Sheffield, while the middle of 1947 saw the lowest 
post-war figure, namely, 916. 

REMOTE CONTROL OF ELECTRICITY SupPpLy.—On 
Monday, April 23, the distribution of electricity to No. 1 
Sub-area of the North-Western Electricity Board was 
brought under the direct supervision of the control room 
at Dickinson-street, Manchester. The sub-area, which 
includes Manchester and adjacent districts, contains 
about 50,000 industrial consumers and is stated to have 
the highest load density, in kW per square mile, of any 
area in the country. The network is controlled by two 
“common diagram ” systems, one for the 6-6-kV supply 
and the other for 11 kV, which were installed some ten 
years ago, and to these has now been added a similar 
supervisory system for the 33-kV supply. All three 
systems were made and installed by Standard Telephones 
and Cables, Limited. 


THE MIDLANDS. 


FOUNDRY PRODUCTIVITY CONFERENCE.—A one-day 
conference on foundry productivity is to be held at the 
University of Birmingham on Wednesday, May 2. The 
morning session will be occupied by lectures on the 
economic, engineering and metallurgical aspects of 
foundry work by Professors P. Sargent Florence, T. U. 
Matthew and A. J. Murphy. In the afternoon there 
will be a general discussion, including a short résumé of 
reports on the visits to the United States of the foundry 
productivity teams by the leaders, Mr. F. A. Martin 
and Mr. H. T. Angus. Members of the public who wish 
to attend the conference are asked to communicate in 
advance with the Industrial Metallurgy Department, 
University of Birmingham, Edgbaston, Birmingham, 15. 

CO-OPERATION IN MEETING LARGE CONTRACTS.—Ten 
engineering firms in Tamworth, Staffordshire, have 
adopted a scheme to enable them to co-operate in under- 
taking work for Government departments. It is pointed 
out that, individually, the firms, all of which are of 
moderate size, could not handle large contracts, but that 
together they would be abie to meet most requirements. 
The scheme, which is on a voluntary basis, will be consi- 
dered in detail by a committee of six, which will collect 
information relating to machine capacity, labour force 
and floor space. The chairman is Mr. E. 8S. Thompson, 
of Thompson and Southwick, Ltd., Tamworth. 

SHEET-METAL PRODUCTION RESEARCH.—The question 
of research into sheet and strip metal production was 
discussed at a meeting of the Sheet and Strip Metal Users’ 
Technical Association at Birmingham on March 18. 





Mr. Alastair McLeod, honorary secretary of the Associa- 
tion, said that the idea of carrying out a programme of 
research was at present little more than a suggestion, 
but that a great deal of work needed to be done. The 
Association would commission universities to do the work 
or might itself undertake it. 





WEDNESBURY TECHNICAL COLLEGE EXTENSION.— 
The County Technical College at Wednesbury, Stafford- 
shire, is to be extended at a cost of over 100,0001., and 
work is just about to begin. A three-acre factory site 
almost adjacent to the existing college has been acquired 
and the work of clearing the machinery from the factory 
is almost completed. In the new premises the College 
will have a fully-equipped foundry, with a core shop and 
sand laboratory. There will also be a test house, heat- 
treatment room and welding shop. The new site will 
allow the College to extend its activities, and will dispense 
with the necessity, which has arisen in the past few years, 
of overflowing into other premises. 


SOUTH-WEST ‘ENGLAND AND 
7. SOUTH WALES. 


BRIDGEND PAPER MILL.—A new paper-making mill at 
Bridgend, now nearing completion, will be capable of 
producing 300 tons of high-grade tissue paper a week. 
The mill, which will manufacture a considerable range 
of papers, of types previously mainly imported from 
Scandinavia, is owned by Bridgend Paper Mills, Ltd., a 
subsidiary of Wiggins, Teape & Co., Ltd., and has cost 
1,250,0001. to build. The contractors are G. Percy 
Trentham, Ltd. Practically all the machinery is of 
British manufacture. The new mill is adjacent to the 
Llynfi power station from which it will draw its supply 
of steam for paper making. Production of paper com- 
menced last October and the mill is already working at 
about half capacity. 





WATER RESERVOIR AT CARDIFF.—Cardiff Corporation 
Waterworks Committee have decided to double the 
original size of a new reservoir to provide a capacity of 
4,000,000 gallons. The cost will be increased thereby 
from 120,0001. to 151,0001. The daily consumption of 
water in Cardiff during the year ended March 31, 1951, 
was 12,670,000 gallons, or 58,000 gallons a day more 
than in the previous year and the highest figure in the 
history of the Cardiff undertaking. 





BRISTOL CHANNEL FERRY SERVICE.—Bristol Chamber 
of Commerce have appointed a sub-committee to examine 
a scheme for a new Bristol Channel ferry service, from 
Penarth, near Cardiff, to Uphill, Weston-super-Mare. 
The author of the plan, Mr. Herbert W. Haydon, of 
Weston-super-Mare, proposes to ferry passengers, goods 
and motor vehicles, and claims that two ferry boats 
could be operated from each side, doing four trips a day, 
and increasing to six, if possible. His estimate of the 
capital required is 200,0001., and he believes that the 
weekly revenue might reach 1,0001. 





West WALES STEELWORKS.—A shortage of steel 
scrap and pig iron is threatening the operation of the 
extended week in West Wales steelworks. The effect 
of the crisis is being felt at the Albion Works and the 
Old Steelworks, Briton Ferry, where, according to the 
managing director, Colonel J. M. Bevan, there is a 
distinct possibility of having to work shorter time. A 
return to the normal week is regarded in some quarters 
as the obvious way to save materials. The extended 
week in West Wales, however, has increased output in 
the steelworks over the past 18 months by at least 10 per 
cent. and in some cases by as much as 17 per cent. 





New PowER STATION AT PORTISHEAD, SOMERSET.— 
The Ministry of Fuel and Power has consented to the 
application of the British Electricity Authority to con- 
struct a new 360-MW power station at Portishead, near 
Bristol, as an addition to the existing 248-MW station. 
The new station, which will be known as Portishead “ B,” 
will contain eventually six 60,000-kW turbo-alternator 
sets, taking steam from 12 boilers, each with an evapora- 
tive capacity of 300,000 Ib. of steam an hour. 





GLOUCESTER-BRISTOL TRUNK Roap.—On April 24, 
the Minister of Transport (the Rt. Hon. Alfred Barnes, 
M.P.) received a deputation representing the Gloucester- 
shire County Council, the Corporations of Bristol, 
Cheltenham and Gloucester, the Port of Bristol Autho- 
rity, and the Birmingham and Bristol Chambers of 
Commerce, who stressed the urgent need to widen the 
Gloucester-Bristol trunk road to a minimum carriage 
way of 30 ft. throughout. They also asked the Minister 
to honour the undertaking that he had given, when the 
Filton by-pass was closed, to provide an alternative 
route. Mr. Barnes promised to give both matters his 
consideration, but emphasised the severe restrictions 02 
the funds at his disposal and the need to avoid capital 
expenditure in present circumstances. 
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NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF BRITISH FOUNDRYMEN.—West Riding of 
Yorkshire Branch: Saturday, April 28, 6.30 p.m., 
Technical College, Bradford. Annual Meeting and 
Reading of the S.W. Wise Prize-Winning Paper. 

INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section: Monday, April 30, 7 p.m., Savoy- 
place, Victoria-embankment, W.C.2. Address by the 
President of the Institution, Sir Archibald J. Gill. 
Tuesday, May 8, 7 p.m., Golden Fleece Hotel, Chelms- 
ford. Chairman’s Address on “ Television: An Intro- 
duction to the Generation and Transmission of Television 
Signals,” by Mr. I. J. Shelley. Measurements Section: 
Tuesday, May 1, 5.30 p.m., Savoy-place, Victoria- 
embankment, W.C.2. Lecture on “ The Measurement 
of Natural Frequencies of Power Networks,” by Professor 
P. Fourmarier. South Midland Centre: Tuesday, May 1, 
7 p.m., Works Institute, Hylton Road Power Station, 
Worcester. Discussion on ‘“‘ Engineering: Financial 
Problems Arising in the Electricity-Supply Industry,” 
to be opened by Mr. D. H. Kendon. Utilization Section : 
Thursday, May 3, 5.30 p.m., Savoy-place, Victoria- 
embankment, “W.C.2. ‘A New Power Stroboscope 
for High-Speed Flash Photography,” by Mr. W. D. 
Chesterman, Mr. D. R. Glegg, Mr. G. T. Peck and Mr. 
A. J. Meadowcroft. North Midland Students’ Section : 
Saturday, May 5, 2.30 p.m., Griffin Hotel, Boar-lane, 
Leeds, 1. Annual Meeting and Film Display. North- 
Western Centre: Tuesday, May 8, 6.15 p.m., Engineers’ 
Club, Albert-square, Manchester, 2. Annual Meeting. 
“The Development of the Electrical System on the 
Bristol Brabazon Mark I Aircraft,’’ by Mr. M.J.J. Cronin. 
North Midland Centre: Tuesday, May 8, 6.30 p.m., 
Queen’s Hotel, Leeds. Lecture on “‘ Mind and Inven- 
tion,” by Professor G. P. Meredith. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, April 30, 7.30 p.m., The 
University, Leeds. Discussion on “‘ Tractors, Excavators 
and Civil Engineering Plant.” East Midlands Branch: 
Wednesday, May 9, 7 p.m., Welbeck Hotel, Nottingham. 
Various short papers. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Bournemouth Branch: Monday, April 30, 8.15 p.m., 
Grand Hotel, Firvale-road, Bournemouth. Discussion 
on “‘ Storage Battery Applications.” 


INSTITUTION OF CIVIL ENGINEERS.—W orks Engineering 
Division: Tuesday, May 1, 5.30 p.m., Great George- 
street, Westminster, S.W.1. ‘‘ The Design and Con- 
struction of the Baghdad Railway and Road Bridge,” 
by Mr. A. E. Reid and Mr. F. W. Sully. Railway 
Engineering Division: Tuesday, May 8, 5.30 p.m., Great 
George-street, Westminster, S.W.1. ‘“ Prestressed Coa- 
crete Applied to the Construction of Railway Bridges 
and Other Works,” by Mr. Arthur Dean. 


NORTH-WESTERN FUEL LUNCHEON CLUB.—Wednes- 
day, May 2, 12 noon for 12.45 p.m., Engineers’ Club, 
Albert-square, Manchester, 2. ‘Manchester Public 
Libraries,” by Mr. R. B. Barnes. 


INSTITUTION OF MECHANICAL ENGINEERS.—London 
Graduates’ Section: Wednesday, May 2, 6.30 p.m., 
Storey’s-gate, St. James’s Park, Westminster, S.W.1. 
Annual Meeting. ‘‘ Some Aspects of Torsional Vibration 
of High-Speed Lightweight Vehicle-Type Oil Engines,” 
by Mr.G.Brown. Institution: Friday, May 4, 5.30 p.m., 
Storey’s-gate, S.W.1. Presentation of 1951 James Watt 
International Medal to Dr. H. H. Blache. James Clayton 
Lecture on “ Stages in the Design of the Large Bur- 
meister and Wain Marine Diesel Engine,” by Dr. Blache. 
Midland Branch: Monday, May 7, 6 p.m., James 
Watt Memofial Institute, Great Charles-street, Bir- 
mingham, 3. Joint Meeting with the South Midland 
Centre of the INSTITUTION OF ELECTRICAL ENGINEERS. 
“The Application of Gas-Turbine Technique to Steam 
Power,” by Mr. J. F. Field. AUTOMOBILE DIVISION.— 
Derby Centre: Monday, April 30, 7.15 p.m., The Midland 
Hotel, Derby. “ Prospects of the Gas-Turbine Car,” 
by Mr. Geoffrey Smith. 


JUNIOR INSTITUTION OF ENGINEERS.— Midland Section : 
Wednesday, May 2, 7 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham, 3. Address 
by the Section President on “‘ What is Coal?” by Dr. 
Stacey G. Ward. 


INSTITUTION OF PRODUCTION ENGINEERS.—Notting- 
ham Section: Wednesday, May 2, 7 p.m., Victoria Station 
Hotel, Milton-street, Nottingham. Discussion on “‘ Pro- 
ductivity in America,” introduced by members of teams 
which have recently visited the United States. Bir- 
mingham Graduate Section: Tuesday, May 8, 7 p.m., 
James Watt Memorial Institute, Great Charles-street, 
Birmingham, 3. ‘“ Fundamental Machining Problems 
Associated with the Production of Gas-Turbine Com- 
Ponents,” by Mr. P. Spear. 


RoyaL Socitery.—Thursday, May 3, 4.30 p.m., Bur- 
lington House, Piccadilly, W.1. (i) “ Relativity Theory 
and the Creation of Matter,” by Mr. W. H. MoCrea. 
(ii) “ The Flow of Glaciers and Ice-Sheets as a Problem 
in Plasticity,”’ by Mr. J. F. Nye. 


ENGINEERS’ GUILD.— Metropolitan Branch : Thursday, 
May 3, 6 p.m., Caxton Hall, near Victoria-street, West- 
minster, S.W.1. Address on “How Engineers Can 
Promote International Understanding,” by Mr. C. W. 
Niel McGowan. 


INSTITUTION OF SANITARY ENGINEERS.—Thursday 
May 3, 6 p.m., Caxton Hall, near Victoria-street, West- 
minster, 8S.W.1. Discussion on “ Civil Engineering Code 
of Practice No. 5.—‘ Drainage (Sewerage)’,” to be 
opened by Mr. F. J. Crabb. 

LEEDS METALLURGICAL SocireTy.—Thursday, May 3, 
7 p.m., Chemistry Department, The University, Leeds, 2. 
Annual meeting. Various short papers by junior 
members. \ 


CHEMICAL SocreTy.—Thursday, May 3, 7.30 p.m., 
Burlington House, Piccadilly, W.1. ‘“‘ Chemical Evidence 
Relative to the Origins of the Earth and Planets,” by 
Professor H. C. Urey. 

ROYAL StaTistTicaL Soorery.—Industrial Applications 
Section : Friday, May 4, 6 p.m., Lighting Service Bureau, 
2, Savoy-hill, Strand, W.C.2. ‘‘ Graphical Analysis of 
Variations as a Production Tool,” by Dr. E. A. G. 
Knowles and Misg E. Roseman. 


INSTITUTE OF FUEL.—South Wales Section: Friday, 
May 4, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. Annual Meeting. ‘‘ What Oil Does 
Abroad,” by Mr. C. A. P. Southwell. North-Western and 
Scottish Sections: Friday, May 4, 7 p.m., The Crown and 
Mitre Hotel, Carlisle. Joint Meeting. ‘‘ Comparison 
Between the Various Steam-Generating Units, up to a 
Capacity of 30,000 Ib. of Steam per Hour,” by Mr. H. E. 
Partridge. 


INSTITUTE OF ROAD. TRANSPORT ENGINEERS.—East 
Midlands Centre: Friday, May 4, 6.30 p.m., Milton’s 
Head Hotel, Nottingham. Annual Meeting, followed by 
the annual dinner. Eastern Group: Tuesday, May 8, 
7 p.m., 66-68, Newmarket-road, Cambridge. Open 
meeting. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—Mersey- 
side Section: Friday, May 4, 7 p.m., Electricity Service 
Centre, Whitechapel, Liverpool. Annual Meeting. 
Film on “ Atomic Physics” North-Eastern Section: 
Wednesday, May 9, 6 p.m., Neville Hall, Westgate-road, 
Newecastle-upon-Tyne. Annual meeting and film 
display. 

INSTITUTE OF ECONOMIC ENGINEERING.— Manchester 
Branch: .Friday, May 4, 7.30 p.m., Engineers’ Club, 
Albert-square, Manchester, 2. Discussion Evening. 
Glasgow Branch: Saturday, May 5, 10.30 a.m., The 
Christian Institute, Bothwell-street, Glasgow. Discussion 
evening. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 8, 
5.30 p.m., 85, The Minories, E.C.3. ‘“‘ Marine Torsion- 
meters and Thrustmeters,” by Mr. R. Cook. 


WOMEN’S ENGINEERING SocreTy.—Tuesday, May 8, 
7 p.m., 35, Grosvyenor-place, Westminster, 8.W.1. Dis- 
cussion on ‘‘ The Engineering of Amusements.” 


RoyaL Socrery OF ARTS.—Wednesday, May 9, 2.30 
p.m., John Adam-street, Adelphi, W.C.2. Pope Memorial 
Lecture on “ Lyon Playfair and His Work for the Great 
Exhibition of 1851,” by Professor R. G. W. Norrish. 





240-MW SEm1-OvuTDOOR POWER STaTION.—The British 
Electricity Authority have received the consent of the 
Ministry of Fuel and Power to the establishment of a 
240-MW power station at Ince, Cheshire. The main 
portion of the boiler section of this station, which will 
primarily be used to supply power to the atomic energy 
plant at Capenhurst, will be in the open air, although the 
operating area round the combustion chamber and 
steam drums will be enclosed. The equipment will 
consist of four 60-MW turbo-alternators, four 550,000-Ib. 
boilers and four cooling towers. ; 


ADMIRALTY CHARTS, AND NOTICES TO MARINERS.— 
The Admiralty announce that, as from April 23, 1951, 
the prices of Admiralty charts, which have remained 
hitherto at the pre-war level, are increased by 33% per 
cent., to meet the increased cost of production. The 
service of “ Notices to Mariners,” however, which has 
been maintained by the Admiralty for the benefit of 
chart users for nearly a century without charge, will 
continue to be free. The Notices are published in weekly 
and quarterly editions, and contain all corrections neces- 
sary to keep the charts up to date. The 1951 edition of 
the catalogue of Admiralty charts and other hydrographic 
publications is expected to be ready at the end of this 
month, price 2s., and will be available at the usual sales 





agencies for Admiralty charts. 


PERSONAL. 


Mr. A. C. HarTLEy, C.B.E., B.So. (Eug.), F.C.G.I., 
M.I.Mech.E., until recently chief engineer of the Anglo- 
Iranian Oil Co., Ltd., and this year’s President of the 
Institution of Mechanical Engineers, was elected to the 
board of Johnson & Phillips, Ltd., Charlton, London, 
8.E.7, on April 18. 


Mr. S. G. West, M.I.N.A., naval architect to the 
Union-Castle Mail Steamship Co., Ltd., 3, Fenchurch- 
street, London, E.C.3, has retired after 45 years of 
service with the company. Mr. West has been succeeded 
by Mr. J. A. H. LEEs, who has acted as his assistant for 
the past 5} years. 

Mr. R. J. WEEKS, J.P., M.A.(Cantab.), has been 
elected President of the Institution of Mining Engineers, 
Salisbury House, Finsbury-circus, London, B.C.2, for 
the year 1952-53, in succession to SiR ANDREW BRYAN, 
B.Sc., F.R.S.E., J.P. 


Mr. E. E. Moore, M.I.E.E., has retired from the 
position of managing director of Walter’s Electrical 
Manufacturing Co., Ltd., Kensaltown Works, Kensal- 
road, London, W.10, after over 50 years of service with 
the company. He remains on the board, however, and 
has been appointed chairman. Mr. HAROLD PARKER, 
A.I.E.E., has been appointed to succeed Mr. Moore as 
managing director. 

Mr. D. MaxwEt. Bust, M.I.E.E., export director 
of the British Electrical and Allied Manufacturers’ 
Association, 36 and 38, Kingsway, London, W.C.2, 
has been elected chairman of the Council of the Institute 
of Export for the session 1951-52. Mr. J. P. Forp, 
director and general manager of Associated British Oil 
Engines (Export) Ltd., has been elected vice-chairman. 

Mr. G. SENIOR, joint managing director of Richard 
Sutcliffe Ltd., Universal Works, Horbury, Wakefield, 
has retired. He joined the company in 1912. 

Mr. L. L. ROBERTS, general manager of A. C. Cossor 
Ltd., Cossor House, Highbury-grove, London, N.5, and 
director and general manager of Cossor Radar Ltd., 
relinquished these posts as from March 31. He is taking 
up a position with Rootes Ltd., in connection with their 
export business. 

Mr. IpRIS WILLIAMS, B.So. (Wales), hitherto assistant 
manager of the continuous pickling and hot-sheet finishing 
departments at Ebbw Vale, has been appointed assistant 
to the plant manager at Trostre Works of the Steel Co. 
of Wales, Ltd., and will be concerned with the pickling 
department, cold-reduction rolling mill and cleaning and 
annealing departments. 

SQUADRON-LEADER J. B. StarKy, D.S.O., D.F.C., has 
been appointed chief test pilot to Armstrong Siddeley 
Motors, Ltd., makers of the Sapphire jet aeroplane engine, 
Parkside, Coventry. 

Mr. C. P. Paton, B.Eng. (Canada), general works 
manager, Northern Aluminium O©o., Ltd., Banbury, 
Oxfordshire, has been elected to the board of the 
company. 

Mr. 8. VARLEY, who for the past three years has held 
an appointment on the electrical-engineer headquarters 
staff of Courtaulds, Ltd., Coventry, has joined the 
Birmingham office of Lancashire Dynamo and Crypto 
Ltd. 

Mr. L. W. TURNER, A.M.I.E.E., has been appointed 
assistant head of the Engineering Services Group of the 
British Broadcasting Corporation, in succession to MR. 
E. L. E. PAWLEY, who is now head of that group. 

Mr. F. E. SHEPPARD, B.Sc. (Eng.), A.M.I.Mech.E., 
A.M.I.Loco.E., has been appointed sales engineer, 
Railway Division, London Area, for British Timken. 
Ltd., Duston, Northampton, with effect from April 30. 

Mr. G. D. Crorsrer, B.Sc., A.M.LE.E., Consett 
Chambers, 116, Pilgrim-street, Newcastle-upon-Tyne, is 
now the representative in the four Northern Counties 
for Matterson Ltd., manufacturers of overhead travelling 
cranes, hoists and gearboxes, Rochdale. 

Mr. H. N. Licursopy, B.Sc. (Edin.), M.Inst.M.M., 
has been appointed senior mining engineer on the staff 
of the Colonial Development Corporation, Minerals 
Division, 33, Dover-street, London, W.1. 

Dr. G. L. Evans, lecturer at the Royal School of 
Mines, has been awarded a Nuffield Travelling Fellowship 
in Extraction Metallurgy. He is now on a tour of 
metallurgical installations in Canada and the United 
States. 

COLONEL MARK WHITWILL, O.B.E., D.8.0., M.C., T.D., 
who has been chairman of the South-Western Regional 
Board for Industry since 1945, has been made chairman — 
of the Transport Users Consultative Committee for the 
South West Area. The Minister of Transport hopes to 
appoint the full committee for the area shortly. 

Gro. ADLAM & Sons, Lrp., Bristol, have taken a 
controlling interest in ScoTTs ENGINEERING (NEWPORT) 
Lrp., a firm largely concerned in the production of dairy 
plant in addition to their general engineering business. 





They will continue to operate as a separate entity. 
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STAYTHORPE POWER STATION. 








NEW POWER STATIONS FOR THE 
B.E.A.: IX.—STAYTHORPE. 


Tu Staythorpe power station of the British Elec- 
tricity Authority is situated in the East Midlands 
Division on the west bank of the River Trent, about 
three miles south of Newark. An exterior view of 
the buildings, which consist of steel frames clad in a 
sand-coloured brick, is given in Fig. 1. 

Coal is obtained from the adjacent East Midlands 
coalfield and is at present being burnt in five “ High- 
head ” boilers,* which were constructed by Messrs. Bab- 
cock and Wilcox, Limited, Farringdon-street, London, 
E.C.4, and each of which has an output of 240,000 Ib. 
of steam per hour at a pressure of 950 lb. per square 
inch and a temperature of 925 deg. F. Firing is 
effected by spreader stokers, to be seen in Fig. 2, and the 
control of combustion is fully automatic. Variable- 
speed alternating-current motors are used for driving 
both the forced-draught and the induced-draught fans. 
Prat-Daniel dust collectors are installed between the 
economisers and air heaters and the contents of the 
pits at the boiler outlets are re-fired. 

The generating plant consists at present of two 
60-MW turbo-alternators, made by the British Thom- 
son-Houston Company, Limited, Rugby; a typical 
set is illustrated in Fig. 3. Three-phase current is 
generated at 18 kV and is stepped up either to 66 kV for 
transmission to the Spondon station or to 132 kV for 
connection to the line to Corby. The steam is exhausted 
into Worthington-Simpson condensers which are cooled 
by river water delivered by Drysdale pumps with 
an output of 50,000 gallons per minute; and the 
condensate is heated in four stages to give a final 
feed-water temperature of 357 deg. D. Each machine 
is equipped with both electrically and steam driven 
feed pumps, the latter coming into operation auto- 
matically should the former fail. These pumps were 
constructed by the Harland Engineering Company, 
Limited, Alloa, and Messrs. G. and J. Weir, Limited, 
Cathcart. 

The station will ultimately contain six 60-MW sets 
and 18 boilers, which will be installed in three boiler 
houses. Each of these houses will have its own control 
room, in which there will be diagrams enabling the 
engineers to ascertain the position of the equipment 
at any moment. Control panels for the turbines 
and the circulating pumps will be located on the turbine 
room floor. Readings from all these control panels 
will also be repeated diagrammatically on a “station 
performance indicator” in the main control room, 
where, in addition, there will be an electrical panel 
and a master panel from which it will be possible to 
operate all the principal steam valves. 

Conditions at the site being favourable, it has been 
decided to build a second 360-MW station alongside 
the one described above. 


' * These boilers are similar in type to those which are 
being erected at Braehead power station, as stated on 
page 318, ante, when, inadvertently, we omitted to 
mention that Messrs. Babcock and Wilcox were the 
makers.—Ep., E. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP te Bark 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 


of Canada £510 0 


£5 5 0 


Subscriptions for periods less than twelve months 
ate based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art 4 two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 

averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
Sppearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 
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THE SHORTAGE OF 
STRATEGIC METALS. 


‘“ OrTHODOXY,” declared Bishop Warburton, “ is 
my doxy; heterodoxy is another man’s doxy.” 
The occasion was a political one, and the principle 
still characterises many political pronouncements, 
one of the most recent manifestations occurring 
in the debate in the House of Commons on April 20, 
following upon a statement by Mr. George Strauss, 
M.P., the Minister of Supply, imposing restrictions 
on the use of the scarce metals needed in the pro- 
duction of alloy steels. In the course of that 
debate, the Minister was asked what steps he pro- 
posed to take, either by legislation or by Order 
in Council, to deal with the scrap-metal brokers 
who, it was alleged, were holding large stocks and 
refusing to release them until they received the 
highest possible price. Mr. Strauss very properly 
pointed out that this was a matter which did not 
arise in connection with the materials to which he 
had referred, though he admitted that there were 
‘certain difficulties with steel.”” The interjection 
is of interest, however, as indicating a too-general 
attitude of mind in certain quarters; should a 
Government indulge in “stockpiling,” that is 
common prudence, but, if the same thing is done by 
a firm or individual in the course of business, it is 
to be stigmatised as hoarding or worse. Similarly, 
if a firm or individual should fail to make proper 
provision for adequate supplies of essential raw 
materials and thereby is prevented from maintain- 
ing deliveries, that is bad management. If a 
Government omit to do so, however, they are the 
victims of unfair competition, or at any rate, of 
adverse circumstances. 

Turning from the general to the immediately 





particular, however, it cannot be denied that the 


situation is serious. Restrictions on the use of 
copper and zinc in various branches of manufacture 
were imposed some time ago, and the effect on some 
of the producers of light non-ferrous metal goods has 
been depressing, to say the least. The effect, more- 
over, is cumulative, and to extend in directions, 
and to an extent, that may not be obvious at first 
sight. There have been instances in the past, for 
example, where the completion of passenger ships 
has been retarded seriously by delay in the delivery 
of such small components as cabin-door fittings. 
The shortage of nickel is likely to produce even 
more widespread repercussions, 

The Minister’s statement is of sufficient gravity, 
therefore, to justify a fairly extensive verbatim 
quotation. ‘‘ There is,” he said, “a grave shortage 
of nickel, tungsten and molybdenum, and, conse- 
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possible to obtain greater supplies, but there is 
immediate need to make savings in the civil use of 
these metals to provide for the very heavy require- 
ments of the re-armament programme, which, of 
course, must be met. To make this possible in 
respect of nickel, certain other nickel uses must be 
cut immediately. Nickel supplies have not fallen, 
but the heavy defence demand, coming on top of a 
rising civilian demand, has produced an acute 
shortage. As an emergency measure, as from May 1, 
the amount of nickel supplied for stainless steel 
production will be cut to 70 per cent. of the 1950 
level, and supplies of nickel anodes for plating will 
be cut to 50 per cent. of the 1950 level. These 
cuts will be followed by the prohibition of less 
essential uses of nickel. As the House will no 
doubt be aware, the United States Government 
have already enacted prohibitions in this field. 
“Supplies of molybdenum, for which we are 
entirely dependent on the United States, are far 
below the 1950 level, and there is a sharply increased 
demand for our defence programme. If the re- 
armament demand has to be met in full from the 
current rates of supplies, there will be hardly any- 
thing left for civil production. Supplies of tungsten 
are also precarious. The mining of tungsten ore is 
to be started again in Devonshire to supplement 
imports. There is little scope for prohibiting 
inessential end uses of either molybdenum or 
tungsten. Technical committees of the iron and 
steel industry have been set up to examine urgently 
what economies can be made in the use of nickel, 
molybdenum and tungsten in modification of alloy- 
steel specifications. In this they will, I am sure, 
have the co-operation of the alloy-steel using indus- 
tries. These committees will also be of great 
assistance to us in our examination of the specifica- 
tions of alloy steels for the re-armament programme 
to find what further economies can safely be made 
there. All these measures will have to be supple- 
mented as soon as possible by closer control of the 
distribution of nickel, tungsten, molybdenum and the 
alloy steels. It must be stressed, however, that 
the only way in which we can meet the re-armament 
programme and the basic requirements of our civil 
economy, including exports, is by obtaining in- 
creased supplies of these metals. We attach, 
therefore, the greatest importance to a favourable 
outcome of the international discussions on this 
subject. Even so, we must envisage that measures 
of economy and restrictions on the lines which we 
are now compelled to enforce will be necessary for a 
considerable time.” 
Considerable pressure was put upon the Minister to 
prepare a White Paper or other document, so that, 
in the words of Mr. Clement Davies, M.P., “‘ the 
fullest information can be given to the House and 
the country, and we may know where we stand.” 
It was suggested also that there should be a full 
debate on the matter, to decide the best course 
to adopt. Mr. Strauss, while expressing his readi- 
ness to place before the House all the information 
possible, did not agree definitely to prepare a White 
Paper; and, of course, it was not in his power to 
promise facilities for a debate. Undoubtedly, a 
debate would clear the air, but no amount of 
debating can produce nickel and tungsten and 
molybdenum where supplies do not exist. Drastic 
rationing appears to be inevitable; but those 
affected may well ask how it is that no one appears 





to have foreseen that these shortages might occur. 
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CO-OPERATIVE TRADING. 


“‘ AMonG the many valuable functions of a trade 
Association, is the exercise of its authority and 
powers of persuasion to secure united action by a 
group of manufacturers which might otherwise be 
divided in its counsels by the influence of the com- 
petitive spirit.” This is a quotation from The 
Times Review of Industry. It is not likely to be 
received favourably by those who believe, or at 
least talk as though they believe, that the making 
of a profit on invested capital is contrary to the 
public good. At one time in history, usury, which 
is another name for interest on money lent, was 
considered not only undesirable, but actually 
morally evil. This opinion in its extreme form is 
not likely to be held by other than a very small 
minority at the present time, but its influence is 
still operative. It is widely contended that, while 
labour may justly demand higher emolument to 
compensate for a debased currency and increasing 
prices, those who have put their savings in com- 
petitive businesses have no such right. The simple 
reply to this is that all investment in private com- 
panies is speculative. It is made with the hope 
that it will bring in a return commensurate with the 
risk run, that risk involving the possibility that, in 
periods of bad trade, the return may decline to 
zero. If the profit to be obtained from commercial 
enterprises is to be no greater than is obtainable 
from Government stocks then, capital will cease to 
be invested in such enterprises. 

‘These reflections have been suggested by the 40th 
annual report of the British Electrical and Allied 
Manufacturers’ Association, which covers the session 
1950-51. This organisation is a trade association 
and its basic and perfectly legitimate business 
is to foster the trading interests of its member 
firms. This object is not only of importance to the 
great army of shareholders which is concerned ; it is 
also of vital concern, to the country as a whole. It 
is not necessary here to stress the importance of 
the export trade to this country at the present 
time, but it is pertinent to point out that the total 
exports of the electrical industry in 1950 had a 
value of 1591. million, the second largest figure for 
any type of goods and 14 per cent. greater than, the 
total for 1949. In these circumstances, a financial 
policy which tends to discourage the investment 
of profits earned in the business itself, in order to 
facilitate extension and improvement, does not 
seem wise. 

An example of “united action by a group of 
manufacturers ” is furnished by the representations 
which the Association have made, through the 
Federation of British Industries, to the Board of 
Trade and the Ministry of Supply about what 
amounts to subsidised competition by Japan in the 
field of electrical manufacture. Possible overseas 
orders for turbo-generator sets, transformers and 
switchgear have been lost to Japan because of the 
abnormal credit terms granted to that country. 
It was, apparently, General Macarthur’s policy, as 
Supreme Commander Allied Powers, to put Japanese 
industry on its feet again at almost any cost ; but 
the representatives of an industry, the interests of 
which are being injured by a policy that encourages 
export at dumping prices, may well protest. British 
electrical manufacturers are well aware that, in 
open markets, they will have to face world com- 
petition, but they are certainly justified in taking 
any action they can to prevent one of the com- 
petitors from being favoured by outside financial 
assistance. 

There are many matters in the field of export 
business over which an individual firm can have 
little control, but on which an association repre- 
senting an industry as a whole may exercise some 
influence. An example is furnished by the question 
of a standard nomenclature for Customs purposes. 
Different classifications in different countries may 
result in much confusion and even in loss of business. 
This matter was under consideration at the discus- 
sions on tariffs and trade held at Geneva, Annecy 
and Torquay by representatives of 44 countries. 
The B.E.A.M.A. has presented its views on this 
matter to the Board of Trade in order that they shall 
be given attention at the meetings. There are very 
many matters in connection with tariffs, import and 


export controls, marking regulations and other 
matters on which the Association is in a position to 
collect information and data which are of important 
service to member firms. 

Standardisation of engineering products is a 
matter, affecting both home and overseas trade, in 
which the Association can, represent the industry as 
awhole, The success of any standardisation depends 
largely upon, the extent to which purchasers are 
prepared to accept the standards in practice, and an 
advantage possessed by the large numbers of tech- 
nical committees set up by the B.E.A.M.A. to draft 
specifications and consider standards for electrical 
plant and apparatus is that the members are in a 
position both to judge purchasers’ requirements 
and to keep manufacturing considerations in mind. 
Full co-operation is maintained with the British 
Standards Institution and the International Electro- 
technical Commission. In connection with the work 
of this latter body, it is mentioned in the report 
that the Organisation for European Economic 
Co-operation has interested itself in the question, of 
international standardisation, and has embarked on 
the study of a number of industries, including heavy 
electrical engineering. As the report points out, 
the entry of 0.E.E.C. into the field of standardisation, 
will involve much overlapping with the work of 
other bodies which have operated satisfactorily for 
many years. It is also pointed out that attempts 
to widen the scope of standardisation beyond that 
of nomenclature, units and measurements, in order 
to cover details of design and construction, may 
handicap, rather than facilitate, international trade. 

The interests of the electrical manufacturing 
industry necessarily bring it into contact with 
Government departments, technical institutions and 
trade bodies of various kinds, and the references 
made in the report, showing the extent of these 
contacts, indicate another of the important services 
which the B.E.A.M.A. renders to its members. The 
negotiations and consultations which these contacts 
represent could not be carried satisfactorily on by 
individual firms. A complete list of these other 
bodies cannot be given here, but the extent and 
variety of the interests represented is indicated 
by the fact that the list includes the British Elec- 
tricity Authority, the British Engineers Association, 
the British Iron and Steel Federation, the British 
Non-Ferrous Metals Association, the Dollar Export 
Board, the National Coal Board and the Inter- 
national Commission for Hydraulic Research. As 
an example of the results of such co-operation with 
outside bodies, the question of billets for welding- 
electrode core-wire may be mentioned. As the 
suggested closing of the steelworks at Linwood 
would have resulted in a substantial reduction in 
the output of such billets, discussions with the 
British Iron and Steel Federation and the Ministry 
of Supply were undertaken, with the result that it 
was arranged that Linwood should remain in 
operation until the replacement capacity provided 
for by the Federation should come into produc- 
tion. 

Although it is not directly a trade matter, the 
assistance which the B.E.A.M.A. has given to the 
cause of engineering education forms a striking 
illustration of the value of common action by large 
numbers of independent commercial firms. The 
generous gift of 71,0001. to the University of Cam- 
bridge for the endowment of the chair of electrical 
engineering was recorded and discussed on page 291, 
ante, but it was not then stated that the B.E.A.M.A. 
had also decided to issue an appeal to its members 
for contributions to endow a chair in thermo- 
dynamics. It has not been necessary to follow 
up this latter intention, as the chair has been 
endowed from another source. The Cambridge 
endowment, however, by no means represents the 
whole of the Association’s service to education. 
Although the Athlone Fellowships which provide 
for the post-graduate training of Canadian engi- 
neering students in this country are not financed 
by the B.E.A.M.A., it was directly as a result of a 
report by the chairman of its Education Committee, 
Sir Arthur Fleming, that they were established. 
Sir Arthur visited Canada on a Government- 
sponsored mission to examine the possibilities of 





encouraging Canadian engineering students to 
undertak» training and study in the United King- 


dom. The scheme comes into operation in the 
academic year 1951-52, and there are 38 fellowships, 
normally covering a two-year period. 

The Group Training Scheme is another educa- 
tional activity of the Association and is still another 
illustration of the value of the inter-firm co-opera- 
tion which it represents. Under the Federation of 
British Industries Scholarship Scheme, overseas 
graduates spend two years training in various 
industries in the United Kingdom. Several 
B.E.A.M.A. firms take part in this scheme, but as, 
in many cases, the facilities for training in the large 
firms covering a wide field are already fully taken 
up, it has been arranged that specialist firms shall 
act together as a joint training unit. Selected 
graduates, in the course of two years, will pass 
from firm to firm, and so receive a comprehensive 
training in the various branches of the electrical 
industry. The facilities at present offered provide 
for an intake of about 30 students per annum. 





NOTES. 
Tuer Loss or H.M.S. ‘‘ Arrray.” 


OncE again the nation has been painfully reminded 
of the hazards faced by the Royal Navy even in 
peace-time, by the loss with all hands of H.M. 
Submarine Affray (Lieutenant J. Blackburn, D.S.C.) 
while engaged on exercises in the English Channel. 
The Affray left Portsmouth on the evening of 
April 16 to carry out a practice war patrol while 
on passage to Falmouth, where she should have 
arrived on April 19. Apart from routine signals 
announcing the intention to submerge, she was 
required to report daily between 8 a.m. and 9 a.m. 
She dived south of the Isle of Wight at about 
9.15 p.m. on the 16th, to proceed westwards at 
about 44 knots; but no surfacing signal was 
received on the following morning and, although a 
search was immediately organised, no trace of the 
vessel or her complement has been found. A large 
fleet of vessels—we understand, about 70—took 
part in the search, in which they were joined by 
two United States destroyers, some French naval 
craft, and many aircraft of Coastal Command and 
the Royal Navy. A report that sounds had been 
heard as of hammering on a ship’s hull roused hopes 
that the vessel might be located; but this hope 
was falsified and it seems doubtful whether there 
was ever any substance in the report. By the end 
of the third day it became evident that, whatever 
had been the cause of the disaster, no one on board 
could still be alive, and the official list. of the 75 
officers and ratings, which was issued by the Ad- 
miralty on April 23, stated that they were “ pre- 
sumed to have lost their lives on the 19th April.” 
The search continues, as it is obviously of the 
utmost importance that the cause of the loss should 
be known; and, meanwhile, the other vessels of 
the class have been confined to harbour, in case 
the disaster may have been the result of some 
defect in design or equipment—though this seems 
improbable, as the “A” class submarines have 
been in service for some years, and several of them 
have carried out long and arduous underwater 
cruises with conspicuous success. The 16 sub- 
marines of this class, which were designed towards 
the close of the recent war, have a displacement of 
1,120 tons on the surface and 1,620 tons submerged. 
They have an overall length of 281 ft. 8 in. and, as 4 
class, are armed with one 4-in. gun, one 20-mm. 
anti-aircraft gun, three machine guns and ten 21-in. 
torpedo tubes ; several of the class, however, have 
had the 4-in. gun removed, the Affray being one of 
these. They are welded throughout—a factor which 
may have contributed to the absence of oil leaks 
from the Affray—and are fitted with the “short | 
apparatus to enable them to operate on their oil 
engines when submerged. The normal complement 
is 60. The most extraordinary feature of the loss of 
the Affray is that no wreckage or no marker buoy 
has been found, nor even an “ oil slick ” of sufficient 
size to warrant belief that it came from a damaged 
submarine and was not merely oily bilgewater 
pumped overboard from some passing ship. 
area covered by the search—from 50 deg. 10 min. N., 





1 deg. 45 min. W. to 49 deg. 40 min. N., 4. deg. W.— 
is known to contain a number of wrecks, some 45 
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which are marked on Admiralty charts, and it is 
possible that the Affray has collided with one of these 
and has become jammed in such a position that no 
escape hatch could be opened or even a marker 
released, and without puncturing any oil tank. This, 
of course, is pure surmise, but it would account for 
the absence of identifiable traces ; and for the fact: 
that all the elaborate devices now available for 
underwater detection of vessels appear to have 
located no wreck which was not already known to 
be there, as two hulls close together would probably 
be taken as one. The loss to the Royal Navy and 
to the nation is the more grievous since the Affray, 
in addition to her own complement, was carrying 
20 officers and four Royal Marines who had been 
embarked for training. 


Tue INSTITUTION OF MECHANICAL ENGINEERS. 


On Friday, April 20, Mr. J. L. Norton, 
A.M.I.Mech.E., presented a paper on ‘‘ The Design 
and Development of the Twin Centaurus Power 
Plant for the Bristol Brabazon’’; the President, 
Mr. A. C. Hartley, C.B.E., was in the chair. An 
abridged version of this paper appears on page 509. 
In opening the discussion, Mr. F. M. Owner sug- 
gested that the coupled-engine arrangement, driv- 
ing a true contra-rotating propeller, would have 
had certain advantages over the independent 
coaxial-propeller drive which had been adopted, 
such as the improved propeller efficiency with one 
half of the power unit stopped and the more even 
loading on the main bevel wheels. The phasing 
of the crankshafts, while complicating the design 
of the clutch mechanism, would have introduced 
known vibrational problems instead of unknown 
ones. Mr. Norton agreed that the coupled engine 
gave a better load distribution on the bevels, but 
if each bevel were driven by a pair of engines, 
extreme accuracy of manufacture would have been 
essential, and it had not been possible to obtain 
ground gears. Moreover, if any part of the contra- 
rotating propeller system failed, the complete 
coupled-engine unit would be put out of action. 
The greatest deterrent to gearing the engines 
together, however, had been the difficulty of avoid- 
ing objectionable torsional vibration. In reply to 
questions by Mr. R. J. Low, on the size of the gear- 
box and on the possibility of automatic fire protec- 
tion, Mr. Norton said that sufficient space had been 
allowed in the gearbox for modifications, to the 
extent of an increase in capacity of the order of 
20 per cent. in horsepower. Automatic fire-pro- 
tection devices were mistrusted by aircraft engi- 
neers; the manual fire-drill sequence was a very 
short process, all switches and warning lights being 
grouped together on a panel. Mr. S. B. Bailey 
remarked that when he had been concerned with 
piston engines, the fuel consumptions had varied 
up to 4 per cent., which would appear to affect the 
payload to the extent of about four passengers ; 
he wondered what was the consistency of present 
engines. Mr. H. Desmond Carter expressed surprise 
at the high efficiency of the gearing ; he also asked 
why dual-purpose pre-loaded ball bearings had been 
selected for taking the axial and journal loads 
from the outer shaft, whereas the journal loads of the 
inner shaft were taken by a roller bearing in com- 
bination with a single thrust bearing ; this method 
had also been used for the small-diameter bevels. 
Mr. Norton replied that the latter method was pre- 
ferred, but that there was a certain amount of 
end-float to the shaft between forward propeller 
thrust and thrust with the propeller in reverse 
Pitch. In the case of the internal bevel on the 
outer shaft, where the angularity of the teeth was 
much greater than on the inner-shaft bevel gear, 
it had been decided to eliminate end-float as far as 
Possible; for that reason dual-purpose bearings, 
mounted back to back and pre-loaded, had been 
selected for the outer shaft. The high efficiency of 
on gearing—99} per cent.—had been calculated 

™m some 12 to 15 tests on the heat loss to the oil 
ane and convection losses being estimated), 

was attributed to having the smallest possible 
amount of oi] i i 
it of o in the gearbox during @ run, and to 
one the cooling oil jets to play on the surface 
> teeth immediately they came out of mesh. 
li - C. Plumb cited tests that he had carried out 
years ago on a single 2-to-] spur reduction 


gear, which had shown an overall efficiency at full 
load of 994 per cent. ; half the lo:s had been due to 
friction between the teeth and half to oil churning, 
which was probably greater than on the Centaurus, 
since the oil had been fed to the teeth prior to their 


engagement. 


DEPARTMENTAL COMMITTEE ON THAMES 
EFFLUENTS. 


The Minister of Local Government and Planning, 
Dr. Hugh Dalton, has appointed a departmental 
committee to “consider the effects of heated and 
other effluents and discharges on the condition of 
the tidal reaches of the River Thames, both as at 
present and as regards any proposed new develop- 
ments in the area.” The chairman of the com- 
mittee is Professor A. J. S. Pippard, M.B.E., D.Sc., 
M.IL.C.E., Head of the Department of Civil Engineer- 
ing at the Imperial College of Science and Tech- 
nology. The other members include, Mr. L. Cleaver, 
B.Se., A.M.I.C.E., harbour engineer, Ministry of 
Transport ; Mr. A. N. East, M.I.E.E., M.I.Mech.E., 
chief engineering inspector, Ministry of Fuel and 
Power; Mr. A. N. Gardiner, B.Sc., M.I.C.E., senior 
engineering inspector, Ministry of Local Govern- 
ment and Planning; Dr. H. Hollings, F.R.LC., 
controller of research, North Thames Gas Board ; 
Dr. A. Key, senior chemical inspector, Ministry of 
Local Government and Planning; Professor D. M. 
Newitt, M.C., D.Sc., F.R.S., Professor of Chemical 
Engineering, Imperial College of Science and Tech- 
nology, and chairman, Water Pollution Research 
Board of the Department of Scientific and Indus- 
trial Research; Mr. R. LI. Rees, M.A., F.R.LC., 
M.L.C.E., chief chemist, British Electricity Author- 
ity; Mr. C. J. Regan, B.Sc., F.R.LC., chemist-in- 
chief, London County Council Public Health Depart- 
ment; Dr. B. A. Southgate, F.R.I.C., director, 
Water Pollution Research Laboratory, Department 
of Scientific and Industrial Research; Mr. W. P. 
Warlow, B.Sc., M.I.C.E., divisional engineer (main 
drainage), London County Council; and Mr. G. A. 
Wilson, M.Eng., M.LC.E., deputy chief engineer, 
Port of London Authority. . The secretary of the 
committee is Mr. A. R. Isserlis, Ministry of Local 
Government and Planning, Whitehall, London, 
8.W.1, to whom all communications should be 
addressed. 


Tue Heattu ConGress at SouTHPORT. 


At the Health Congress organised by the Royal 
Sanitary Institute, which was held at Southport 
from April 23 to 27 under the presidency of the 
Rt. Hon. Lord Hesketh, a somewhat novel sugges- 
tion was put forward by Lieut.-Colonel H. P. 
Cart de Lafontaine, O.B.E., in his presidential 
address to Section F (Housing and Town Planning). 
After commenting on the fact that, in all discussions 
on this subject, housing was given preference over 
town planning, he suggested that more definite 
steps should be taken to ascertain the views of the 
ordinary public on proposals for town planning, 
and went on to recommend that instruction in 
making and reading drawings to scale should be 
included in the ordinary school curriculum. ‘“‘ There 
are,” he said, “in every trade or profession, con- 
stantly recurring occasions when a knowledge of 
how to read a plan, a machine blue-print or a chart 
is essential, and it seems strange that so little 
attention has been given to this anywhere except 
in technical schools; it seems to me to be an 
essential. part of the training of every boy or girl.” 
He also suggested that, in considering the require- 
ments of rural communities, ‘main drainage and 
piped water supplies, now often considered essen- 
tials, might be given further thought”; properly 
constructed cesspools would provide manure for the 
farm, and artesian wells, with small pumping 
stations, “ might solve a problem which causes a 
headache to many rural authorities.” 


Tue Dieset Enoine Users Association. 


The annual luncheon of the Diesel Engine Users 
Association was held at the Connaught Rooms, 
London, W.C.2, on Thursday, April 19, the chair 
being taken by Mr. W. Howes, a past President, 
in the absence, through ill-health, of the President, 
Major-General A. E. Davidson, C.B., D.8.0. The 





good wishes dispatched to General Davidson, Mr. 
Howes proceeded to the award, on behalf of the 
Committee, of three Percy Still Medals. The Percy 
Still Medal, he explained, had been established to 
commemorate the late Mr. Percy Still, the first 
secretary of the Association, and were bestowed in 
recognition of outstanding papers delivered before 
it. During the war, it had not been possible to 
make the awards with regularity, byt the three to 
be awarded on that occasion would bring the 
sequence up to date. The first of the three, how- 
ever, was not for a paper: it was awarded to Mr. 
E.W. Johnston, who had served the Association 
well as acting secretary during the war years. The 
second, the 1947 award, was given to Mr. Gerald 
Fox for his paper on “ Factors Affecting Piston 
Temperature”; and the third, the 1950 Medal, to 
Mr. F. J. Mayor for his paper on “‘ Developments in 
Thames Tugs.” This ceremony completed, Mr. 
Howes proceeded to propose the toast of “The 
Guests,” taking the opportunity to amend a state- 
ment that he had made on a former occasion regard- 
ing the locale of the first meeting of the Association ; 
he was informed, he said, that it took place in the 
London office of Messrs. Drake and Gorham, 
Limited. He coupled with the toast the name of 
the principal guest, Mr. T. A. Crowe, M.Sc., chief 
engineer of Messrs. John Brown and Company, who, 
in response, gave a brief summary of recent progress 
in the development of gas turbines for industrial 
uses, more particularly gas turbines working on the 
closed cycle. It would not be possible, he said, 
for gas turbines to equal the best efficiency of the 
Diesel engine until the gas temperature could be 
increased by another 150 deg. F., though he was 
confident that this would come about in time. 
Trouble due to the presence of vanadium in all 
residual oils could be avoided by using coal as fuel, 
though at the cost of blade erosion by ash, if the open 
cycle system were employed. On the closed cycle, 
however, any fuel could be used that could be 
burned in a steam boiler, and already some 30 tons 
of peat had been so used in the experimental plant 
at Clydebank. This development was of great 
potential importance, as Scotland, for example, had 
enough peat to supply all Scottish power require- 
ments for several centuries. 


Tae Work oF ASLIB. 


The year 1950 was an eventful one for Aslib (the 
Association of Special Libraries and Information 
Bureaux); the move into new premises was carried 
out in January, and in March the new Director, Mr. 
Leslie Wilson, took office. An account of the work 
of Aslib is given in the report of the Council for 
the year ended December 31, 1950, which was 
presented at the annual general meeting held on 
April 25. Although the accounts for the year 1950 
show a surplus, the financial position is not satis- 
factory because the grant-earning income of 4,000/. 
for the year 1950 was only obtained through generous 
donations made after it had become apparent that 
this figure could not be reached through member- 
ship subscriptions. The number of members fell 
from 1,052 in 1949 to 1,038 in 1950, partly as a 
result of resignations provoked by the increased 
rates of subscription. In 1951, an income of not 
less than 5,000/. must be reached in order to qualify 
for a grant. The membership campaign, therefore, 
is to be intensified. Two important activities 
which will be of service to industrial information 
officers are to be carried out by Aslib—the estab- 
lishment of @ central index of scientific and tecb- 
nical translations held in the principal countries of 
the Commonwealth, and the production of a new 
directory, in two volumes, the first being a guide 
to special libraries in the United Kingdom and the 
second a directory of other sources of specialised 
information. It is hoped that the first volume 
should be ready for publication in 1952. Under 
consideration by a joint committee of Aslib and the 
Library Association is a proposal to set up a com- 
prebensive index to university theses in the United 
Kingdom ; a decision has not yet been reached. 
The formation of new branches of Aslib outside 
London and of “subject” groups is to be encour- 
aged. The first of these groups, concerned with 
economics, textiles, food and agriculture, are already 





loyal toast having been honoured, and a message of 


being formed. 
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FUNDAMENTAL RESEARCHES ON 
CORROSION. 


To THE Eprror oF ENGINEERING. 


Str,—In the report of my lecture upon “‘ Funda- 
mental Researches on Corrosion,”’ which you kindly 
published in your issue of April 13, on page 443, 
ante, the wording is slightly misleading in three 
places. The fault is not due to the staff of your 
journal, but I would be grateful, nevertheless, if 
you would allow me to suggest a correct wording. 
I have placed in italics the words which have been 
altered or inserted. 

In the middle column, 39 lines from the bottom, 
the text should read: ‘“‘In many environments, 
however, the protection is only sacrificial in the 
opening stages.” - 

Four lines lower down, the text should read: ‘‘ A 
promising method of protecting structural steel work 
is to grit-blast the surface, removing scale and rust, 
and leaving a rough contour suitable for inter- 
locking, then to apply aluminium from a spraying 
pistol and finally to coat with, say, iron-oxide oil 
pain Ce 

Almost opposite, on the right-hand column, 33 
lines from the bottom, the text should read: “ On 
magnesium-base aircraft alloys, stress corrosion 
causes transgranular cracks, while as shown in 
some recent Cambridge studies, corrosion fatigue 
cracks in steel—although mainly transgranular— 
may follow the grain boundaries for short distances.” 

Yours sincerely, 
Utick R. Evans. 

Department of Metallurgy, 

Pembroke-street, 
Cambridge. 
April 16, 1951. 





JOINT CONSULTATION IN 
INDUSTRY. 


To THE EpIToR oF ENGINEERING. 


Str,—In recent years there has been an increasing 
acceptance of the principles of joint consultation 
in almost every sphere of British industry, as is 
shown by the widespread establishment of Joint 
Production Committees, Works Councils and similar 
bodies. 

I am engaged in research into the scope and 
methods of joint consultation at the factory level, 
and, in view of the public interest which this subject 
has aroused, I feel that some of your readers might 
make a valuable contribution to my work from 
their own practical knowledge and experience in 
this field. I would be grateful to receive details of 
any scheme of joint consultation in operation in 
any type or size of industrial establishment ; such 
information would be used solely for academic 
purposes, and, of course, would be regarded as 
strictly confidential. 

Yours faithfully, 
JoHn ReEpFERN, B.Com., 
Research Assistant. 
Department of Commerce, : 
High School Yards, 
Infirmary-street, Edinburgh, 1. 
April 20, 1951. 





OBITUARY. 


MR. R. A. STRUTHERS, M.C. 


WE regret to record the death on April 12, within 
two days of his 53rd birthday, of Mr. R. A. Struthers, 
assistant chief engineer of the steam turbine depart- 
ment of the Metropolitan-Vickers Electrical Com- 
pany, Limited, Manchester. He had held that 
position for little more than a year, having been 
appointed to it in February, 1950. 

Rupert Alexander Struthers was a native of Crewe, 
where he was born on April 14, 1898. He received 
his general education at the County Secondary 
School at Crewe, and his technical education at 


spent in the railway shops at Crewe, the remainder 
of his practical training being obtained in the 
Metropolitan-Vickers works at Trafford Park, where 
he was an apprentice for 2} years after taking his 
degree and serving in the Royal Engineers from 
August, 1917, to November, 1919. He was awarded 
the Military Cross in 1918 for his services in France 
and subsequently, for about a year, he was employed 
in the Royal Engineers workshops in Germany. 

He joined the turbine design staff at Trafford 
Park in 1922, remaining in the mechanical engi- 
neering department of the firm until 1930, when he 
was sent to Russia, where he was their assistant 
mechanical engineer at Leningrad for three years. 
His next appointment was to Sweden, where he 
made a special study of the Ljungstrom turbine 
locomotive before returning to Manchester to take 
charge of the development of the ‘“‘ Turbomotive ” 
designed by Sir William Stanier, F.R.S., for the 
London Midland and Scottish Railway. This con- 
tract completed, he returned to work on stationary 
turbines, designing and testing various experimental 
units for his firm and eventually taking charge of 
the turbine design department. In that position, 
and subsequently as assistant chief engineer, he was 
responsible for many large turbo-alternator sets for 
British and overseas power stations. Mr. Struthers 
was a member of the Institution of Mechanical 
Engineers, which he had joined as a graduate in 1923. 





UNBALANCED MAGNETIC 
PULL AND THE MECHANICAL 
STABILITY OF ROTATING 
ELECTRICAL MACHINES. 


By W. G. Crawrorp, B.Sc.(Eng.), A.M.LE.-E. 


WHEN the rotor is placed in the stator of a 
rotating electrical machine so that rotor and stator 
are not concentric, the airgap of the machine will 
not be uniform. If the airgap expected with stator 
and rotor concentric is /,, and if the centre of the 
rotor is displaced from the centre of the stator by 
an amount 2, the airgap will vary from J, + x to 
l,—2. It is shown in books dealing with the 
theory of rotating electrical machines that this 
inequality in airgap will result in an unbalanced 
magnetic pull acting on the stator and rotor in 
such a way as to tend to increase the displace- 
ment 2x of the centre of the rotor from the centre 
of the stator. If the displacement z is small com- 
pared with the airgap, then the unbalanced mag- 
netic pull can be written as 

z 
a = K ; 
or 
= Km xz 
where » =the unbalanced magnetic pull, and 
K, and K,, = constants for a particular machine. 

This simple formula is, of course, only an, approxi- 
mation. Actually, the unbalanced magnetic pull 
cannot be represented accurately by any simple 
formula. If the force required to produce unit 
deflection of the shaft is K,, the elastic force tending 
to restore the shaft to its initial position is F = K, z. 
Under ideal conditions, the machine, whether hori- 
zontal or vertical, would be built with stator and 
rotor concentric ; in practice, however, this cannot 
be achieved. For a horizontal machine the condi- 
tions areshown in Fig. 1, opposite. The centre of the 
stator O is taken as the origin of co-ordinates. The 
centre of the shaft when absolutely unloaded, that 
is without any deflection due to gravity or unba- 
lanced magnetic pull, is O’, co-ordinates (2p yp). 
The centre of the shaft when deflected by the 
combined action of the unbalanced magnetic pull 
and the weight is 0”, co-ordinates (x, y). Since the 
unbalanced magnetic pull is always directed towards 
the minimum airgap, the direction of the unbalanced 
magnetic pull is along the line joining OO”, and 
the force is proportional to the length of the line. 
The direction of the elastic restoring force is along 
the line joining O’ and O”, and the force is propor- 
tional to the length of this line. The proportionality 





constant is different for the magnetic and elastic 


OO” =a+ijy 

0’O” = (x — 2%) + Hy — 9). 
The unbalanced magnetic pull and the elastic 
restoring forces can therefore be written as 

B= Km (@& +Jy) 

F = Ky [(e — 2) +i(y — %)). 
These forces must be in equilibrium with the force 


of gravity 
“ pt+Ww =F, 


which may be written as 
Km (@ +jv) +I W = Kg [(e — %) + iy — %)]. 
Equating real and imaginary components gives 


Kmz = Kg (x — 29) 


and 
Kmy +W = Kg (vy — %) 
Ks 
“* "= En® - 
and 
yy- Wt Kate 
Ks; — Km 


In the absence of the unbalanced magnetic pull the 
weight W would produce a deflection y,,, such that 
W =Ks vw 

— Ya + ¥0) Ke 

K; — Km ; 

In a vertical machine, the value of y, is zero and 

the directions of the co-ordinate axes can be chosen 

to make y, zero, so that only the component zx of 

the shaft displacement need be considered. The 

results of this analysis are therefore perfectly 

general. The actual displacement of the centre of 
the rotor from the centre of the stator is simply 


00" = /aaH 

From the geometry of similar figures, it is clear that 
OB _ BO” 

oO 


(2) 


fis pb 
b> 
a § 


PA 


3s — Kn 
K, 
“ AC = Yy + Yo. 


-.-AC = y 


But, 
Y = AO’. 


Vo = o’C. 


So that, if there is only the gravitational load W, 
the centre of the shaft will move from 0’ to C. 
The minimum gap will lie along the line OC, and 
as the unbalanced magnetic pull is gradually 
increased from zero, the centre of the rotor will 
move along the line O C from C to 0”, so that the 
minimum airgap will still lie along the line OC. 
From these general results it can be shown what 
will happen in any particular case. The simplest 
case is the ideal vertical machine in which stator 
and rotor are perfectly concentric. In such 4 
machine, if the shaft is deflected by an amount z 
for any reason, the unbalanced magnetic pull and 
the elastic restoring force due to the shaft will be 
represented by two straight lines through the origin 
as in Figs. 2 and 3, opposite. For the conditions 
shown in Fig. 2, the elastic restoring force F of the 
shaft is always greater than the unbalanced magnetic 
pull », so that an additional force is required to 
maintain the displacement; and if this force is 
removed, the deflection 2 will fall to zero. For the 
conditions shown in Fig. 3, the unbalanced magnetic 
pull for a displacement z is always greater than the 
elastic restoring force of the shaft, and an additional 
force is required to prevent the deflection of the 
shaft from increasing. If this restraining force 18 
removed the deflection x will increase until it 8 
equal to the airgap /,. There is, of course, a third 
case, when the elastic and magnetic forces for any 
deflection x are equal. In this case, the shaft would 
remain in any position in which it is placed. These 
three cases correspond to K, greater than K,, 
K, less than K,,, and K, equal to K,,, respectively. 
It therefore follows that, in the ideal vertical 
machine, if K, is greater than K,, the unbalanced 
magnetic pull cannot produce any deflection, but 





if K, is less than K,,, the unbalanced magnetic 
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will pull the rotor over until it rubs on the stator. 
If K, is equal to K,,, the conditions are indeter- 


minate. 

If the vertical machine is built so that the centre 
of the rotor is displaced by an amount 2, from the 
centre of the stator, the conditions will be as shown 
in Figs. 4 and 5, herewith, which are drawn with the 
centre of the stator as the zero position. The 
conditions are also represented by equation (1). If 
K, is greater than K,,, Fig. 4 and equation (1) both 
show that the displacement z is finite. If K, is 
equal to or less than K,,, Fig. 5 and equation (1) 
show that the displacement x will be infinite ; that 
is, the rotor will be pulled over until it rubs on the 
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stator. For satisfactory operation, machines must 
be built with K, greater than K,,, so that the total 
displacement x is finite. Unfortunately, this condi- 
tion is not enough, because if K, is only a little 
more than K,, the displacement z may be several 
times the initial displacement x, and become greater 
than the airgap /,, so that the rotor will rub against 
the stator. To avoid this, 2 should be small 
compared with the airgap and the ratio — = 
o 
should not be large compared with unity. 

In the general case of the horizontal machine 
built with stator and rotor not concentric, the 
results for the vertical machine can be applied 
immediately to the horizontal component of the 
rotor displacement, but for the vertical component 
of the rotor displacement equation (2) must be used. 
This shows that, if the vertical displacement is to 
be small, (y,, + y») must be small and preferably 
zero ; that is, the point C should coincide with the 
point A in Fig. 1. In large pedestal-bearing 
machines this can be done, at least approximately, 
by adjustment of the shims under the pedestals. In 
machines with end brackets, such an adjustment is 
not normally possible, and all that can be done is 
to keep yp small by accurate machining and y,, 
small by using a stiff shaft. 

The usual practice in the mechanical design of 
Totating electrical machines is to make the shaft so 
stiff that the total deflection of the shaft due to 
the weight of the rotor and the unbalanced magnetic 











pull acting together is not greater than 10 per cent. 
of the air gap in the ideal machine, with y, = 0. 
To correspond to this, equation (2) takes the form 
ee. Aa 

K,-Ke 
i ee Rane 
ly 4 Ks~Kn 


u 


But 


y =O. 
ly 


. Ke = Kn + 10 e . . (3) 


Thus, when the length of the airgap and the un- 
Fig. 5. 
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balanced magnetic pull are known, the shaft stiffness 
required can be calculated immediately. 

This is not the only factor to be considered when 
designing the shaft of an electrical machine. In 
many cases the shaft will be stiffer than given by 
this rule, but in no circumstances should the shaft 
stiffness be less. When the shaft designed in this 
way is put into a horizontal machine so that the 
centre of the unloaded shaft is displaced an amount 
Yo from the centre of the stator, the displacement of 
the loaded shaft becomes 
Wt+kK.y 
K, — Kn 
Substituting the value of K, given by equation (3) 
and simplifying, gives 


— (1 + Sate) + Up. 


y= 





10 Ww 


But K,, ¥9 is the unbalanced magnetic pull y, due 
to the initial displacement y, of the rotor, so that 

4 Ho 

y= (1 + ts) + Yo: 

In small machines, with small'‘airgaps, y, may easily 
be 10 per cent. or more of the airgap, so that, when 
the machine is excited, y will be at least 20 per cent. 
of the airgap; and if pu, is about equal to W, y will 
be about 30 per cent. of the airgap. This shows 
clearly that the 10 per cent. deflection rule is only 
safe if the machine is accurately assembled. Fortun- 
ately, conditions are not quite so bad as this analysis 
implies, because, for large deflections, the unbalanced 
magnetic pull may depart appreciably from the 
straight-line law, as magnetic saturation finally 
prevents the unbalanced magnetic pull from 
increasing as rapidly as is implied by the straight- 
line law assumed at the start. 

So far, this analysis has been restricted to the 
mechanical stability of a stationary machine, but 
the analysis can readily be extended to include the 
rotating machine. The simplest case is the ideal 
vertical machine in which all the mass can be 
regarded as concentrated in a disc on the shaft, as 
shown in Fig. 6. Stator and rotor are also assumed 
to be concentric. If the centre of gravity of the 
disc of mass M is displaced a small amount e from 





the centre of the shaft, then, when the machine is 


running at a speed of w radians per second, there 
will be a centrifugal force acting on the shaft due 
to the rotation of the mass M. This will deflect 
the shaft an amount z and the centrifugal force 
will increase still further. If the machine has no 
magnetic field, and consequently no unbalanced 
magnetic pull, the condition for equilibrium is j 4 
M (@ + e) w* = Kya. 
If the machine is excited, the unbalanced magnetic 
pull will act along with the centrifugal force to 
increase the deflection of the rotor, As the un- 
balanced magnetic pull is always directed towards 
the minimum airgap, the unbalanced magnetic 
pull will, in this case, rotate with the rotor so that 
the condition for equilibrium becomes 
M (x + e) w? + Kmx = Kg. 
Re-arranging, this gives 
é 
I= a gages — . “ 
Mw? 
The deflection x will become infinite at a speed w, 
such that 





K, — Km 
M w? 





= 1, 

that is when 

x, —- Ke 
x 


Now, if N is the speed of the shaft in revolutions 
per second, then 


o= 


w= 20nN 
and the critical speed, at which x tends to become 
infinite is 


1 z= -&£ 
ee 4 


2a M 

: 1 Ky@ K, — Km 

- Wo— + Af — (4) 
This result shows that the effect of the unbalanced 
magnetic pull is to reduce the critical speed of the 
machine. The reduction factor is K, =. 

8 

This result should be compared with equations (1) and 
(2). The general effect of the unbalanced magnetic 
pull is to reduce the critical speed. The critical 
speed becomes zero when the shaft constant K, is 
equal to the magnetic-field constant K,,. 

If the stator and rotor are not concentric when 
the machine is stationary, the conditions will be as 
shown in Fig. 7, where O is the centre of the stator 
and O’ is the centre of the rotor when stationary. 
When the machine is rotating the centre of the 
shaft will rotate in a circle of radius O’ O”. The 
unbalanced magnetic pull will act along the line 
00”, and is proportional to the length of the 
line. The unbalanced magnetic pull therefore varies 
in magnitude and direction but does not rotate 
through a complete circle. The unbalanced mag- 
netic pull can be resolved into two components, & 
fixed component proportional to O O’ and a rotating 
component proportional to O’O”. The fixed com- 
ponent will not affect the critical speed in any way, 
but the rotating component will reduce the critical 
speed. To determine the amount of the reduction, 
let the radius of the circle of rotation of O” be z. 
At A the unbalanced magnetic pull is 

Ha = Km (0 0’ + 2) 


and at B it is 





tp = Km (0 0’ — 2). 
Ha — Hp = 2Eme, 


and the rotating component of the unbalanced 
magnetic pull is therefore 
a Km Zz. 

The equation of dynamic equilibrium therefore takes 
exactly the same form as before and the critical 
speed is independent of the position of the rotor 
inside the stator. This conclusion is, cf course, 
only true for the conditions assumed ; in particular, 
that the unbalanced magnetic pull is proportional 
to the rotor displacement. If the unbalanced mag- 
netic pull is not a linear function of the displacement, 
the slope of the curve in the neighbourhood of the 
shaft centre should be determined and used in 
place of K,,,in which case the critical speed will 
clearly be a function of the position of the rotor. 
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150-KW MEDIUM-WAVE BROADCAST 
TRANSMITTER AT DAVENTRY. 


A 150-Kw high-power transmitter and mast radiator 
were ina ted at the Daventry station of the 
British Broadcasting Corporation on Sunday, April 8, 
and are now being used for radiating the Third Pro- 
gramme on a wavelength of 464 m. (647 kilocycles). 
The transmitter replaces a temporary 60-kW unit which 
was introduced last year, when the Copenhagen wave- 
length plan came into force and the programme ceased 
to be transmitted from Droitwich. The aerial has been 
designed to give as large a fading-free service as possible 
over a radius of about 100 miles, thus enabling about 
70 per cent. of the population to receive the Third 
Programme. It is interesting to record that Daventry 
has been the site of a broadcasting station since 1925, 
when the Corporation’s first high-power long-wave 
transmitter was inaugurated. This was followed two 
years later by a high-power medium-wave transmitter, 
and subsequently by no less than 11 short-wave 
transmitters for the Empire services. 

The new transmitter, which has been designed and 
manufactured by Marconi’s Wireless Telegraph Com- 
pany, Limited, Chelmsford, is illustrated in Fig. 1. 
It is housed in the building originally occupied by the 
first of the transmitters mentioned above, and consists 
of two identical units, each of which is capable of 
giving an unmodulated carrier output of 100 kW. 
When operated in parallel, the possible combined output 
is therefore 200 kW, but in practice it will be limited 
to 150 kW to comply with the Copenhagen plan. 
The units are arranged in line, with a combining 
cubicle between them. An interesting departure is 
the use of air-cooled valves to facilitate maintenance 
and to enable remote control to be employed by means 
of signals sent over a single telephone channel. This 
is the first time that remote control has been applied 
to one of the Corporation’s high-power transmitters. 
All the valve filaments are supplied with alternating 
current, so that the air blowers are the only rotating 
machinery associated with the equipment. 

stages of radio-frequency amplification are 
employed in the transmitter. The first consists of two 
tetrodes in push-pull, the input for which is taken 
from a separate quartz-crystal drive unit. The second 
stage comprises a triode in push-pull with a dummy 
valve to balance it, while the final stage, which is 
anode-modulated, consists of four triodes in parallel 
push-pull with . fixed neutralising capacitors. The 
output coupling in this stage can be varied by a pancake 
coil which slides on runners and can be remotely 
operated from the control desk. The output from the 
final amplifier of each 100-kW unit is taken to the 
combining unit, where, by means of contactors which 
are controllable from the front of the transmitter or 
from the control desks, either or both can be connected 
to the outgoing feeder or to a water-cooled test 
load. 
The modulator chain consists of four stages with 
push-pull circuits. Pentodes are used in the first stage 
and tetrodes with resistance-capacitance coupling be- 
tween them in the second stage. In the third, four 
triodes, connected as cathode followers, are employed, 
an arrangement which provides a sufficiently low output 
impedance to supply the grid current required by the 
main modulator without causing distortion. Each 
triode drives one of the valves that make up the final 
stage of the modulator. There are two negative feed- 
back paths in the modulator. About 18 decibels of 
feed-back are applied to the input of the first stage from 
the primary of the modulation transformer. In addi- 
tion, an audio-frequency signal is derived from the 
transmitter output and is applied as feed-back to a 
pre-amplifier which precedes the first modulator stage. 
Direct-current for the modulator and modulated ampli- 
fier is obtained at 12 kV from six single-anode mercury 
rectifiers in a full-wave three-phase circuit, thus 
enabling an ordinary transformer to be used. 

The control kiosk faces the transmitter and, as will 
be seen from Fig. 2, has windows along the front. It 
contains a three-panel desk on which switches and 
instruments for operating and monitoring each trans- 
mitter are mounted, as well as the controls and indica- 
tors for the combining circuits. As the line between 
the transmitter and che remote-control point will 
only be needed for control purposes it can also be used 
for telephone communication and low-quality monitor- 
ing, as well as for sending signals showing the state of 
the equipment. The performance of the system is 
supervised by sending a tone continuously through the 
terminal equipment at both ends and down the line. 

The transmitter is connected to the aerial-tuning 
house at the base of the mast by a 12-wire unbalanced 
open line, which is supported on steel poles 18 ft. high 
and spaced at 150-ft. intervals. The outer conductor 
of this line is made up of eight wires arranged on a 
pitch circle, 18 in. in diameter, and the inner of four 
wires on a }-in. diameter circle. The length of the 
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The aerial-tuning house contains two sets of equipment 
for coupling the aerial to the feeder line, one of which 
acts as a stand-by. When this stand-by set is in ase 
the mast is supplied at the base, and the transmission 
line from the top section is terminated by a network 
which reduces the reactance across the insulator at 
the 460-ft. level, so that the mast behaves like a series- 
loaded mast radiator. Both sets of coupling equip- 
ment are connected to the mast and transmission lines 
through switches, which are remotely controlled from 
the transmitter building. The aerial-tuning house is 
screened on the inside by copper sheet and gauze and 
on the outside by wire netting. 

The mast radiator which serves as an aerial was 
erected by British Insulated Callender’s Construction 
Company, Limited, 21, Bloomsbury-street, London, 
W.C.1, on a site 460 ft. above sea-level about 1} miles 
to the east of the transmitter building. It is of lattice 
steel construction and consists of three faces 9 ft. 
across, arranged to form the sides of a triangle. Being 
725 ft. high it is the tallest mast used by the British 
Broadcasting Corporation for a medium-wave trans- 
mitter. It is supported by three pairs of stays at the 
210, 420, and 640-ft. levels, each stay being broken 
by insulators into lengths of between 70 and 100 ft. 
The base of the mast is poised on an insulator, shaped 
like two truncated cones, placed “‘ apex” to “ apex,” 
which is capable of withstanding, even when wet, a 
voltage of over 100 kV without flashing over. A ball 
joint is inserted between the two parts of the insulator 
so that the mast can deflect several degrees from the 
vertical. The dead weight of the mast is about 60 tons, 
but when it and the stays are covered with ice and are 
subjected to high winds the maximum load on the 





feeder is 2,640 yards and the loss ie about 0-35 decibels. 


foundation is nearly 250 tons. To reduce the weight 





GENERAL VIEW OF TRANSMITTER. 





Fic. 2. Controt Dzsxk. 


of material used, the main leg angles are of high-tensile 
steel. 

The mast is divided into two sections at a point 
460 ft. above the base by an insulator similar to that 
at the base. At the mast head there is a capacity 
top consisting of a number of spokes which project 
35 ft. and the ends of which are connected by wires. 
These spokes are hinged so that they can be folded 
down close to the mast if the capacity top is not 
required. To reduce fading, by minimising the dis- 
tortion of the vertical polar diagram by the feed cur- 
rent, the radio-frequency current is fed into the radiator 
across the insulator at the 460-ft. level instead of at 
the base through an unbalanced open-wire transmission 
line. The inner conductor of this transmission line, 
which is fixed inside the mast, consists of four steel- 
cored aluminium wires. These wires are dispo 
round a circle with a diameter of 8} in. and are ten- 
sioned by bottle screws. The outer conductor 18 
formed of eight similar wires, arranged on a pitch 
circle with a diameter of 2 ft. The inner wires are 
carried on cross pieces placed at 20-ft. intervals, while 
the outer wires are bonded to the steelwork of the mast 
at similar distances apart. In addition to the main 
feed at the 460-ft. level, the base of the mast is con- 
nected to circuits in the aerial-tuning house so that 
some variation of the current distribution on the lower 
section can be made. 

Aircraft warning lanterns are fixed to the top of 
the mast and at the 150, 290, 440 and 580 ft. levels. 
Except at the top, these lanterns are mounted in pairs 
and are supplied through separate mineral-insulated 
cables, so that in case of failure of one circuit one 
lamp will be alight at each level. There is telephone 
communication between the ground and both the 











ile 


int 
at 
ity 
ct 


ied 
ot 


APRIL 27, I95I. 


ENGINEERING. 


597 








mast head and the insulator level, the cables used, both 
for this purpose and the warning lights, being carried 
across the insulator in an inductance coil. Four 
pick-up loops, each with a crystal rectifier, are installed 
on the lower section of the mast and are connected to 
meters in the aerial transformer house so that the cur- 
rent distribution in this section can be determined. 
The earth system consists of a 90-ft. square wire screen 
which is buried to a depth of 9 in., and from which 
wires radiate at intervals of 5 deg. to a distance of 
750 ft. 





ENGINEERING RESEARCH AT 
CAMBRIDGE UNIVERSITY. 


A REPORT recently issued by the Head of the 
Department of Engineering at Cambridge University, 
Professor J. F. Baker, O.B.E., M.A., Sc.D., contains 
details of the department’s research work during the 
academic year 1949-50. Within the compass of a 
short article, it is not possible to refer to more than 
a small proportion of the many and widely varied items 
of research in the nine branches of the subject covered 
by the report. The following account is therefore 
confined to a report of the work in only three of the 
constituent departments, namely, heat engines, struc- 
tures and aerodynamics. 

Among many researches undertaken in the heat- 
engines laboratory, work was done on a special type of 
piston ring for high-speed engines. This work had the 
support of the Motor Industry Research Association 
and rings made to the new design have been used in 
motor-car and motor-cycle races. The improvement 
which they effect is most marked at racing speeds, but 
firms in several countries are investigating the advan- 
tages to be gained at lower speeds in normal engines to 
determine whether they compensate for the extra cost 
of the new design of ring. Work in connection with 
gas turbines, which was sponsored by the Ministry of 
Supply, was also undertaken. It included a study of the 
effects of laminar separation, using air flowing at low 
Reynolds numbers. A hot-wire apparatus was built 
to measure the turbulence in an air stream as a pre- 
liminary to a study of the effects of turbulence in the 
flow of air through cascades of compressor blades. 
Determinations were also made of the heat-transfer 
coefficients of a liquid metal flowing in circular pipes 
and annuli, using mercury in a contraflow system, and 
a theoretical study was made of heat transfer in 
relation to fluids having a low Prandtl number and 
flowing laminarly. An investigation into the com- 
bustion of liquid fuels was continued with the support 
of the Department of Scientific and Industrial Research 
and a small ‘wind-tunnel was built and used to deter- 
mine the rates of combustion and the drag coefficients 
of cylindrical and spherical fuel surfaces in an air 
stream. An exhaust-gas-driven supercharger was 
adapted to run as a gas-turbine, and this equipment 
will be used later in connection with research on com- 
bustion. The Department of Scientific and Industrial 
Research also sponsored an investigation into the 
scavenging process in a two-stroke engine. As a pre- 
liminary, a study was made of the scavenge flow in a 
transparent model using water as the working fluid, 
and cinematograph records were obtained with the aid 
of colour-reacting dyes. Experimental and theoretical 
work was also done on boiler circulation, and a theoreti- 
cal investigation was made of the thermodynamic pro- 
perties of saturated liquids, with particular reference 
to water. 

In the structures laboratory a considerable number 
of specimens, both welded and unwelded, were tested 
under impact, and records were obtained of the energy 
absorbed during fracture. Research was also conducted 
on the nature of the strees concentration at the point 
of application of a load on a flanged beam and on the 
load-carrying capacity of rigidly-jointed steel frames. 
Particular attention was paid to the application of 
plastic-deformation theory in the design of single- 
storey frames of a type commonly used in structural 
engineering and, as a result of a theoretical study of 
the general properties of steel structures in the plastic 
Tange, certain fundamental propositions relating to 
collapse loads were formulated. An experimental 
Verification of earlier theoretical work on the lateral 
instability of partially-plastic members of I-section was 
also continued. ‘Tests were performed on beams 
subject to pure terminal couples and also on beams 
loaded at intermediate points and restrained in varying 
degrees against rotation at the ends. This work was 
extended to include the case of a compression member 
forming part of a rigid framework. In connection with 
the elastic analysis of rigid frames, a mechanism was 
designed by which the bending moments induced by 
external loads could be predicted, and the relative 
stiffnesses of the numbers could be altered as desired. 
Theoretical work continued on the behaviour of struc- 
tures under repeated loading and general analytical 
methods were developed for calculating the loads 


present in the plastic failure of plane frames subjected 
to repeated stresses. Tests were also carried out on 
small steel frames to compare the loads present in 
plastic failure under proportional loading with those 
observed under repeated variable loads. Specimens 
were also subjected to pure bending in order to deter- 
mine the dependence of the plastic and elastic ranges 
of moment on the previous loading history of the 
specimen. In this work, special attention was paid to 
the effects of reversed and cyclic loading. 

In the aerodynamics department, experiments were 
continued in which the influence of boundary-layer 
suction on the characteristics of aircraft wings was 
studied under actual flying conditions. As is well 
known, control of the boundary layer surrounding a 
wing, by removal of air at selected points by suction, 
offers one of the most promising ways of controlling 
the performance of an aerofoil. A report on this work 
is to be submitted to the Ministry of Supply and, 
subject to approval, will eventually be published. 
Other researches included a wind-tunnel investigation 
aimed at improving the accuracy with which values 
of the pressures in boundary layers can be obtained 
by the aid of Pitot tubes. Tests were also made on a 
new type of aerofoil which embodied a large suction 
slot at the rear and a retractable flap. The experiments 
showed that, when the flap was sufficiently far out, 
the aerofoil behaved in a manner predicted theoretically, 
but that when the flap was fully retracted within the 
slot an unexpected and violent instability of flow 
developed. Theoretical work was also done which, 
it is hoped, will ultimately enable the sectional charac- 
teristics of an aerofoil to be calculated when the 
boundary-layer flow can be predicted. Improved 
methods of calculating the boundary-layer flow were 
also studied. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





Tus list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





PETROLEUM INDUSTRY EXHIBITION.—Various dates 
between Friday, April 6, and Saturday, July 28, at 
London and other university centres in the United 
Kingdom. See also page 311, ante. 


BRUSSELS INTERNATIONAL FairR.—Saturday, April 21, 
to Sunday, May 6, at the Palais du Centenaire, Brussels. 
Apply to the organisers of the fair at that address. 


Litce INTERNATIONAL Fatr.—Saturday, April 21, to 
Sunday, May 6, at Coronmeuse, Liége. Apply to the 
Foire Internationale de Liége, 17, Boulevard d’Avroy, 
Liége, Belgium. 

Paris INTERNATIONAL Fair.—Saturday, April 28, 
to Monday, May 14. Organised by the Foire de Paris, 
23 Rue N.D. des Victoires, Paris. Agent: Mrs. M. Hyde, 
4, Park-lane, London, W.1. (Telephone: GROsvenor 
5480.) 

INVENTIONS EXHIBITION AND COMPETITION.—Satur- 
day, April 28, to Monday, May 14, at Paris. Apply to 
the Association des Inventeurs et Petits Fabricants 
Frangais, 79, Rue du Temple, Paris, 3e. 

GERMAN INDUSTRIES FaIR, HANOVER.—Heavy Indus- 
tries Fair: Sunday, April 29, to Tuesday, May 8. 
Organisers: Deutsche Messe- und Ausstellungs-A.G., 
Hanover, Germany. Agents: Messrs. Schenkers, Limi- 
ted, 27, Chancery-lane, London, W.C.2. (Telephone: 
HOLborn 5595.) 

British INDUSTRIES Farr.—Monday, April 30, to 
Friday, May 11, at Earl’s Court, S.W.5, and Olym- 
pia, London, W.14; and Castle Bromwich, Birmingham. 
Particulars from the Director, British Industries Fair, 
Board of Trade, Lacon House, Theobald’s-road, London, 
W.C.1 (Telephone: CHAncery 4411); or the general 
manager, British Industries Fair, 95, New-street, Bir- 
mingham, 2 (Telephone: Midland 5021). 


EXHIBITION OF EXHIBITIONS.—Tuesday, May 1, to 
Saturday, September 29. See page 497. 


INTERNATIONAL INTERNAL-COMBUBTION ENGINE Con- 
GREss.—Tuesday, May 8, to Saturday, May 19, in Paris. 
Organisers: Le Syndicat des Constructeurs de Moteurs 
& Combustion Interne, 11, Avenue Hoche, Paris, 8e. 
See also our issue of December 1, 1950, page 438. 

BRITISH SCIENTIFIC INSTRUMENTS EXHIBITION.— 
Friday, May 11, to Thursday, May 17, at the Sorbonne, 
Paris. Organised by the British Council, 65, Davies- 
street, London, W.1. (Telephone: GROsvenor 8011.) 
See also page 291, ante. 

THIRD GAUGE AND TOOL EXHIBITION.—Tuvesday, 
May 15, to Friday, May 25, Royal Horticultural Hall, 
Vincent-square, London, S.W.1. Organised by the 
Gauge and Tool Makers’ Association, Standbrook House. 
Old Bond-street, London, W.1. (Telephone: REGent 





3451.) See also page 471, anie. 





SweEpiIsH INDUSTRIES FaiR.—Saturday, May 19, to 
Sunday, May 27, at Gothenburg. Agenis: Messrs. 
John E. Buck and ‘Company, 47, Brewer-street, Picca- 
dilly, London, W.1. (Telephone: GERrard 7576.) 

NEDERLANDS PacCKING FaiR.—Thureday, May 24, to 
Friday, June 1, at Amsterdam. Organisers: N.V. Het 
Raedhuys, Tesselschadestraat 5, Amsterdam, Holland. 


SUMMER SCHOOL ON WELDING.—Friday, May 25, to 
Saturday, June 2, at Ashorne Hill, near Leamington Spa. 
Organised by the British Welding Research Association, 
29, Park-crescent, London, W.1. (Telephone: LANg- 
ham 7485.) See also page 484, ante. 


THIRD WORLD PETROLEUM OCONGRESS.—Monday, 
May 28, to Wednesday, June 6, at’ the Ridderzaal, 
The Hague, and the Kurhaus, Soheveningen, Holland. 
Further information obtainable from the secretary, 
the Institute of Petroleum, 26, Portland-place, London, 
W.1. (Telephone: LANgham 2250.) 

CANADIAN INTERNATIONAL TRADE* Fatr.—Monday, 
May 28,to Friday, June 8,at Exhibition Pazk, Toronto. 
Apply to Miss M. A. Armstrong, Canadian Government 
Exhibition Commission, Canada House, Trafalgar-square, 
London, 8.W.1. (Telephone: WHItehall 8701.) 


METAL AND WOODWORKING MACHINERY EXHIBITION 
(“ TECHNI SHOW ”).—Wednesday, May 30, to Saturday, 
June 9, at Rotterdam. Apply to the organisers of the 
exhibition, 64, Eendrachtsweg, Rotterdam, Holland. 


JOINT ENGINEERING OCONFERENCE.—Monday, June 4, 
to Friday, June 15, in London. Organised by the Insti- 
tutions of Civil, Mechanical, and Electrical Engineers. 
See also pages 49 and 418, ante. 

BRITISH PLASTICS EXHIBITION AND CONVENTION.— 
Wednesday, June 6, to Saturday, June 16, the National 
Hall, Olympia, London, W.14. Organised by British 
Plastics, with the collaboration of the British Plastics 
Federation. Apply to the editor, British Plastics, 
Dorset House, Stamford-street, London, S8.E.1. (Tele- 
phone: WaATerloo 3333), or to the general manager 
of the Federation, 47 and 48, Piccadilly, London, W.1. 
(Telephone: REGent 4681.) 

BUSINESS EFFICIENCY EXHIBITION.— Wednesday, June 
6, to Saturday, June 16, at Olympia, London, W.14. 
Organised by the Office Appliance Trades Association, 
11-13, Dowgate-hill, Cannon-street, London, E.OC.4. 
(Telephone : CENtral 7771.) 

INTERNATIONAL AERONAUTICAL SHOW.—Friday, June 
15, to Sunday, July 1, at Paris. Apply to the organisers, 
6, Rue Galilee, Paris. 

Luton INDUSTRIAL EXHIBITION.—Saturday, June 16, 
to Saturday, July 14, at Wardown Park, Luton. Apply 
to the organiser, Town Hall, Luton. (Telephone: Luton 
2800.) 


BRITISH STANDARDS INSTITUTION JUBILEE EXHIBI- 
TION.—Monday, June 18, to Thursday, June 28, at the 
Science Muscum, South Kensington, London, S.W.7. 
Information obtainable from the Institution, 28, Victoria- 
street, London, 8.W.1. (ABBey 3333.) See also page 
407, ante. 


THIRD BRITISH ELECTRICAL POWER CONVENTION.— 
Monday, June 18, to Friday, June 22, at The Dome, 
Brighton. Information obtainable from the secretary 
of the Convention, 16, Stratford-place, London, W.1. 
(Telephone : MAYfair 6411.) 


BUILDING EXHIBITION, CHESTER.—Friday, June 22, 
to Saturday, June 30, at the Little Roodee, Chester. 
Apply to the chief plant adviser, Ministry of Works, 
Lambeth Bridge House, London, 8.E.1. (Telephone : 
RELiance 7611.) See also page 457, ante. 

INTERNATIONAL CONFERENCE OF NAVAL AROHITECTS 
AND MARINE ENGINEERS.—Monday, June 25, to Satur- 
day, June 30, in London; Monday, July 2, to Wednes- 
day, July 4, in Glasgow; and Wednesday, July 4, 
to Friday, July 6, in Newcastle-upon-Tyne. Apply 
to the secretary, Institution of Naval Architects, 10, 
Upper Belgrave-street, London, S8.W.1. (Telephone : 
SLOane 4622); Institute of Marine Engineers, 85, 
Minories, London, E.C.3. (Telephone: ROYal 8493); 
North East Ooast Institution of Engineers and Ship- 
builders, Bolbeoc Hall, Newecastle-upon-Tyne. (Tele- 
phone: Neweastle 20289); or Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-orescent, 
Glasgow, C.2. (Telephone: Central 5181.) 

RapDIo CONVENTION.—Various dates between Tuesday: 
July 3, and Thursday, September 6, at London, South- 
ampton and Cambridge. Organised by the British Insti- 
tution of Radio Engineers, 9, Bedford-square, London, 
W.C.1. (Telephone: MUSeum 1901.) See also page 
377, ante. 

RovaL AGRICULTURAL SHOW.—Tuesday, July 3, to 
Friday, July 6, at Cambridge. Apply to the Royal 
Agricultural Society of England, 16, Bedford-square, 
London, W.C.1. (Telephone : MUSeum 5905.) 

Weis InpusTRigs Fair.—Wednesday, July 4, to 
Saturday, July 14, at Cardiff. Further partioulars 
obtainable from the secretary of the Frir, 17, Windsor- 
place, Cardiff. (Telephone : Cardiff 5452.) 
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BRITISH INSTRUMENT INDUSTRIES EXHIBITION.—Wed- 
nesday, July 4, to Saturday, July 14, at the National 
Hall, Olympia, London, W.14. Further information 
obtainable from Messrs. F. W. Bridges and Sons, Limited, 
Grand Buildings, Trafalgar-square, London, W.C.2. 
(Telephone : WHItehall 0568.) , 

INTERNATIONAL WELDING CoNnGREsS.—Saturday, July 
14, to Saturday, July 21, in London and Oxford. 
Apply to Mr. G. Parsloe, secretary-general of the Inter- 
national Institute of Welding, at 2, Buckingham Palace- 
gardens, Buckingham Palace-road, London, S.W.1. 
(Telephone : SLOane 9851.) 

COURSE AND CONFERENCE ON THEORY OF DIELECTRICS. 
—Thursday, July 19, to Saturday, July 21, at the 
University, Liverpool. Apply to the deputy secretary, 
Institute of Physics, 47, Belgrave-square, London, 
8.W.1. (Telephone: SLOane 9806.) See also page 432, 
ante, 

BRITISH ASSOCIATION.—Wednesday, August 8, to 
Wednesday, August 15, at Edinburgh. Apply to the 
joint local secretaries: Dr. G. B. Warburton, 11, Grace- 
mount-road, Edinburgh, 9, and Mr. J. D. Robson, 
Engineering Department, Edinburgh University, May- 
field-road, Edinburgh 9. See also page 377. 

“MopEL ENGINEER” EXHIBITION.—Wednesday, 
August 22, to Saturday, September 1, at the New Royal 
Horticultural Hall, Greycoat-street, London, 8.W.1. 
Organisers: Messrs. Percival Marshall and Company, 
Limited, 23, Great Queen-street, London, W.C.2. (Tele- 
phone : CHAncery 6681.) 

18TH NaTIONAL Rapio SHOw.—Tuesday, August 28, 
to Saturday, September 8, at Earl’s Court, London, 
8.W.5. Applications to be made to the Radio Industries 
Council, 59, MRussell-square, London, W.C.1. (Tele- 
phone: MUSeum 6901.) 

8TH INTERNATIONAL CONGRESS OF REFRIGERATION.— 
Wednesday, August 29, to Tuesday, September 11, at 
Church House, Westminster, London, S.W.1. Held 
under auspices of International Institute of Refrigeration. 
Apply to the secretary of the Congress, Dalmeny House, 
Monument-street, London, E.C.3. (Telephone: AVEnue 
6851.) See also page 77, ante. 

SUMMER SCHOOL ON PRODUCTION ENGINEERING.— 
Wednesday, August 29, to Sunday, September 2, at 
University College, Durham. Organised by the Institu- 
tion of Production Engineers, 36, Portman-square, 
London, W.1. (Telephone: WELbeck 6813.) See also 
page 395, ante. 

ENGINEERING AND MARINE EXHIBITION.—Thursday, 
August 30, to Thursday, September 13, at Olympia, 
London, W.14. Organisers: Messrs. F. W. Bridges and 
Sons, Limited, Grand Buildings, Trafalgar-square, Lon- 
don, W.C.2. (Telephone : WHItehall 0568.) 

EvROPEAN MacHINE-TooL ExutsiTion.—Saturday, 
September 1, t¢ Monday, September 10, at Paris. Further 
particulars obtainable from the General Commissary of 
the Exhibition, 2 bis, Rue de la Baume, Paris, 8e. See 
also page 34, ante. 

Lereziag Fatrs.—Autumn Fair: Sunday, Septem- 
ber 2, to Friday, September 7. Organised by Leipziger 
Messeamt, Platz des Friedens 8, Leipzig C.1, Germany. 

THIRD ANGLO-AMERICAN AERONAUTICAL CONFERENCE. 
—Monday, September 3, to Friday, September 7, 
at Brighton. Oonvened by the Royal Aeronautical 
Society, and the Institute of the Aeronautical Sciences 
(of America). Apply to the secretary of the Royal Aero- 
nautical Society, 4, Hamilton-place, London, W.1. 

SUMMER SCHOOL ON RELAXATION METHODS.—Monday, 
September 3, to Friday, September 21, at the Imperial 
College of Science and Technology, South Kensington, 
London, S.W.7. Apply to Mr. D. N. de G. Allen at the 
College. (Telephone: KENsington 4861.) See also 
page 447, ante. 

SuMMER SCHOOL ON PuHysiIcs oF SOLIDS.—Thursday, 
September 6, to Saturday, September 15, at the Univer- 
sity, Bristol. Apply to Mr. W. E. Salt, Director of Adult 
Education, The University, Bristol, 8. (Telephone: 
Bristol 24161.) See also page 429 ante. 

ENGINEERING SCHOOL OF GHENT.—Saturday, Septem- 
ber 8, to Thursday, September 13, at Ghent, Belgium. 
Congress and exhibition in commemoration of the 75th 
anniversary of the A.I.G. (Association des Ingénieurs 
Sortis des Ecoles Spéciales do Gand. Apply to Professor 
G. Willems, 155, Rue de la Loi, Résidence Palace, 
Brussels. 

BUILDING RESEARCH OONGRESS.—Tuesday, September 
11, to Thursday, September 20, in London. Detailed 
information may be obtained from the organising secre- 
tary, Building Researoh Congress 1951, Building Re- 
search Station, Bucknalis-lane, Garston, Watford, 
Hertfordshire. (Telephone: Garston 2514.) 

33RD NATIONAL METAL CONGRESS AND EXPOSITION.— 
Thursday, October 11, to Saturday, Ootober 20, at 
Detroit, Michigan, U.S.A. Apply to Mr. W. H. Eisen- 
man, seoretary, American Society for Metals, 7301, 
Euclid-avenue, Cleveland 3, Ohio, U.S.A. See also 
page 79, ante. 





LABOUR NOTES. 


Bans on overtime at shipyards in the Merseyside 
district were ended on Monday last, after having been 
in force since January 29. A mass meeting at Liver- 
pool on April 22, which was attended by some 5,000 
employees in the local shipbuilding and ship-repairing 
industry, decided that the 25,000 operatives who have 
been affected by the ban should return to normal 
working immediately, and that efforts should be made 
by the Merseyside Confederation of Shipbuilding and 
Engineering Unions and the employers’ o isation 
to secure a settlement of the dispute. If, however, the 
local negotiations between the men’s representatives 
and the employers should not meet with success in the 
near future, the meeting agreed that the difficulties 
should be referred to the central conference for the 


industry. This meets in London and considers differ-' 


ences which exist between employers and operatives, 
on a national level. 


The ban on overtime was due to the dissatisfaction 
of craftsmen in the Merseyside shipbuilding and ship- 
repairing industry with the wage award of November, 
1950. Although that agreement provided for increases 
of up to lls. a week for skilled men and of up to 88. a 
week for unskilled men, the more highly-paid skilled 
personnel claimed that they received little or no 
benefit from it, owing to the interpretation placed upon 
it by the local employers. The firms concerned had 
agreed to pay the increases, but had stated that bonus 
schemes in operation at their works would cease. The 
Merseyside Confederation, on the other hand, claimed 
that the bonus schemes should remain in force and 
that the increases of lls. and 8s. a week should be paid 
as well, 





The inevitability of many new claims for wage 
increases being presented in the near future, owing 
to the rise in the cost of practically all commodities, 
was referred to by Mr. Lincoln Evans, C.B.E., at a 
divisional conference of the Iron and Steel Trades 
Confederation at Neath, Glamorganshire, on April 21. 
Mr. Evans, who is the general secretary of the Con- 
federation, emphasised that the certainty of these 
claims being made did not remove the obligation of 
the trade unions to exercise their responsibility for the 
manner in which they pressed forward their demands. 
It would be regrettable if extravagant demands were 
made or if claims were pressed forward unduly. 





Demands backed by threats of large-scale strike 
action could only lead to disastrous results and these 
would affect the rank and file more severely than they 
would other sections of the community. Rising prices, 
intensified by the requirements of the country’s re- 
armament programme, had caused a temporary check 
to the national plan for an improved standard of life. 
A touch of irony was given to the situation by the 
fact that this setback, to British and European living 
standards, was due to the behaviour of a country which 
was regarded in some quarters as a paradise for work- 
ing people. It was the set policy of that country, how- 
ever, to delay the recovery of all nations outside its 
own orbit from the effects of the last war. 





Discontent among colliery staffs regarding their 
demands for increased wages was referred to at a 
delegate meeting in London on Wednesday last. It 
was alleged that there had been unreasonable delay by 
the National Coal Board in dealing with the men’s 
claims and that there was a demand in some areas for 
a ballot to decide whether or not strike action should 
be taken. In the North-Western Division, a ban on 
overtime was introduced on Monday by some two 
thousand colliery clerks and timekeepers. It was 
stated on behalf of the Lancashire, Cheshire and North 
Wales Officials’ and Staffs’ Association, to which the 
staffs concerned belong, that the Association had 
chosen a ban on overtime, as a means of expressing the 
men’s grievances, because this had something of a 
delaying action which would give the Board time to 
consider the position and reopen negotiations. 





The index figure for all items of the interim index of 
retail prices rose by one point on March 13, to the new 
high level of 119. The f -rnobes figure, which stood at 
113 in mid-August, 1950, increased by one point each 
month, to 116 in mid-November. It remained ‘at this 
level until mid-January 1951, when it increased to 
117. On February 13, it again rose by one point, to 
the then record level of 118. The increase by another 
point during the four-weekly period ended March 13, 
was due mainly to the higher prices in force for clothing, 
blankets and other household articles. Prices for some 
kinds of food also increased during the period ended 
March 13. The interim index of retail prices was 
established in its present form on June 17, 1947, the 
level at that date being taken as 100. 





It was announced by the Ministry of Labour ang 
National Service on April 19 that the court of inquiry 
into the dispute in the electrical-contracting industry 
would consist of Sir Charles Doughty, K.C., Sir John 
Green, deputy chairman of the Iron and Steel Corpora- 
tion, and Mr. W. J. P. Webber, assistant general secre. 
tary of the Transport Salaried Staffs’ Association ; 
and that Sir Charles Doughty would be the chairman 
of the court. At a meeting of the court on Monday 
last, a statement of some length was submitted by the 
Electrical Trades Union. This declared that the 
dispute had led to a strike, in which nearly 2,000 
employees in the electrical-contracting industry in 
London had become involved, mainly because there 
was no machinery in existence capable of dealing with 
the original difficulty. The union contended that 
there should be adequate negotiating and conciliation 
machinery for trade-union members in the employment 
of the contracting departments of the various Electricity 
Area Boards. 





The dispute originated at the London Electricity 
Board’s depot at Bethnal Green, at which, it is alleged, 
an electrician belonging to the Electrical Trades Union 
was suspended for refusing to accept as a mate a 
member of the Transport and General Workers’ Union. 
Strike action commenced in mid-February and spread 
steadily to other depots. Work was not resumed until 
April 17, when it was announced that a court of inquiry 
would be set up to investigate the dispute and the men 
decided to return and await the court’s findings. At 
the meeting of the court on Monday, the representatives 
of the E.T.U. suggested that the difficulty at Bethnal 
Green should have been settled by the machinery of the 
National Joint Industrial Council for the Electricity- 
Supply Industry. 





The President of the E.T.U., Mr. Frank Foulkes, 
claimed that his union was the only organisation which 
possessed negotiating rights in respect of employees in 
the electrical-contracting industry. He contended that 
the British Electricity Authority should conclude an 
agreement with the E.T.U. at an early date, on lines 
similar to agreements which were in force prior to the 
nationalisation of the industry, whereby suitable 
negotiating and conciliation machinery would be 
introduced. On behalf of the British Electricity 
Authority, Mr. Ernest Bussey, the Authority’s labour 
relations member, submitted that the stoppage was due 
to a dispute over membership of a particular trade 
union and that, as such, it was a matter for the unions 
concerned and not one for the Authority. 





The decision of Sir Hartley Shawcross, then Attorney- 
General, to seek leave to enter a nolle prosequi to the 
whole indictment under which the seven dockers were 
accused at the Central Criminal Court with having 
conspired to incite others to take part in illegal dock 
strikes, was followed, as stated on page 476, ante, by 
the discharge of the men on April 18. It may be 
recalled that the seven dockers had been found guilty 
on one charge only of the three preferred against them. 
The National Dock Labour Board announced on 
April 20 that the 9,500 dock employees who had been 
on strike during the early days of last week had 
returned to work. 





Since the end of the trial, the efforts of the dockers’ 
unofficial organisations are understood to have been 
concentrated on a campaign to secure the complete 
withdrawal of the Conditions of Employment and 
National Arbitration Order, No. 1305, under which the 
prosecutions were made. This Order, as has been 
stated on previous occasions, forbids strikes and lock- 
outs unless notice of the dispute, and of the intention 
to strike or lock-out, has been given to the Minister of 
Labour 21 days beforehand, and he has failed to take 
action to dispose of the dispute within that time. The 
question has been discussed on various occasions 
between representatives of the two sides of industry, 
notably at recent meetings of the Ministry’s joint con- 
sultative committee, on which officials of the British 
Employers’ Confederation and the Trades Union 
Congress serve. 


Requests for three weeks’ holiday with pay for all 
apprentices and for a 40-hour week for all youths 
employed in engineering establishments were among 
the demands put forward at a conference of junior 
members of the Amalgamated Engineering Union at 
Blackpool. Contrary to advice given by Mr. Jack 
Tanner, the President of the A.E.U., a resolution was 
passed by the conference, which took place at the end 
of last week, asking for an all-round increase of 20s. 
a week for young employees in the engineering industry. 
Mr. Tanner informed those present that the A.E.U. 
had already submitted an application to the employers 
for an increase for apprentices. 
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Fig. 1. ‘Centaurus 20” Enorne. 
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TWIN ‘“‘CENTAURUS’’ POWER 
PLANT FOR THE BRISTOL 
‘** BRABAZON.’’* 


By J. L. Norton, A.M.I.Mech.E. 


Wren the Bristol ‘“ Brabazon” design for a 
260,000-lb. transatlantic air liner was prepared, the 
only power unit of suitable size appeared to be the 
Bristol “Centaurus,” an 18-cylinder air-cooled 
deeve-valve radial engine producing 2,500 h.p. at 
2,700 r.p.m. for take-off. Eight of these engines were 
required. In normal installations the engine, even 
Son Lenpng cowled and faired, forms a large 

scence on the wing, resulting in appreciable ¥ 
In the Brabazon, the wing thickness is ates oon 
diameter of the engine. It seemed logical, therefore, 
to submerge the engines completely within the wing 


- Paper entitled “‘The Design and Development of 

od Twin Centaurus Power Plant for the Bristol 
bazon” delivered at the Institution of Mechanical 

Bngincers, in London, on April 20, 1951. Abridged. 











profile, and thus avoid the nacelle-installation drag. 
It was decided that the engines should be grouped in 
pairs, each pair driving two co-axial propellers; thus 
only four propeller discs would be presented to the 
airstream. 

From the aspect of mechanical design a parallel 
engine arrangement was favoured. On the other 
hand, it was important to keep the air ducting as simple 
and unrestricted as possible, and to avoid obstructions 
in the cooling-air stream such as large gearboxes, etc. 
The weight of the complete power unit would need 
to be kept to the lowest possible figure so as to obtain 
the highest possible payload; the engines and trans- 
mission units should be easily accessible for maintenance 
purposes, and should preferably be — of installa- 
tion and removal as separate units. It was ultimately 
decided that a ““V” arrangement of engines would 
give the best compromise. e standard Centaurus 57 
engine was adapted by replacing the reduction gear 
and front cover with a new front cover of simplified 
design,,as shown in Fig. 1. The engine crankshaft 
was long enough to carry at ite forward end a simple 





TWIN “CENTAURUS”? POWER PLANT FOR THE BRISTOL “BRABAZON.” 


driving-flange. This mark of engine is known as 
Centaurus 20. 

Fig. 3 shows the layout of the power plant. Two 
Centaurus 20 engines are housed separately in fireproof 
cells in the leading edge of the wing. Their centre lines 
converge forward at an included angle of 64 deg., and 
the engines are supported on the box-section cantilever 
structure which separates the two engine cells. This 
structure, carried by the wing spar, is formed by a pair 
of nose ribs together with the upper and lower wing 
skins. Suitable reinforcement is incorporated in the 
design to provide for all the loads imposed by engine and 
gearbox weight, propeller thrust and weight, and the 
propeller gyroscope loads, which occur only with one 
engine out of action. The forward extremity of this 
cantilever is closed by a diaphragm to which is bolted 
the propeller “stalk.” The dual-reduction gearbox 
is secured within this monocoque structure, and 
flexibly jointed primary-drive shafts convey the power 
from the two engines. The propellers are carried on 
concentric shafts extending forward from the dual- 
reduction gear and, to minimise aerodynamic inter- 
ference, are situated some distance ahead of the 
leading edge. The forward ends of the shafts are 
supported in a bearing carried by the closure of the 
age “stalk” Access to the engines is through 

rge openings in the upper and lower wing skins, closed 
by doors hinged at their forward edges just aft of the 
extreme leading edge of the wing. 

Both engines, together with the dual-reduction gear, 
were grouped as closely together as possible, thus form- 
ing, with the forward half of the cantilever structure, a 
compact unit which would be unaffected by win 
deflection. This necessitated “ picking up” 
engine at the side, and a structure with the minimum 
of redundancies, using a three-point attachment to the 
aircraft structure, was selected; it is illustrated in 
Fig. 2. The engine mounting consists of a pair of 
tripods attached to the engine crankcase at their feet, 
with their apices secured at points near the top and 
bottom, respectively, of the cantilever structure. The 
tripods resist all the vertical and side loads and engine 
torque reaction. To accommodate fore-and-aft loads 
and to stabilise the assembly against pitching moments, 
two tubes connect the top and bottom of the crankcase 
to a common point forward on the cantilever struc- 
ture. To simplify engine removal, quickly-detachable 
couplings were provided at the apices of the two tripods 
and at the engine ends of the stabiliser tubes. A speci 
form of joint at the forward end of the stabilisers 

rmits these tubes to be swung to one side without 

ving to release the forward joint bolt. 

The weight of engine and accessories supported by 
the mounting is 3,200 Ib.; design for eight times this 
weight was to cover the accelerations year 
during heavy landings. In addition to flight loads, 
there were vibration loads set up by the crankshaft 
and the articulated connecting-rod system, as in all 
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radial reciprocating engines. The material of the 
engine-mounting tubes is a chromium-molybdenum 
steel to specification D.T.D. 178 (now T.53). The end 
fittings are of a “40” carbon steel to specification 
D.T.D. 126, welded to the tubes. The weight of the 
entire mounting, including bolts, etc., is 60 lb. (com- 
pared with about 120 lb. for a representative mounting 
of the normal type). During static loading tests 
on the first sample of this mounting, permanent set 
occurred at a load 25 per cent. above the design con- 
dition, and a load equivalent to an acceleration of 
a apc. 15g was applied before failure took place. 

'o ensure efficient cooling of the engine, the cylinders 
are closely jacketed with sheet-metal baffles and a 
oylindrical cow! completely encircles the cylinder 
heads. The engine “ cell” is divided ws diaphragm 
which, in turn, encircles the cowling. Slip-stream air 
admitted through the leading-edge opening, therefore, 
fills the forward portion of the cell under pressure, 
which causes it to pass between the cylinder and 
cylinder-head cooling fins and to escape finally from 
the rear compartment through upper and lower outlet 
~_ in the wing skins. Normally, the lower outlet 
only is used. The exhaust discharge from each 
cylinder is piped back to a pair of arc-shaped manifolds 
located behind the cylinders, and having their outlets 
projecting rearward through holes in the lower engine- 
access door. To limit temperatures in the rear engine 
bay, and at the same time to reduce the risk of fire, 
the entire exhaust system is air-jacketed by means of 
thin stainless-steel shrouding. Air enters under ram 
pressure from the forward section of the engine cell 
and is discharged through holes at the end of each 
section of the shrouding. 

The arrangement of the primary-drive shaft and 
torque meter is shown in Fig. 4. The power from each 
engine is transmitted to the dual-reduction gear 
through the medium of a tubular shaft flexibly jointed 
ateach end. At the rear end, a joint of the “ Layrub ” 
type is used, consisting of a ring of aluminium alloy 
carrying a number of rubber units with bonded steel 
centres. The ring is secured to the engine output 
flange, and the steel centres are bolted to the rear 
flange of the primary-drive shaft tube. At the forward 
end a Hooke’s joint was adopted, with two yokes 
machined all over from nickel-chromium steel forgings 
with a central star piece of Hykro (D.T.D. 306) nitrided 
all over. The bearing sleeves are made of Tufnol, and 
work in hardened-steel bushes screwed directly into 
the arms of the yokes. The Hooke’s type of joint 
permits the shaft to be swung to one side after dis- 
connecting the rear end, and so provides space for engine 
removal. A torsionally-rigid type of joint used at 
one end of the shaft reduced the possibility of free 
torsional oscillation of the shaft. 

The engine torque meter indicates engine torque as 
determined by the a of the torsional deflection 
in the primary-drive tube. Two toothed inductor 
rings encircle the Hooke’s ag and rotate with it; 
one is secured to the rear ©, but the other is driven 
by a@ concentric tube ineide the primary-drive shaft. 
This tube is looked to the bore near to the engine end. 
a to each inductor ring is an electromagnetic 
pi -up and when the rings rotate an alternating current 
i ted in the windings of each pick-up. Since the 
inductor ri bear an angular relati ip to each 
other, depen: upon torque, the two elevtrical out- 
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puts will bear a vorresponding 

phase relationship to each 

other, which is determined ¢72..) 

electrically and is indicated 

on a suitably calibrated micro-ammeter at the engi- 
neers’ station. 

Originally, it was proposed to couple the two engines 
together mechanically and to drive a true contra- 
rotating propeller, which would have required a clutch 
in each drive to facilitate starting and to isolate either 
engine, of such a design that, when engaged, a fixed 
known angular relationship would exist between the 
two engine crankshafts. It would have been necessary, 
moreover, to provide a flywheel on each engine to 
achieve satisfactory starting and running prior to 
clutch engagement. It was decided to let each engine 
drive its own propeller independently, and to have no 
clutches, no flywheels, and no phasing problem. 

Since the main-drive shafts were to be arranged at an 
angle, bevel gears had to be used. Three layouts were 
considered. (1) A straightforward bevel train for both 
left-hand and right-hand engines, with a bevel idler 
interposed between the pinion and wheel of the left- 
hand train. (2) A straightforward pair of bevels for 
both the left-hand and right-hand drives; this system 
would require a virtually new engine on one side 
with reversed crankshaft rotation, and new oil pumps, 
crankshaft, cylinder sleeves, etc.. and the engine would 
have had to pass numerous tests for approval. 
(3) A simple pair of bevels between the left-hand 
engine and the inner propeller shaft, and a “re- 
verted” or interna] bevel and pinion between the 
right-hand engine and the outer airscrew shaft. This 
was the scheme finally adopted, since the complete 
assembly would be more compact, the casing being of a 
generally circular form without large excrescences other 
than those housing the two input shafts. The degree 
of symmetry thus afforded would not only help the 
foundry in producing sound castings, but would also 
help to ensure symmetrical] thermal distribution. The 
elimination of idlers would result in an appreciable 
saving in weight, and the compact design would require 
a minimum quantity of metal for a given degree of 
stiffness. Furthermore, it was considered that the 
introduction of an idler gear would have entailed a 
0-7-per cent. efficiency drop in that gear train, equi- 
valent, in a flight time of 12 hours, to an additional fuel 
weight of a Ib., oe more than one 
passenger wit . Moreover, extra fuel tanka, 
would be nnn age idler gear layout would aie 
have meant an increase in weight in the oil system, 
because if the heat rejected from one gear train 
were doubled, then for a given temperature rise 
the quantity of oil to be circulated would also have 
to be doubled, and the capacity of the oil cooler 
would have to be increased. The production of an 
internal bevel with a pitch angle of 49 deg. 47 min. 
7 sec. was, however, a difficulty. A survey of all 
available bevel-tooth generating machinery showed 
that the maximum degree of “reversion” which 
could be produced was of the order of 8 or 
9 deg. Thus some deviation from a generated tooth 
form was necessary. It was decided to consider the 
effect of using a completely fiat-flanked tooth. The 
manufacture of the internal bevel had now become 
ov a matter of individually machining flat-sided 

» with a high degree of accuracy; the difficulty 
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was to produce teeth of conjugate form on the mating 
pinion. From a study of the Gleason method of 
bevel-tooth generation it appeared to be theoretically 
possible to modify a machine so that the desired tooth 
form could be generated, and after consultation with 
gear manufacturers it was decided to adopt this 
design. 

The basic layout of the main drives is shown in 
Fig. 5, from which it may be seen that ball or roller 
bearings are provided for all the major shafts. They 
are housed in alumirium-bronze housings shrunk into 
the casing. All bevel and spur gears are serrated to 
their shafts, and clamped endwise by ring nuts. In 
the early stages of testing, the internal bevel sustained 
cracking round the hub due to inadequate support ; 
subsequently it was stiffened, and clamped between 
cones seating on the plain paralle) parts of the propeller 
shaft. All the nuts securing the main gears are tight- 
ened to predetermined torques, in some cases quite 
high ; for instance, the nut securing the internal bevel 
is tightened to a torque of 2,500 lb.-ft. 

All propulsion thrust-loads, plus bevel thrust-loads 
and a percefttage of radial load, are concentrated 
around the one central boss of the main casing, which 
is located at the apex of the deeply corrugated conical 
diaphragm structure forming the main body of the 
casing. The outer periphery of this structure is blended 
into the strengthened forward part of the casing which 
forms the means of attachment to the airframe. This 
design ensures that the propeller thrust is transmitted 
through the minimum amount of cast structure, and 
the stresses imposed upon that structure are mainly 
compressive, thus reducing the chance of fatigue 
failure. The mutual loading im by the right-hand 
bevel pinion and the internal bevel produces stresses 
which again are compressive, and, since the bearings 
carrying these loads are near together, the deflections 
are correspondingly small. The configuration of the 
assembly of the rear pair of bevels is not quite 80 
favourable, but the bevel thrust is lower, and it was 

ible to straddle-mount the pinion, thus reducing 
oad concentration. The main casing members are 
magnesium castings (D.T.D. 136), which have with- 
stood the most stringent inspection without a single 
rejection by the Bristol Aeroplane Company. 

With the dual-reduction gear it was important to 
ensure that gear deflections under load were not 
excessive, otherwise poor tooth meshing would result ; 
deflection tests were therefore carried out. The maip 
gear trains were assembled into a casing, and both 
drives were rotated simultaneously at one revolution 
per minute while increments of torque up to 100 per 
cent. were applied. Gear deflections were a 
means of many dial indicators contacting thro 
suitable apertures in the casing. The same set-up was 
used to check bevel-tooth marking under load, during 
the process of perfecting the gear tooth-cutting tech- 
nique. After running the first reduction gear under 
full-speed maximum-torque conditions, the gear tooth 
marking isingly showed the same pattern as when 
loaded to ay 50 per cent. of maximum -— at the 
near-zero speed condition used on the rig. might 
have been due to inertia effects causing the point of 
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maximum wheel deflection to occur just beyond the 
point of contact. 

The position of the supports, which were themselves 
flexible, and the distribution of the masses carried, 
created a problem in obtaining a satisfactorily high 
whirling speed of the propeller-shaft system. Two 
simple schemes were evolved. The first, with a 
whirling speed well above the running range, specified 
an inner propeller shaft of 6-in. diameter, but required 
the rear propeller hub to be much larger than the front, 
with a consequent weight penalty. The second, with a 
whirling speed somewhat lower, used a shaft of 4-5-in. 
diameter, but permitted the rear hub to be the same 
overall size as the front. Furthermore, the shaft bore 
could be straight and parallel, thus easing manufacture. 
This latter scheme was therefore adopted. A special 
“whirling rig” was built, and is shown in Fig. 6. 
The propeller shafts were carried in, and driven by, a 
gearbox supported in a flight-type of propeller 
“stalk.” The complete unit was fixed to a stiff stand ; 
dummy propellers were secured to the shafts, and the 
rig was driven by a 500-h.p. variable-speed motor. To 
simulate flight conditions as closely as possible, the 
dummy propellers were of the same weight and moment 
of inertia as the flight propellers, and the weight and 
position of the centre of gravity of the gearbox were 
also similar to those of the flight reduction gear. The 
results of these tests were interpreted with reference to 
the actual wing flexibilities. 

A maximum of 275 h.p. is available to drive the 
accessories necessary for aircraft services, including the 
cabin air-conditioning, electric power for engine starting, 

ropeller de-icing, heating, lighting, radio, and hydrau- 
¢ power for flying control and culneniines operation, 
_ + power to drive the accessories is obtained 
m the main engines by tapping the two propeller 
shafts, Gears, secured pe fle gem J with ian a 
situated towards the front and rear respectively of the 
reduction-gear assembly. Each train ultimately drives 
through a freewheel, thus permitting either engine to 
slow down or stop without interrupting the drive. A 
Vertical section through the dual-reduction gear is 
shown in Fig. 7, page 512. On account of the torsional 
Vibration characteristics of the drive system, and the 
Possible frequent transfer of load from one drive to the 
other, the ratios between the drives from the two engines 
were made different: that from the outer propeller 
shaft is 1-316 to 1, and that from the inner is 1-28 to 1. 
With engines synchronised at 2,400 r.p.m. the right- 
d engine provides the entire drive through the 
forward freewheel, and the other freewheel slips at about 
ee r.p.m. Thus, 2 rear propeller operates at 

© less power t i i 

bee Fe: po han slightly more efficient 

Fig. 8, page 512, shows a detail of the freewheel 
assembly, which is of the jamming-roller type, using 
18 rollers in each section. Individually spring-loaded 





plungers are used to ensure that each roller is main- 
tained in a condition immediately to receive a share of 
the torque when applied. The outer rings are separate 
floating members to permit automatic centring under 
all conditions of load and of shaft deflection. In 
addition, this configuration avoids the possibility of 
roller end-loading due to non-symmetrical expansion 
under the wedging effect of the rollers. 

In early tests, trouble was experienced with the free- 
wheels, the rollers and outer rings scuffing and dis- 
colouring and, sometimes, the rollers ran over the cam 
tips. It was found, however, that no trouble occurred 
either when slipping 100 per cent. or when transmitting 
positive torque. Investigation indicated that, at certain 
conditions of speed and slip, considerable heat was 
generated, owing to the combined effect of the centri- 
fugal loading between the rollers and outer ring, and 
the rubbing velocity. The trouble was remedied by 
using lighter rollers made of tungsten steel, “ grano- 
dising ” the outer ring, and increasing the cooling-oil 
supply. To prevent damage to the main propulsive 
machinery in the event of seizure of an aircraft accessory 
or gearbox, a “shear link” was incorporated in the 
drive take-off, comprising primary and secondary 
flanges, held together by a coarse-threaded sleeve of 
large diameter. The torque is transmitted from the 
primary to the secondary flange through three dowels 
of 0-212 in. diameter. Should the torque momem- 
tarily build up to 130 per cent. in excess of the 
maximum permissible steady figure, the pins shear. 
The threaded sleeve then unscrews, and the pre-ten- 
sion in the Layrub couplings causes the primary and 
secondary flanges to part, thus permitting running to 
continue without danger of the shear faces rubbing and 
—_- The final drive is coupled, by means of 
flexibly-jointed Cardan shafts, to the aircraft accessory 
gearbox which lies some 12 feet aft of the reduction 
gear, in the wing space, where it is readily accessible 
even during flight. Round the box the electric 
alternator, hydraulic pumps and cabin blower are 
grouped. 

On the rear face of the rear cover are the propeller 
ancillaries, oil pumps, etc. The separate pressure and 
scavenge gear-type pumps are located to the right and 
left respectively of the accessory power take-off shaft, 
which provides the drive by means of a spur gear, thus 
ensuring a continuous oil supply with either engine 
static. Oil from the pressure pump, which has & 
cruising capacity of 300 gallons per hour, is passed first 
through a “ Purolator” filter, then through drilled 
to the bearings requiring pressure or indepen- 

dent feed, the gear-tooth cooling jets, and the propeller 
hydraulic system. Both pairs of main gears are splash- 
lubricated, but considerable care was taken to ensure 
adequate cooling of the teeth. Clusters of jets are 
rovided, located as close as possible in the “V” 
ween the gears on the disengaging side. The 


clearance between the jet tips and the tops of the teeth 
is of the order of % in., and the jets are arranged at 
angles such that each oil stream traverses the whole 
tooth depth in passing. Oil draining away from various 
parts of the gearbox collects at the bottom, whence it 
is removed ‘by means of the scavenge pump through a 
strainer and is returned, through the oil cooler, to the 
tank. The supply of lubricant to the plain bearings 
carrying the accessory-drive shafts in the auxiliary- 
drive case walls and to certain propeller-shaft bearings 
is metered by means of an intermittent feed, provided 
by ports in the main oil-pump gear spindle, which feed 
through successive drillings in the pump body. No 
relief valve is employed, but a back-pressure valve is 
inserted in the circuit to ensure a minimum pressure to 
the propeller system of 40 lb. per sq. in. This valve is 
located to the left of the gearbox rear cover, shown in 
Fig. 9, on page 512. 

The propeller-control gear comprises a controller unit, 
a synchronising alternator, and a synchronising cor- 
rector motor for each propeller. With the exception of 
the corrector motors, these units are driven by two 
gear trains associated respectively with the left- and 
right-hand engines. The controllers rotate at 0-94 
engine revolutions, and the synchronising alternators 
rotate at exactly engine speed. 

The three-bladed Rotol propellers, of 16 ft. diameter, 
were produced specially for this installation. In 
general, the propeller blade angle or pitch is changed 
hydraulically, oil being admitted to the front and rear 
portions of a cylinder built on to the propeller hub. 
The oil pressure is supplied and directed by the con- 
troller unit, one being provided for each propeller and 
driven as previously described. The oil flow and 
return paths associated with each propeller comprise 
drilled ~~ in the rear cover, the rotating oil-feed 
assembly located in the large boss in the centre of the 
rear cover, a stack of tubes inside the inner propeller 
shaft, and the oil distributor at the forward end of that 
shaft. The propellers can operate in reverse or negative 
pitch for the purpose of braking the aircraft and reduc- 
ing the length of landing run. Safeguards are provided 
in the system to prevent the propeller blades passing 
into zero pitch with the throttles open. 

The normal enduran‘e and final tests were carried 
out on a normal test bench, using a water brake to 
absorb the power. It was estimated that some 1,000 
hours’ total running time would be necessary to prove 
the transmission and other new features, divided into 
two phases: (1) an exhaustive mechanical test of the 
reduction gear and transmission system, and (2) testing 
the complete power plant installation in a form simu- 
lating as nearly as possible the flight installation. The 
simplest way to drive and load the transmission system 
was to use two Centaurus 20 engines and a pair of 
propellers. A rigid stand was constructed, to each side 
of which an engine was attached. The stand carried a 
steel plate at the front, and the dual-reduction gear, 
fixed in a robust two-piece steel “ stalk,” was sec 
to it. A small water brake was installed for myn et 
accessory drive. To ensure adequate engine ing, 
suction fans were arranged behind the engines, but 
were found later to be unnecessary. All controls, 
instruments, etc., were taken to a control cabin erected 
to one side of the test stand. 

Running commenced in April, 1946. After a few 
preliminary runs, endurance runs of 2 and 10 hours, 
respectively, were made, with stripping and inspection 
of the dual-reduction gear after each. The next test 
was run to approximately official “‘ type test ’’ condi- 
tions, lasting 114 hours. Inspection after stripping 
revealed a gratifying condition of practically all the 
components. Tooth marking was excellent and all 
bearings were perfect. The only adverse features were 
the previously-mentioned cracks in the internal bevel 
boss and the condition of the freewheel rollers and 
tracks. Careful measurements of heat rejection were 
made, with the object of determining the gearbox 
efficiency. An average figure was 23-5 h.p. at steady 
take-off condition. Since the casing temperatures were 
low, and the casing was protected from the slip-stream, 
an allowance of 25 per cent. was thought to be adequate 
for direct radiation and convection losses. On this 
basis the mechanical efficiency of the gears was found 
to be 99} per cent. Up to the time of writing, some 
715 hours of development running have been completed 
on this test stand. 

To simulate closely aircraft conditions, the second 
phase of the development programme was carried out 
with the power unit installed in a specially-built section 
of the aeroplane wing, fixed on steel supports some 
10 feet above ground level. Provision was made to 
introduce additional flexibility in the supporting 
structure, should this be required later during the 
vibration investigation. All services, including the 
fuel and oil systems (except fuel tanks), the engine- 
driven aircraft accessories, etc., were installed. The 
instrumentation was fairly comprehensive, to provide 
as complete a picture as possible of air, oil, and fuel 





temperatures, pressures, and flows, etc., as well as of 
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Cylinder-head temperatures. Strain-gauges were fixed 
to engine-mounting members, and vibrographs were 
installed at critical points. The first tests, consisting 
of a complete vibration exploration, were begun in 
November, 1946. The results confirmed the “ whirling 
rig” tests. Endurance runs followed, during which it 
was found necessary to strengthen the propeller “ stalk” 
at the cut-away portion round the Hooke’s joints in 
order to avoid fatigue cracking. Certain details of the 
rib cantilever extension were also found to require 
strengthening, particularly the ties between the main 
engine mountings. The engine cooling was com- 
pletely adequate. Extended running under the most 
severe conditions during hot summer weather was 
~~ ble without recourse to the supplementary cooling 
‘ans provided. This part of the programme culminated 
in the official 150-hours “‘ type test’ to the Air Regis- 
tration Board’s requirements for civil aircraft. The 
test was carried out, for the greater part, in 10-hour 
periods at all running conditions encountered during 
take-off and in flight, and including overspeeding. 
Incidental running brought the total power-unit run- 
ning time for this test to over 180 hours. In all, 
some 415 hours running have been accomplished on 
this test stand. 

Each engine cell in the leading edge of the wing has 
fireproof stainless-steel linings to prevent a fire 
burning its way through. Some 15 flame-detector 
switches are installed in strategic positions around the 
engine and on tho firewalls, looped into a common 
circuit with a warring at the flight engineers’ station. 
Supplies of methyl-bromide extinguishing medium are 
carried in cylinders within the wing, which are piped 
to sprayer rings in front of and behind each engine, 
and to the engine air intakes. Experience has proved 
the need to shut down the engine before releasing the 
flood of fire-extinguishing medium. The Centaurus 20 
installation has an advantage in that the cooling-air 
supply can be shut off completely, so preventing 
excessive loss of methyl bromide. 

The last test carried out on the final test rig proved the 
efficacy of the fire precautions. An engine failure was 
eens in which a cylinder was blown off, and 

es from the broken exhaust manifold could ignite 
the petrol-air mixture issuing from the broken induction 
ipe, and the oil spray thrown from the crankcase. 
is effect was obtained by installing two special 
burners on the right-hand engine, one between the 
cylinders and the other in a position to direct the flames 
on to the petrol — and injector. Two separately- 
driven pumps suppli trol and hot oil to the burners 
at the combined rate of 2 240 gallons per hour front and 
120 gallons per hour rear. The were started 
electrically. Both engines were started and run at 
take-off conditions; then the oil supply was turned on 
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to flood the compartment with hot oil. After 30 
seconds the petrol was turned on and then ignited. 
As soon as the fire was observed externally the fire drill 
was put into operation. The left-hand engine was 
meanwhile kept runring at take-off conditions to 
simulate flight slip-stream effects. The time interval 
between observing the “fire”? and the “ fire-out” 
signal was 36-1 seconds. Within a few minutes of 
extinguishing the fire, both engines were again started 
and run up to take-off condition without ircident. 





SCHOLARSHIPS IN TECHNOLOGY AND MANAGEMENT IN 
THE UNITED STATES.—The Ministry of Education have 
announced that, with the aim of contributing to industrial 
productivity in this country, 35 post-graduate scholar- 
ships are to be awarded in 1951 for the study of tech- 
nology and management at selected universities or 
technological institutes and in industrial undertakings 
in the United States. The cost of the awards will be 
met from funds provided by the American Economic 
Co-operation Administration. The scholarships, which 
will normally be tenable for a period of one year, will be 
open to students who hold good honours degrees in either 
pure science or technology, who have bad at least two years 
of industrial experience, and who are now working in 
industry or research associations or are teaching in 
universities or technical colleges. The scholarships will 
provide for tuition fees, books and travelling expenses 
in the United States, and suitable maintenance allow- 
ances. The cost of the return passage to the United 
States will be met from public funds. Successful candi- 
dates will be expected to leave this country early in 
September. Full details may be obtained from the 
Ministry of Education, Curzon Street House, Curzon- 
street, London, W.1. Applications must be received at 
the Ministry by April 30. 








ANCILLARIES ON GEARBOX REAR COVER. 


LAUNCHES AND TRIAL TRIPS. 


M.S. “* ATHELSULTAN.”’—Single-screw oil tanker, built 
by Smith’s Dock Co., Ltd., South Bank-on-Tees, for the 
Athel Line, Ltd., London, W.1. Main dimensions: 
483 ft. overall by 63 ft. 34 in. by 34ft. 7 in. ; deadweight 
capacity, 13,100 tons on a draught of 28 ft. 24 im. 
Hawthorn-Doxford four-cylinder Diesel engine, develop- 
ing 4,450 b.h.p. at 112 r.p.m., constructed by R. and W. 
Hawthorn, Leslie & Co., Ltd., Newcastle-upon-Tyne. 
Service speed, 124 knots. Trial trip, Murch 5 and 6. 

S.S. “ Nap1a.”—Twin-screw buoy-lifting and dispateh 
vessel built and engined by Wm. Simons & Co., Ltd., 
Renfrew, for the Commissioners for the Port of Calcutta. 
Vessel can be used also as fire monitor or for salvage 
work. Main dimensions: 200 ft. between perpendicular 
by 37 ft. by 19 ft. 6 in. Two triple-expansion surface- 
condensing steam engines, developing 1,600 i.h.p. at 
115 r.p.m., and two Yarrow oil-fired water-tube boilers, 
also constructed by Messrs. Simons. Speed, 12 knots. 
Launch, March 12. 

M.S. “ NICOLINE MAERSK.”—Single-screw cargo vessel, 
to carry twelve passengers, built and engined by Bur 
meister and Wain, Copenhagen, for A. P. Maller, Copen- 
hagen, Denmark. Main dimensions: 445 ft. by 63 ft. 6 in. 
by 41 ft. 6 in.; deadweight capacity, 9,210 tons on 
draught of 27 ft. 8 in. Ten-cylinder two-stroke Diesel 
engine, to develop 11,500 i.h.p. and a service speed of 
173 knots. Launch, April 5. 

S.S. “ MERCHANT DUKE.”—Single-screw cargo vessel, 
built and engined by William Gray & Co., Ltd., West 
Hartlepool, for the Drake Shipping Co., Ltd., London, 
E.C.3. Main dimensions: 457 ft. 6 in. overall, by 
57 ft. 8} in, by 38 ft. 3 in. to shelter deck; deadweight 
capacity, about 10,000 tons on a draught of 26 ft. 4 in. 
Triple-expansion engines developing 2,500 i.h.p. at 
76 r.p.m., and three oil-fired boilers. Speed on trial, 
12 knots. Trial trip, April 6. 
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UNDERGROUND GASIFICATION OF 
COAL IN THE UNITED STATES.* 
By J. L. Evper anv E. T. Witxmss, M.Sc., Ph.D. 


THE experiments on underground gasification of 
eoal, now in progress at Gorgas, Alabama, are being 
undertaken by the United States Bureau of Mines in 
eo-operation with the Alabama Power Company. 
The Bureau’s interests in underground gasification 
include the long-term possibility of producing a 
eheaper synthesis gas for the catalytic production of 
liquid fuels. They also include the manufacture of 
gases such as producer gas from coal seams in situ, 
and it is to this latter application of the process that 
the investigation has m confined so far. The 
experiments are still in progress and a full analysis 
has not yet been made of all the data collected. 

Most recent underground gasification has been 
eoncerned with the ‘‘ stream ” type of process, in which 
a fire is lit in a pre-formed passage in a coal seam and 
eombustion of the seam is maintained by passing air 
through the passage. The only operation of this process 
so far recorded as suc appears to be that at 
Gorlovka (Russia) before World War II, in which a 
panel in a steeply inclined seam was gasified. 
difficulty of the proeess is the tendency for part of the 
air to bypass the reaction zone by flowing through 
voids in the burnt-out area. Special interest attaches 
to some practical evidence of a possible solution of this 
difficulty, provided by a small field-scale experiment 
undertaken by the Bureau of Mines and the Alabama 
Power Company in 1947. In this experiment, the 
roof became plastic and expanded under the conditions 

vailing in the reaction zone, so tending to fill the 
t-out area with a fused non-permeable material. 

In the 1947 experiment, an appreciable amount of 
eoal was burnt from the sides of the original passage, but 
the experiment did not continue long enough to 
show the maximum amount that could be effectively 
burnt in this way. If, by preventing bypassing, this 
smount could be made sufficiently large, it was possible 
that a continuous process could be developed. A 
long initial in the coal seam would be connected 
to the surface by boreholes at intervals along its length. 
These sub-sections of the main passage might then be 
burnt simultaneously by using alternate boreholes as 
air inlets and gas outlets until the burnt-out areas 
had reached their maximum effective width : new bore- 
holes would then be made to the reaction zones on the 
fringes of the burnt-out areas and used in place of the 
old boreholes. In this way the gasification zone would 
move progressively forward without further under- 
ground development, apart from the construction of the 
necessary boreholes. 

_ In planning an experiment to provide data along these 

lines it was considered desirable that the work should 
be on a larger scale than that of the preliminary 
experiment, in order that the results might be more 
nearly related to full-sca} operation. This increase 
in scale, which was to a potential burning capacity 
of about 100 tons of coal a day, involved considerable 
increases in installation and operating costs; and it 
has been estimated that the cost of the present Gorgas 
experiment to the end of June, 1950, has been about 
750,000 dols. 

The experimental site was situated in an isolated 
Portion of the Pratt bed at Gorgas, where the seam 
was about 3 ft. thick, almost flat and contained about 
14 per cent. ash and 38 per cent. volatile matter (dry, 


* Paper presented to the Institute of Fuel at a meeting 
held in London on April 3, 1951. Abridged. 











ash-free). 
hilltop which provided about 30 ft. of cover, consisting 


The coal seam lay under an irregular-shaped 


mainly of shale and sandstone. Preparation of the 
site involved cutting two parallel galleries starting 
from the outcrop, 40 ft. apart and about 150 ft. long, 
and connecting their inbye ends by a third passage, 
thus isolating the rectangular panel of coal which was 
to be gasified. The full cross-sectional area of the 
galleries, as cut, was 18 sq. ft., but this was reduced 
before ignition to 8-3 sq. ft. by bags of clay piled against 
the outer walls: the clay was also intended to prevent 
burning of the coal outside the panel. The panel was 
fired at the inbye end and combustion maintained by 
an air-blast of between about 50,000 and 100,000 cub. ft. 
per hour, corresponding to ar original (cold) air velocity 
of between about 1 ft. and 2 ft. per second. After 
51 days of operation, during which there were some 
periods in which blasts of oxygen/air, oxygen/air/steam 
and oxygen/steam were used, the experiment was 
stopped, the fire quenched and the burnt-out area 
examined. 

About 236 tons of coal were completely gasified, 
leaving no appreciable coke residue in the gasification 
zone. This coal consumption resulted in the widening 


A | of the original passage to give a burnt-out area about 


15 ft. wide.. During the latter part of the experiment, 
when relatively stable conditions prevailed, the calorific 
value of the product-gas obtained with an air blast 
averaged about 47 B.Th U. per cubic foot. On the basis 
of the coal consumed, the gas production averaged 
108 cub. ft. per lb. at a the efficiency of about 
41 per cent. (excluding sensible heat). In addition 
to the coal gasified, a further 164 tons of coal was 
estimated to have been carbonised, leaving a layer of 
coke between 1 ft. and 6 ft. in thickness round the 
affected part of the coal seam. 

There was appreciable leakage of gas through the 
overburdan, which suggested the desirability of operat- 
ing under deeper cover. The high temperature of the 
reaction zone caused the roof-rock to become plastic 
and to expand to fill the burnt-out area, except for a 
narrow space along the reaction face. The initial 
deformation temperature of a sample of rocf-rock taken 
from near the reaction zone after the experiment 
was found to be about 2,380 deg. F. (1,300 deg. C.) 
when the powdered material was tested by the sagging 
cone method. A large slab of the same stratum, taken 
from a nearby mine and heated in a specially-con- 
structed furnace, began to melt at about 2,100 deg. F. 
(1,150 deg. C.). The coal faces, originally vertical, 
tended to burn in such a manner that at the end of the 
experiment they were inclined, often at about 45 deg., 
the upper part ston burnt more than the lower. 

The site of the present experiment is about 100 acres 
in area. The seam is between 42 in. and 46 in. thick 
and includes a 2 in. shale parting about 8 in. below 
the top of the bed, which dips at a gradient of about 
l in 25. The coal lies under overburden of an average 
thickness of 150 ft., consisting of shale and sandstone, 
in a condition which appears typical of the hill sites 
in the locality, but which is more weathered and 
cracked than would be normal in undisturbed measures. 

The main air- was constructed from the 
northern outcrop and cut in a southerly direction for a 
distance of 1,595 ft. (Fig. 1). For the first 1,245 ft. 
the consisted of two parallel galleries, each 
10 ft. wide and 4 ft. high. separated by a pillar of coal 
10 ft. wide. The last 350 ft. of the passage-way 
consisted of a single gallery of the same dimensions as 
the others, and at 300 ft. intervals the two parallel 
galleries were connected by cross-cuts through the coal 
pillar. From each of these four cross-cuts and also 
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from a point near the end of the single, gallery there 
was a borehole 18 in. diameter connecting with the 
surface (Fig. 2). 

The inbye end of the underground terminated 
in a water-sump and pump, which yielded about 
2 gallons of drainage water per minute. About 140 ft. 
from its outcrop end, the fire-gallery was provided 
with a gastight seal consisting of a firebrick wall 18 in. 
thick, 80 ft. wide and 12 ft. high, recessed into the 
adjacent rock 25 ft. on each side, 6 ft. in the roof and 
2 ft. in the floor. This wall was cemented in position, 
backed with concrete reinforced with steel, and finally 
pressure-grouted with cement introduced through holes 
from the surface. It was also fitted with 24-in. pipe 
inserts, carrying explosion discs. 

Since the air inlet and gas offtake boreholes were so 
vital a part of the whole installation, design features 
were*introduced to ensure satisfactory service under 
severe operating conditions. The holes were drilled 
after the surrounding rock-strata had been pressure- 
grouted with cement through vertical boreholes which 
penetrated the full depth of overburden at four points 
round each main borehole location. Some of the 
holes took considerable quantities of cement, and 
subsequent examination confirmed that some of the 
cement had travelled considerable distances thro 
both vertical and horizontal fissures in the rock. 
All five original boreholes had an effective internal dia- 
meter of 18in. to 20in. In two instances the holes were 
drilled to this diameter and left unlined; the other 
boreholes were drilled to 28 in. diameter and lined 
with 20in. steel pipe to the top of the coal bed, and the 
4 in. annulus was then filled with a grout of refractory 
cement. To provide support and to prevent obstruc- 
tion at their lower ends by rock falls, refractory brick 
structures were built from the floor to the roof of the 
fire-gallery. 

All main boreholes were fitted with a water-cooled 
surface-seal to prevent heating of the adjacent soil and 
so to minimise the risk of leaks at these points. Each 
seal consisted of an 18-in. steel pipe, extending from 
ground level to a depth of about 25 ft., i.e., to hard- 
rock level, and was provided with an external water 
jacket. This seal was cemented into the enlarged 
upper end of the borehole, and an expansion joint 
was provided at the lower end in those boreholes 
which contained a lining. The upper end of each 
surface seal was connected to a 20-in. tee, one limb of 
which was extended to connect with an outlet stack 
surmounted by a clap valve, the other limb being 
connected through a 20-in. plug valve to the main 
air-supply manifold. By opening and closing the 
appropriate valves each borehole could be made to act 
either as an air inlet or as a gas outlet. 

The main air supply was provided by a reciprocati 
compressor driven by an 800-h.p. electric motor rm 
having a rated delivery of 7,200 cub. ft. per min. of 
free air at 30 lb. per sq. in. (gauge). Auxiliary blower 
capacity was provided by two standby machines. The 
relation between the quantity of air provided by the 
main compressor and the cross-sectional area of the 
original underground passage (corresponding to a 
velocity of 1-5 to 3 ft. per sec.) was approximately the 
same as in the prelimimary experiment. The s 
of the combustion zone was followed by chromel- 
alumel thermocouples inserted to seam level through 
14 small test-boreholes, situated as shown in Fig. 2. 
All thermocouple leads were brought to a control panel 
in the laboratory, which contained temperature, air 
flow, calorific-value and specific-gravity recorders, 
and apparatus for complete gas analysis. 

Although the investigation has continued without 
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interruption for about 21 months sinoe its beginning in 
March, 1949, changes in the experimental procedure 
and the location of the active zone divide it roughly 
into the following phases. The approximate outlire 
of the area burnt during each phase is shown in Fig. 2. 

In phase 1, ignition was effected by dropping a 
thermite grenade on to a stack of oil-soaked wood and 
coal in the gallery below. Combustion was fanred by 
air passing at rates between 2,000 and 5,000 cub. ft. 

r min., the products being discharged to atmosphere. 

ring the first ten days, temperature measurements 
in the fire-gallery indicated a movement. of the high- 
temperature zone towards borehole II, with some 
cooling round borehole I, and so the direction of air 
flow was reversed for six days. In this way the main 
reaction zone was driven back, and thus was commenced 
the periodic reversal of air flow which has been con- 
tinued throughout the investigation. There was ample 
evidence that the main reaction zone always moved in 
the direction of the air flow. During these first few 
days, the oxygen content of the product-gas fell to 
about 6 per cent. or less and the carbon dioxide rose 
to 12 to 15 per cent. After about five weeks, during 
which about 265 tons of cval had beer consumed, the 
air rate was increased to the maximum of 7,200 cub. 
ft. per min. 

peration was continued at the full air rate, with 
reversals of the flow when the temperature in the outlet 
borehole reached some predetermined value (750 deg. 
to 1,300 deg. F.), which generally required 5 to 15 hr. 
The product-gas gradually increased in oxygen contert 
and decreased in CO, content, probably owing to 
further widening of the burnt-out area and a diminishing 
contribution by distilled volatile matter. The resist- 
ance to air flow increased from about 0-7 to 5-0 Ib. 
per sq. in. (gauge). indicating a considerable obstruction 
of the passage by roof rock: but it was clear from the 
high and increasing oxygen content of the product-gas 
that part of the air was bypassing the coal faces. 
Combustion was maintained along the original lines for 
about three months in the expectation that the heat 
which was being stored underground would increase 
the temperature of the rock to that at which complete 
softening and expansion would occur. By that time, 
however, the width of the burnt-out area was about 
30 ft. and it then seemed that the possibility of fusing 
so great a thickness of rock was remote unless the steeam 
of cooling air passing through its interstices could be 
stopped. It was therefore decided to attempt to fill 
the voids artificially ; this constituted phase 2. 

Apparatus for preparing a suitable air-sand sus- 
pension was constructed on the site and boreholes 
were made for introducing it at two points at 100-ft. 
intervals along the gullery. During the next two or 
three months, a maximum of about 3.000 cub. ft. of 
dry builders’ sand was forced through small pipes 
passing down these boreholes; subsequently an 
additional 500 cub. ft. was added through several other 
holes which entered the burnt-out area. This amount 
was the maximum which could be introduced through 
these holes and represented not more than about 
5 per cent. of the combined volume of the gallery in 
that area and of the coal which had been burnt at that 
time. The effect of this sand was to increase the CO, 
and to decrease the oxygen content of the product- 
by a few per cent., but there was no indication of a 
progressive improvement. 

Subsequently, a study was made of the effect of 
considerable increases in the periods of blowing in 
each direction. The norma! procedure had been to 
reverse the air blast when the outlet temperature 
reached 1,100 deg. F., but it was decided to risk possible 
damage to the boreholes by allowing temperatures to 
increase to 2,000 deg. F. or more before reversal. The 
effect was to increase th» CO, content to about 15 per 
cent. and to decrease the oxygen content to about 
4 per cent. or less, and to cause a flame to appear at the 
top of the outlet stack. No combustible material was 
detectable in the gas at the sample point and it is 
fairly vertain that the flame filled most of, if not all, 
the outlet stack. When the air blast was reduced from 
7,000 to 2,000 cub. ft. per min. a larger blue flame 
appeared, the oxygen content approached zero and th» 
product-gas had a calorific value of 30 B.Th.U. per 
cub. ft. During these experiments, the length of the 
cycles was increased up to as much as 93 hours and for 
a period of several weeks vemperatures up to 2,000 deg. 
F. were regularly reached in the outlet stacks, with a 
maximum recorded temperature of 2,895 deg. F. 
Owing to the down-stream movement of the fire zone, 
followed by the long cycle periods, the burnt-out area 
had by that time, ten months from the beginning of the 
a assumed the dumb-bell shape shown in 


Since the width of the burnt-out area had now reached 
about 70 to 100 ft., the geometry of this system had 
become unfavourable to the of air along the coal 
fave. A new main borehole was therefore drilled to the 
active combustion zone, at a point equidistant from 
boreholes I and II, and offset 40 ft. from the line of the 


original gallery. This began phase 3. The new 
arrangement immediately showed the effect of the 
nearness of the reaction zone to the new main borehole. 
When blowing from borehole VI to borehole II there 
was an increase in the carbon dioxide content of the gas 
to about 25 per cent. and a virtual absence of oxygen. 
When the flow was reversed at 6,300 cub. ft. per min. 
the gas was again of poor quality, containing nearly 
7 per cent. of oxygen. The next cycle was started with 
an air blast of 7,600 cub. ft. per min. from borehole IT 
to borehole VI, but after about two hours’ operation 
the product-gas temperature rose sharply and molten 
rock and slag were blown from the stack. It was 
found that borehole VI was blocked with fused material 
from a depth of 60 ft. below ground level, so the hole 
was abandoned. 

In phase 4, two boreholes were used, close to the coal 
face. From the beginning of the experiment the full 
flow of air could be passed from borehole VII to bore- 
hole III without overheating the outlet stack. The 
product-gas had a high CO, content, a low oxygen 
content and a calorific value between 20 and 50 B.Th.U. 
per cub. ft. The gas obtained from borehole VII during 
the first few cycles had a calorific value of 100 to 
150 B.Th.U. per cub. ft., but with continued operation 
at the higher air rates the figure fell to about 50 B.Th.U. 
per cub. ft. after one week. These results seem to 
indicate that deterioration of gas quality occurred 
whenever the reaction face was more than a very short 
distance from the outlet stack. 

To study the effect of changes in blast rate, two trials 
were made at reduced air-input rates, each of these 
trials being interposed between others at the full rate 
to allow for the effects of systematic changes under- 
ground. Reducing the air rate from 7,200 to 4,000 
cub. ft. per min. had no appreciable effect on gas quality. 
A further reduction to 1,600 cub. ft. per min. gave an 
initial slight improvement, but the gas quality gradually 
deteriorated until it was not appreciably different from 
that obtained at the higher rates. Presumably the 
initial improvement at the low rate was largely due to 
some distillation products produced from heat generated 
and stored during previous operations at the higher 
rates. The results of operations in this area have 
shown that some millions of cubic feet of low-grade 
combustible gas can be produced from a pair of bore- 
holes, but the problem of maintaining the whole air 
flow in contact with the reaction face still awaits 
solution. 

Phase 5 consisted of driving gas turbines on product- 
gas. Two aircraft-type turbo-superchargers were 
installed so that the turbines were driven by the 
product-gas discharging under pressure, and the air from 
the superchargers was added to that entering the inlet 
borehole. This development had two objectives. 
The first was to increase the supply of air above 
7,200 cub. ft. per min., which had hitherto been the 
maximum attainable, and thus to try to generate a 
higher underground temperature: the second, to 
obtain preliminary data on the use of gas turbines for 
underground gasification. In the first arrangement, 
product-gas under pressure was led through a battery 
of five cyclones for dust removal and thence to the 
turbo unit, housed in a stout wooden structure. The 
blower, which was directly coupled to the turbine, 
pum air from the atmosphere into the main air- 
supply manifold where it joined the air from the main 
reciprocating compressor. This arrangement did not 
give an adequate air-delivery pressure and so two units 
were connected, the turbines being operated in parallel 
and the blowers in series. 

Before each test the flow was maintained from bore- 
hole VII to borehole III for about ten hours, to raise 
the product-gas temperature to between 1,000 deg. 
and 1,400 deg. F.: the turbines could then be put into 
operation. When the delivery pressure had built up 
sufficiently, the blowers were connected to the inlet 
borehole. When this system reached equilibrium, the 
pressures at the inlet and outlet boreholes were about 
18 and 12 lb. per sq. in. (gauge), respectively, with a 
further loss of about 2 lb. per sq. in. to the turbine 
nozzles. The total air output from the two blowers 
was 1,900 cub. ft. per min., which increased the total 
air input to 9,400 cub. ft. per min. 

The trials lasted a total « of about 100 hours during 
which the equipment behaved satisfactorily. In 
preliminary tests at lower temperatures, there was some 
deposition of tarry matter on the turbine blades, but 
subsequently the blades showed no sign of deposit or 
damage. The product-gas from the turbines contained 
about 18 per cent. CO, and virtually no oxygen during 
the tests. It had a calculated calorific value of 12 to 
28 B.Th.U. per cub. ft., and at the discharge vempera- 
ture of 1,000 deg. to 1,100 deg. F. it burnt steadily at 
the open exhausts of the turbines. The power output 
of the turbines was, however, prejudiced by a serious 
loss of gas from the underground system by leakage ; 
this loss amounted to about 80 per cent. of the total 
output. Nevertheless, the remaining 20 per cent. was 





able to provide power for pumping 20 per cent. of the 


air for combustion, which means that even the present 
inefficient installation could have been self-supporting 
if leakage could have been avoided. Extra power 
obtainable by complete burning of the combustible 
components of the gas, by reducing pressure-loss 
underground, by the use of more efficient turbines and 
by operating them at higher pressures, would then be in 
exoess of the plant’s requirements. 

Phase 6 comprised gasification between boreholes 
600 ft. apart. The turbine tests had terminated with 
a blockage in borehole III, which was found to be due 
to a failure of the borehole lining, some pieces of which 
became detached and wedged across the opening. 
The blockage was punched out with a heavy steel bar, 
and thereafter the hole was completely serviceable. 
In this last phase of the present series of experiments, 
the combustion zone was moved into the unused 
600-ft. section between boreholes III and V. The gas 
leakage from the underground system, most of which 
was known to occur in the burnt-out region beyond 
borehole II, interfered to some extent with operations, 
but the loss was small when the flow was from borehole 
V to borehole III, because the leaky area was then 
under only a slight pressure. The air flow was main- 
tained at the full rate in each direction until the tem- 
perature in the outlet stack reached 800 deg. F., which 
normally required a cycle time of about 20 hours. 
During the first three weeks, the back-pressure rose to 
12 lb. per sq. in. (gauge) and the product-gas contained 
on the average about 11 per cent. CO, and 7 per cent. 
oxygen. Subsequently, by injecting controlled amounts 
of water at the base of the borehole, it was possible to 
continue blowing in one direction for very long periods, 
and still to maintain stack-temperatures at the desired 
values. The gas temperature at the base of the bore- 
hole, calculated from the amount of spray water 
evaporated and the resultant temperature at the top, 
became steady at about 1,900 deg. F. and, after more 
than 300 hours of continuous blowing in one direction, 
there now seems no limit to the cycle time except that 
imposed by coal availability. 

From the properties of the product-gas, calculations 
have been made of the rate of coal consumption and the 
percentages of the heat available in this gas in various 
forms. In the accompanying Table, the coal-consump- 
tion figures assume no loss of air and those for the heat 
in the product-gas are independent of air or gas losses, 
although such leakages would reduce the total available 
thermal yield. 


Heat Account as Indicated by Properties of Product Gas. 





April- Aug.- Jan.- June- 
Period. July, Dec., May, July, 
1949. 1949, 1950. 1950. 





Coal consumed, tons* per 


day +e ys eo 17-2 12-8 24°5 
Sensible heat of dry gas, 

Tr cent. i .-| 30-5 21-3 9-7 13-7 
Heat of combustion of 

gas, per cent. -| 23-4 29-5 18-7 35-0 


Heat in moisture in gas, 
per cent, = pe 

Heat left underground, 
per cent. by difference 36-1 38-0 56-2 29-5 

Total heat left under- 
ground, equivalent 
tons* of coal per day .. 3-9 6-5 7-2 7-2 


10-0f 11-2 15-3 21-8 

















* 1 ton = 2,000 Ib. 


It will be noted that, in spite of the low calorific 
values reported, the product-gas represents as much 
as 25 per cent. (average) of the heat of the coal con- 
sumed. The total heat of the moisture in the gas has 
an upward trend, possibly due to the invreased seepage 
of water into the enlarging burnt-out area. The heat 
not emerging with the product-gas averages about 
42 per cent. of the total energy of the coal consumed. 
The total heat in the product-gas averages 58 per cent. 
of the heat in the coal consumed and thus represents, 
numerically, a greater yield of the energy of the seam 
than the average yield of coal obtained by mining in 
the United States. However, the efficient utilisation 
of the energy of the product gas, which was available 
only at relatively low potential, would be difficult, and 
in future operations it will be necessary to reduce heat 
losses, not only in order to improve the net energy 
recovery but also with a view to maintaining the 
producer-gas reaction. a i 

The individual values for the percentage heat “ loss 
during the four periods quoted do not show any definite 
trend, but when these are converted into actual quan- 
tities they indicate that the loss increases progressively 
from the equivalent of 3-9 up to 7-2 tons of coal a day. 
On this basis the total “loss” since the start of the 
experiment amounts to about 3,000 tons of coal, or 
more if sensible and latent heat have been abstracted 
from product-gas and steam escaping through the 
overburden. 

A rough check has been made to find whether an 


+ Assumed value. 





amount of heat equivalent to the “loss” could have 
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been stored in the area. A thorough temperature-ex- 
ploration of the overburden was not possible, but some 
data were obtainable from a few of the testholes, the 
most useful being No. 6 (Fig. 2). The temperatures at 50, 
100, 125 and 145 ft. below ground level were respectively 
96 deg., 216 deg., 450 deg. and 1,000 deg. F., indicating 
that temperatures above the boiling-point of water 
persisted at a distance of about 62 ft. above the posi- 
tions which the combustion zone had occupied some 
months previously and that strata 17 ft. above that 
position were at 1,000 deg. F. There was evidence 
of a “step” in the temperature gradients between 
200 deg. and 250 deg. F., indicating that the gasifica- 
tion zone was here surrounded by a thick envelope of 
moist rock at the temperature of boiling water. If the 
temperature conditions found were typical of the 
whole of the burnt-out area, the total amount of heat 
thus represented would be sufficient to account for all 
the heat “loss” previousiy mentioved. 

Before the start of the experiment, the leakage from 
the whole system under a mean air pressure of about 
3 !b. per square inch (gauge) was roughly estimated 
at 600 cub. ft. per minute. During all reps of the 
work, measurements were made of the yield of product- 
gas, and this information indicated a an at | 
increasing deficiency in the output of product-gas until, 
after about 2] months of operation, it reached 40 to 
50 per cent. of the total throughput under normal 
conditions of operation. Extensive search failed to 
locate any plaves on the site where large leakages were 
occurring. It seemed that the main lea was due 
to the perovlation of gas through many small fissures or 
pores in the overburden and thence into the atmosphere 
over a considerable area of the site. Probably the only 
control possible over such leakage is in the choice of 
the site of operation. 

An alternative type of process proposed for under- 
ground gasification is that generally referred to as the 

percolation” process, in which the air flows, not 
along a oval face as in the “ »tream” method, but 
through the bed The possibility of applying this 
process to coals in their natural state is dependent on 
their having a deyree of permeability not natural to 
bituminous coals, but the process is attractive because 
it should provide better contact between air and fuel 
than does the “ stream "’ process. 

The Pratt seam at Gorgas is unly slightly permeable, 
but during the first two or three months of operation of 
the experiment it was possible to induce a slight flow 
through the seam to several of the test holes located 
at various distances behind the coal face. From the 
nearest holes, only a few feet distant, several gallons of 
tar oil were obtained, together with a small amount of 
rich gas, followed by larger quantities of gas of lower 
calorific value. From ten holes situated at distances 
up to 40 ft. behind the burning face, gas was evolved 
at a rate of more than 4,000 cub. ft. per hour, with 
calorific values varying at the different holes from 35 to 
394 B.Th.U. per cubic foot. These experiments were 
not pursued because they were secondary to the main 
investigation, but they indicated the possibility of 
developing a process on these lines, particularly if 
means could be found for increasing the permeability 
of the seam in a horizontal direction. 

In these experiments, it has been possible to burn 
some 10,000 tons of coal in situ by the “ stream ” 
method and to make occasionally a gas having a 
calorific value up to about 100 B.Th.U. per oubio foot 
or more. Gas of this yg has only been obtained 
when the offtake borehole was close to the burning coal 
face: at other times, the gas made was partly Baer 
underground by air which had bypassed the reaction 
zone. One of the main objects of the experiment was 
to find. out whether such “ bypassing” could be pre- 
vented by filling the burnt-out area with fused and 
expanded roof-rock. To what extent the fusion of the 
roof-rock occurred will not be known with certainty 
until an exploration has been made, but from the 
magnitude of the back-pressures which developed dur- 
ing the experiment it appears that no continuous 
passages of more than a few inches in width could have 
remained open, either in the combustiun zone or in the 
burnt-out area. 

To alter the relative flows through the desired and 
undesired paths, either the burnt-out area must be 
effectively sealed or the combustion zone must be kept 
wider, or both. Attempts to seal the burnt-out region 
with sand were only partially successful, probably 
Owing to the narrowness of the passages remaining to 
be filled and the high differential pressure from inlet 
to outlet of the system. No method of maintaining a 
wider passage adjacent to the coal face has yet been 
envisaged, although it is possible that a seam with a 
roof which was mechanically stronger or of higher 
melting-point than that of the Pratt seam might be 
advan us in this respect. 

Heat losses into the overburden were considerable, 
apparently because of the passage of hot gases. Further 
loss of heat to the overburden occurred owing to 
conduction from the burnt-out area, which was main- 


tained at an elevated temperature by the combustion 
of product-gas in b ing air. Thus it would seem 
that the problem of excessive heat loss is likely to 
disappear when the problems of gas leakage and 
“ bypassing” can be solved. To reduce leakage to 
manageable proportions should not prove too difficult, 
since gastight seams are common. To —— ** by- 
passing ” remains the basic difficulty of underground 
gasification at the nt time. 

A possible different approach to the whole subject 
of underground gasification has been afforded by the 
gas-turbine experiments at Gorgas. The relative ease 
with which some thousands of tons of coal have been 
converted into sensible heat underground, compared 
with the difficulty of producing a fraction of that 
amount of energy in the form of combustible gas, 
emphasised the possibility of operating gas turbines 
on the products of complete combustion of the seam. 
The investigation made along these lines has employed 
only simple equipment and an open-cycle arrangement, 
but the results are enoouraging and seem to indicate 
that further work in this field should have a place 
alongside conventional underground-gasifivation _re- 
search. One contribution whivh the Gurgas work has 
made to the practical development of this subject is 
a design of outlet borehvle which appears likely to be 
suitable for continuous use as a hot-gas outlet. 





ANNUALS AND REFERENCE 
BOOKS. 


The Electrician Blue Book : Electrical Trades Directory, 
1951.—The development of the electrical industry is 
well illustrated by the changes it has been found 
necessary tu make in this well-known work of reference. 
Last year. the alphabetical section, which formed the 
main part of the directory, was in 11 parts; these gave 
details of manufacturing and other companies, 
importers, agents and patent agents, installation 
contractors, wholesalers, the names of engineers 
under a number of categories, electricity supply and 
transport authorities, professional institutions and 
trade organisations, universities, colleges and schools, 
government departments and officials. This year, the 
classified section has been revised to include a number 
of new headings; and products, hitherto grouped under 
common descriptions, have now been listed according to 
their rating or other charavteristics. Over 1,300 
additions have been made to the Trade Names Section. 
Progress through this large mass of information should 
be assisted by a well-arranged guide, which gives the 
number of the section or sections in which any entry is 
to be found. Space has been saved by the omission 
of a good deal of technical information, which was really 
out of place in a directory, and by the condensation of 
the matter relating to professional bodies and educa- 
tional institutions, so that the book is actually more 
easily handled than formerly. Ther utility of such a 
work can, of course, only be demonstrated by constant 
usage, but we have little doubt that, when frequent 
reference has familiarised the searcher with the changes 
that have been made, it will be found as valuable in the 
future as it has been in the past. The Directory is 
edited by Mr. S. G. Rattee and is published by Benn 
Brothers, Limited, 154, Fleet-street, London, E.C.4, 
at 42s. net. 


The British Journal Photographic Almanac, 1951.— 
The current edition of this well-known reference work, 
now in its 92nd year of publication, will be weloomed as 
warmly as its many predecessors have been. The 
editor, Mr. Arthur J. Dalladay, A.Inst.P., contributes 
an article on “ Photography and Science,” and there 
are five other original articles by acknowledged authori- 
ties on colour prints, stereoscopic apparatus, silver 
recovery, training the medical photographer and the 
use of electronic flash equipment. An epitome of 
progress is given in the form of a selection of abstracts 
from the British Journal of Photography, and another 
section is devoted to a review of new photographic 
apparatus and materials. Other sections give formule 
for negative and positive photographic processes, and 
infurmation on narrow-gauge cinematography, three- 
colour photography, document-copying and medical 
photography. Numerous tables and a great deal of 
miscellaneous information are also included. An 
attractive feature of each issue of the Almanac is the 
pictorial supplement, which consists of a selection from 
the work shown at the three main pho phic 
exhibitions in the year preceding the date of issue. 
This year. the supplement consiste of 32 reproductions 
in photogravure, which are excellent examples of 
portraiture, landscape, and architectural photography ; 
a few examples of artistic technical photography are 
also included. The Almanac, which is invaluable to 
photographers of all classes, is published by Hen 
Greenwood & Co., Ltd., 24, Wellington-street, Strand, 
London, W.C.2, price 5s. net in Linson board covers, 





or 7s. 6d. net bound in cloth. 





BOOKS RECEIVED. 


Der Rammpfahl. By Dr.-ING. WoLFRAM SCHENK, 
Wilhelm Ernst und Sohn, Hoh liernd 169. 
Berlin-Wilmersdorf, Germany. [Price 11 D.M. in 
Paper covers, 13.50 D.M. bound); and Lange, Max- 
well and Springer, Limited, 41-45, Neal-street, London, 
W.C.2. [Price 19s. 3d. in paper covers, 238. 9d. bound.] 

Adressbuch der Deutschen Giesserei-Industrie. Giesserei- 
Verlag, August-Thyssen-strasse I, Diisseldorf, Ger- 
many. [Price 15 D.M.] 

Overseas Economic Surveys. Panama. Prepared under 
the supervision of J. D. GREENWay. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1s. 9d. net.] 

Fahrenheit-Centigrade Conversion Scale. By H. B. 
LLoypD. University of London Press, Limited, Little 
Paul’s House, Warwick-square, London, H5.C.4. 
[Price 9d.} 

The British Electrical and Allied Manufacturers’ Associa- 
tion. Fortieth Annual Report 1950-51. Offices of the 
Association, 36, Kingsway, London, W.C.2. 

The British Iron and Steel Research Association. Annual 
Report of Council 1950. Offices of the Association, 11, 
Park-lane, Loudon, W.1. 

National Scheme for Certificates and Diplomas in Manage- 
ment Studies. (Handbook of Courses and Examina- 
tions.) British Listitute of Management, Management 
House, 8, Hill-street, London, W.1. (Price 6s. 3d. 
post free.] 

The British Electrical and Allied Industries Research 
Association. Techuical Report No. N/T 55. The Use 
of the Bitter Powder Pattern Technique in the Determina- 
tion of the Domain Structure of Single Crystals of Silicon- 
Iron. By Proressor L. F. Bates and F. EB. NEALE. 
(Price 188.] No. N/T 58. The Domain Structure of 
Ferromagnetic Crystals, By H. Lawton. [Price 68.] 
No. N/T 59. Domain Wall Movement in a Single 
Crysial. By K. H. Stewart. [Price 3s.) Offices of 
the Association, Thorncroft Manor, Dorking-road, 
Leatherhead, Surrey. 

Technical Reference Book of Compressed Air Terms and 
Standards, 1951 edition. British Compressed Air 
Society, 94-98, Petty France, London, 8.W.1. [Price 
10s. 6d. post free.) 

Western Australia, Report of the Inspection of Machinery 
Branch for the Year 1948. William H. Wyatt. Govern- 
ment Printer, Perth, Western Australia. 

Australia, Commonwealth Scientific and Industrial 
Research Organization. Bulletin No. 260. Suitability 
of Australian Timbers for Veneer. By A. J. WATSON 
and H. G. Higgins. Offices of the Organization, 314, 
Albert-street, East Melbourne, 0.2, Victoria, Australia. 

Uses of Commercial Eucalyptus Oils. By A. R. PENFOLD 
and F,. R. Morrison. Museum of Applied Arts and 
Sciences, Hurris-stret, Sydney, Austrulia., [Price 6d.] 

Calculus. By ProressoR LYMAN M. KELIs. George 
Allen and Unwin, Limited, Ruskin House, 40, 
Muscum-street, London, W.0.1. [Price 288. net.} 

Classical Mechanics. By Proressors H.C. CoRBEN and 
PHILIP STEBLE. John Wiley and Sons, Licorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
6-50 dols.); and Chapman and Hall, Limited, 37, 
Essex-street, London, W.C.2. [Price 528. net.] 

Plastics, Scientific and Technological. By H. R. FLECK. 
Third edition, Temple Press Limited, Bowling Green- 
lane, London, E.C.1. [Price 408, net.) 

High-Speed Small Craft. By PETER Du Cane. Temple 
Press Limited, Bowling Green-lane, London, E.O.1. 
[Price 30s. net.] 

Drainage and Sanitation. By E. H. Buake and W. R. 
JENKINS. Tenth edition, revised by LEONARD B. 
GUMBRELL. B. T. Bataford, Limited, 15, North 
Audley-street, London, W.1. [Price 15s. net.] 

Radio Circuits. By W.E.MImwer. Third edition. The 
Trader Publishing Company, Limited, Dorset House, 
Stamford-street, London, §8.E.1. [Price 5s. net, 
postage 4d.] 

Workshop Technology. Part Ili. By Dr. W. A. J. 
CHAPMAN. Edwurd Arnold and Company, 41, Maddox- 
street, Londoi, W.1. [Price 308. net.] 

Water Engineer’s Handbook 1951. The Colliery Guardian 
Company, Limited, 30 and 31, Furnival-street, London, 
E.C.4. [Price 15s.] 

Berechnung mehrfach gestiiieter Spundwinde. By Dr.- 
Ina. ErIcH LACKNER. Third edition, Wilhelm Ernst 
und Sohn, Hohenzollerndamm 169, Berlin-Wilmers- 
dort, Germany. [Price 6 D.M.]; and Lange, Maxwell 
and Springer, Limited, 41-45, Neal-street, London, 
W.C.2. [Price 108. 6d.] 

“ Hutte.” Des Ingenieurs Taschenbuch. Twenty-seventh 
revised edition. Volume III, Part 2. Wilhelm Ernst 
und Sohn, Hohenzollerndamm 169, Berlin-Wilmers- 
dorf, Germany. [Price 14 D.M.]; and Lange, Maxwell 
and Springer, Limited, 41-45, Neual-street, London, 
W.C.2. [Prive 248. 6d.) 

Ministry of Transport. Railway Accidents, Report on the 
Collision which Occurred on the 27th August, 1950, at 
Penmaenmawr in the London Midland Region, British 
Railways. H.M. Stationery Office, Kingsway, London, 

W.C.2. [Price 28. net.] 
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AUTOMATIC ACCOUNTING 
MACHINE. 


THE National Cash Register Company, Limited, 
206-216, Marylebone-road, London, N.W.1, have 
recently added to their range of business accounting 
machines a model of increased capacity and improved 
design known as the Class 31 Direct Entry Accounting 
Machine. This machine, a photograph of which is re- 
produced on this page, is designed for a wide range of 
accounting and statistical work. The adding keyboard 
has ten registers, and addition or subtraction can 
take place simultaneously on any combination of them. 
A total extracted from any one of the registers can 
be transferred poPromen Ka; as a sum or difference 
into any combination of the other registers. The 
a of operations to be performed by the machine 
is fixed by the nature and arrangement of stops on a 
control bar which is attached to the front of the carriage 
by means of two locking screws. In order to save time, 
a control bar is kept set up for each particular purpose 
for which the machine is required, and changing the 
control bar is a simple operation occupying only a few 
seconds. The stops on the control bar are themselves 
built up from a number of components called selector 
plates, each of which is associated with a particular 
operation on the machine. These components are 
mounted in a holder and clipped on to the bar, which is 
slotted to receive them. At each position of the carriage, 
selector levers on the machine abut on the selector 
plates which, by reason of their different positions 
in the holder and their varying lengths, control the 
displacements of the levers and, hence, the operation 
of the machine. In this way are controlled all the 
tabulations, the spacing, the selection of the carriage 
positions and the registers for addition, subtraction 
and totalling, the opening and shutting of the paper 
carrier and the returning of the carriage to ite starting 
position at the conclusion of each sequence of opera- 
tions. 

Another feature of the machine is that the carriage 
has a fluid drive and is moved to right or left at uniform 
8 . When the carriage is released from any position, 

erefore, it comes smoothly to rest against the next 
stop without the attendant shock associated with the 
movement of spring-loaded carriages. Movement of 
the carriage in either direction is entirely automatic. 
The adding mechanism is driven by an electric motor 
through trains of gears and a cut-out is provided so 
that, whenever the motor is left running, and the 
machine is stationary and unattended for a period of 
three minutes, the motor is switched off automatically. 
As soon as any operation is performed, however, three 
minutes must elapse before the automatic cut-out 
can operate. 

Positive totals are printed in black but negative 
totals and overdrafts appear automatically in red and 
are accompanied by a warning to the operator which 
disappears, however, as soon as a positive balance is 
restored. Should the operator make a mistake in setting 
a number in any register, the mistake may be rectified 
immediately by depressing a key which changes the 
signs of all the arithmetical operations. The wrong 
number may then be subtra or added, as the case 
may be, at the appropriate point, and all the entries 
which are affected by the error will then be corrected 
automatically. Totals are accumulated automaticall 
by the machine and retained in its storage space ti 
required. Although the machine is designed primarily 
for accounting, its design is such that it can be used for 
a variety of other purposes including differencing, 
interpolation and numerical integration. Beneath the 
main keyboard is mounted a standard typewriter 
keyboard. The typewriter is electrically operated 
and demands only a light touch. A hand rest is pro- 
vided to assist operators accustomed to the heavier 
touch of ordinary mechanical typewriters. The 

rinted line may be interpolated at any point on the 
en inserted in the machine and is fully in view at 
all times. 

The new model was marketed by the parent company 
in America a year ago and met with instant success. 
Arrangements have been made for assembly and, 
later, manufacture of the machine at the company’s 
factories at Dundee. A new factory is being built 
for the purpose, and the company has allocated 
2,500,000/. for jigs and machine tools for the new 
model. When the factory is complete, it is expected 
that over 3,000 persons will be employed by the 
company in Scotland, compared with the present total 
of approximately 1,800. 





OutTpUT oF LIGHT METAIS IN THE UNITED KINGDOM. 
—Figures published by the Ministry of Supply show 
that the United Kingdom production of virgin aluminium 
in January was 2,685 tons and that of secondary alu- 
minium, from scrap, 7,523 tons. Imports of virgin 
aluminium totalled 9,533 tons. During January, 84 tons 
of magnesium sheet and strip, 40 tons of extrusions and 
362 tons of castings were produced. 


CONTRACTS. 


MARCON!’S WIRELESS TELEGRAPH CO., LTp., Chelms- 
ford, Essex, have received an order from the Civil 
Aviation Division of the South African Government for 
three of their twin-channel V.H.F. direction-finding 
equipments, type AD. 200. 


HALL, RussELL & Co., LTp., Aberdeen, have 
received an order from Australian Steamships Pty., 
Ltd., Sydney, New South Wales, for the construction of 
a single-screw steam tug for both harbour and deep-sea 
operation. She will have a length of 125 ft., a breadth 
moulded of 32 ft., and a depth moulded of 17 ft. 3 in. 
The main engine is to be of the triple-expansion direct- 
acting type suitable for a boiler pressure of 200 Ib. per 
sq. in., and arranged to develop 1,320 i.h.p., on trial, 
at118r.p.m. Steam for the engine and deck auxiliaries 
is provided for by two cylindrical multi-tubular single- 
ended boilers arranged for coal burning. 


THE BRITISH THOMSON-HOvUSTON Co., LTp., Rugby, 
are supplying two alternators to the State Electricity 
Commission of Victoria, Australia, for the LHildon 
power station, on the Goulburn River. Each alter- 
nator will be rated at 66,667 kVA, 11,000 volts, three- 
phase, 50 cycles, 150 r.p.m., and will be driven by a 
vertical Francis water turbine rated at 82,000 h.p. 
The overall diameter of the alternators will be about 
40 ft., and each will weigh approximately 500 tons. 
The main contractors for the Eildon power station are 
Bovine & Co., LTD., London, and the value of the order 
is 1,250,000 L.A. 


VICKERS-ARMSTRONGS LTD., Vickers House, Broad- 
way, London, S.W.1, have received ar order from the 
Union Steam Ship Co. of New Zealand, Ltd., for a new 
passenger ship for their service between Lyttleton and 
Wellington, New Zealand. The new ship, which will 
be built at the Naval Yard, Newcastle-upon-Tyne, will 
be named Maori, and will have a displacement of 
7,090 tons and a gross tonnage of 8,000. Her overall 
length will be 454 ft., her length, between perpen- 
diculars, 425 ft., and her moulded breadth 63 ft. She 
will accommodate 970 passengers. Her BRITISH 
THOMSON-HovsTON turbo-electric propelling machinery, 
giving 13,000 s.h.p., will be installed by the builders of 
the vessel and will give her a speed of 21 knots. 


THE BURNTISLAND SHIPBUILDING Co., LTp., Burnt- 
island, Fife, have secured a contract to build three self- 
trimming steam colliers, each of 4,600 tons deadweight 
capacity, for the British Electricity Authority, London. 
The vessels are to be built by the Burntisland Co.’s 
associated firm, HALL, RussELL & Co., LTp., Aberdeen. 
The propelling machinery will consist of NoRTH EASTERN 
MARINE triple-expansion superheated-steam engines. 


WALKER BROTHERS (WIGAN) LTD., Pagefield Iron 
Works, Wigan, have received an order, from the Zinc 
Corporation, Ltd., Australia, for ventilation plant for 
their Broken Hill Mines. The plant, consisting of a 
209-in. diameter fan, will be handling a maximum 
quantity of 900,000 cub. ft. per minute, at approximately 
4 in. water gauge. A stand-by fan unit is also being 





supplied, both fans being mounted on sliding carriages. 
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TRADE PUBLICATIONS. 


Electric Switchboards and Starters.—The Belmos Ce., 
Ltd., Bellshill, Lanarkshire, have sent us two leaflets 
describing their electrical distribution switchboards and 
pillar-typ2 industriul starters. 


Mould- and Core-Drying Stoves.—Modern Furnaces 
and Stoves Ltd., Bootb-street, Handsworth, Birming- 
ham, 21, have sent us copies of a publication in which 
mould- and core-drying stoves fitted with the firm's 
Newstad recirculation system (abbreviated to N.R.S.) 
are described. 


Sound Reproduction Equipment.—Descriptions of the 
sound-reproduction equipment designed by them for 
such purposes as broadcasting announcements, relaying 
speeches and diffusing original or recorded music ape 
given in a publication issued by Automatic Telephone 
and Electric Co., Ltd., Strowger Works, Liverpool, T. 


Waveform Analyser.—An illustrated pamphlet received 
from Muirhead & Co., Ltd., Beckenham, Kent, gives 
details of the Muirhead-Pametrada wave analyser, 
which has been designed for the examination of com- 
plex vibration waveforms and for measuring audio- 
and power-frequency wave forms up to 21 kilocycles per 
second. 


Rail Traction Engines.—Davey Paxman & Co., Ltd., 
Standard Ironworks, Colchester, Essex, have issued a 
detailed general specification of their RPHL (normally 
aspirated) and RPHXL (turbo-supercharged) Diesel 
engines for rail traction. Each series comprises a 6-, 12- 
and 16-cylinder engine, with continuous outputs ranging 
from 250 to 667 b.h.p. (RPHL series) and from 312 to 
883 b.h.p. (RPHXL series) at 1,250 r.p.m. 


Air Compressors.—We have received two leaflets 
from the Hymatic Engineering Co. Ltd., Redditch, 
Worcestershire, one of which gives brief details of a 
diaphragm air compressor supplying air free from oil 
vapour, with a capacity of 1 cub. ft. per minute at 10 Ib. 
per square inch at 1,450 r.p.m. The other describes 
briefly a mobile compressor set with a displacement of 
25 cub. ft. per minute and equipment for use with it. 


Bright S Secti —A hand bound volume 
entitled “ Mills Bright Steel Sections ’’ has been prepared 
and issued by the Exors. of James Mills Ltd., Bredbury 
Steel Works, Woodley, near Stockport, Cheshire. Par- 
ticulars of between 1,300 and 1,400 sections, produced in 
case-hardenirg, dead-soft, mild, free-cutting, high-carbon, 
and Mills Ledloy steels, are included. The sections are 
depicted in white on a grey background and all drawings 
shown are to the dimensions given. 


Rotary Parcelling Machine-—We have received from 
Ayers and Grimshaw, Ltd., Bickington-road, Barnstaple, 
Devonshire, a brochure describing their rotary machine 
for wrapping and sealing parcels up to 3} in. by 4 in. by 
74in. The most recent model is fitted with a band feed 
and an automatic reel-feed mechanism which will handle 
any wrapping material from aluminium foil to 0 -0008-in. 
Plioflm. Thermostatically-controlled lifting heater 
control the time and temperature of the heat-sealing 
operation. 
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THE BRITISH INDUSTRIES FAIR AT 


BIRMINGHAM~—II. 








A PRELIMINARY inspection of the engineering 
exhibits at the Birmingham Section of the British 
Industries Fair, which opened on Monday, April 30, 
and continues until Friday, May 11, indicates that, 
while standard and well-tried products predominate 
on the stands, there are also a number of novel- 
ties. It is clear, therefore, that manufacturers are 
still paying close attention to improvements in 
design, a policy which augurs well for the future, 
when conditions are likely to become more difficult 


Fie. 20. Crane Controt Gar; 


for both salesman and purchaser. For, as pointed 
out by Mr. James Leek, chairman of fhe Fair 
Management Committee, the commercial position 
in the near future is likely to be affected by the 
Te-armament programme, which is raising the 
demand for British goods to unprecedented levels. 
In the 12 years from 1939 to 1951, in fact, British 
industries have been called upon no less than three 
times to face an operation as gigantic as the indus- 
trial revolution, and it is a tribute to their enter- 
prise, skill and workmanship that they are regarding 
this Cisappointing setback as yet another challenge 
to be faced and won. That this challenge is being 
met is also shown by the fact that some firms which 
last ycar were showing domestic equipment are now 








exhibiting their contributions to re-armament, con- 
tributions which should prove not only useful to 
this country but to the defence programme of other 
North Atlantic powers. 

The stand of the British Thomson-Houston 
Company, Limited, Rugby, enables the visitor to 
Castle Bromwich to appreciate the wide range of 
equipment manufactured by the firm. The exhibits 
include a 12-ton helical gearwheel for marine pro- 
pulsion, which is 10 ft. in diameter, and, at the 
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other end of the scale, a very high speed electronic 
counter. There are also a number of dioramas and 
photographic displays and a scale model of a hydro- 
electric station. 

An exhibit on the B.T.H. stand of which mention 
may be made is a hoist mechanism which is driven 
by a 10-h.p. screen-protected slip-ring motor and 
is provided with a Thrustor controlled brake, the 
appearance of which will be clear from Fig. 20. 
This enables a stable creeping speed to be obtained 
on load by supplying the Thrustor from the rotor 
slip rings of the main motor and arranging for it to 
control a spring-applied brake. When the main 
motor is initially energised the Thrustor motor 
receives the full line frequency and lifts the brake 








shoes clear, so'that the main motor can accelerate. 
As the main motor speed increases, however, the 
frequency of its rotor falls and, with it, the speed of 
the Thrustor motor and thus the Thrustor pressure. 
The brake is therefore applied gradually until the 
load torque plus the braking torque is balanced 
against the motor torque, at a speed which depends 
on the various components of the equipment. The 
circuit is arranged so that the creep contro] is in 
circuit on the first one or two notches, depending on 
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the speed required. On other controller positions 
the Thrustor is connected direct to the line so that 
the brake is lifted clear. The change-over from one 
condition to the other is made through a contactor 
(with three contacts normally closed and three 
normally open), which is operated by an extra con- 
tact in the main control circuit. 

As an example of the switchgear shown, mention 
may be made of the vertical-plugging metal-clad 
equipment, an illustration of which appears in 
Fig. 21, on page 518. It is rated at 350 MVA for 
use on 6-6- or 11-kV circuits, and has been intro- 
duced to meet the demand for increased breaking 
capacity in power stations, substations and industrial 
installations. It comprises a single-break oil circuit- 
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breaker with self-compensated arc control chambers, 
which are arranged so as to reduce the operating 
pressure in the tank to a low value, The fixed con- 
tacts, which are of copper and are housed in the arc- 
control chamber, are of the contactor type and are 
heavily spring-loaded. A point contact under 
high pressure is obtained with the moving contact 
in the closed position, an arrangement which has 
proved satisfactory in practice for carrying both full- 
load and short-circuit currents. The lever mechan- 
ism is simple since, owing to the single-break con- 
struction, it has been possible to dispense with 
“straight-line” linkages and tension-rod guides. 
The correct speed of contact separation is obtained 
by an accelerating spring and piston-type dash pots. 
The mechanism is housed in a domed top plate of 
fabricated steel to which the oil tank is secured by 
eight studs. Oil-tightness is ensured by a spigoted 
and gasketed groove. The tank is lined with 
insulating material and phase barriers are provided. 

The silver-plated copper plugging contacts are 
of the dumb-bell pattern, the upper socket being 
mounted in the *bus-bar chamber and the lower 
forming an integral part of the circuit-breaker 
housing. The plugs, which comprise internally 
spring-loaded segments with raised contacting 
portions at each end, make contact under heavy 
spring pressure with the fixed sockets. They are 
held within the circuit-breaker bushing socket by a 
retaining groove and are self-aligning. 

There are also examples of a range of B.T.H. 
three-phase, 50-cycle totally-enclosed squirrel-cage 
induction motors, wkich are constructed to stan- 
dardised dimensions and are suitable for outputs 
from 0-75 to 20 h.p, at “four-pole ” speeds, with 
corresponding ratings at other speeds. The fixing 
dimensions correspond with existing American 
standards, except that for a given frame size the 
British horse-power outputs are higher. The shaft 
dimensions have been adjusted so that the British 
standard shaft extensions correspond with the 
American values, horse-power for horse-power. 
The motors are totally-enclosed and the larger sizes 
are fan cooled; all are foot-mounted. The stator 
windings are insulated with Thermex—a synthetic 
resin of the polyvinyl-acetate type, which has high 











insulating qualities and is resistant to abrasion, 
moisture, acids and alkalis. The stator punchings 
are of low-loss sheet steel and are accurately ground 
to ensure a uniform air gap. The end shields are 
fitted with machined spigots from which the 
bearing housings are bored and accurately ground 
to secure concentricity., Ball bearings are fitted 
at the non-drive end and roller bearings at the drive 
end, except on the smaller sizes, which have spring- 
loaded ball bearings at both ends. Lubrication is 
by grease. 

On the B.T.H. stand are also to be found examples 
of the ‘‘ Pyrobar ” industrial electric heaters, which 
consist of a resistance spiral embedded in magnesium 
oxide and protected from mechanical damage by 
an outer sheathing. The sheath itself can be 
manufactured from several different metals, such 
as stainless steel, Monel metal, silver or aluminium, 
depending upon the maximum working tempera- 
ture, and can be cast into lead, iron or aluminium 
to protect it from corrosion or mechanical damage. 
Finally, there is a comprehensive display of incan- 
descent and discharge lamps, the latter including 
&@ mercury-vapour lamp with an ultra-violet filter 
bulb and units designed for photographic and film 
studio work, flood and spot lighting and architec- 
tural and decorative illumination. A number of 
new fittings designed for use with these lamps are 
exhibited. 

Messrs. Birlec, Limited, Tyburn-road, Erdington, 
Birmingham, 24, are displaying a range of Lectro- 
dryer equipment for dehydrating gases and certain 
organic liquids. Activated alumina, a hard, porous 
granular material, is used as the drying agent ; 
this substance has the property of giving up its 
adsorbed water when heated, without itself under- 
going any change, which provides a useful means 
for re-activating it. Alumina is effective as a drying 
agent over a wide temperature range, and is non- 
corrosive and inert to nearly all reagents. 

The exhibit illustrated in Fig. 22 is the BWC 
1500 Birlec-Lectrodryer with a capacity of 1,200 
cub. ft. per hour of dry air. This machine is 
to be installed in an oil refinery abroad for supplying 
dry air to air-operated instruments. It consists of 
two adsorber cylinders, the inlets and outlets of 
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which are connected with two four-way valves 
that can be set so that one cylinder is being 
re-activated while the other cylinder is supplying 
dehumidified air. Each cylinder contains a bed of 
alumina through which is passed a coiled pipe ; 
this serves as a cooling coil or as a steam-heating 
coil during re-activation. In this type of apparatus, 
a change-over cycle of about 8 hours is usual; the 
heater is in action for about half this period to 
drive off the adsorbed moisture, allowing the rest of 
the period for cooling. 

Another exhibit is an air-conditioning plant, 
model CHG Birlec-Lectrodryer, with a capacity of 
over 20,000 cub. ft. of dry air per hour. In this 
machine the activated alumina is packed in several 
shallow beds in the main casing. Air is drawn 
into the machine through a filter by an electrically- 
driven blower; the air flow is directed to each 
alumina bed in turn by rotary valves, and the dried 
air is led through a water cooling coil to the outlet. 
When each alumina bed has finished its drying 
cycle, the rotary valve admits a separate supply of 
heated air to re-activate it, the moisture-laden air 
being removed by a second blower driven by the 
same electric motor as the supply blower. The 
model on view is fitted with an electric heater, but 
steam- or gas-heated coils can also be used. The 
apparatus may be controlled automatically by 
thermostats and humidistats installed in the condi- 
tioned space to maintain the required temperature 
and humidity. 

Messrs. Londex, Limited, Anerley Works, 207, 
Anerley-road, London, 8.E.20, are exhibiting a range 
of electrical automatic-control equipment which 
includes numerous types of relays, contactors, 
process timers and regulators, sequence controllers, 
photo-electric equipment and pressure and vacuum 
switches. One of the firm’s process timers is illus- 


trated in Fig. 23, opposite, which shows the instru- , 


ment with its cover removed. The various con- 
tacts are made and broken by a series of cams 
of suitable form, mounted on a singlé shaft and 
geared to a self-starting alternating-current motor. 
The design is such that any train of gearwheels 
may be removed and replaced in a few moments 
by another giving a different gear ratio. The 











MAY 4, I95I. 


ENGINEERING. 


519 








EXHIBITS AT THE BRITISH 


INDUSTRIES 

















Fig, 23. Process Timer; Messrs. LoNpDEX, LIMITED. 








Fie. 25. Tzst Set ror CaLipraTiInc Watt-Hour Meters; Messrs. FErRanti, LIMITED. 


model can be supplied with any number of cams 
from two to nine, the maximum speed of operation 
varying inversely as the number. When the 
solenoid on the right in the illustration is energised, 
all the contacts are lifted clear of the cams and 
simultaneously the clutch is disengaged and the 
camshaft returned to its starting point. The con- 
tacts are normally of solid silver and rated at 
3 amperes at 250 volts, alternating current, but 
tungsten contacts rated at 2 amperes at 400 volta, 
alternating current, can also be supplied, although 
these are less suitable than silver contacts at lower 





voltages. ‘he timers are normally enclored in a 
sheet-metal or cast-iron case. 

The wide range of exhibits displayed by Messrs. 
Ferranti, Limited, Hollinwood, Lancashire, includes 
a photographic representation of a 60-MVA 
132/33-kV three-phase transformer, which is being 
used to demonstrate the firm’s directed-flow forced- 
oil circulation system of cooling. Observation panels 
are provided through which it is possible to see the 
flow of the cooling oil from the bottom of the tank to 
the end clamps-and thence through a distribution 
chamber to the axial ducts of each winding in pre- 
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Fic. 24. Srverze-PHasz Maxmmum-DeManp 
Meter; Messrs. FerRAnti, LIMITED. 


determined proportions. A full-size rotary on-load 
tap-changing equipment for use on the firm’s largest 
power transformer is also shown, and is arranged 
for remote control with electrical operation or for 
fully automatic working. 

The numerous industrial meters shown by the 
firm include a new single-phase maximum-demand 
meter, which is illustrated in Fig. 24. This is a self- 
contained unit of the Merz pattern, which integrates 
kilowatt-hours and indicates the maximum demand 
in kilowatts. The element used is of the firm’s stan- 
dard single-phase type, which has been approved by 
the Ministry of Fuel and Power under the Electricity 


‘Supply (Meters) Act, 1936, and is calibrated to the 


limits laid down in British Standard Specification 
37-1937 for commercial-grade meters. Self-con- 
tained time contro] of the self-starting synchronous- 
motor type is fitted to the meter for circuits with 
time-controlled frequency. Where required, how- 
ever, the meter can be arranged for external time- 
switch control, The timing element is used to close 
the re-setting circuit during the period of operation 
of the demand indicator and to open circuit during 
the re-setting period. It can also be arranged to 
open the circuit while the indicator is operating and 
to close it.during the re-setting period. The rotor 
of the element is geared through the kilowatt-hour 
register to the driving pointer, which advances over 
the maximum-demand scale and drives the maxi- 
mum-demand pointer. At the end of the period of 
demand, which can be adjusted as required, the 
pointer will have advanced by an amount pro- 
portional to the kilowatt-hours consumed and 
consequently to the average kilowatt load during 
that period. The gearing is then disengaged 
by an arrangement of levers actuated by the 
synchronous motor for a few seconds at the end of 
the driving period so that the driving pointer is 
returned to zero by a light hair spring and the cycle 
is repeated. The maximum-demand pointer is held 
by friction in the maximum position when the 
driving pointer returns to zero. It can be re-set 
manually by a knob. 

Another equipment on the same stand is a test 
set for the rapid calibration of single-phase watt-hour 
meters by electronic means, which is illustrated in 
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Fig. 25. This equipment has been designed to 
increase the speed of calibration of single-phase 
house service meters without sacrificing the accu- 
racy demanded in the appropriate British Standard 
Specification, For this purpose, the output of a 
rotating sub-standard high-torque meter, which 
never runs at less than one quarter of its full-load 
speed, is transmitted photo-electrically through 
holes in a disc on to a light*sensitive cell. When 
testing meters at high loads, the output of this cell is 
amplified and used to drive a stroboscopic lamp, 
which illuminates the discs of the meters under test 
and enables their speeds to be adjusted so that they 
are in step with the standard. At low-disc speeds, 
for which this method cannot be used, the output 
of the photo-electric cell is used to drive @ separate 
cyclometer for each meter under test. The meters 
can then be timed by a stop-watch in terms of the 
speed of the standard so that the error is given 
directly without calculation and the load need not 
be accurately maintained. 

Any meter with full-load speeds between 12 and 
48 r.p.m., and carrying any stroboscopic pattern 
between 100 and 200 divisions, can be tested without 
altering the sub-standard. This is achieved by using 
@ precision decade current transformer between the 
meter under test and the meter sub-standard, and by 
arranging that three separate frequencies in the 
ratios 4 to 1, 2 to 1 and 1 to 1 can be obtained from 
the sub-standard by using three sets of holes in the 
sub-standard disc, these holes being arranged in 
concentric circles of 200, 100 and 50. The same 
arrangement is used on light-load tests to cause the 
counters to record 1,000 impulses for an integral 
number of revolutions of a correctly-adjusted meter. 
The counters may also be used on full-load tests in 
order to time meters and thus to measure their 
actual errors either before or after stroboscopic 
adjustment. 

A complete equipment comprises a test set and up 
to five double-sided test benches, of which only one 
is being exhibited. Each bench holds 20 meters 
(10 per side) so that the set energises up to 100 
meters, which may be calibrated by two testers. The 
two stroboscopic lamps are movable throughout the 
length of the five benches so that the testers can 
place them over each meter in turn. A counter is 
mounted under each meter position for testing it 
on no-load, as are a start-stop switch and a lamp 
which signifies that the meter requires adjustment. 
The meter under test is calibrated stroboscopically 
at full-load current and power factors of unity and 
0-5, and at 1/20 load by counters. The equipment 
is designed to calibrate meters up to 50-amperes 
capacity and of differing speeds and stroboscopic 
patterns by using one rotating sub-standard. 

The chief exhibit on the stand of Messrs. Newton 
Victor, Limited, 15, Cavendish-place, London, W.1, 
is the mobile industrial X-ray unit illustrated in 
Fig. 26. This has been designed for the examina- 
tion of castings, welded joints and fabricated 
assemblies up to a thickness corresponding to 3 in. 
of steel. It consists of a high-voltage tube head, 
which contains the X-ray tube, and a high-voltage 
transformer in an oil-filled earthed metal tank. 
The X-ray tube is of the hot-cathode type and is 
designed for continuous operation at a peak voltage 
of 250 kV, the current consumption being 10 milli- 
amperes in ambient temperatures between 50 and 
104 deg. F. and in relative humidities up to 75 per 
cent. The tube has a low inherent filtration 
equivalent to 3 mm. and a line focus with an effective 
area of 5:5 by 5-5 mm. To prevent stray electrons 
reaching the glass walls, the anode is hooded. The 
high-voltage transformer has a closed core with a 
split secondary winding, the mid-point of which is 
earthed and, as it is vonnected directly to the 
X-ray tube, no condensers or thermionic rectifiers 
are necessary. The oil cooling unit comprises a 
radiator, motor-driven fan, pump and pressure 
switches, and is connected to the tube by a flexible 
hose. The pressure switches are interconnected 
with the main switch on the panel, so that the 
latter is opened automatically if the pressure rises 
above or falls below certain limits. 

The control panel carries push-buttons for the 
main and X-ray contactor, overload relay and 
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Fie. 26. Mositz Inpustrian X-Ray Unit; Messrs. Newton Victor, Limirep. 


used. Other apparatus on the panel includes a 
two-step resistance controller, a filament controller 
and a static stabiliser, whereby the primary filament 
voltage can be maintained constant within 4 per 
cent. while the mains voltage varies by 10 per cent. 
There is also a synchronous-motor exposure timer 
with a range up to 55 minutes in 1-second steps, a 
timer switch, an integrating hour clock for X-ray 
hours and an inverse-voltage reducer, which prevents 
the inverse voltage, rising above that of the loaded 
half evele. 

The Consolidated Pneumatic Tool Company, 
Limited, 232, Dawes-road, London, S.W.6, are 
showing a range of portable and stationary air 
compressors, pneumatic tools and equipment for 
civil-engineering contractors, and _ rock-drilling 
plant. The photograph reproduced in Fig. 27, 
opposite, shows the Feedleg, a pneumatic support 
leg on view for the first time, in conjunction with the 
C.P.32 light-weight rock drill and tungsten-carbide 
steel: The Feedleg, which weighs 47 lb. and has a 
closed overall length of 5 ft. 10 in., is easily set up 
and requires little maintenance. A wide sprag is 
provided to stabilise the Feedleg on the ground and 
to resist the thrust. The piston rod, which has a 
stroke of 4 ft., has a larger cross-sectional area than 
has been the practice on earlier types of support leg 
and, it is claimed, is free from whip. The mounting 
bracket for the drill is also much more robust than 
has hitherto been customary; a bayonet fitting is 
provided for supporting the drill. The extension or 
retraction of the piston can be regulated accurately 
by a twist-grip throttle controlling the air supply ; 
an indicating port in the cylinder shows the 
operator when the piston rod has reached the end 
of its stroke. 

A reduction gearbox of larger capacity than they 
have made previously is exhibited by Varatio- 
Strateline Gears, Limited, of 278, Aberdeen-avenue, 

Estate, Slough. This gear, known as 
type “F” and illustrated in Fig. 28, opposite, 
resembles their well-known “‘ Strateline ” range in 
that the input and output shafts are coaxial and 
the method of reduction consists of an outer station- 
ary ring meshing with an eccentrically rotating 
pinion. The “F” gear is substantially built and 
contains a modified form of coupling consisting of 
hardened steel rollers operating within accurately- 
machined plates, -Ball and-roller bearings are used 





indicating lamps, as well as a selector which enables 
any peak voltage between 60 and 250 kV to be 


throughout, with oil-bath lubrication. The effi- 





ciency of the gear is stated to be about 80 per cent. 
The “ F ” gear is supplied for vertical or horizontal 
mounting, either as an independent foot-mounted 
unit, or motor-driven with the motor integral with 
the unit. According to the output speed and torque 
required, the horse-power needed to drive the gear 
may vary from 2 h.p. for reductions up to 100 to 1, 
to as high as 12 h.p. for a reduction of 20 to 1. 
To obtain the maximum torque, the output and 
input speeds (and thus the ratio) should be reduced, 
and it is advisable to use a motor of not more than 
1,000 r.p.m. and preferably of 750 r.p.m. The 
maximum output torque capacity for the single- 
stage unit is 16,000 lb.-in., using a 5-h.p. motor 
running at 750 r.p.m. ‘Lhe gear is supplied also as 
a two-stage unit, known as the “‘ CF” and capable 
of working at torques from: 18,000 to 30,000 Ib.-in. 
This size is usually fitted with a 1-h.p. motor and, 
in this case, a motor of 1,500 r.p.m. can often be 
used. 

The exhibits of the Brush Electrical Engineering 
Company, Limited, Loughborough, are being dis- 
played on two stands, one inside and the other 
outside the building at Castle Bromwich. The 
principal exhibit on the inside stand is a 750-MVA 
38-5-kV round-tank outdoor-type oil circuit-breaker, 
all three phases of which are contained in one tank. 
There are two breakers per phase with an arc- 
control device on each break. The core and wind- 
ings of a standard 500-kVA transformer are also 
being shown to illustrate the efforts which the 
company are making to establish new standards in 
the production of this type of electrical equipment. 
A standard roller-type tapping switch is fitted and 
is provided with extra large cooling ducts. Exam- 
ples of self-excited alternators with outputs of 
3 kVA and 6 kVA at 230 volts 50 cycles, or at 
110 volts 60 cycles, are among the other exhibits. 
These are suitable for coupling to small Diesel, 
petrol or other prime movers. 

A machine of this kind, which is driven by ® 
Diesel engine, is exhibited on the outside stand and 
forms the Petterlite set of which an illustration is 
given in Fig. 29, on page 522. It consists of a Petter 
cold-starting airless-injection engine of the vertical 
water-cooled type, which is designed for operating at 
speeds of 1,500 or 1,800 r.p.m., depending on whether 
50 or 60 cycle current is to be generated. The stan- 
dard model is radiator-cooled, but tank-cooling may 
be provided, if required. The British Standard 
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12-hour rating of the engine is 5 h.p. per cylinder, 
but the output is, of course, affected by altitude and 
temperature conditions. The set is available with 
one-cylinder and two-cylinder engines. The alter- 
nator is of the protected self-exciting type and is 
provided with auxiliary-starting and battery-charg- 
ing windings. The set is started by a 24-volt 
battery, which is also used for energising the control 
gear and is automatically re-charged while the set 
is running. All the control gear is fully “ tropi- 
calised ” and is housed in a steel box for mounting 
on @ wall so that it is not affected by vibration. 
The battery is automatically disconnected from the 
starter should the set fail to start within 30 seconds, 
and the engine is shut down if the nominal running 
speed is exceeded. The voltage is also automatically 
reduced in cases of overload, but is restored directly 
the overload is removed. 

Fig. 30, on page 522, illustrates a Brush-Mirrlees 
generating set which is also being exhibited. This 
consists of a six-cylinder Diesel engine of the J 6 type, 
which was constrycted by Messrs. Mirrlees, Bickerton 
and Day, Limited, Stockport, and is coupled to a 
288-kW Brush alternator. The engine is represen- 
tative of the new Mirrlees series of high-performance 
engines, which are available in normally-aspirated 
or turbo-charged form. This series is built with 
from three to eight cylinders in line, and with six, 
eight and 16 cylinders in V formation, the outputs 
varying from 135 to 2,270 brake horse-power. 

One of the principal exhibits on the stand of 
Messrs. A. Reyrolle and Company, Limited, Heb- 
burn, Co, Durham, is a 2,500-MVA 66-kV open-type 
circuit-breaker with a small oil volume. It em- 
bodies a number of improvements over earlier 
designs, and consists of three identical single-phase 
units which are operated through a self-aligning 
shaft by mechanism contained in a separate cubicle. 
Each of the single-phase units is made up of three 
portions: @ supporting compartment, a circuit- 
breaking compartment, and a metal-top cap with 
& gas vent. The supporting compartment includes 
an oil-filled base chamber and a porcelain insulator 
Within which the operating links for the moving 
contact are contained. The circuit-breaking com- 
partment contains both the upper and lower 
fixed contacts, through the latter of which the 
moving contact stem slides. All these parts 
are housed in a cylindrical tank of Bakelised 
Paper, which is, in turn, surrounded by a porcelain 
msulator, The oil in the Bakelised-paper tank, 
Which is used for extinguishing the arc, is entirely 
Separate from the insulating oil, which fills the 
Supporting compartment below and the annular 
Space between the tank wall and the upper porcelain 
shroud. The metal top cap, from which the upper 
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fixed contactor with its turbulator for controlling 
the are is suspended, is fitted with a silica-gel 
breather and oil-level indicator. One of the single 
phase units exhibited on the stand has been cut 
away to show the construction. It is also possible 
to see how closing is effected by a motor-wound 
spring, which can be recharged with the circuit- 
breaker closed, thus permitting single shot reclosure. 
The circuit-breaker itself is of the firm’s well-known 
horizontal draw-out type, one of the features of 
which is that the phases are completely separated 
between the ’bus-bar chamber and the cable circuit 
boxes. The details of this construction have been 
made visible by fitting the circuit breaker with a 
Perspex tank, while windows of the same material 
have been cut in the ’bus-bar and current trans- 
former chambers and in the voltage transformer. 
Another exhibit on the same stand is the flame- 
proof contactor board illustrated in Fig. 31, on 
Plate XXXVII. This board, which has been 
designed for controlling plant in such places as oil 
refineries and chemical factories, consists of four 
550-volt 80-ampere contactors, which are mounted 
above and below a common ’bus-bar chamber, 
each pair of contactors with its *bus-bar chamber 
being supported on a common pedestal. The ’bus- 
bar chamber is a separate flame-proof compartment 
in which the two three-pole isolators for controlling 
the appropriate contactor circuits are housed. The 
*bus-bars may be either three-phase three-wire or 
three-phase four-wire, and pass at each end through 
flameproof bushing insluators into a separate air- 
insulated enclosure, which may be another *bus-bar 
chamber, an end cap ora cable box. Each insulator 
is interlocked with its contactor so that it must be 
closed first, while if an attempt is made to open it the 
contactor opens. There is also an interlock which 
makes it impossible to remove the cover of the 
contactor compartment until the interior has been 
made dead. The isolator cannot be closed while 
the contactor cover is removed and can be padlocked 
in both the “on” and “off” positions. The 
contactor, which complies with the requirements of 
the appropriate British Standard specification, is 
capable of making and breaking six times the rated 
current at 550 volts. It is fitted with magnetic 
blow-out coils, arc-chutes and a fuse-protected 
closing coil which operates at the line voltage. It 
is held in electrically, thus providing inherent 
under-voltage protection. The interiors of the 
contactor compartment are interchangeable. The 
main circuit is protected by fuses, while over- 
current protection.is provided by a two-pole relay. 
Core-balance earth-fault protection is effected by a 
relay which is actuated by a rectifier in the secon- 
dary circuit of a transformer. This relay trips and 
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latches out when the primary earth-leakage current 
reaches 5 amperes and can only be reset by either 
local or remote push-button control. 

Fig. 32, on Plate XX XVII, shows a medium- 
voltage flameproof switch and fuse distribution 
board of the same firm, which is also built on the 
unit principle round a central ’bus-bar chamber with 
the switch and fuse circuits mounted above and 
below it, as desired. The actual switchgear is 
similar in construction to the company’s well-known 
industrial distribution equipment, except that the 
*bus-bar unit, switch unit, fuse unit and cable box 
are all separate flameproof enclosures, the electrical 
connections between which are taken through 
flameproof bushes. The rating of the switches is 
either 60, 100 or 200 amperes. As these units can 
be assembled in any combination, it is possible to 
build up boards to comply with particular site con- 
ditions or electrical requirements. 

The 75-kVA three-phase balanced-load spot- 
welding machine, for general use, which is exhibited 
by Sciaky Electric Welding Machines, Limited, 
Farnham-road, Slough, and illustrated in Fig. 33, on 
Plate XX XVII, is designed for welding light alloys 
up to two equal thicknesses of 4 in., hard brass and 
galvanised and other coated materials up to No. 12 
s.w.g., hard copper up to No, 168.w.g. in equal thick- 
nesses, as Well as greater thicknesses of mild steel. 
The standard machine is fitted with arms permitting 
a working throat depth of 24 in., the copper bottom 
arm being of the round type and being held in a 
hub casting. One end of the copper-insert arm is 
machined for taking vertical shanks and the other 
for angle shanks. Both the upper and’ lower 
electrode holders are water-cooled and are adjustable 
in the vertical plane, while a limited adjustment can 
also be obtained in the horizontal plane by swinging 
the bottom arm on the copper pillar. In addition, 
the lower electrode arm can be raised or lowered by 
a hydraulic jack. The maximum working stroke 
of the upper electrode is 2 in. 

The welding transformer is contained in a steel 
cubicle in which the control transformer and 
rectifiers are also housed, The secondary winding 
is sandwiched between the primary coils, the 
copper section being arranged to give comparatively 
low current densities and so to avoid dangerous 
temperature rises under continuous working con- 
ditions. As regards operation, the electrode pres- 
sure is obtained by compressed air, which is delivered 
to the main pressure cylinder through a valve 
assembly on the top of the cylinder head when a 
foot-switch is depressed, thus enabling the work to 
be positioned before switching on the welding 
current. The current to the electrodes is controlled 
by an “on and off” switch, which is also mounted 
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on the cylinder head. The time during which 
the welding current flows is governed electronically, 
the action being synchronised with the movement 
of the top electrode to the welding position. The 
apparatus required for this purpose is housed 
either integrally with the welder, as shown in 
Fig. 33 or, as is the case of the model exhibited 
at Castle Bromwich, some distance away, thus 
eliminating the interaction between the electro- 
magnetic field of the main welding transformer and 
the electronic control circuits. The effect of 
transmitted vibrations is also greatly reduced. 

The electronic apparatus consists of Thyratrons 
and water-cooled Igritrons, weld-timer contro] and 
phase-shift heat-control units, minor auxiliary 
circuits for controlling the weld current, a weld 
timer and various interlocking circuits which ensure 
that the machine is set for the correct welding 
operation. The duration of the weld current flow is 
selected by two ten-position switches, one of which 
is calibrated in cycles and the other in tens of cycles, 
so that any weld time from one to 100 cycles 
(0-02 to 2 seconds) can be obtained in one-cycle 
steps. A variation of the duty cycle on the 
Ignitrons can be obtained over a firing-angle range 
from 0 to 120 deg. by means of a manually-operated 
potentiometer. Once the plant is put in action by de- 
pressing the foot-switch, the machine automatically 
completes a weld. Full pressure of the electrodes 
on the workpieces is ensured by a special switch 
before the current is switched on, and is maintained 
until the current has been switched off, thus avoiding 
burning on the surface of the metal. A variable- 
dwell control, which is mounted on the panel inside 
the machine, enables the electrode pressure to be 
maintained on the workpieces for a period up to 
2 seconds after the current has been switched off, 
thus ensuring a thorough forging of the weld nugget. 
As soon as the required pressure has been established 
on the top of the electrode, the welding current is 
automatically switched on. It is switched off at the 
end of the welding time, after which the electrodes 
open when a pre-determined interval has elapsed. 
The speed of working varies according to the thick- 
ness of the metal and the design of the component 
parts, but 120 spots per minute for two thicknesses 
are guaranteed. 

Another exhibit on this stand, of which mention 
may be made, is the air-operated spot welder 
illustrated in Fig. 34, on Plate XXXVII. This has 
an electrical] rating of 25 kVA with a 24-in. arm and 
of 35 kVA with a 16-in. arm, and is capable of 
welding up to two equal thicknesses of }-in. mild- 
steel plate, although the added thickness, which is 
determined chiefly by the gauge of the thinnest 
plate, may be much greater. Either single-spotting 
or auto-continuous operation can be used. The 
arrangement cf the welding transformer, rectifiers, 
control equipment and electrodes is generally 
similar to those on the machine just described, and 
the electrode pressure is obtained by compressed air, 
which is passed to che main pressure cylinder through 
an electrically-operated air valve. The pressure of 
the air to this valve is controlled by a reducing valve 
which incorporates a pressure gauge. The machine 
is set in motion by a foot-switch, which enables the 
operator to bring the electrodes together under 
pressure, without switching or the welding current, 
for spot location purposes. The time during which 
the welding current flows is governed by a resistance- 
capacitance timer and varies from 3 to 150 cycles. 
During auto-continuous operation, the speed of 
working naturally varies according to the thickness 
of the metal being welded and the general design of 
the component parts, and is varied by a rheostat 
incorporated in the timing unit. The maximum 
electrode travel is 2 in. 

Millars’ Machinery Company, Limited, Thorley 
Works, Bishop’s Stortford, Hertfordshire, have two 
outdoor stands on which they are exhibiting an 
extensive range of contractors’ plant, including a 
new combined dryer and mixer for highway main- 
tenance work. Ii is illustrated in Fig. 35, on Plate 
XXXVIII, and has a capacity of 10 cub. ft.; 
drying and mixing are both carried out in the same 
drum, and the unit, which is completely self-con- 
tained, is of a size to be readily transported in a 
5-ton lorry, without the need to dismantle any 
parts. Alternatively, of course, it can be towed 
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as the illustration indicates. Though designed 
originally for resurfacing work, it has been used 
extensively for new road construction, being suffici- 
ently adaptable to be employed for mixing hot 
asphalt carpet, producing precoated chips, drying 
sand, reheating old asphalt for relaying, and 
dealing with all types of bituminous and tar maca- 
dams, and cold asphalts. The mixer is driven by 
a Diesel engine and the dryer is oil-fired. Average 
outputs per eight-hour day are stated to be 20 to 
25 tons of hot asphalt or 30 to 40 tons of macadam, 
tarred or bituminous, the actual quantity depend- 
ing, of course on weather conditions to a certain 
extent. 

Another new Millars’ machine, being shown at 
this Fair for the first time, is the small portable 











Fic. 30. 420-H.P. Dreset-Exvectric Ser; Brusu ELEcTricaL ENGINEERING COMPANY, LIMITED. 


concrete mixer illustrated in Fig. 36, also on Plate 
XX XVIII, and known as the 5T. In general design it 
is an enlarged version of the makers’ * Argus 

3}T type, the drum capacity being 5 cub. ft. instead 
of 3} cub. ft.; charging is by hand in both types, 
and in each case, also, the welded chassis is built 
round a tubular steel spine of great rigidity. ‘The 
34 T machine is also being shown. The capacities 
quoted above are those of the mixed concrete, the 
combined volumes of the constituents before mixing 
being, of course, about 50 per cent. greater. The 
engine usually fitted is a Lister “ D” single-cylinder 
hopper-cooled 1}-h.p. petrol engine, running at 
700 r.p.m. and driving the mixer through @ \ belt. 
Alternatively, however, the makers can supply the 
mixer with a Lister “DK” 1}-h.p. petrol-paraflin 
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F a. 33. 75-KVA GenerRAL-Purpose Spot WELDER; Sciaky ELECTRIC Fic. 34. Higu-Speep Srpot WELDER; Sciaky ELEgcTRIO 
WELDING MAcuHINEs, LIMITED. Wetpinc Macuines, LiMIrep. 


a 








(To face rage 522 ) 





en 
or 
fee 
dis 
rE 
ty 
als 
ste 
ca 
tw 
ar 
ca 
vi 
mi 
th 
th 
32 
n 
in 
on 
th 
sh 
co 
(F 
m 
el 
to 
al 
de 
R 
al 
th 
pl 
of 
Ww 
bi 
th 
m 
m 
Pp 
of 
m 
al 
T 
al 
eC 
tc 
e} 
D 
al 
gl 
té 
ci 
tr 
m 
ir 
al 
ve 
Ww 
W 
a) 
WwW 
th 
c 
m 
al 
fr 
in 
a 
is 
e 
vi 
0 
F 
c 
C 
¢ 
' 
n 
re 
T 
ir 
n 
8) 
sl 
tl 





















































3 “daLIWIT ‘ANVAWO) AYDNIHOVAT SUVTII SLING) HAXIP “SE “OLT “G4LIWI'T ‘ANVAWOD) AUBNIHOVAL SUVITIP {AIX ALAYONOD Wiavauog ‘gg “OT | oa 
eaten i) 
oa 
: . 
a & 
o ‘3 
S & 
GZ 
bes 
G 
oe 
he 
a 
— 
<) 
A 
ic] 
“daLINIT ‘ANVIWO)) AUANIHOVAL SUVTUY {LINQ AMAUG AUVLOY ‘LE “Ol “GA LINIT ‘ANVIWOD) AYANIHOVIC SSUVTITIP, ‘ UAXIPY GNV UAAUQ GANIAWOD ‘CE ‘DIY 
= 
oF 
> 
ai 
~~ 
= 
a CLIG abpg aae ‘uoydiosaq 407) 
— ° ‘ 
py WVHONINAIG YIVA SHINLSOGNI HSILIYVG AHL LV SLIGIHX4 














or 
om 
: 


MaAcHINERY Company, LIMITED. 


Mixer Unit; MILvars’ 


Fig. 38. 


44iMITED, 


0 eS a ae ae 








MAY 4, IQ5I. 


ENGINEERING. 


523 








engine, @ Bamford ‘“‘ EG1” 1}-h.p. petrol engine, 
or a Petter ““W1” petrol engine. The normal 
feeding height of the mixer is 3 ft. 11 in., and the 
discharge height is 2 ft. The drum rotates at 20-6 
r.p.m. The machine illustrated is carried on rubber- 
tyred wheels, and these can be supplied for the 3} T 
also; but the standard model is mounted on pressed 
steel wheels. A trailer for towing behind lorries 
can also be supplied, which will take either of these 
two sizes of portable mixer ; the sides of the trailer 
are detachable and form ramps on which the. mixer 
can be hauled on to the platform. 

Other exhibits on the stands of Millars’ Machinery 
Company include a 10 cub. ft. completely enclosed 
mixer of the non-tilting type; portable pumps of 
the diaphragm and centrifugal types mounted, with 
their engines, on wheeled trucks or trailers; a 
32-ft. tower hoist,- operated by a 20-cwt. winch ; 
and a demonstration layout of a wellpoint dewater- 
ing plant. We have space, however, to illustrate 
only one more item—though a dual one—this being 
the mobile hot-asphalt and coated-macadam plant 
shown in Figs. 37 and 38, on Plate XX XVIII. This 
consists of the rotary dryer (Fig. 37) and the mixer 
(Fig. 38), both designed to be towed behind the 
motor lorries conveying the feed hoppers, bucket 
elevator, dust collector, storage bins, etc., required 
to complete the self-contained plant. The drying 
and mixing units are constructed on welded frames, 
designed to conform to the requirements of the 
Road Traffic Act for a maximum speed of 20 miles 
an hour. On site, both units are jacked up, with 
the wheels clear of the ground. The mixer is 
placed in position first and is elevated to a height 
of about 6 ft. on telescopic legs, lowered by built-in 
winches which also serve to raise the dry storage 
bins and the screen. The dryer unit is lifted off 
the ground by hydraulic jacks so that its own stands 
may be lowered. A four-cylinder Diesel engine, 
mounted on the dryer chassis, provides all necessary 
power. The output is from 10 to 12 tons an hour 
of hot or cold asphalts, or coated macadams. Dried 
materials can be discharged at temperatures which 
are controllable between 100 deg. and 450 deg. F. 
The towing weight of the dryer is about 9 tons 6 cwt., 
and of the mixer, 14 tons 6 cwt.; the hoppers, dust 
collector, etc., bring the total travelling weight up 
to 26 tons 9 cwt. 

The emergency lighting system which is being 
exhibited by Messrs. Oldham and Son, Limited, 
Denton, Manchester, is designed to come into action 
automatically in the event of failure of the mains 
supply. It consists of an automatic relay or con- 
tactor, which connects a battery to the lighting 
circuits, and apparatus whereby the battery can be 
trickle-charged or charged normally. The equip- 
ment is made in two sizes. In the smaller, which is 
intended for use in hospital operating theatres 
and small cinemas, the control unit consists of a 
ventilated sheet-steel cubicle which is designed for 
wall mounting and contains a draw-out chassis on 
which the electrical components are mounted. The 
apparatus includes a double-wound transformer 
with secondary taps from which current is supplied 
through a multi-contact rotary switch and bridge- 
connected full-wave rectifier to the battery. Adjust- 
ment of the switches allows the charging rate to be 
altered. The coil of the relay, whereby the change 
from the mains to the battery is made, is connected 
in the mains circuit and, when the latter fails, a mer- 
cury switch is closed. The whole of this apparatus 
1s enclosed in a glass-fronted Bakelite case. The 
equipment is made in three sizes with emergency 
voltages of 12, 25 and 30 volts, and a battery capacity 
of 15-ampere-hours at the one-hour discharge rate. 

The larger control unit, which is illustrated in 
Fig. 39, herewith, consists of a floor-mounted steel 
cubicle, which also contains a chassis on which the 
components are mounted. The transformer in this 
case, however, is provided with two secondary 
windings, one of which supplies the normal alter- 
nating-current lighting circuit and the other the 
rectifiers through which the battery is charged. 
Tappings are provided on the second of these wind- 
ings so that the charging rate can be varied. The 
mains supply to the equipment is controlled by a 
switch-fuse, which is fitted with an indicator to 
show when the cubicle is alive. Visual indication 
that a change-over from mains to battery working 





has taken place is given by a relay which comes 
into action when a contactor in the principal circuit 
is operated by a solenoid. The equipment is 
designed for an emergency voltage of 100 volts and 
can be supplied to work in conjunction with bat- 
teries of capacities of 54, 72 or 90 ampere-hours 
at the three-hour discharge rate. 

Messrs. Cyc-Arc, Limited, 27, New North-road, 
London, N.1, are exhibiting a new design of portable 
stud-welding tool, which is illustrated in Fig. 40. 
This weighs only 22 lb., complete with cables, and 
has an overall length of 10,in. and a diameter of 
24 in. It is operated electro-mechanically, all the 
moving parts, including the solenoid, being housed 
in a cylindrical steel body. This body is provided 
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with a semi-pistol handle to facilitate welding 
under difficult conditions without undue fatigue 
to the operator. The cables carrying the welding 
current, and for control purposes, enter the tool 
through the handle, which also contains the push- 
button control switch. The studs which are to 
be welded are accommodated in a projecting 
light-alloy sleeve, which slides along the body 
and can be adjusted to take lengths up to 4 in. 
Three short hardened-steel positioning legs are 
secured to the baseplate of the sleeve and, into 
these, interchangeable spring-loaded steel ferrule 
holders in sizes suitable for the full range of ferrules, 
can be fitted. Alternatively, an adjustable tripod 
assembly can be used. Other features of the tool are 
that reasonable variations in stud length or plate 
unevenness are compensated automatically, so that 
it is unnecessary to make manual adjustments during 
production runs. Throughout this range of self- 
adjustment, which is about ? in., the required arc 
gap is automatically maintained. A piston inside 
the tool body forces air through a valve and thus 
enables the speed at which studs of different dia- 
meters are returned to the plate to be varied. The 


the controllers made by the firm, the range of stud 
diameters being from } in. to %& in., from > in. 
to % in. and from 4 in. to { in., respectively. The 
last of these controllers is designed for portability 
and embodies an electronic timer with separate 
coarse and fine controls, 

The vital importance to the country at the 
present time of equipment for the generation, 
transmission and distribution of. electric power 
has led the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, to devote 
their stand at Castle Bromwich to an exbibition of 
the equipment they manufacture for this class of 
work. For this purpose, the stand is divided into 
two parts, one of which is illustrative of turbo- 
alternators and cdal-handling plant, and the other 
of certain types of indoor switchgear. In the first 
part are scale models of typical 30-MW and 60-MW 
sets, Witn taeir associated auxiliaries, and two wheels 
of a 60-MW turbine which is designed to work at 
900 Ib. per square inch and 900 deg. F. One of 
these wheels is for the high-pressure cylinder and 
has a mean diameter of 25-88 in. and a blade 
height of 1-92 in., while the other is the last wheel 
of the machine and has a mean diameter of 75 in. 
and a blade height of 20 in. Representative of the 
coal-handling plant of a subsidiary firm is a working 
model of a Fraser and Chalmers-Marshall side- 
discharging wagon tippler, which is shown operating 
in a closed circuit with a system of Sherwen electro- 
magnetically-operated vibrating feeders. 

As regards switchgear, the most impressive exhibit 
on the stand is a duplicate "bus-bar heavy-duty 
metal-clad unit with a rupturing capacity of 1,500 
MVA at 33 kV. This is designed to*provide com- 
plete phase and cable segregation and complies fully 
with the official recommendations for avoiding fire 
risk. For sub-station service, two 11-kV metal-clad 
units with rupturing capacities of 350 MVA and 
150 MVA, respectively, are being shown. These 
are designed for single *bus-bar systems, either with 
compound-filled *bus-bar chambers and oil-filled 
current transformer chambers or air-insulated *bus- 
bars and current transformers. The circuit-breaker, 
which is illustrated in Fig. 41, on page 524, in the 
open position with the tank lowered, is arranged for 
vertical isolation and is mounted on a horizontally 
withdrawable carriage. The bushings carrying the 
fixed contacts are mounted on a steel top of box 
section, which also constitutes an expansion chamber 
for the gas generated when the circuit-breaker 
operates. This gas is exhausted through a vent 
which can be extended into the open air. The 
breaker top also accommodates the main operating 
shaft and the levers and dashpot for the moving 
contacts. The arc control pots, which contain the 
fixed contacts, consist of a metal chamber to which a 
stack of plates of arc-resisting insulating material is 
bolted. These plates are shaped to form a series of 
internal cavities and lateral vents which cause the 
arc to be extinguished by the blast of oil and gas 
when the contacts part. The pots can readily be 
removed for the inspection of the fixed contacts, 
which consist of two pairs of spring-loaded fingers 
with front and back stops to prevent risk of welding 
either on opening or closing. Pairs of fingers of the 
same design are used to carry the current across the 
hinges which support the moving contacts. Each 
moving contact is formed from a rectangular copper 
bar and is fitted with a renewable arcing tip of 
brass. 

The circuit-breaker is designed for manual, 
solenoid or spring operation, but in all cases provi- 
sion is made for hand operation in emergency or 
for maintenance purposes. Accelerating springs, 
which are designed to give a high initial speed of 
opening, Operate over the full travel of the moving 
contacts and are housed in the top plate. The trip 
latch, which is trip-free in any position, comprises 
a system of levers and toggle links, and the trip 
coils are mounted adjacent to the latching gear. 
Connections from the trip coils to the fixed part 
of the unit are made through a flexible contact 
which terminates in plug contacts. This plug 
remains in place until the breaker is lowered to 
within 2 in. of its lowest position, when it is auto- 
matically withdrawn. It is thus possible to test 
the trip circuits and return the breaker to service 





tool can be operated in conjunction with three of 


without disturbing the continuity of the circuits. 
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Fig. 41. 


150-MVA 11-KV Metatcriap CrircuitT-BREAKER ; 


GENERAL ELectric Company, LIMITED. 


The isolating contacts consist of self-aligning plugs 
with spherical ends, which are divided by slots into 
four flexible prongs. The plugs, the number of 
which is determined by the current rating of the 
breaker, are mounted on the tops of the bushings 
which form. the terminals and, like the corre- 
sponding sockets in the isolating spouts, are jig-set. 
The whole assembly is guided into alignment by 
bars at each side of the unit. 

Examples of the air-break switchgear which is 
finding increasing application for the control of 
power station auxiliaries are also being shown. 
Units, one of which is illustrated in Fig. 42, for 
current ratings up to 800 amperes at 660 volts, are 
available either in single or in double-tier form with 
a resulting saving in space. The upper and lower 
compartments can then either both house a circuit- 
breaker or either or both compartments can accom- 
modate fuse switches, contactors or isolators. 
For heavier current ratings, up to 2,000 amperes, 
a single-tier cubicle containing a circuit-breaker is 
used. On the units for currents up to 800 amperes, 
such as that illustrated, the air-break circuit-breaker 
and its operating mechanism are self-contained, the 
frame being fitted with attachments which simplify 
the removal of the breaker from the cubicle. When 
the breaker is isolated, these attachments are auto- 
matically disengaged from the racking gear, no 
bolts being necessary to carry out the opera- 
tion. 

The breaker comprises a fabricated steel frame, 
upon which an insulaving panel carrying the fixed 
contact assemblies is mounted. The silvered moving 
main contacts, which are of the butt type, and the 
moving are contacts are both mounted on arms 
which are hinged on the lower fixed contact block 
and are driven through a common insulation 
member by mechanism supported on a cross bar. 
The direct reaction of the closing load is taken by 
adjustable tie rods. The contacts, as will be seen 
from Fig. 42, are enclosed in box-type arc chutes 
with transverse barriers. These chutes are 
mounted so that when two wing nuts are slackened 
thoy can be lifted off the breaker and the contacts 





exposed. Either solenoid or manual operation can 
be provided, combined with emergency hand opera- 
tion. The breaker is isolated from the *bus-bars 
and cable connections by means of a screw-and-nut 
racking mechanism which is operated by a loose 
handle. This moves the breaker forward in the 
cubicle, thus opening the isolating contacts. 

The isolating contacts are of the wedge-and-finger 
type, the moving contacts being mounted on the 
back of the insulating panel which carries the 
breaker contacts, while the fixed contacts are 
brought through the rear wall of the breaker com- 
partment. An interlock is provided to prevent the 
door of the breaker compartment being opened 
until the breaker has been isolated, and the breaker 
cannot be returned to the service position until the 
door has been closed. Slide rails are provided so 
that, after the breaker has been isolated and the 
cubicle door has been opened, it can be withdrawn 
for inspection and maintenance. 

Messrs. Doulton and Company, Limited, Doulton 
House, Albert-embankment, London, S.E.1, are 
showing a range of porcelain insulators, porous- 
ceramic filtering media, and acid-proof industrial 
stoneware. An interesting exhibit is their new 
large-capacity high-pressure filter. The unit con- 
sists of top and bottom. gunmetal castings; the 
outlet chamber, at the top of the unit, is connected 
by an external steel tube to the bottom casting, 
which houses 54 porous candles, each 10 in. long 
and 2 in. in diameter, carried in banks of three on 
18 perforated tube fittings. A pressure gauge on 
the outlet chamber gives warning of failure and 
indicates when the unit requires cleaning. Ease of 
maintenance has been specially studied in the 
design of this unit; by slackening off two nuts, 
each perforated tube can be removed through the 
top plate, and the porous candles can be cleaned 
with a brush without removing them from the tube. 
Adequate space has been allowed for a large accu- 
mulation of sludge ; the bottom of the unit slopes 
towards a sludge door which can be removed for 
cleaning. The external piping and valves provide 
for cleaning by back-flushing. The firm intend to 


Fie. 42. 25-MVA 660-VotTt Atr-Break SwitcH; GENERAL ELECTRIC 
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develop a stainless-steel unit for use with corrosive 
liquids. 

Other filters shown by Doulton and Company 
include a stainless-steel pressure-filter unit for 
laboratory or pilot-plant work, with an 8-in. by 1-in. 
diameter candle, available in a range of porosities 
from less than half a micron to 750 microns; a 
similar unit in resistant glass for use with corrosive 
fluids ; a stainless-steel medium-capacity filter with 
from three to seven 10-in. by 2-in. porous candles ; 
and a heavy-duty gas and air filter comprising 4 
Meehanite casting fitted with a 10-in. by 2-in. 
candle. 

(To be continued.) 





CO-ORDINATION OF MINING-SURVEYING PoLicy.—The 
Royal Institution of Chartered Surveyors and the Iusti- 
tute of Mining Surveyors announce that they have 
appointed a joint committee to advise the Councils of 
the two societies on questions affecting mining-surveying 
policy, including the education and training of mining 
surveyors, with the object of securing a concerted 
approach to the subject. The Joint Chairmen of 
the Committee are Mr. C. P. Bates, F.R.I.C.S., chair- 
man of the Mining Committee of the R.I.C.S., and Mr. 
N. E. England, F.R.I.C.S., President of the I.M.S. All 
communications should be addressed to the joint secre- 
taries at 12, Great George-street, Westminster, London, 
S.W.1. (Telephone : Whitehall 5322.) 





ZALPON WASHING CREAM.—A new washing cream 
made from pure soap, blended with a fine grade of toilet 
detergent, has been placed on the market for use in 
hotels, factories, etc., by the makers, Newton, Chambers 
& Co., Ltd., Thorncliffe Works, near Sheffield. The 
cream, which is green in colour, is called Zalpon ; it 
lathers well, even in hard water, and is stated to be 
excellent for cleansing heavily begrimed hands. _The 
cream is packed into glass bottles, each containing 
enough for about 2,000 washes. The bottles are designed 
to fit and lock into a dispenser, which consists of an 
aluminium-alloy pressure die-casting coated with @ 
white stoved enamel. The dispenser consists of a base 
plate and a main body, carrying the bottle of Zalpon, 
which is automatically locked into position and can be 
removed only by using a special key, thus preventing 
pilferage. 
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LITERATURE, 


The Inelastic Behavior of Engineering Materials and 

Structures. 

By Proressor A. M. FREUDENTHAL. John Wiley and 

Sons, Incorporated, 440, Fourth-avenue, New York 16, 

U.S.A. [Price 7-50 dols.); and Chapman and Hall, 

Limited, 37, Essex-street, London, W.C.2. [Price 

608. net.) 

In engineering practice, one of the most perplexing 
questions to answer is, “What combination of 
stresses will result in failure?” The strength of a 
material under simple stress may be determined by 
standard tests, but structural components are not 
always in such conditions of stress. In many 
instances, the testing of models under a system of 
complex stresses is not easy, nor is it justifiable on 
the score of cost. Itis desirable, therefore, to evolve 
rules by which a given system of complex stresses 
can be reduced to an equivalent simple system so far 
as failure is concerned. Furthermore, the break- 
down of a material may be due to one or more of a 
number of causes : plastic yielding, so that when the 
load is removed the original shape is not completely 
regained ; continued yielding at an excessive rate, 
commonly known as creep, and associated with high 
temperatures in the case of metals ; or fatigue under 
repeated loading. There are other possible con- 
tributory factors, so that an answer to the question 
above is a matter of some difficulty. If the subject 
is to cover materials of both metallic and non- 
metallic composition, any type of mechanical 
behaviour that is not elastic may be called 
“inelasticity,” with plasticity regarded as a par- 
ticular ease. Professor Freudenthal employs the 
term “inelastic behavior ” in this sense. 

The author accordingly arranges the treatment 
along unusually broad lines, extending over 18 
chapters, arranged in three parts. In the first of 
these parts, the discussion starts with oscillators and 
quanta, Bohr’s model of the atom, quantum statis- 
tics and, wave-particles, and the structure of matter, 
and ends with a chapter on structural theories of 
deformation. The second part, occupying 250 
pages, or rather less than one-half of the text, is 
devoted to the “ Mechanics of Inelastic Deforma- 
tion.” Here, the nine principal sub-divisions 
direct the reader’s attention first to the mechanical 
variables and equation of state, linear behaviour and 
plasticity, as preparatory steps towards the con- 
sideration of the work-hardening of polycrystalline 
metals, creep and relaxation, inelastic behaviour 
under conditions of dynamic loading, theories of 
fracture, and the rheological behaviour of suspen- 
sions and gels. Several of the foregoing topics are 
of practical interest to engineers, and these are 
amplified in the third part of the book, with its 
discussion on problems of equilibrium and of flow 
in plasticity, and on special cases of work-hardening 
and creep. Thus the student approaches, in the 
final three chapters of the work, the design for 
plasticity and work hardening, design for creep, and 
the significance of mechanical testing, together with 
interpretation of the results. 

The book deals with a subject of increasing impor- 
tance, and it is a matter for regret that the author 
has neither brought out its true significance nor 
confined himself to its limits. Indeed, a serious 
criticism of the book is that Professor Freudenthal 
attempts too much. He tries to expound atomic 
theory, with its references to Pauli’s exclusion 
principle and other recondite topics, and advanced 
theory of the mechanical properties of engineering 
materials at the same time, which cannot be done 
in a book for engineers. Moreover, is it really 
necessary to trouble the beginner with that theory, 
a subject so fraught with dangers that mathema- 
ticians rarely venture to mention it in the company 
of plysicists ? The virtue of relevancy in discussing 
the higher branches of mechanical science is also 
appreciated at several places in the text, as, for 
example, in the introduction, where the reader 
meets with the remark: ‘‘ The level of the elastic 
limit of behavior in terms of the applied force is a 
function of the accuracy of its observation ; in fact, 
for .n infinitely accurate observation this limit for 
teal materials would be at zero force since some 
treversibility of the deformation process must 
alweys be expected in accordance with the second 








law of thermodynamics, although the deviation from 
elastic behavior may not be perceptible on the scale 
of observation or may be hidden because of the 
method of observation.” Again, the style of 
presentation leaves the reader in some doubt about 
the practical value of many statements, because no 
indication is given as to whether they are based on 
theory or fact. A particular instance of this occurs 
with Fig. 83-4, which shows the effect of the end 
conditions on the sensitivity to creep of a number of 
arches ; nothing is said about the dimensions of the 
arches or the materials involved in their construction, 
as if such data were irrelevant. The need for com- 
pression may or may not account for the limited 
range of the bibliographical references to other 
sources of information ; in the case of impact tests, 
for instance, no reference is given to important 
papers on impact tests under tension which have 
been published in this country during the period 
covered by the book. 





Etat Actuel de la Chimie et de la Physique des Molé- 
cules Géantes. 

By Professor H. Mark, with the collaboration of 

Professors T. ALFREY and R. B. MESROBIAN. Masson 

et Compagnie, 120, Boulevard Saint-Germain, Paris 6e. 

[Price 3,150 francs.) 

Proressor Mark, who is Director of the Institute 
of Polymer Research at the Brooklyn Polytechnic 
Institute, occupied the chair endowed by the 
Francqui Foundation at the University of Liége 
during the academic year 1947-48. The aim of the 
lecture courses that he gave and the seminars that 
he conducted during this period was to present the 
advances in polymer science, and particularly those 
made in the United States, during and since the war. 
This material was collected and revised by the 
author and his two collaborators, and has been 
translated by Professor Gillet and a group of his 
colleagues. The care and thought expended upon 
the translation is evident from the foreword con- 
tributed by Professor Gillet, who undertook the 
final revision. 

The text is divided into six parts, of which the 
first is devoted to the thermodynamics of solutions. 
After a summary of the familiar results for ideal 
solutions, the modifications required when the 
dimensions of the dissolved molecules are large in 
comparison with those of the solvent are shown to 
necessitate two correcting terms, on the basis of 
which it becomes possible to interpret such matters 
as the solubility-temperature relations and the 
degree of dilution at which precipitation from 
polymer-solvent systems sets in. All synthetic 
polymers contain molecules of different sizes, and 
Part IT provides an account of the various means 
devised for detecting differences in the size and 
shape of the constituent molecules and for effecting 
their partial separation. Details are given of the 
theory and practice of such established methods as 
ultra-centrifuging, osmotic pressure and viscosity 
determinations, and the molecular diffusion of light. 

Other causes of molecular heterogeneity both in 
natural and synthetic polymers—the presence of 
small molecules, the linking-on of stray groups to 
existing molecules, and structural isomerism—are 
discussed in Part III. It is obviously desirable to 
be able to deduce the physical properties of a 
plastic from a knowledge of its chemical constitu- 
tion and, in Part IV, the progress so far made in 
this direction is summarised. In connection with 
the ageing and degradation of polymers by chemical 
and physical agencies, attention is directed to the 
importance of the recent experimental technique 
involving measurements of variations in tension 
under constant length. Methods for combating 
ageing are described, and a chapter is devoted to 
the action of plasticisers in enhancing the flexibility 
of vinyl resins. The scientific principles under- 
lying two particular methods employed in obtaining 
plastics, namely, co-polymerisation and polymerisa- 
tion in emulsion, are studied in Part V. The various 
stages of the processes are outlined, with special 
reference to the role played by emulsifiers, activators 
and modifiers. Part VI consists of two chapters, 
one on recent methods for the manufacture of new 
monomers of exceptional purity and the other on 
the cyclopolyenes, including details of Reppe’s 
synthesis of cyclo-octa-tetrene. 





The field of polymer research has expanded so 
rapidly and is now so vast, that it is easy to lose 
sight of the fundamental chemical and physical 
principles on which it is based and on which its 
future development must depend. By disengaging 
these principles from the corresponding technical 
processes and presenting them methodically, with 
illustrations drawn from the most recent practice, 
the authors have rendered a signal service to all 
engaged in improving old and discovering new 
plastics. 


Industrial Research in Switzerland ; Its Institutional 
and Economic Background. 

By Professor RonaLtp S. Epwarps, in collaboration 

with CHARLES LA Rocuer. Sir Isaac Pitman and Sons, 

Limited, Parker-street, Kingsway, London, W.O.2. 

[Price 21s. net.) 

THE fact that a small country like Switzerland, with 
a population of between four and five millions, and 
having few natural resources other than water- 
power, has been able to develop a number of impor- 
tant manufacturing industries which depend mainly 
onexports to larger countries having far more exten- 
sive natural resources, has aroused great interest 
and given rise to much speculation and comment, 
not always unmixed with envy. The subject is 
examined in detail in the book under review, the 
authors of which are, respectively, Professor of 
Economics, with special reference to Industrial 
Organisation, in the University of London, and a 
member of the Institute for Economic Research 
of the Federal Institute of Technology in Switzer- 
land. 

As its title indicates, the book is concerned 
mainly with industrial research. The five chapters 
which follow the introduction deal, respectively, 
with research in the Swiss industries, the relation 
between the universities and industry, institutions 
for co-operative industrial research, the sponsoring 
of research by the Federal Government, and the 
relation between research, taxation and the patent 
system. Of these chapters, the first-mentioned 
contains tabulated data relating to the textile, 
chemical, metallurgical, engineering (including 
machinery, instruments and apparatus), watch- 
making, and other industries, with adequate and 
well-informed discussion, The chapter on the 
universities gives information on the staff and 
students, finance, fees and curricula of the seven 
cantonal universities and the Swiss Federal Institute 
of Technology, compares them with British univer- 
sities, and explains their relation to industry. 
The following chapter on co-operative industrial 
research includes particulars of Swiss scientific 
societies and discusses the subject with particular 
reference to the watchmaking and electrical indus- 
tries ; but it is pointed out that many Swiss indus- 
trialists show a distinct preference for individual 
effort, so that co-operative research organised 
through institutions has not made great progress in 
Switzerland. In discussing the sponsoring of 
research by the Governments, it is shown that, 
while more is spent per head of population on the 
universities of the country than is the case in Great 
Britain, the amount spent per head on scientific 
and industrial research and development outside the 
universities is considerably less. This circumstance 
must affect the taxation level in Switzerland, which 
is dealt with in the next chapter. Taxation is far 
less than it is in this country; but so also are the 
social services. 

The conclusions drawn by the authors from the 
facts presented in the book are given, in a most 
convincing manner, in a final commentary, which 
might be studied with profit by the industrialists 
and economists of some of the larger countries of 
the world. The conclusions may be summarised 
by the following quotation, which refers to the 
Swiss people : “‘ their economy is based on a founda- 
tion of good education, both general and technical, 
and a belief in Samuel Smiles. The result is dili- 
gence, thoroughness and conscientiousness in 
development and production, a steadily main- 
tained and intelligent effort at the level of the 
individual factory from the labourer to the managing 
director.” This, it is concluded, “enables the 
Swiss to achieve a high material standard of 


living.” 
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FACTORY FOR THE PRODUCTION 
OF SINGLE AND TRIPLE 
SUPERPHOSPHATES. 


Tue history of Messrs. Fisons, Limited, goes back to 
1843, for it was then that Messrs. Edward Packard 
and Company, Limited, now part of the Fisons organisa- 
tion, started the manufacture of chemical fertilisers 
by dissolving bones in sulphuric.acid. Shortly after- 
wards, the supply of bones available, in spite of imports 
into this country, failed to meet the demand and 
search was made for a substitute. The solution was 
found almost simultaneously, but independently, by 
Sir John Bennett Lawes, founder of the Rothamsted 
Research Station, and Edward Packard, who discovered 
that deposits of phosphate in the form of coprolites, 
extant in East Anglia, reacted in the same way as 
bones when treated with sulphuric acid. This new 
fertiliser was designated superphosphate and the 
demand grew to such an extent that, by 1851, Edward 
Packard had erected at Bramford the first complete 
sulphuric-acid and superphosphate works. 

By the end of the Nineteenth Century, native 
deposits of coprolites were almost exhausted and 
eventually it was found necessary to import rock 
phosphate from the Continent and North Africa. In 
1919, Edward Packard and Company, Limited, amal- 
gamated with James Fison and Sons, Limited, to form 
Packards and James Fison (Thetford) Limited. The 
period following the first World War was an exception- 
ally difficult one for the British fertiliser industry ; 
imports of superphosphate were unrestricted in any 
way and the consequent severe competition was 
disastrous for the industry. It became obvious that, 
if it were to survive, a major re-organisation would 
have to be carried out, and accordingly, in 1929, the 
principal firms in East Anglia, namely, Joseph Fison 
and Company, Limited, Packards and James Fison 
(Thetford) Limited, and Prentice Brothers, Limited, 
decided to amalgamate. One of the early fruits of 
this merger was the erection at Cliff Quay, Ipswich, 
of the first modern superphosphate factory, situated 
beside a deep-water quay and making full use of 
mechanical handling. 

Meanwhile, important developments were made in 
the quality of the actual product, the most outstanding 
of which was probably the introduction of granular 
fertilisers. These proved very popular with farmers 
as they stored well, did not clog the fertiliser drill and 
were not dispersed by wind. Furthermore, it was 
not necessary to mature compound fertilisers when 
supplied in the granular form, as all chemical reactions 
take place during the manufacturing processes. Granu- 
lar superphosphate was first produced at Cliff Quay in 
1934, and by 1938 granulated compounds were being 
produced in a part of the factory erected specially for 
this purpose. In due course, the group took over 
other concerns and modernised them and in 1942 it 
was decided to inaugurate a new national organisation, 
the company’s name, as a consequence, being changed 
to Fisons, Limited, its present title. 

During the early period of the Second World War, 
phosphate rock could not, of course, be obtained from 
North Africa and the United States assisted us by 
supplying Florida rock. They also sent considerable 
quantities of a new concentrated form of soluble phos- 
phoric acid known as triple superphosphate ; this 
contained approximately two-and-a-half times as much 
soluble phosphoric acid per ton as ordinary, or single, 
superphosphate and possessed, therefore, definite advan- 
tages as the saving in handling on the farm alone made 
its use well worth while. It soon became clear that 
there was a ready market for a British-produced article 
having the same characteristics. In 1944, therefore, 
Fisons, Limited, undertook, at the behest of the Govern- 
ment, the erection of a triple-superphosphate plant 
having an annual output of 70,000 tons and, on April 27, 
last, this project was brought to fruition when Mr. 
Hervey Rhodes, D.F.C., M.P., Parliamentary Secretary 
to the Board of Trade, formally opened the new triple- 
superphosphate plant erected by Fisons, Limited at 
Immingham. Although the scheme was approved in 
principle in 1944, erection of the factory did not com- 
mence until November, 1946, the intervening period 
having been spent on design and development work and 
finding a suitable site. “mmingham was chosen as the 
docks there provide excellent deep-water anchorage ; 
furthermore, a suitable area was available for the 
disposal of gypsum, a by-product of the manufacturing 
processes. 

An aerial view of the new factory is reproduced in 
Fig. 1, on this page, from which it will be seen that 
sea-going vessels can come alongside to discharge the 
raw materials. The main materials to be discharged 
annually are 30,000 tons of sulphur, 130,000 tons of 
phosphate rock, 30,000 tons of sulphate of ammonia, 
10,000 tons of muriate of potash, and 25,000 tons of 
coal, all of which, with the exception of the coal, are 
brought in by sea. In all, the or occupies an area 
of 45 acres, while the area available for disposal of 
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the gypsum is approximately 146 acres. A considerable 
part of the manufacturing process plant was evolved 
by Messrs. Fisons but Sir Alexander Gibb and Partners 
and Maunsell, Posford and Pavry were appointed joint 
consulting engineers, the design of the services being 
carried out by the former and the main planning, design 
and detailing of the various buildings and the material- 
handling plant by the latter. 

Mechanisation has been used to the greatest possible 
extent throughout the whole factory, with the result 
that it can be run with a total personnel of only 350, 
this figure including office staff and shift workers. The 
raw materials are unloaded from the ships’ holds by 
means of two 54-ton grabbing cranes supplied by Sir 
William Arrol and Company, Limited. These dis- 
charge into two travelling hoppers which feed the 
materials to a 600-ft. conveyor belt installed in an 
elevated enclosed gallery located at the back of the 
quay. Other conveyors, also arranged in elevated 
galleries, then carry the materials to that part of the 
factory remote from the dock where they are discharged 
into the various storage buildings. Similarly, the flow 
of materials inside the factory is arranged so that, if 
required, the finished product can be fed to the quay- 
side on further conveyors, superimposed on the raw- 
materials conveyor. This arrangement will be appre- 
ciated from a study of Fig. 1. 

In general, the factory may be considered as con- 
sisting of six separate plants, namely, the sulphuric- 
acid plant, the phosphate-rock grinding plant, the 
single-superphosphate plant, the phosphoric-acid plant, 
the triple-superphosphate plant and a granulating 
plant for the production of compound fertilisers. 
Sulphuric acid is used both in the production of single 
superphosphate and triple superphosphate, so that it is 
logical to refer first to the sulphuric-acid plant. A 
general view of the plant is shown in Fig. 2, on the 
opposite page; it was designed by Simon-Carves, 
Limited, and is one of the largest single-unit contact 
plants in Europe. It comprises sulphur melting and 
settling pits, a sulphur burner, hot-gas filter, waste- 
heat boilers, converter, economiser, atmospheric gas 
cooler, drying and absorbing towers, and acid cooling 
and dilution systems, together with all the necessary 
ancillaries such as pumps, air blower, etc. The opera- 
tion of the plant can, perhaps, be best understood by 
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MANUFACTURE OF SUPERPHOSPHATE FERTILISERS. 


AERIAL VIEW OF Factory. 


reference to Fig. 3, on the opposite page, which shows 
the system in diagrammatic form. 

The first process is the melting of the sulphur, which 
is loaded into the steam melting plant by a Chaseside 
mechanical shovel. The melted sulphur then passes 
into the burner which is supplied with air by a Rateau 
turbo-blower supplied by the Bryan Donkin Company, 
Limited, Chesterfield, and driven by a 440-h.p. electric 
motor ; this equipment is illustrated in Fig. 4, on the 
opposite page. On leaving the burner, the products of 
combustion pass through the first waste-heat boiler, 
designed to supply steam to the power house at 260 lb. 
per square inch and 700 deg. F. They then enter the 
hot-gas filter before passing to the four-stage converter 
which contains the vanadium-pentoxide catalyst. It 
will be seen from the diagram, however, that the partly- 
formed product is diverted through a second boiler as 
it passes from the first to the second stage of the con- 
verter. After leaving the converter, the sulphur 
trioxide, as it now is, passes through the boiler econo- 
miser to recover any residual heat and then enters a 
cooler prior to going into the absorbtion tower. Here, 
it meets a flow of cool 98 per cent. sulphuric acid which 
absorbs the trioxide, the effluent gas, mainly nitrogen, 
passing to the atmosphere. 

The product, namely, 98 per cent. sulphuric acid, 
drains into a circulation tank. This is provided with 
two pumps, one of which circulates the acid through 
the absorption tower and the other through a drier 
used in connection with the air supply for burning the 
sulphur. As will be seen from the diagram, the turbo- 
blower is arranged so that the discharge is directed 
into a drying tower before it reaches the burner, it 
being an essential factor to use dry air and, in this case, 
concentrated sulphuric acid is employed as the drying 
medium. The major part of the acid delivered by the 
pump enters the drying tower, but a small proportion 
passes to the dilution chamber, or boot, as it 1s 
commonly called, where it is broken down to 94 per 
cent. strength before going to the storage tanks, this 
strength being that required for the production of 
phosphoric acid. It is, of course, cooled on its way to 
the storage tank and, as will be seen from the diagram, 
two coolers are employed, one before the drying tower 
and one after the dilution boot. The drying tower 15 
packed with bricks, rings, ete., over which the acid 
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trickles and, on leaving the tower, it returns to the 
circulation tank. The product acid is stored in four 
large tanks having a total capacity of 6,000 tons. As 
will be seen from Fig. 2, only a limited amount of the 
plant is housed, the bulk being erected in the open in 
accordance with latest American practice. All instru- 
ments are located in a small central control room and 
the plant is designed so that it can be operated by two 
men per shift. It is rated to produce 250 tons a day 
of 100 per cent. sulphuric acid with a conversion effi- 
ciency of 98 per cent. and is claimed to be the largest 
unit of its type built so far in this country. 


(T'o be continued.) 





GAS-DISCHARGE TUBES FOR 
ELECTRONIC COUNTING CIRCUITS. 


Two cold-cathode discharge tubes have recently been 
developed by Standard Telephones and Cables, Limited, 
Connaught House, Aldwych, London, W.C.2, for use 
in electronic counting circuits. The first of these has 
ten storage cathode. (from any one of which an output 
pulse can be obtained), and the same number of intern- 
ally-connected transfer cathodes, to which the pulses 
that are to be counted are applied. The two sets of 
cathodes are arranged alternately so as to form a 
circular array of glow discharge gaps with a common 
anode. The storage cathodes are asymmetrically 
shaped and are designed so that a stable glow discharge 
from them is maintained near the next transfer cathode 
in the discharge sequence. When a glow discharge 
is present at one of the storage cathodes, the application 
of a negative pulse to the transfer cathode terminal 
causes the transfer gap next to the discharge to 
fire and the discharge at the storage cathode to be 
extinguished. When the pulse is removed, the dis- 
charge at the transfer cathode is transferred to the 
next storage cathode, where it is maintained until the 
arrival of another pulse. The glow discharge is thus 
moved forward one position at each successive pulse, 
but is maintained at only one gap at a time. Up to 
ten pulses can be counted and the results stored in a 
single tube. Only one pair of input terminals is 
required, one of which is normally earthed. The tube 
has been developed to use an anode supply of 300 to 
350 volts and to operate at all pulse repetition speeds 
from zero to 25,000 or more pulses per second. 

The second tube is a general-purpose high-speed high- 
input impedance cold-cathode trigger tube, which is 
specially suitable as a driver for the first tube. It 
includes a priming gap across which a very small 
auxiliary discharge is permanently maintained, in order 
to overcome any delay in the firing of the trigger 
gap. The main electrode structure comprises an 
enclosed main gap, which is shielded both from 
external sources of ionisation and from the auxiliary 
priming discharge. Its firing is therefore completely 
controlled by the trigger discharge. The trigger gap 
is so arranged with respect to the main gap that there 
is no measurable time lag in the transfer of the discharge 
from one to the other. De-ionisation is extremely 
rapid and, owing to the presence of the shield and the 
priming gap, the characteristics are very stable. 

The trigger tube is also designed to be operated 
from a 300 to 350-volt direct-current supply and to 
deal with a succession of pilses up to a repetition 
rate in excess of 100,000 pulses per second. 





“‘ PEOPLE AT WoORK.”—Three residential conferences, 
to be held at Keble College, Oxford, have been arranged 
jointly by the Industrial Welfare Society, the Royal 
Society for the Prevention of Accidents and the National 
Institute of Industrial Psychology, with the object of 
providing a broad review of human relationships in 
industry, as represented by good British practice. The 
conferences will be entitled “‘ People at Work” and all 
three will follow the same programme, although the 
lecturers for corresponding subjects will be different in 
some instances. The conferences will be held from 
Saturday to Wednesday, June 30 to July 4; from 
Thursday to Monday, July 5 to 9; and from Tuesday 
to Saturday, July 10 to 14 (all dates being inclusive). 
Subjects to be dealt with will include, among others, 
“People and Production,” ‘‘ Health Measures in 
Industry,” ‘‘ Education in Industry,” ‘“ Systematic 
Selection Methods,” ‘‘ Industrial Training,” ‘‘ Company 
Training Schemes,” ‘‘ Employee Services,” ‘ Joint 
Consultation,” ‘‘ Safety Measures,” and “ Relationships 
Between People at Work.” Opportunities will be 
provided for visits to the surrounding Cotswold country 
and to local factories. Fees of nine guineas, for members 
of one or other of the organising bodies, and of ten 
guineas for others, will be payable. These will include 
full board and accommodation at Keble College. Appli- 
cations to attend, and requests for additional information, 
should be sent to Miss M. D. Reed, Industrial Welfare 





Society, 48, Bryanston-square, London, W.1. 
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STANDARD 4-6-0 MIXED-TRAFFIC LOCOMOTIVE, BRITISH 


RAILWAYS. 
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STANDARD 4-6-0 MIXED-TRAFFIC 
LOCOMOTIVES FOR BRITISH 
RAILWAYS. 


Tue first of a new class of standard mixed-traffic 
locomotives, 30 of which are to be built during 1951, 
has been completed at the Derby works of British 
Railways, and is illustrated in Fig. 1, herewith. It is 
of the 4-6-0 type, Class 5, and is numbered 73,000. 
The engines will be allocated to the London Midland 
Region and Scottish Region. They have been designed 
and built under the direction of Mr. R. A. Riddles, 
C.B.E., Member for Mechanical and Electrical Engi- 
neering, Railway Executive. The parent office for the 
design of this class is Doncaster, though certain sections 
have been designed at Brighton, Derby and Swindon. 
Many features and details are common with those of 
the 4-6-2 standard locomotive No. 70,000 (described on 
pages 126 and 341, ante), but the new engine is intended 
for duties of the kind now worked by the Class 5 loco- 
motives of the London Midland Region, the Class B1 of 
the Eastern and North Eastern Regions, and the 
‘** Hall” Class of the Western Region. 

There are two cylinders, 19-in. diameter by 28-in. 
stroke ;: the coupled wheels are 6 ft. 2 in. in diameter ; 
the boiler pressure is 225 lb. per square inch ; and the 
tractive effort is therefore 26,1201b. The weight on the 
coupled wheels being 58 tons, the adhesion factor is 
4-97. The braking force, per cent., is 61-86. The 
heating surfaces are as follows: tubes, 1,479 sq. ft. ; 
firebox, 171 sq. ft. ; and superheater (elements 1% in. 
outside diameter by 10 s.w.g. thick), 369 sq. ft. The 
grate area is 28-65 sq. ft., and the free flue area is 
4-5 sq. ft. Other dimensions are shown in Fig. 2, 


The boiler (British Railways type 3) follows closely 
the design of that for the L.M.R. 4-6-0 Class 5 engine ; 
the same flanged plates are common to both, and 
in each case the working pressure is 225 lb. per sq. in. 
The shell is of high-tensile carbon-manganese steel, and 
the barrel consists of two rings, the second being tapered. 
The two rings are rolled from }-in. and }-in. 
plates, respectively, the outside diameters being 
4 ft. 11% in. at the front and 5 ft. 8} in. at the fire- 
boxend. The smokebox tubeplate is of the drumhead 
type, } in. thick, and there are 28 large flue tubes, 
54 in. diameter outside and 7 s.w.g. thick, and 151 
small tubes, 1{ in. diameter outside and 11 s.w.g. 
thick. The length between tubeplates is 13 ft. 23 in. 
The regulator in the dome is of the vertical-grid type, 
operated by an external pull rod connected to a trans- 
verse shaft which works through a stuffing box on the 
second barrel plate. The boiler is fed with water 
through two clack valves, placed at approximately 
30 deg. on each side of the vertical centre-line of the 
front barrel. The valves deliver on to two inclined 
trays which deflect the water round the inside of the 
barrel, clear of the tubes. The Belpaire firebox is 
9 ft. 23} in. long outside and 3 ft. 11 in. wide. The 
steel wrapper plate is } in. thick and the inner firebox is 
of copper with a §-in. wrapper plate. The firebox has a 
forward-sloping throatplate, the tubeplate being 1 in. 
thick. All firebox water-space stays are of Monel 
metal, fitted with steel nuts inside the firebox, but the 
roof, longitudinal and transverse stays are steel. The 
boiler and firebox are lagged with a lightweight Fibre- 
glass mattress. A manually-operated blowdown valve, 
ao by the Everlasting Valve Company, Limited, 
is fitted. 





herewith. 


A rocking grate is provided, consisting of 8 rocking 





sections, each section carrying 14 renewable firebar 
units, making a total of 112 units for the whole grate. 
The grate is divided into two parts, front and back, 
which can be rocked separately from the footplate, the 
operating gear being arranged so that two different 
travels can be employed, i.e., full travel for dropping 
the fire when the engine is over an ashpit, and a shorter 
travel for agitating the fire to eliminate ash and break 
up clinker while the engine is on the road. The ashpan 
has three hoppers and is of the self-emptying type, 
having bottom flap doors which are operated by 4 
lever from ground level. The front and back damper 
doors are actuated by screw gear and handwheels. 
The blast pipe has a plain circular cap with a nozzle 
54 in. in diameter, incorporating the blower ring. 
The smokebox is of the self-cleaning type, with plates 
and a wire-mesh grid to prevent the accumulation of 
ash in the bottom of the smokebox when the engine is 
working. A Tri-Tone chime whistle, operated from the 
cab by a flexible cable passing down the right-hand 
handrail, is mounted on the top of the smokebox 
immediately behind the chimney ; it is made by the 
Crosby Valve and Engineering Company, Limited. _ 
The main frames are of 1} in. plates spaced 4 ft. 1} in. 
apart and braced by horizontal and vertical stretchers 
and by pin-jointed cross-stays attached to the axlebox 
guides. The latter are fitted with manganese-steel 
liners on the wearing surfaces. The dragbox at the 
hind end is fabricated, and a single drawbar transmits 
the tractive effort to the tender through rubber springs. 
The boiler is supported at the hind end of the firebox 
on brackets which are integral with the dragbox, and 
no expansion angles of the usual type are required. 
The side footplating is carried by brackets fixed to the 
smokebox and boiler. The engine and tender are 
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carried throughout on British Timken roller-bearing 
axleboxes ; those for the bogie and coupled axles are 
of the non-split cannon type. The faces of the axle- 
boxes in contact with the guides are provided with 
manganese-steel liners welded to the body of the axle- 
box. All springs for the engine and tender are of the 
laminated type with plates of carbon steel. Underhung 
spring brackets with rubber damping pads and links 
in tension are provided for the coupled-axle springs, 
which have a span of 4 ft. when loaded. The links 
are solid, with cotters at the top and bottom ends ; 
adjustment is obtained by fitting cotters of suitable 
depths. 

The cylinders are of cast iron. The 11-in. piston 
valves have a steam lap of 1} in. and a lead of } in., 
and are operated by valve gear of the conventional 
Walschaerte type, giving a travel in full gear of 73 in. 
and a full-gear cut-off of 77-5 per cent. The slidebars 
are of the three-bar type with underhung crossheads. 
The piston head incorporates a bronze spring-loaded 
slipper. Lubrication of the motion pins is by grease 
nipple and gun; those for the reversing shaft and 
expansion link are grouped together on the motion 
bracket. The eccentric-rod big-end runs on a Skefko 
self-aligning ball bearing. Valve and cylinder lubrica- 
tion is by atomised oil delivered by mechanical lubri- 
cators, and steam-operated cylinder cocks of large 
diameter are fitted. The same kind of reversing gear 
is used as on the 4-6-2 locomotive No. 70,000, namely, 
a reversing screw and nut acting directly on the 
reversing-shaft arm, and actuated by a tubular shaft 
from a handwheel in the cab. 

Built-up weights in the coupled wheels balance the 
revolving weight and 50 per cent. of the reciprocating 
weight. The sanding gear is steam-operated, and is 
fitted to the front of the leading coupled wheels and 
to the front and rear of the driving wheels. The 
bogie is identical with that fitted to the standard 
4-6-2 engines and has 3-ft. wheels with British Timken 
roller bearings of the non-split cannon type. The 
weight is carried by side bolsters and laminated springs 
fitted in compensating beams. Side-play control is by 
double coil springs. The cab is carried by brackets 
from the frames, with a cantilever extension backwards 
to the tender front plate, thereby dispensing with the 
usual hinged fall plate. An exhaust-steam injector 
and live-steam injector are carried on the right-hand 
side of the engine, under the cab. All the driving con- 
trols are grouped to give easy access and operation, the 
vacuum-brake, sanding, and blower valves being 
carried on a control column at the driver’s right hand. 

The tender is the same as that used with the 4-6-2 
standard locomotives. It is carried on six wheels, 
3 ft. 3} in. in diameter, and is arranged to give a good 
view to the rear when running tender first. The tank 
has a large radius at the corners to facilitate welding 
of the plates. The coal bunker is wea yy and is 
natrower than the tank. Two external feed-water 
sieve boxes are provided to collect dirt and foreign 
matter from the water before passing to the injectors, 
the sieve being easily withdrawn for cleaning or 
renewal purposes. Water pick-up gear is provided. 
The tender axles run in British Timken roller-bearing 
axleboxes. The tender water and coal capacities are 
4,250 gallons and 7 tons, respectively. 

Both the engine and tender have steam brakes which 
can be worked independently, or in conjunction with the 
vacuum brake by means of a separate driver's valve. 





STAFF COLLEGE OF THE NORTH 
OF SCOTLAND HYDRO-ELECTRIC 
BOARD. 


WE are indebted to Professor S. Parker Smith, 
C.B.E., D.Sc., the head of the North of Scotland Hydro- 
electric Board’s Staff College, for the accompanying 
illustration of the College and for the following particu- 
lars of the training provided there. It is accommodated 
in Faskally House, Pitlochry, Perthshire, and owes 
its conception to Sir Edward MacColl, deputy chair- 
man of the Board. He visualised it not only as a 
place where young engineers could complete their 
training, but also as an essential step in the recruit- 
ment of technical staff for the Board ; an educational 
centre where the recruit would receive instruction on 
the specific duties required of him in the new hydro- 
electric stations, and could also gain a knowledge of 
the whole organisation and the economic background 
of the 21,750 square miles of Scotland in which the 
Board are responsible for the generation, transmission 
and distribution of electricity. That was the basis 
of the training scheme. Responsibility for its execu- 
tion and supervision was placed in the hands of Pro- 
fessor S. Parker Smith, who relinquished the chair of 
electrical engineering at the Royal Technical College, 
Glasgow, to undertake the task. He has now gathered 
there a tutorial staff who combine with high technical 
qualifications a wide experience of electricity genera- 
tion and supply in the Board’s Area. 

Faskally House is a Victoriafii mansion standing in 
the wooded valley of the River Tummel, and is excel- 
lently situated for its purpose. To the junior engineers 
in residence, hydro-electric development is not a 
subject studied from afar, for the candidate, on arrival 
at the College, finds himself in the centre of the biggest 
hydro-electric scheme in Scotland. In front of the 
College is Loch Faskally, the storage reservoir formed 
by the Pitlochry dam three miles away, and on the 
other side of it is the Clunie generating station, fed 
from the Clunie dam, two miles upstream. Farther 
up the valley are the pre-war hydro-electric stations 
of the Rannoch and Tummel schemes, built by the 
Grampian Electricity Supply Company. Within easy 
reach are areas where constructional work on other 
hydro-electric schemes has started or will soon be 
starting. 

Men are selected for training from applicants who 
have a university degree or a technical college diploma 
in engineering, or who have passed the Higher National 
Certificate examination in electrical or mechanical 
engineering. They must also have had an approved 
practical training. The Selection Committee who 
interview the applicants do not confine their inquiries 
to technical qualifications and experience, as they 
have also to decide whether the candidate is suitable 
for the conditions peculiar to the Board’s Area. He 
might be required to live in an isolated district, and a 
man who would be an excellent engineer in a city power 
station might not possess the temperament which 
would allow him to settle in an isolated Highland glen. 
If he is married or en; to be married, he is asked 
the views of his wife or fiancee; this is particularly 
important, because it has been found that on this 
matter, women’s views do not seem to be neutral— 
they either like the country or they dislike it. The 
cag of living in the remote parts of the High- 

» however, does not deter applicants; on the 





contrary, the number greatly exceeds the pate. 
ments of the Board and the capacity of the College. 
The trainee’s pay during training is 300I. annum, 
less three guineas per week for board and lodging, 
rising to 3751. per annum on a first probationary 
appointment. The young engineer is eligible for 
the Hydro-Electric *s superannuation scheme, 
subject to a medical examination, after a probationary 
period of not less than six months. Salary increases 
then follow national scales. 

The curriculum of the College includes the subjects 
which are applicable to the candidate’s job. The basic 
course is power generation and is preparatory to shift 
work in generating stations. The introductory lecture 
covers the whole electricity supply position in the 
North of Scotland, the Board’s constitution, powers 
and duties, and the legal procedure governing the pro- 
motion of hydro-electric schemes. The economic 
section covers basic principles and conditions i 
steam, Diesel and water-power stations. The plant and 
machinery section of the syllabus starts with rainfall 
and other physical factors covering the design of power 
schemes, and then deals with alternators, hydraulic 
turbines, transformers, voltage regulators, switches 
and switchgear, and system layout. The operation of 
power stations is an important part of the curriculum. 
Engineers are recruited for distribution appointments 
from ex-trainees from the College ; consequently, long- 
distance transmission and distribution, with particular 
reference to the problems of the North of Scotland, 
are also included in the course. 

Normally, the engineer under training will attend 
the College for twelve months, but this is subject to 
operational demands. The course is divided into 
periods consisting of six weeks in the College and six 
weeks on operational duty at hydro-electric stations, 
such as Clunie, Loch Sloy, Rannoch, the Centre Control 
Room, steam stations at Dundee and Aberdeen, and 
the Diesel station at Rothesay. While in residence, 
the junior engineers go on conducted tours to Clunie, 
Pitlochry and Loch Sloy hydro-electric stations, to 
switching stations, to establishments engaged in the 
manufacture of electrical and hydraulic plant for the 
Board, and to hydro-electric schemes under construc- 
tion. Thus they are able to trace the development of 
plant from the design stage to its completion and com- 
missioning in the power station. In general, this train- 
ing procedure is followed by all technical recruits, 
irrespective of the department to which they may be 
ultimately attached. Most of the junior engineers have 
been electrical engineers, but recently, to meet the 
requirements of the Board, a number of mechanical 
engineers have been enrolled. It is found that they 
are able to keep pace with the other trainees without 
difficulty. 

By keeping the classes small, it has been possible to 
achieve almost individual tuition and there is an 
informal atmosphere in the lecture rooms. An exten- 
sive technical library has been built up, in which 
emphasis is placed on the special needs of the Hydro- 
Electric Board. Advantage is taken of new visual 
aids to education, such as films and filmstrips, where 
appropriate. There is also a workshop, equipped with 
power-driven tools, which is at the disposal of the 
trainees; and a playing field and a badminton court. 
Since the College was opened two years ago, three 
intakes of young engineers have completed the course 
and are now on duty in the control rooms of the hydro- 
electric or steam stations at Loch Sloy, Pitlochry, 
Clunie, Tummel Bridge, Rannoch and Dundee. That 
the opportunities offered are appreciated is evident from 
the fact that there were 85 applicants for the ten places 
in the fourth intake. The fifth group are now in 
residence, engaged on the course which began last 
month. As an experiment in technical education, this 
residential College is already a proved success, and is 
building up a tradition and a team spirit which should 
be of increasing value in the future. 





INTERNATIONAL CONFERENCE ON LARGE ELECTRIC 
SysTeMs.—The next meeting of the International Con- 
ference on Large Electric Systems (C.I.G.R.E.) will be 
held at the Centre Marcelin-Berthelot. Rue St. Dominique, 
Paris, from Thursday, May 29, to Saturday, June 7, 1952. 
More meetings than has been usual in the past will be 
held simultaneously, and the number of papers, which 
must be original and previously unpublished, will be 
smaller. 

THE DIESEL ENGINE USERS ASSOCIATION : ERRATUM. 
—A mistake of a kind which, it seems, most journals 
are fated to make at least once, appeared in our report 
on page 503, ante, of the annual luncheon of the Diesel 
Engine Users Association, where we referred to the Still 
Medal of the Association as having been “ established 
to commemorate the late Mr. Percy Still.” Mr. Still, 
however, is not “late,” but is still enjoying good bealth 
in his retirement. We regret that the error should have 
occurred, but are glad to confirm that it was an error. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


STEEL PropucTion.—The gradual slowing down of 
activity at melting shops on account of the shortage of 
scrap, coupled with a curtailment of pig-iron output due 
to delays in regard to iron-ore imports, have reduced 
steel-ingot production by an estimated 12 per cent., and 
fears are being expressed that a further curtailment is 
inevitable. This represents a decline, on the 1950 
output, of some 250,000 tons a year. The tonnage of 
finished-steel production in the current period will not be 
reduced to the same extent because the policy of using 
up ingot stocks is being pursued, but it is probable that 
the full effect will be discernible in the third quarter. 


ScoTTisH CoaL.—The drive to consolidate reserves of 
coal for next winter is meeting with commendable success, 
the total distributed stocks, at April 14, being almost 
20 per cent. greater than the 1950 level, namely, 915,000 
tons this year against 768,000 tons last year. Special 
attention to public-utility undertakings has had the 
effect of raising power-station stocks by 30 per cent. and 
those at gasworks by 40 percent. Industrial stocks have 
increased by 16 per cent. 


THe Late LoRD Mactay.—The death is reported of 
Lord Maclay, a founder and former chairman of Messrs. 
Maclay and McIntyre, Ltd., Shipowners, of Glasgow, in 
his 94th year. Lord Maclay, who, as Sir Joseph Paton 
Maclay, was Minister of Shipping in the 1914-18 war, 
was born in Glasgow on September 6, 1857, and was 
only in his twenties when, with Mr. T. W. McIntyre, he 
established what became eventually the Bank Line, 
with the largest fleet of cargo vessels owned on the 
Clyde. Lord Maclay was made Minister of Shipping, 
with a seat in the War Cabinet, in 1916 and held office 
until 1921, He received a baronetcy in 1914 and was 
raised to the peerage as Baron Maclay of Glasgow in 
1922. He held many public offices in Glasgow, and was 
also a member of the Clyde Trust. 


THE AUSTRALIAN TRADE.—It is stated in Clyde ship- 
ping circles that shipping capacity between Glasgow and 
the Antipodes has been so reduced by the slow turn- 
round of vessels in Australian ports that double the space 
now available would be required to cope with the amount 
of cargo offering at present. Complaints are numerous, 
and it is proving impossible to lift cargoes reasonably 
promptly. Manufacturing on Australian account has 
had to be curtailed on account of the shortage of storage 
space, 

INDUSTRIAL DEVELOPMENT.—Speaking on April 25 at 
the opening of the first public library for the new town 
of East Kilbride, Sir Patrick Dollan, chairman of the 
East Kilbride Development Corporation, said that nego- 
tiations, which, he thought, would be completed during 
the present week, would enable a start to be made with 
the building of factories in the town, to employ over 
7,000 men and women. The development of the town 
would be more rapid than had been thought a year ago. 
The industries, he added, were to be permanent. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE NORTHERN GAS BoaRD.—The first annual report 
of the Northern Ges Board indicates that during the 
period from vesting day, which was May 1, 1949, and 
March 31, 1950, a net surplus of 40,2561. was realised on 
sales. It is interesting to note that surplus coke-oven 
gas from the works of Dorman Long & Co., Ltd., supply 
gas to Middlesbrough and Redcar under a contract 
which is due to expire in 1955. The area covered by the 
Board includes Durham, Northumberland, Westmorland, 
Cumberland and the North Riding of Yorkshire. 


———— 


THE MIDDLESBROUGH IRON AND STEEL INDUSTRY.— 
Disturbing conditions in the North of England iron and 
allied trades are many, severe and increasing. Out- 
standing among unsettling events is the inflationary 
trend which, however, appears to occasion less anxiety 
than does the prospective reduction in tonnages available 
for commercial interests. Requirements for the re- 
armament programme are attracting increasing attention 
and are seriously encroaching on the supply of materials 
needed for ordinary business. The alarming shrinkages 
in tonnage outputs, while still attributed chiefly to the 
scarcity of raw materials and scrap, are also due to the 
dearth of pig iron, imported parcels of which are being 
used to supplement home production. 





CABLE LAYING TO HoLy JsLAND.—On April 27, a 
telephone cable, 2,430 yards in length, was laid at low 
tide from Holy Island to the Northumberland mainland 
in four hours by 12 men of the Newcastle area General 
Post Office telephone staff. The work was accomplished 
with the aid of a tractor and a mole plough, of the type 
employed for land drainage work, and the cable was 
buried at a depth of 2 ft. It replaces another cable laid 
24 years ago. The operation was finished just before the 
tide rose to cut the island off again from the mainland. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


FALLING STEEL OutpuT.—Open-hearth steel produc- 
tion has fallen, in the Sheffield area, by approximately 
4,000 tons a week. There are now four big furnaces out 
of production at the melting shops of Steel, Peech and 
Tozer because there is not sufficient scrap material and 
pig iron available to maintain them in operation. Scrap 
shortage is the primary cause. Steel is consequently in 
short supply at rolling and re-rolling mills and these are 
compelled to work fewer shifts. All steel users are 
preparing for further cuts in the supply of billets. 

STAINLESS-STEEL SETBACK.—Sheffield makers of stain- 
less steels are very perturbed by the decision to cut their 
supplies of nickel by 30 per cent. from the beginning 
of the present month. The demand for stainless steels 
is constantly expanding, and, to meet exceptional calls, 
there has been under construction for some time a new 
2,000,0001. stainless-steel strip and sheet mill, which is 
expected to be completed this year, at the Shepcote 
Lane Works, Tinsley, of Firth-Vickers Stainless Steels, 
Ltd. Continental competition in stainless materials is 
expanding, Germany and Sweden being the main com- 
petitors abroad. 

HUNSLET MINING LOCOMOTIVE IN THE UNITED STATES. 
—The Hunslet Engine Co., Leeds, are exhibiting a 
100-h.p. oil-engined mine locomotive at the Exposition 
of the American Mining Congress, to be held at Cleveland, 
Ohio, from May 14 to 17. The locomotive weighs 
15 tons and is fitted with a Gardner Diesel engine and 
four-speed transmission. It is stated to be the first 
fully-flameproof Diesel mine locomotive to be shown 
in the United States. 


THE MIDLANDS. 


Raw MATERIAIS AND THE LABOUR PosITION.—On the 
whole, the position in regard to sheet steel is the most 
difficult in the Midland factories at present, but the 
fairly substantial dismissals of labour which were at 
first contemplated, have not materialised for the time 
being. Instead, several factories have introduced a 
shorter working week, which is operated from time to 
time as material supplies vary. There is, too, a certain 
amount of “ concealed ” unemployment, which is due 
to the fact that employees who are really redundant, 
at present, are being retained on the books in anticipation 
of a labour shortage when rearmament contracts are 
placed. Many of these contracts have been placed with 
firms in the Midlands already, and contractors who do 
not ordinarily handle this type of work are being given 
orders at an increasing rate. This is having its effect on 
labour, and is helping to offset the redundancy caused by 
enforced cuts in purely civilian production. Mr. S. A. 
Davis, Midland Regional Controller, Ministry of Supply, 
has estimated that when the re-armament programme is 
in full operation, one man in five in the engineering indus- 
try will be engaged on arms work. In the meantime, 
the difficulty of obtaining labour in certain industries 
continues. Iron foundries, in particular, have had many 
vacancies for a long period, and the position remains 
unchanged. 

Non-FERROUS METALS.—The problem of the continu- 
ing shortages of non-ferrous metals is being met in various 
ways. At some of the galvanising works, for example, 
increasing attention is being paid to questions of zinc 
recovery at various stages in the process. But alter- 
native finishes are having to be used widely. Birmingham 
and the Black Country have many porcelain enamelling 
plants, and work can be seen going to these shops instead 
of to the galvanisers. Porcelain enamelling is even 
being undertaken by firms which normally only treat 
their own goods, and are not usually engaged in trade 
enamelling. In the case of nickel, the reduction in 
supplies has simply meant that some articles which are 
normally nickel-plated will be left unplated, or else 
substitutes will be used, with a resultant deterioration in 
finish. Nickel plating has, in some cases, only replaced 
the older finishes in comparatively recent years. An 
example is provided by needles—exclusively a Midland 
product. Not many years ago the surface finish was 
produced by 2 lengthy process of scouring, and now, it 
seems, it will be necessary tc revive the old method. 





RalILbway REPAIR WORK NEAR RuGBY.—It is an- 
nounced by British Railways (London Midland Region) 
that there may be delays to express trains between 
Euston and the Midlands for about two months, as a 
result of necessary maintenance and replacement work 
at Newbold, near Rugby, where new water troughs are 
being constructed, together with new drains, and about 
3? mile of track is being relaid. During the work, long- 
distance trains will have to stop for water at Blisworth, 
Rugby or Nuneaton. 

UNDERGROUND GASIFICATION OF COAL.—The experi- 
ments on underground gasification of coal which have 
been in progress in Derbyshire are to be extended to 
Worcestershire. Seams close to the Bayton No. 6 
Colliery, near Bewdley, closed down by the Coal Board 
soon after nationalisation, are to be used for experi- 
mental purposes. The seams at Bayton are 5 ft. thick, 
and are at a depth of about 300 yards. . 

PROGRESS AT BLITHFIELD RESERVOIR.—The reservoir 
at Blithfield, near Rugeley, Staffordshire, which is 
being constructed for the South Staffordshire Waterworks 
Co., Ltd., is more than half completed. Work was 
started in 1948, and the reservoir, which will obtain its 
water from the River Blithe, a tributary of the River 
Trent, will be capable of holding four thousand million 
gallons of water. The main road from Uttoxeter to 
Rugeley crosses the valley which will be submerged, and 
an embankment and bridge are being built to replace the 
old road. The South Staffordshire Waterworks Company 
supply water to a large area of Staffordshire, including 
much of the Black Country, and most of the water is at 
present obtained from wells. The new reservoir is 
expected to be completed by the winter of 1952. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


CoLLIERY MAN-PowER.—The drift of man-power 
from the South Wales pits has been arrested, according 
to Mr. G. E. Aeron-Thomas, chairman of the Divisional 
Coal Board, in an address given before the annual 
conference of the Industrial Association of Wales and 
Monmouthshire. During the past year, he said, instead 
of the Division being 4,000 men down—as they would 
have been if man-power had continued to decline at 
the old rate—they were about 3,000 up, and an encourag- 
ing feature of the recruitment was that young men were 
being attracted into the industry. In South Wales, 
the coal industry was making far greater progress than 
had been anticipated. He hoped that the improvements 
taking place in this and the other divisions would mean 
that the country would never again have to go to America 
or any other country for coal. 





SATURDAY SHIFTS AT THE COLLIERIES.—So well have 
miners in the South-Western Division of the National 
Coal Board responded to the working of the Saturday 
voluntary shift that they have provided, this year, well 
above twice the quantity produced in 1950. According 
to official statistics, issued by the Coal Board, the 179 pits 
in the Division have produced 607,945 tons by this 
means, up to April 21, compared with 238,632 tons in 
the corresponding period of 1950. South Wales miners 
have approved the recommendation of their National 
Executive that the agreement, under which the shift is 
operated, should be extended for another year but they 
desire that operations should be suspended during the 
summer months. 





LEVEL CROSSING ACCIDENT AT HOPWORTHY FARM.— 
The Ministry of Transport have now issued the report 
of Colonel R. J. Walker, inspecting officer, on the accident 
which occurred on September 7, 1950, at Hopworthy 
Farm occupation crossing over the single line between 
Halwill and Bude, in the Western Region, British Rail- 
ways. <A passenger train, travelling at about 50 m.p.h., 
struck a tractor and trailer, and three persons on the 
trailer were killed. Colonel Walker found that ‘n0 
reasonable precautions would have made this crossing 
safe, and he recommended that it should be closed. The 
report is obtainable from H.M. Stationery Office at the 
price of 4d. net. 


le- 


WENVOE TELEVISION TRANSMITTER.—The new te 
vision transmitter which is being erected at Wenvoe, 
near Cardiff, will have a power of 50 kW, equal to that 
which is being installed in Scotland and, according to 
Mr. Ness Edwards, the Postmaster-General, the two 
stations will be the most powerful in the world. 


LOUGHOR WATERWORKS.—Work has started on the 
Loughor Joint Water Board’s 200,0001. water scheme 
for the construction of nine service reservoirs and “ 
laying of 17 miles of pipes to serve the Ammanford 
and Cwmamman Urban Districts and Liandilo Rura 
District. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting, 





SOCIETY OF ENGINEERS.—Monday, May 7, 5.30 p.m., 
Geological Society’s apartments, Burlington House, 
Piccadilly, W.1. ‘‘ The Submersible Motor Pump,” by 
Mr. Bernard Payne. 


INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre: Monday, May 7, 6 p.m., James Watt 
Memorial Institute, Great Charles-street, Birmingham, 3. 
“The Application of Gas-Turbine Technique to Steam 
Power,” by Mr. J. F. Field. North-Western Centre: 
Tuesday, May 8, 6.15 p.m., Engineers’ Club, Albert- 
square, Manchester, 2. ‘The Development of the 
Electrical System of the Bristol Brabazon Mark I 
Aircraft,” by Mr. M. J. Cronin. North Midland Centre: 
Tuesday, May 8, 6.30 p.m., The Queen’s Hotel, Leeds. 
Annual Meeting. Lecture on “ Mind and Invention,” 
by Professor G. P. Meredith. Northern Ireland Centre: 
Tuesday, May 8, 6.45 p.m., Queen’s University, Belfast. 
Annual Meeting. ‘ Impressions of the 1950 Session of 
the Paris High-Tension Conference,” by Mr. W. 
Szwander. London Students’ Section: Tuesday, May 8, 
7 p.m., Golden Fleece Hotel, Chelmsford. Chairman’s 
Address on “Television: An Introduction to the 
Generation and Transmission of Television Signals,” by 
Mr. I. J. Shelley. Radio Section: Wednesday, May 9, 
5.30 p.m., Savoy-place, Victoria-embankment, W.C.2. 
Symposium on “ The Sutton Coldfield Television Station.” 
—(i) “The Sutton Coldfield Television Broadcasting 
Station,” by Mr. P. A. T. Bevan and Mr. H. Page; 
(ii) “‘ The Vision Transmitter for the Sutton Coldfield 
Television Station,”” by Mr. E. A. Nind and Mr. E. McP. 
Leyton; and (iii) ‘‘ Vestigial-Sideband Filter for the 
Sutton Coldfield Television Station,” by Mr. E. C. Cork. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Leeds Branch: Monday, May 7, 7.30 p.m., Great 
Northern Hotel, Leeds. Discussion on “ Engineering 
Insurance.”” Bolton Branch: Tuesday, May 8, 7.15 p.m., 
York Café, Great Moor-street, Bolton. ‘‘ Approach to 
Electronics in Their Application to Industry,” by 
Mr. F. E. Noakes. Birmingham Branch: Wednesday, 
May 9, 7 p.m., Chamber of Commerce, 95, New-street, 
Birmingham. Discussion on ‘“ Centrifugal Pumps.” 
Bradford Branch: Wednesday, May 9, 7.30 p.m., 
Midland Hotel, Bradford. ‘‘ The Protection of Over- 
head Lines Against Bad Weather,’ by Mr. F. Lister. 
Crewe Branch: Friday, May 11, 7.30 p.m., Crewe Arms 
Hotel, Crewe. Discussion on ‘‘ Motors and Control 
Gear.” 

INSTITUTE OF FuEL.—Midland Students’ Section: 
Monday, May 7, 7.30 p.m., The University, Edmund- 
street, Birmingham. Annual Meeting. 


INSTITUTION OF CIVIL ENGINEERS.—Railway Engi- 
neering Division: Tuesday, May 8, 5.30 p.m., Great 
George-street, Westminster, S.W.1. ‘‘ Prestressed Con- 
crete Applied to the Construction of Railway Bridges 
and Other Works,” by Mr. Arthur Dean. Midlands 
Association: Thursday, May 10, 6 p.m., James Watt 
Memorial Institute, Great Charles-street, Birmingham, 3. 
Annual Meeting. Film on “ Asphaltic Bitumen and 
Retread,” introduced by Mr. E. B. Jenkins. 


CHEMICAL ENGINEERING GROUP.—Tuesday, May 8, 
5.30 p.m., Geological Society’s apartments, Burlington 
House, Piccadilly, W.1. ‘‘ Economic Reactor Design,” 
by Mr. G. T. Meiklejohn and Mr. R. C. Snell. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 8, 
5.30 p.m., 85, The Minories, E.C.3. ‘‘ Marine Torsion- 
meters and Thrustmeters,” by Mr. R. Cook. 


ILLUMINATING ENGINEERING SocieTy.—Tuesday, 
May 8, 6 p.m., The Royal Institution, 21, Albemarle- 
street, W.1. ‘‘ Luminescence,” by Professor E. N. da C. 
Andrade, 


WOMEN’S ENGINEERING SOCIETY.—Tuesday, May 8, 
7 p.m., 35, Grosvenor-place, Westminster, S.W.1. 
Discussion on ‘‘ The Engineering of Amusements.” 


INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Graduate Section: Tuesday, May 8, 7 p.m., James 
Watt Memorial Institute, Great Charles-street, Birming- 
ham, 3. “ Fundamental Machining Problems Associated 
with the Production of Gas-Turbine Components,” by 
Mr. P. Spear. Southern Section: Thursday, May 10, 
7 p.m., The Polygon Hotel, Southampton. “ Planning 
for Production Incorporating Cost Control,”” by Mr. 
C. W. Higgins. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Eastern 
Group: Tuesday, May 8, 7 p.m., 66-68, Newmarket- 
Toad, Cambridge. Open Meeting. South Wales Group: 
Friday, May 11, 7 p.m., South Wales Institute of Engi- 
hecrs, Park-place, Cardiff. Discussion on “ Engine 
Bexrings.” 
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INSTITUTE OF ECONOMIC ENGINEERING.—Enjield 
Branch: Tuesday, May 8, 7.30 p.m., The Technical 
College, Enfield. Open Discussion Meeting. 

RoyaL Society OF ARTS.—Wednesday, May 9, 
2.30 p.m., John Adam-street, Adelphi, W.C.2. Pope 
Memorial Lecture on “‘ Lyon Playfair and His Work for 
the Great Exhibition of 1851,” by Professor R. G. W. 
Norrish, F.R.S. . 

INSTITUTE OF PETROLEUM.—Wednesday, May 9 
4 p.m., 26, Portland-place, W.1. Symposium on 
“Combustion Reactions in Relation to Gas-Turbine 
Practice.” 


BRITISH INSTITUTION OF RADIO ENGINEERS.—North- 
Eastern Section: Wednesday, May 9, 6 p.m., Neville 
Hall, Newcastle-upon-Tyne. Annual Meeting and Film 
Display. 

INCORPORATED PLANT ENGINEERS.—East Midlands 
Branch: Wednesday, May 9, 7 p.m., Welbeck Hotel, 
Nottingham. Various short papers. Kent Branch: 
Thursday, May 10, 7 p.m., The Technical College, 
Maidstone. ‘‘ The Theory and Practice of Corrosion,’’ by 
Dr. A. Gyngel and Mr. L. C. J. Bayley. Newcastle-upon- 
Tyne Branch: Thursday, May 10, 7.30 p.m., Roadway 
House, 8, Oxford-street, Newcastle-upon-Tyne. “‘ Rocket 
Motors and Space Flight,” by Mr. J. Humphries. 

Society or CHEMICAL INDUSTRY.—Road and Building 
Materials Group: Thursday, May 10, 6 p.m., Institution 
of Structural Engineers, 11, Upper Belgrave-street, 
S.W.1. Annual Meeting. ‘“‘ Pitch and Pitch Mastics as 
Colloidal Systems,” by Dr. L. J. Wood. 

CHEMICAL SocreTy.—Thursday, May 10, 7.30 p.m., 
Royal Institution, 21, Albemarle-street, W.1. ‘‘ Trans- 
ient Entities in Chemical Reactions,” by Professor 
H. W. Melville, F.R.S. 

Roya InstiruTion.—Friday, May 11, 9 p.m., 21, 
Albemarle-street, W.1. ‘“‘ The Artificial Acceleration of 
Atomic Particles,”’ by Professor O. R. Frisch, F.R.S. 





CONTRACTS. 


GEORGE MacLELLAN & Co., LTD., Glasgow, have 
received an order for 30 miles of rubber flooring 
material, 72 in. in width, for Australia. The material is 
being supplied at the rate of about 6,000 yards a month. 


During March, the British Electricity Authority 
placed contracts for equipment for power and trans- 
forming stations and transmission lines amounting, in the 
aggregate, to 2,970,2551. The principal orders include 
main foundations for Hackney station, with J. L. Kem 
& Co., Lrp. and coal-handling plant for this station, with 
MITCHELL ENGINEERING, LTD.; superstructure exten- 
sions and workshop foundations for West Ham “B” 
station, with TAYLOR WooDROW CONSTRUCTION, LTD. ; 
reinforced -concrete framework, walls and foundations for 
33-kV outdoor switchgear at Rye House station, Hert- 
fordshire, with BIERRUM & PARTNERS, LTD.; auxiliary 
switchgear and accessories for Drakelow station, near 
Burton-on-Trent, with A. REYROLLE & Co., LTD., and 
coal-handling plant for this station, with MITCHELL 
ENGINEERING, LTD. ; structural steelwork for Fleetwood 
station, Lancashire, with EpwaRD Woop & Co., LTD., 
and coal-handling plant for this station, with Smmon- 
CaRVES, LTp.; high-pressure pipe-work at Bold station, 
near St. Helens, and at Roosecote station, Barrow-in- 
Furness, with Arron & Co., Ltp.; a 30,000-kW turbo- 
alternator, condensing and feed-heating plant for 
Warrington station, with the BrUsH ELECTRICAL 
ENGINEERING CO., Ltp.; a 50,000-kW turbo-alternator 
for Braehead station, near Glasgow, with C. A. PARSONS 
AND Co., Ltp.; and 132-kV overhead transmission lines 
from Carmarthen Bay to Carmarthen and Haverford 
West, with Brirish INSULATED CALLENDER’S CON- 
STRUCTION Co., LTD. 

VICKERS-ARMSTRONGS LTD., Vickers House, Broad- 
way, London, S.W.1, have received orders for the con- 
struction of three ships. The first is for a 28,500-ton 
passenger and cargo liner for the Australian service of the 
Orient Steam Navigation Co., Ltd. She will have a 
service speed of 22} knots and, externally, will resemble 
the Orcades and Oronsay. The vessel will be built at 
Barrow-in-Furness, where the propelling machinery, 
which will consist of 42,500-s.h.p. geared turbines, will 
also be constructed. The second order is for a 9,300-ton 
passenger and cargo steamer for Furness, Withy & Co., 
Ltd. This ship will be constructed at the Naval Yard, 
Newcastle-upon-Tyne, and will have a length of 470 ft., 
and a beam of 63 ft.2in. She will have a service speed 
of 154 knots and her propelling machinery, which is to 
consist of a 7,700-s.h.p. single-reduction geared turbine, 
will be built and installed by the Parsons MARINE 
STEAM TURBINE Co., Ltp. The third order is for an 
8,300-ton cargo and passenger motorship for Alfred 
Holt & Co. This vessel will also be built at the Naval 
Yard, Newcastle, and will bave main dimensions: 
425 ft. 9 in. by 62 ft. by 35 ft. 3in. Her B. & W. Diesel 
engine, to be built by Jonn G. Kincaip & Co., LTD., will 
give the vessel a speed of 16 knots. 


PERSONAL. 

Sirk HENRY TIZARD, G.C.B., A.F.C., F.R.S., and Sm 
ANDREW BRYAN, J.P., have been elected honorary 
members of the Institution of Mining and Metallurgy, 
Salisbury House, Finsbury Circus, London, E.C.2, in 
recognition of their eminent services. 

Mr. H. R. Lupron, M.C., M.A. (Cantab.), M.L.O.E., 
M.I.Mech.E., relinquished his position as mechanical 
engineer to the Metropolitan Water Board, London, on 
April 30. 

At a meeting of the Institution of Electrical Engineers, 
held on April 26, the certificate of honorary membership 
of the Institution was presented to Mr. P. V. HUNTER, 
C.B.E., a past-president, and the Faraday Medal for 1950 
to Sm James CHADWICK, M.Sc., Ph.D., F.R.S. 

Mr. <AvusTYN REYNOLDS, B.A., A.M.I.Mech.E., 
A.F.R.Ae.S., has been elected President of the Aluminium 
Development Association, 33, Grosvenor-street, London, 
W.1, for the year 1951-2; he succeeds Mr. EDWARD 
PLAYER. Mr. H. G. HERRINGTON has been elected 
vice-president and Mr. F. G. Woo.LuarRD, M.B.E., 
M.I.Mech.E., M.I.P.E., has been re-elected chairman of 
the executive committee. 

Mr. J. J. CARTER relinquished the position of managing 
director of Crossley Brothers Ltd., Manchester, on April 
30, after holding it-for 35 years. He is, however, con- 
tinuing as a director of the company and is also con- 
tinuing in his capacity of chairman of Crossley-Premier 
Engines Ltd. The new managing director of Crossley 
Brothers is Mr. H. DESMOND CARTER, M.I.Mech.E., 
M.1.Mar.E., director and chief engineer of the company. 

Mr. P. A. Brown has been elected President of the 
Marine Engineers Association, London Bridge House, 
London, 8.E.1, in succession to Mr. J. MCNAUGHT. 
Mr. A. FRASER has been elected vice-president. 

Mr. A. G. ELLiorr, C.B.E., has been appointed joint 
managing director, with Lorp Hives, C.H., of Rolls- 
Royce Ltd., Derby. 

Mr. ©. BucKLE, A.M.I.E.E., has been appointed 
engineer-in-charge of the television transmitting station, 
now being built at Holme Moss, near Huddersfield. His 
assistant is to be Mr. J. P. Broadbent, one of the senior 
engineers at Droitwich transmitting station. 

Mr. G. WEstT-ByNG, who was appointed chairman of 
the Tees Conservancy Commission in 1945, has now 
retired from that position owing to ill-health. 

Mr. H. D. Bett, having taken up permanent residence 
abroad, has resigned his directorship of Aberdare Cables 
Ltd. Mr. J. P. Gruiver, secretary, and Mr. A. J. 
NICHOLAS, director and general manager of South Wales 
Switchgear Ltd., have been appointed to the board. 

Mr. WALTER VAN HELDEN, director and general mana- 
ger of the Albert Street Works, of Joseph Sankey & Sons, 
Limited, Bilston, Staffordshire, retired on April 30, but 
retains his seat on the board. Mr. C. LOVERN, the present 
works manager of the Albert Street Works, has been 
appointed general manager and Mr. HENRY W. VAN 
HELDEN, works manager. . 

Mr. E. MARSHALL has been elected President of the 
Sheffield University Mining Society in succession to 
Mr. G. B. Grimspaw. Mr. C. R. HeEwitr has been 
elected vice-president and Mr. H. BARKER secretary 
and treasurer. 

Mr. EDWARD Hirst, vice-chairman and joint managing 
director of the British General Electric Co. Pty. Ltd., the 
Australian associated company of the General Electric 
Company of England, has relinquished these positions 
owing to ill health, after 40 years of service, but retains 
his seat on the board. Sm Harry Brown continues as 
full-time chairman of the board and Mr. Ww. R. CAITHNESS 
and Mr. T. E. Morean have been appointed joint 
managing directors. 

Mr. W. E. Buppine, assistant commercial manager 
of the British Electricity Authority, retires on May 31 
after 50 years of service in the electricity-supply industry. 

THE REGIONAL ADVISORY COUNCIL FOR HIGHER 
TECHNOLOGICAL EDUCATION have left 20, Fitzroy-square 
and, as from May 1, their address is Tavistock House 
South, Tavistock-square, London, W.C.1. (Telephone : 
EUSton 5484/5.) 

NEWMAN INDUSTRIES LTD., Yate, Bristol, have now 
been appointed sole selling agents for the United Kingdom 
for HErp centre lathes and copying lathes. 

On May 1, the name of MULLARD ELECTRONIC PRO- 
pucts Lrp., Century House, Shaftesbury-avenue, 
London, W.C.2, was changed to MULLARD LTD. 

VoIce AND VISION LTD. have removed to 1, Old 
Burlington-street, London, W.1. (Telephone: REGent 
3523.) 

INSLEY (LONDON) LTD., 119, Oxford-street, London, 
W.1, have been appointed the sole distributors for the 
needle bearings manufactured by HYDREL AG., Romans- 
horn, Switzerland, and have also obtained the agency 
for the KFA KUGELLAGER-FABRIK ARBON AG., Switzer- 
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NEW POWER STATIONS FOR THE 
B.E.A.: X.—RYE HOUSE. 


THe Rye House station of the British Electricity 
Authority, a general view of which is given in Fig. 1, 
is situated near Hoddesdun, Hertfordshire. Its steam- 
raising plant will eventually consist of six Babcock and 
Wilcox boilers, each with an output of 350,000 Ib. of 
steam per hour at a pressure of 650 Ib. per square inch, 
and a temperature of 850 deg. F. At present four 
boilers are under construction, part of one of which is 
shown in Fig. 2. There will be six 32-MW turbo- 
alternators, i of which are now being made by 
Messrs. Richardsons, Westgarth and Company, Limited, 
Hartlepool. A view of a foundation block for one of 
these machines appears in Fig. 3. The condensate will 
be cooled in five Davenport cooling towers, the pond 
for one of which is shown in Fig. 4. Each of these 
cooling towers will have a capacity of 1,350,000 gallons 





per hour. Fic. 4. Coortne-Tower Ponp. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





yable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
Canada 


of 10 0 


£5 5 0 


Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 


post free 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in, deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 

averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
} current week’s issue must be received not later 
han first post Wednesday. 
er’ ” instructions and alterations to standing 

Vertiscments for display announcements must be 
ng p- —— 10 days porn to the date of pub- 

, Otherwise it ma i ibl i 
Be «4 y impossible to submit 
f The Proprietors will not hold themselves responsible 
or advertisers’ blocks left in their possession for more 
two years. 
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THE FESTIVAL OF BRITAIN. 


ONE HUNDRED years ago, the “ Great Exhibition 
of Industry of All Nations” opened its doors in 
Hyde Park, and British industry—indeed, the 
British people—entered upon a new phase in their 
development. Needless to say, they were not 
immediately aware of the change; but the added 
impetus that the Great Exhibition gave to the urge 
for knowledge and the capacity for appreciation 
which was fostered so effectively by the Royal 
Society of Arts and the Mechanics’ Institutions, by 
the spread of mechanisation in industry and especi- 
ally, perhaps, by its extension to printing, can 
only now be seen in something like a true perspec- 
tive. It was not the first exhibition, by a very 
long way, nor even the first exhibition of manufac- 
tures, by a margin of 90 years; the credit for that 
innovation, as for the Great Exhibition itself, 
belongs to the Royal Society of Arts, which ar- 
ranged a small exhibition of mechanical models, 
agricultural implements, etc., in 1761 and, appar- 
ently, opened it to the public. It was open for 
less than a couple of months, however, and cannot 
have been seen by very many people ; whereas the 
Great Exhibition remained open from May to 
October and was visited by over six million people. 
It had an educative value that no other exhibition 
in these days, is likely to repeat. The circumstances 
are widely different, and it is because they are so 
different that it was decided to make the 1951 
occasion @ “‘ Festival.” As we write, Their Majesties 
the King and Queen are engaged in the ceremonial 
inauguration of this “‘ Festival of Britain”: a vast 
co-ordination of exhibitions and other events, great 
and small, of which no man can possibly see the 
whole, but which should open a few eyes to the 
things that British skill and ingenuity can do. 





It is always difficult to decide, in planning the 
editorial programme of a purely technical journal, 
just how much space to devote to any exhibition or 
function which seeks to combine instruction and 
entertainment : especially when, as often happens, 
the entertainment side presents examples of applied 
science, and engineering originality and skill, quite 
equal in quality to much that is demonstrated on 
the purely industrial side. There is the additional 
complication that an exhibition on such a scale as 
that on the South Bank affords opportunities 
for experiments with new forms of construction and 
new materials, the merits or demerits of which can 
be better seen in a full-scale trial than by any other 
means. The general public, seeing some of the 
more bizarre buildings that house sections of the 
South Bank Exhibition, can hardly be expected to 
realise how much intensive study of novel problems 
they have involved on the part of the consulting 
engineers and architects who were responsible for 
the detailed designs. The Dome of Discovery, 
for instance, has been even better named than the 
inventor of that title was aware; certainly, it has 
provided opportunity for measurements of the 
stresses and deflections in its structure that was not 
to be had anywhere else in the world. Some day, 
that knowledge may be valuable. 

There are so many exhibitions and special features 
embodied in the whole nation-wide programme 
that no more than a bare mention of some will be 
possible. From the engineering point of view, 
the main items or sections are the South Bank 
Exhibition; the Exhibition of Industrial Power, 
in the Kelvin Hall, Glasgow ; the touring exhibition 
ship Campania; the special displays arranged 
at the Science Museum, South Kensington; and 
the permanent works on the South Bank—the new 
river wall, and the Festival Hall. We hope to put 
on record in our columns the principal technical 
features of all of these ; some, in fact, have been 
dealt with already. In addition, of course, there 
are the periodical technical and scientific exhibitions 
falling in 195l1—for example, the Engineering, 
Marine and Welding Exhibition, and the Gauge 
and Tool Exhibition—all of which will contribute 
their quota of interest to the year of the Festival. 

There is one of the smaller exhibitions, however 
which many visitors to London may fail to see 
unless their attention is specially drawn to it, but 
which deserves that special mention: namely, the 
“‘ Exhibition of Exhibitions ” at the Royal Society 
of Arts, in John Adam-street, Adelphi, W.C.2. It 
was opened on May 1 by Princess Elizabeth, and, 
as the Society claims, holds “a unique position, 
for its venue is the actual birthplace of the Exhibi- 
tion [that of 1851] now being commemorated.” Its 
value lies not so much in the actual exhibits con- 
tained in it as in the insight that it affords, to those 
with any feeling for history, into the character of the 
great Victorians who (to quote Mr. Kenneth Luck- 
hurst, the secretary of the Royal Society of Arts) 
“brought this country to the highest pitch of 
national prosperity and international prestige it is 
ever likely to enjoy.” 

The quotation is from a book, The Story of 
Exhibitions,* which is likely to be one of the more 
permanent benefits arising from the Festival. 
Individually, exhibitions are ephemeral things, 
usually remembered in broad outline rather than in 
any detail; but their effects are cumulative and 
it is impossible even to guess at their ultimate 
sphere of influence. That they have influenced 
greatly the developments of nations is, however, 
undeniable, and Mr. Luckhurst’s book—factual, 
well-balanced, and eminently readable—contains 
much that is provocative of thought. It may 
suggest to some that, in the present day, too much 
is made of the facilities which modern processes 
provide for eye-appeal rather than appeal to the 
mind, and may even lead them to wonder whether, 
indeed, all the vast expenditure of the past century 
on the education of the masses has really raised the 
average level of mass intelligence. One thing 
however, is certain: in craftsmanship, and in 
resourcefulness of mind, the actual designers and 
makers of to-day need fear no comparison with any. 


* The Studio Publications, 66, Chandos-place, London, 
W.C.2. [Price 308.] 
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THE BRITISH INDUSTRIES 
FAIR. 


Tue proverb that the proof of the pudding is in 
the eating embodies a philosophy, the truth of 
which is sometimes difficult to demonstrate. 
Assessment of the value of trade exhibitions is an 
example of this difficulty, since the results of these 
displays are not only inevitably delayed, but are 
generally obscured by many other factors, so that 
they cannot be set down with any accuracy, either 
in sales graphs or in balance sheets. It is wise, in 
fact, to regard any attempt to do so, except in the 
most general terms, with some suspicion. This 
uncertainty applies with particular force to the 
British Industries Fair, of which the 30th in the 
series opened in London and Birmingham this 
week. This exhibition, as readers of ENGINEERING 
are well aware, is primarily designed to attract the 
attention of overseas buyers. It therefore repre- 
sents seed time rather than harvest, so that, much 
as its organisers may be congratulated on their 
efforts, reliable statistical information regarding the 
extent to which these efforts have stimulated export 
trade is almost entirely lacking. 

To assess the value of the Fair, recourse must 
be had, therefore, to other evidence, some of which 
is ex parte and not all of which can be accepted 
at its face value. In particular, the opinions of 
the overseas buyers, of whose presence so much is 
made in the official pronouncements, are wanting 
or, if available, are not made public in detail ; nor 
is it known with certainty bow many of the visitors 
who have attended the Fair in any one year have 
been sufficiently convinced of its value to themselves 
as to repeat their inspection at frequent intervals, if 
not annually. This is a pity, since, if the results of 
such an analysis were favourable, the organisers 
would have some indication that they were working 
on the right lines; while the doubts which now 
exist in the minds of many exhibitors as to whether 
the time and money expended in representation in 
Birmingham or London are profitable would be 
resolved. On the other hand, if such a canvass 
indicated that the first visit was, in the majority 
of cases, also the last, it would be some proof that 
improvement in one or more directions was overdue. 
It may be that the British Commercial Attachés in 
the principal foreign countries could provide some 
figures on tbis point. 

It is probable, of course, that the truth lies 
somewhere between these extremes. We do not 
doubt that there is a proportion of regular annual 
visitors, some of whom come to place orders and 
not merely in the hope of securing agencies ;_ but 
to credit the Fair with the whole of the business 
thus secured is to ignore the value of goodwill, which 
in many cases, would pull in a substantial proportion 
of the orders even if there were no Fair. It is more 
certain that, in some respects, the organisation could 
be improved, a view which is supported by the 
reaction to some comments which we made on the 
occasion of last year’s Fair. These comments, of 
course, referred principally to the engineering 
section of the Fair, at Castle Bromwich, and did not 
necessarily apply to those parts which are devoted to 
otiter goods and which may be less open to criticism. 
We believe that some attention has been paid to 
what we said on that occasion, but the machinery of 
government by committee and vested interest 
operates slowly and, broadly speaking, the short- 
comings to which we then drew attention still 
persist. 

It is understandable, of course, that, while the 
greater part of the accommodation at Castle 
Bromwich is in use for only a month or so in the 
year, there is likely to be a marked hesitation to 
make modifications involving capital outlay: yet 
we cannot believe that the money would be wasted. 
It is still true that, before the stands upon which 
engineering products are displayed at Castle Brom- 
wich can be reached and contact made with their 
usually well-informed attendants, the potential 
buyer, whether he comes from London or from 
East Coast ports, will probably have to undertake a 
railway journey of a rather tedious nature, to 
negotiate an unsightly and inconvenient entrance 


and, finally, to traverse a lengthy “avenue ” 
flanked by displays of goods in which his interest 
is ‘probably slight. We emphasise these points 
because they lend strength to the argument that, 
while the hall at Castle Bromwich is so big as to 
make any but the most energetic falter, it is still not 
big enough to enable the full scope of the British 
engineering industry to be publicised. Actually, of 
course, the scope is limited for another reason, 
namely, that certain sections of the industry prefer 
to organise their own specialist exhibitions and refuse 
support to others of a more general character. 
Another is that individual firms, including some of 
the most important, appear to be increasingly 
reluctant to commit their sales staff to a 
fortnight of stand-watching. Yet another is that it 
is becoming more difficult, for reasons of space, to 
exhibit the most up-to-date examples of the heavier 
engineering equipment, so that more and more 
recourse is being had to models which, though 
informative, cannot be as impressive as the real 


It is only fair to add that both management and 
exhibitors are well aware of these drawbacks, 
though agreement on the nature of the changes that 
should be made to bring about improvement seems 
difficult to attain. It is desirable, however, that 
some definite course of action should be planned 
without delay, either by the present organisation or 
by some other body. It is to be expected that, 
before long, it will become increasingly difficult for 
British manufacturers to obtain orders in the export 
market, owing to the increase in prices, the shortage 
of raw materials and swelling taxation. To assist 
in overcoming these difficulties an exhibition, 
such as the British Industries Fair, in which the 
high quality of the design, workmanship and 
performance of British goods can be brought to the 
attention of the potential buyer, should be able to 
play a much more important part than the present 
Fair appears todo. In order to do so, however, the 
path of the buyer must be made as smooth as 
possible; and he must be certain that he has 
received a comprehensive and well-balanced picture 
of the state of that branch of industry in which he is 
primarily interested. 

One way of attaining this object would be to 
increase the load factor of the exhibition buildings 
at Castle Bromwich. At the present time, their 
utilisation is practically confined to one crowded 
annual fortnight. By preparing a rota for each 
industry now represented and spreading the exhibi- 
tion over the spring, summer and early autumn 
months, more space would be available for individual 
exhibits, and for those amenities the lack of which 
constitutes a blot on the present arrangements. 
For the engineering industry to take full advantage 
of the increased space available, greater co-operation 
between the various branches would, however, be 
necessary. It would also be essential to break down 
certain existing prejudices against exhibitions in 
general and the Fair in particular. Given the 
necessary good will, it should be possible to solve 
even this difficult problem and thus to enable the 
resources of the British engineering industry to be 
displayed to better advantage. The fact that each 
exhibition would be wholly devoted to one industry 
or associated group of industries, instead of being 
diffused over several, would be an attraction 
rather than an obstacle to the buyer who meant 
business. 

In making this suggestion it has been tacitly 
assumed that Castle Bromwich should continue 
to be the venue of the British Engineering Fair 
though this is not essential. What is essential is 
an early consideration of the organisation of future 
Fairs with a view to ascertaining how their value can 
be increased. This year, the Fair’s wagon has been 
hitched to the star of the 1951 Festival, with all its 
réclame and high patronage. This may not be of 
immediate benefit to the more permanent or- 
ganisation. On the other hand, in the long 
run it may bring advantages by providing a 
pool of different experience and stimulating a 
study of the subject from a new angles We have 
no desire that the Fair should be discontinued, 
but we would like to see its appeal greatly 





strengthened. 





NOTES. 


INSTITUTION OF ELECTRICAL ENGINEERS. 


Tue Faraday Medal for 1950 was presented to 
Sir James Chadwick at the meeting of the Institution 
of Electrical Engineers on Thursday, April 26, for 
his distinguished work in nuclear physics and on 
radioactivity. Sir James had been prevented 
from attending a year ago, and the presentation 
was therefore made by Professor E. B. Moullin, 
during whose presidency the award had taken place. 
The President (Sir Archibald Gill) recalled that Sir 
James Chadwick had collaborated with Rutherford 
at the Cavendish Laboratory, Cambridge, and that 
the fundamental researches they had then conducted 
had laid the foundations upon which the structure of 
modern nuclear physics had been built. In acknow- 
ledgment, Sir James said that no physicist, and 
especially no experimental physicist, could think of 
Faraday without emotion. To be associated with 
his name by the award of this medal and to be 
thought worthy by members of a great professional 
institution to be counted as one of his scholars, 
pursuing faintly and very far behind in the path he 
had made, induced feelings which could not be 
conveyed. The President then announced that, as 
Mr. T. L. Eckersley, who had been awarded the 
Faraday Medal for 1951, was not well enough to 
attend the meeting, it would be presented to him at 
the research laboratories of Marconi’s Wireless 
Telegraph Company on Tuesday, May 1. On the 
conclusion of this ceremonial busines the 42nd 
Kelvin Lecture was delivered by Sir John Cockcroft, 
C.B.E., F.R.S., who took for his subject ‘‘ Modern 
Conceptions of the Ultimate Structure of Matter.” 
We reprint the lecture on page 544 of this issue. 


Usr or RapioactivE Isotopes In INDUSTRY. 


A conference on the Use of Radioactive Isotopes 
in Industry, organised by the Industrial Research 
Committee of the Federation of British Industries 
and the Atomic Energy Research Establishment, 
Harwell, was held at the Institution of Electrical 
Engineers on May 1. Sir Wallace Akers, C.B.E., 
chairman of the Committee, occupied the chair at 
the conference. At the morning session, five 
addresses were delivered by scientists engaged 
in atomic energy research at Harwell or at the 
Radiochemical Centre, Amersham, and in the after- 
noon four users of radioactive materials in industry 
gave particulars of their work. As Sir John 
Cockcroft, F.R.S., Director of the Harwell Establish- 
ment, had been unavoidably detained, his intro- 
ductory address was taken after Mr. W. S. Eastwood 
had spoken on ‘‘ Non-Destructive Testing and Its 
Application in Industry.” Mr. Eastwood referred 
to y-radiography and to the uses of B-particles for 
examining materials by transmission and reflection. 
Mr. J. L. Putman, speaking on radioactive tracers in 
industry, explained that natural radioactive sub- 
stances were too costly for general use, but that 
the artificially produced radioactive isotopes could 
be employed economically. Some of the interesting 
technical applications were to indicate the position 
of a float in a closed chamber, to investigate the 
flow of oil in a pipeline, to measure large flows 
of water, to determine the quantity of molten 
metal in a furnace, and to measure the wear 
of piston rings in an internal-com bustion-engie. 
Such uses were possible, he said, because radio- 
actively “‘ marked ” elements followed through any 
chemical reaction without change. Dr. W. P. Grove 
spoke on applications of “labelled ” organic com- 
pounds, referring to their uses in investigating 
polymerisation processes, the fermentation of 
sewage sludge with the production of methane, the 
study of insecticides and weed killers, and the in- 
vestigation of flotation processes. The last —_ 
in the morning session was by Mr. B. 8. —_ 
who explained the precautions which have to 
taken to safeguard the health of persons employing 
radioactive materials. The first speaker 10 
afternoon was Dr. P. S. H. Henry, who ee 
particularly to the use of f-rays from irradia 
thallium foil to disperse the electrostatic charge? 
which accumulate on fabrics and thus to preveMt 
them from picking up dust and dirt from the air 
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in textile mills. Mr. A. M. Morgan dealt witb 
applications of radioactive isotopes in the electrical 
industry ; oe application was the location of gas 
leaks from buried cables of the gas-pressure type. 
Mr. C. B. Fergusson described the methods he had 
employed to examine the longitudinal and circum- 
ferential welds in heavy steel cylinders, 25 ft. in 
length and 3 .n. m thickness. The radium emana- 
tion radon was used for this work, the y-rays emitted 
from the radon being passed through the weld on to 
a photographic film, any defects being indicated by 
variations in the density of the film after develop- 
ment. Finally, Mr. K. Fearnside explained the 
directions in which future developments in the uses 
of radioactive isotopes might be expected. 


Tue Institute oF FUvEL. 


Sir Frederick Handley Page, C.B.E., was the 
principal speaker at the annual luncheon of the 
Institute of Fuel, which was held on Thursday, 
April 26, at the Connaught Rooms, London, W.C.2, 
under the chairmanship of the President, Mr. 
J. F. Ronca, O.B.E. Before proposing the toast of 
“The Guests,” however, to which Sir Frederick was 
to respond, the President presented the 1951 
Melchett’ Medal to Professor F. H. Garner, O.B.E., 
Director of the Department of Chemical Engin- 
eering, and Dean of the Faculty of Science in the 
University of Birmingham. Sir Frederick Handles 
Page, who was welcomed as chairman of the 
Governing Board of the City and Guilds College and 
as a member of the Governing Board of the Imperial 
College of Science, contrasted the medieval con- 
ception of the functions of a university with the real 
educational needs of the present day. Ordinary 
university training, he said, was still mainly aca- 
demic in character, and did not lay much stress on 
the applications of the principles of science. Tbe 
immediate need, however, was to learn how to apply 
knowledge. He criticised the proposal by the 
National Advisory Council for Technical Education 
to set up @ Royal College of Technology. There 
were eight or ten colleges of university status which 
ought to be “‘ up-graded ” to teach the higher aspects 
of certain branches of technology. In America, the 
best brains were going into business and industry, 
and Britain could not afford to lag behind. 


Tue Junior INSTITUTION OF ENGINEERS. 


A large gathering of members and their friends 
attended the annual dinner of the Junior Institution 
of Engineers at the Connaught Rooms, London, on 
April 27, under the chairmanship of the President, 
Engineer Rear-Admiral D. J. Hoare, C.B. The 
toast of “The Institution’ was proposed by Dr. 
8. Livingston Smith, who expressed the opinion 
that there was a danger of too much attention being 
paid by newcomers to engineering to the academic 
side of the profession and too little to its practical 
aspects. He wondered whether the teaching at the 
colleges and universities was as good as it was 
thought to be. The university of the cloisters and 
the university of life were very different things. 
The toast was acknowledged by Mr P. B. Hebbert, 
chairman of the Institution, who spoke of the debt 
Which was owed to the Maudslay Society for 
their generosity in founding scholarships, and 
referred to the assistance which the Institution was 
able to give in the selection of recipients. Air 
Commodore F. R. Banks, C.B., O.B.E., President- 
elect, proposed a toast to “Research and the 
Marine Engineer.” He dealt in humorous fashion 
with his early experiences in marine engineering, 
and thought that too many young engineers went 
straight into the drawing office, without first experi- 
encing the joy of getting themselves dirty doing 
practical work. Admiral Hoare, in his reply, 
teferred to the remarkable achievements of research 
Work; research work on any scale, great or small, 
he thought, was proved to be well worth while. 
In reply to the toast of “‘ Our Guests,” proposed by 
Mr. N. E. Pillinger, Sir George H. Nelson observed 
that the foremost need in industry at the present 
ume was for the stabilising of wages ; prices and 
costs depended in a large measure upon that. The 
Sreatest want of the world was for technically- 
‘rained men; there were many indications that 

dia, for instance, was anxious for the services of 
British engineers. 


LETTERS TO THE EDITOR. 
THE VARIATION OF MEAN FLOOR 
LOADS WITH AREA, 


To THE Eprror oF ENGINEERING. 


Smr,—A few years ago, I analysed the results of 
the surveys of live loads in offices made by C. M. 
White (1931) and J. W. Dunham (1947), and I 
found that the most unfavourable observed mean 
live loads on slabs, beams and columns could be 
represented approximately by the same relation 


800 
w=10+ Vi (Ib. per sq. ft.), 


where A = average supported floor area (sq. ft.). 

I was interested to see that Dr. M. R. Horne, in 
your issue of February 16, 1951, on page 179, ante, 
obtained similar expressions on a statistical basis. 
If surveys on buildings with other occupancies could 
be made, and expressed in a similar way by changing 
the values of the constants in the above equation, 
the present complex B.S.S. loading requirements for 
slabs, beams and columns could be very much 
simplified and brought on a rational basis. 

Yours faithfully, 
Dr. G. G. Mrvrernor, M.Sc. (Eng.), 
A.M.LC.E. 
2, Leander-gardens, 
Watford, 
Hertfordshire. 
April 28, 1951. 





THE PRODUCTION OF TIDAL 
POWER BY THE TWO-BASIN 
SYSTEM. 
To THe Eprror or ENGINEERING. 
Sm,—I have read with great interest Mr. G. 8S. 





number of tidal stations could be put into operation 
at sites where the idle period of one station could be 


| filled by the working period of one or more other 


stations. The accompanying diagram shows the 
power available during one tide (mean range) with 
the single-basin two-way system. 

A rough preliminary survey of possible sites in 
Scotland where the mean tidal range is 10 ft. or 
over has been made and the possibilities are seen 
in Table II. 

The figures given are for gross horse-power, and, 
since the areas were taken from comparatively small- 
scale maps, must be taken as approximate only. 
When these figures are plotted on a time base for 
one tide, it will be seen that a continuous, although 
fluctuating, power supply is available. Obviously, 
@ more detailed investigation is necessary for each 
site, but it would appear that, if ever tidal power 
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comes to be considered, it must be considered as & 
whole for all possible sites, and that the solution of 
the problem lies along the lines indicated. ° 

G. 8. Srezn, B.Sc., Ph.D., 











Collyns’s article on “‘ The Production of Tidal Power A.M.L.C.E. 
by the Two-Basin System ” in your issues of April 6| Department of Engineering, 
and 13, on pages 392 and 427, anie. In this article,| University College, 
he puts forward the case for the two-basin system Dundee. 
very ably; but, if the production of the maximum| April 26, 1951. 
TABLE I. 
Head, in Feet. 
System. Pg AH ba | H.P.-Hours. 
Average. Maximum. Minimum 

Single basin, two way as a 5-22 5-5 4-8 | 9,420 | 4-8 hours 45,200 
Double basin Re ade tate ae 8-0 5-1 1,460 12-4 ,, 18,100 














possible power is desired, the following aspect may 
be of interest. 

If we assume a total impounded area of 1 sq. mile 
and a mean tidal range of 10 ft., and take the time 
between consecutive high tides as 12-4 hours, we 
get the figures given in Table I. 

For the double-basin system, these figures 
are calculated on the assumption that the areas of 
the upper and lower basins are each } sq. mile. 














TABLE II. 
Mean | Time of| Area, H.P. on 
Site. Range, | High Sq. Mean 
Ft. Water Miles. Range 

Firth of Forth ..| 14-0 | 2-52 | 36-8. | 680,000 
FirthofTay ..  ..| 12-5 | 2-42 38-3 | 564,000 
Moray Firth ..  ..| 11-0 | 0-00 | 37-0 | 421,000 
Cromarty Firth ..| 10-7 | 11-90 17-0 | 183,000 
Kyle of Tongue --| 10-5 9-01 4-01 41,600 
Loch Eriboll .. ...| 10-5 | 9-01 6-90 | 71,600 
Loch Chairn Bhain ..} 10-8 | 6-90 5-74 | 63,100 
Loch Broom .. ..| 10-0 | 6-70 11-10 | 104,500 
Little Loch Broom ..| 10-0 | 6-70 3-42 | 32,200 
Loch Ewe... ..| 11-0 | 6-70 | 10-30] 175,000 
Loch Torridon -.| 11-0 | 6-50 6-97 | 76,500 
Loch Carron .. ooh 236 6-50 5-96 74,200 
Lochs Alsh and Duich | 10-6 | 6-50 17-50 | 185,000 
Loch Hourn .. ..) 10-6 6-00 2-02 | 21,400 
Loch Nevis 10-6 5-84 2-16 22,800 
Loch Sunart .. --| 10-8 5-70 14-00 | 156,800 
Wigton Bay .. --| 16°0 11-50 15-40 | 371,000 
Kirkcudbright Bay ..| 17-0 11-01 2-97 81,000 
Dumfries + --| 10°56 11-93 3-83 | 137,000 
Solway .. ay ..| 20-0 11-97 15-15 | 570,000 











Apart from intermittent working, the single-basin 
system seems to offer many advantages, not the least 
of which is the comparatively small range of head 





during the working period. The disadvantage of 
intermittent working could be eliminated if a 





STEAM PIPING FOR HIGH 
PRESSURES AND TEMPERATURES. 
To THE Eprror oF ENGINEERING. 

Sm,—In your summary, on page 471, ante, of the 
discussion on Dr. R. W. Bailey’s paper on steam 
pipes, presented to the Institution of Mechanical 
Engineers on April 13, the statement was attributed 
to me (five lines from the top of the middle column) 
that “It was clear that Dr. Bailey was modifying 
Lamé’s formula for determining pipe thickness . . .” 
This, however, is not correct ; what I did say was 
that Dr. Bailey was modifying Barlow’s formula— 
a rather different matter. As you will have noted 
from my article on “Stresses in Tubes due to 
Internal Pressure,” in Enornzerimna of Septem- 
ber 15, 1950 (vol. 170, page 218), and the subsequent 
correspondence, I am rather an advocate of Barlow’s 
formula. 

Yours truly, 
J. 8. Bua. 

Stewarts and Lloyds, Limited, 

Department of Research and Technical 

Development, 
Corby, Northamptonshire. 





LEAD ALLOCATION IN May.—The Ministry of Supply 
announce that, although the lead allocation for May 
remains unchanged at 90 per cent. of the 1950 average 
monthly consumption, and consumers may buy up to 
that amount, deliveries may be delayed during the 
month on account of temporary shipping difficulties. 
The Ministry, however, expect to be able to deliver at 
least 80 per cent. of the average monthly consumption 
in 1950. The balance of 10 per cent., if it cannot be 
delivered in May, will be delivered in June. 
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ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


Iil.—Tue Royat Festiva, HALL aT THE 
Soutn Bank. 


Yesterday evening (Thursday, May 3), Their 
Majesties the King and Queen attended the dedica- 
tion and opening of the Royal Festival Hall, which 
is situated on the South Bank exhibition site. It 
is the only large permanent building of the exhibi- 
tion, and, though allied with the Festival, it is the 
property of the London County Council and is the 
first stage of the Council’s proposed reconstruction 
of the South Bank site. Eventually, when the 
temporary structures have been dismantled, the 
long-awaited National Theatre will be built on a 
site between the Hall and the Waterloo Bridge, 
and an extension, consisting principally of a smaller 
hall, will be added to the south-east end of the Hall. 
A photograph of the Hall, taken on Tuesday this 
week, is reproduced in Fig. 22, opposite; and 
Fig. 3, on page 422, ante (in our issue of April 13), 
shows its location on the Exhibition site. 

The L.C.C. architects responsible for the Hall are 
Mr. Robert H. Matthew (architect to the Council) ; 
Dr, Leslie Martin (deputy architect to the Council) ; 
Mr. Edwin Williams; and Mr. Peter Moro. The 
consulting civil engineers are Messrs. Scott and 
Wilson ; and the acoustic consultants are Mr. Hope 
Bagenal and members of the staff of the Building 
Research Station. Mr. J. Rawlinson, chief engineer 
to the L.C.C., is responsible for the electrical work 
and boilers; and Mr. R. Coe and the staff of the 
heating and ventilating section of the L.C.C.’s 
architect’s department are responsible for the heat- 
ing and ventilating. The contractors are Messrs. 
Holland & Hannen and Cubitts, Limited, 1, Queen 
Anne’s Gate, London, §.W.1, and the contract 
manager is Mr. §. L. Reynolds. 

The accommodation which had to be provided 
included a main auditorium for over 3,000 people ; 
a small hall for 700 to 800 people, which could be 
used for chamber music, etc.; spacious foyers; a 
restaurant facing the river; meeting rooms; and 
exhibition galleries. In addition, there had to be 
accommodation for the orchestra, administrative 
accommodation, as well as the usual services. The 
main changes in the building as it stands at present 
arise from the decision to concentrate building work 
on the main accommodation, and not to attempt to 
build the small ball at this stage. This has meant a 
certain temporary re-arrangement, but the building 
is perfectly equipped to meet all the needs of a 
concert hall. The design, which is shown in Figs. 30 
and 31, on page 539, arises primarily from the con- 
venient arrangement of this accommodation, and 
from the consideration of sound transmission and 
acoustics, The site, with its magnificent views 
across the river, is alongside a railway viaduct, and 
it was essential to exclude external noise. This 
gave rise to the conception of the auditorium as a 
central soundproofed core to the structure. The 
auditorium is raised above the foyer level, and is 
enclosed by an outer envelope. Within this 
envelope, the well space surrounding the auditorium 
is used for foyers, restaurants and ancillary accom- 
modation. In dividing up the accommodation, use 
has been made of large glazed screens, so that the 
full effect of internal space may be appreciated. 
The building as planned could be used as a whole to 
serve the needs of a musical festival, or it could be 
used for several activities taking place at the same 
time. Recent photographs of the interior of the 
Hall are reproduced in Figs. 24 and 25, on page 538. 
and in Fig. 28, on Plate XL. Fig. 29, on Plate XL, 
shows the interior during construction. 

The Building Research Station, in conjunction 
with the acoustic consultant, were asked to make 
measurements of the noise levels on the site and to 
give an opinion on the practicability of measures for 
sound insulation. It was found that the noise 
levels were quite high—of the order of 90 decibels— 
particularly at the low frequencies which are the 
most difficult to insulate. There was also a problem 
of underground-train noise. Some lines pass 
directly under the Hall and could be expected to 
cause vibration; measurements were therefore 





made in basements of existing buildings on the site. 
Vibrations of this kind would be exceedingly diffi- 
cult, if not impossible, to insulate in a building, but 
it was concluded that they were not likely to cause 
annoyance. 

The Hall is of double-skin construction, for both 
the walls and roof. The lower parts of the Hall, 
containing the entrances, automatically have extra 
protection from the surrounding structure, but in 
order to improve their usefulness for insulation, the 
ceilings of large parts of the foyers were treated with 
special sound absorbents, especially on the parts of 
the building nearest the railway bridge. These could 
be counted on to reduce noise levels appreciably but 
not sufficiently, and double-door systems were 
provided for entry to the Hall itself to attain the 
required reduction. The lobbies between the sets of 
double-doors were then treated with sound absor- 
bents to ensure that they, too, acted as far as 
possible as sound-locks. Finally, there was the 
ventilation system to consider, because the large 
openings necessary for the intake of air would have 
admitted noise freely. This was avoided by inserting 
in the entry to the ducts a series of sound-absorbent 
splitters such as are used to reduce the noise of 
aircraft-engine test-houses. The most doubtful part 
of these precautions, and the most important, was 
the double shell which is the only protection for 
the exposed part of the Hall. It was thought 
desirable to build a small test structure on the site, 
using the same construction as that proposed for the 
walls and roof. This was constructed while the 
foundations of the hall were being built and was 
subjected to many measurements. The walls 
proved adequate, but modifications to the roof were 
necessary. On the basis of these results the details 
for the actual construction were finalised. The 
walls consist of two thicknesses of concrete sepa- 
rated by a cavity lined with wood-wool as a sound 
absorbent, while the roof consists of two layers of 
concrete, separated by a larger air space, the upper 
leaf being carried on the lower by brick sleeper- 
walls, but insulated from it by a layer of glass-wool. 

At the first of a series of test concerts the audience 
was enjoined to keep silent on two occasions for two 
minutes, which it did with great success, while a 
team of listeners located at various places in the 
Hall tried to detect train noises. It was evident that 
the noise of trains from Hungerford Bridge had been 
successfully excluded. At the same time an apprai- 
sal was made of the noise from the underground 
trains. This is just audible under quiet conditions, 
and computations suggest that for about 10 seconds 
in every 10 minutes its loudness may reach that of 
the noise from a very attentive audience. This 
means that, if a quiet passage of music should 
happen to coincide with a passing train, the train 
noise may just be detected by listeners if they are 
in fact trying to hear the trains rather than the 
music. It is not thought that this will cause any 
annoyance. 

Work on the engineering design began in Novem- 
ber, 1948, when the architects had prepared sketch 
plans setting out their general conception of the 
building. The main auditorium is carried on 
columns at a relatively high level, so that the foyers, 
restaurants, etc., are accommodated below the 
floor. The structure under and around the audi- 
torium consists of floors carried on columns and 
without infilling walls, the external faces of the 
building being largely glazed. This design resulted 
in the rather unusual condition of the heavy mass 
of the auditorium, weighing about 25,000 tons, 
being supported at a high level on slender columns 
without lateral support. It was therefore decided 
to use the staircases at the four corners of the 
building as buttresses and, with this in view, 
they were designed as far as possible with reinforced- 
concrete walls. The auditorium is rectangular in 
plan, with a floor sloping towards the orchestra 
end. The ceiling is horizontal in cross-section but 
slightly profiled in the longitudinal direction. The 
architects’ sketch design showed a curved outer 
shell to the roof, and, in the space between the 
ceiling and the roof, the main ventilation ducts and 
a system of subsidiary ducts were required to run. 
Bowstring girders were therefore adopted as the 
most convenient form of roof support. The rear 
end of the auditorium is spanned by a large balcony. 


The major acoustic requirements were, firstly, that 
the walls of the auditorium should consist of two 
leaves of solid material 12 in. thick, with a continu. 
ous air space of 12 in. between them. It was laid 
down that the air space should be maintained 
everywhere and that there should be no contact 
between the leaves except at their common footing 
at the level of the auditorium floor. In the second 
place, the roof was required to consist of two leaves, 
the inner one 6 in. thick and the outer one 4 in. 
thick. These leaves are separated by an air space 
of 12 in. (minimum), and, where the outer leaf rests 
on supports from the inner leaf, it is isolated by a 
2-in. layer of glass-silk. 

The site had been built over for a long period of 
time with structures requiring deep foundations 
and other underground works. Originally, a water- 
works existed in this area, and finally the massive 
Lion Brewery stood there. The subsoil consists of 
miscellaneous fill and silt down to about 10 ft. 
below ordnance datum, and, between that level 
and London clay, at approximately 20 ft. below 
ordnance datum, there is a layer of compact gravel, 
The ground-water rises and falls in sympathy with 
the tide from a level of 2 ft. below to 3 ft. above 
ordnance datum. A decision regarding the form 
of foundations had to be taken before it was possible 
to complete trial borings. Some information, how- 
ever, was available regarding strata in the vicinity. 
No part of the structure required more careful 
consideration, since any delay in the foundation 
work would have had a serious effect on the com- 
pletion of a building for which a total contract time 
of only 20 months could be allotted. There was a 
choice of either piling or mass-concrete individual 
column bases. Piling was rejected because it was 
feared that the obstructions known to exist on the 
site would cause delay, and certainly the number 
and nature of those encountered would seem to have 
justified this decision. Furthermore, basements 
covered a considerable area of the building and 
these required excavation down to founding level 
on the gravel. The design, therefore, utilises mass- 
concrete foundations and column bases. In order 
to found these bases on the gravel overlying London 
clay, it was necessary to excavate to about 13 ft. 
below ground-water level. The consulting engineers 
considered that lowering of the ground-water level 
by means of well-points would be the most efficient 
method of keeping the excavation dry. Contrac- 
tors were, however, invited to tender on the basis 
of their own proposals. In the event, the success- 
ful contractor tendered on the basis of well-points 
and the method was conspicuously successful. 
The basements of the completed structure are water- 
proofed by means of bituminous fabric. ’ 

The structure can be divided into two sections : 
first, the wings and foyer areas, and secondly the 
auditorium together with its component parts. 
The wing structures followed fairly normal column, 
beam and slab construction. The columns were 
kept as slender as was reasonably possible by the 
use of a high percentage of steel reinforcement ; 
otherwise, when the cladding was fixed to them, 
they would have appeared bulkier than was desir- 
able. The architectural design called for a shallow 
construction depth in the floors in many parts of 
the foyers. There are, for instance, certain beams 
38 ft. in span and only 20 in. deep. The reinforce- 
ment of such beams was naturally heavy, and their 
intersections with columns required careful detail- 
ing. Some of the internal staircases are of interest- 
ing design, being spiral or dog-legged, formed in 
reinforced concrete and calling for a quite elaborate 
analysis of stresses.* The inner leaf of the audi- 
torium wall has to stand from floor to roof level 
without being supported by the surrounding struc- 
ture, since a complete structural separation results 
from the double-leaf construction. Furthermore, 
the internal galleries are narrow and the oppor 
tunities of buttressing the wall were limited by the 
need of access along the galleries. The stabilising 
of this wall, both during construction and in the 
completed building, required careful consideration. 





* See “The Design and Construction of the Royal 
Festival Hall’; paper by Mr. E. O. Measor and Mr. 
D. H. New, presented to the Institution of Civil Engi 
neers on March 13, 1951. Figs. 30 and 31 are based on 





illustrations which appear in this paper. 
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Fic. 23. Construction at Grounp-FLoor LeveL; OoToseR 27, 1949. 


A satisfactory result was obtained by using, as the 
stiffening element, a combination of the horizontal 
galleries and certain vertical buttresses which did 
not require to be pierced by large openings. The 
steel bowstring girders supported the inner shell of 
the roof during concreting. The inner shell itself, 
on completion, acts, together with the girders, to 
form a composite vault arch, for which the bottom 
chords of the steel girders provide ties. Steel is 
thereby economised in the top chords. The girders 


form a convenient method of supporting the sus- 
pended ceiling, the main ventilation ducts and the 
orchestra canopy. ‘‘ Triad” precast-concrete cen- 
tering was utilised in both the inner and outer roof 
shells. 

Many balconies of existing theatres and halls 
have been supported on girders carrying cantilever 
balcony beams anchored into the back wall of the 
building. This form of construction was not con- 
venient in the present instance because the amount 
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of movement at the attachment of the cantilever 
beams to the back wall would have been exaggerated. 
It was decided, therefore, to separate the balcony 
structure from the back wall and to form it into a 
quadrilateral box, of which the deep face constitutes 
a main girder carrying vertical loads, and the box 
itself takes the torque moment of loads whose 
centre of gravity does not coincide with the main 
girder. The main girder, in combination with the 
large buttresses on which it rests at each end, and 
which appear as a feature in the foyers below, was 
designed as a rigid frame. This form of construction 
economised in the quantity of steel reinforcement 
required. 

A small hall (designed for chamber music) will be 
built subsequently, part of it being fitted in under 
the orchestra end of the auditorium. The possi- 
bility that sound might travel down from the 
orchestra area, and in particular the organ, into 
the small hall, led to the decision to separate the 
two halls structurally. This necessitated bridging 
the south-east wall of the main auditorium 90 ft. 
over the small hall. Also, a number of columns had 
to pass through the small hall structure to founda- 
tions below, and, in order to effect the required 
separation, sleeved columns were used. These 
consist of a core column supporting the auditorium 
structure, and an outer sleeve column, supporting 
the small hall roof, separated by 2 in. of glass-silk. 
The outer column is carried down to an upper base 
which is separated from the lower base by means 
of a sandwich filling of three layers of compressed 
asbestos. 

Work on the foundations commenced early in 
May, 1949. The contractor proposed that, in the 
interests of speed, the whole area of the foundations 
should be bulk-excavated in preference to excavating 
individual piers. This proposal was accepted, and 
in the light of the great number of massive concrete 
and brick obstructions encountered, it is considered 











ENGINEERING. 


MAY 4, I9Q5I. 











Fia. 24. ARRANGEMENT OF Boxes. 


that a considerable saving of time resulted. The 
area of excavation was surrounded by a ring of well- 
points. The well-points were sunk by jetting down 
to the level of the top of the London clay. Pumping 
started on June 19, 1949, and within four days the 
water level was reduced to 13 ft. below ordnance 
datum. The bulk excavation below datum down to 
minus 11 ft., which was the general founding level, 
was thus enabled to be done in the dry and pro- 
ceeded at high speed ; 56,000 cub. yds. of material 
were removed.* The concrete work on the founda- 
tions was commenced towards the end of June, 
1949. A central concrete batching plant was 
installed, consisting of two weigh-hoppers, each 
serving two 18-12 capacity mixers. The concrete 
was delivered from the mixing plant by pumps 
through 6-in. piping. Work on the foundations and 
basements was substantially completed during the 
months of July, August and September. The 
superstructure began to rise above ground-level 
early in October, as shown in Fig. 23. The con- 
tractor set up & site planning staff for the work, and 
this contributed to the remarkable progress achieved 
in the reinforced-concrete construction, in spite of 
the elaborate nature of the work and the short mar- 
gin between the receipt of drawings and the execution 
of the work, which was unfortunately inevitable. 
Concrete for the reinforced-concrete work in the 
superstructure was pumped from the central mixing 
plant, except for the higher parts of the wing struc- 
tures, the roof of the auditorium, and certain stair- 
cases, where individual concrete mixers and hoists 
were utilised. Formwork was generally of timber, 
but steel shuttering was used for the auditorium 
walls. Work was carried out more or less uniformly 
over the area of the building up to the level of the 
auditorium floor. From this point, the auditorium 
inner leaf was pushed up at utmost speed to roof 
level so as to permit the roof girders to be erected 
and covered as early as possible. During the first 
four months of 1950, a battery of four steam boilers 
was kept in constant readiness on the site, and steam 
heat was supplied to newly concreted areas during 
frosty weather. Loss of time, amounting to two or 
three weeks, was thereby avoided. Such exceptional 
measures for cold-weather concreting have seldom 
been taken in this country and the expense could 
only be justified in work of unusual urgency. For 
the erection of the roof girders, a 10-ton derrick was 
erected on a tall gabbard adjacent to the Belvedere- 
road end of the building. Girders were then erected 





* The lowering of the water level was described in 
ENGINEERING, vol. 168, page 389 (1949). 
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in pairs on a staging on the floor of the future 
ventilation-plant room, which formed a convenient 
platform for this purpose. Girders were delivered 
to the site in halves and joined together after hoisting 
on to the staging. The pairs of girders were sub- 
sequently rolled out into position on trolleys. 
This method of erection proved entirely successful 
as it did not impede work on the reinforced-concrete 
structure in any way. Girder erection, which is 
illustrated in Figs. 26 and 27, on Plate XXXIX, 
was completed in four weeks. The structure was 
completed by the end of September, 1950, i.e., in 
17 months from the date of commencement of the 
contract and 15 months from the date when 
reinforced-concrete work began. 

The heating and ventilating system has been 
arranged so that each section can be operated 
individually, in the interests of efficiency and maxi- 
mum economy. This has been achieved by inde- 
pendent ventilating plants and control of low- 
pressure hot-water heating sub-circuits serving the 
various sections, which include the main concert- 
hall auditorium; main foyers; restaurant; meet- 
ing halls; temporary changing rooms; orchestra 
practice rooms ; administration offices, etc. ; kitchen ; 
and wine cellar. The conditions in the auditorium 
are maintained by air-conditioning plants, no 
direct heating being employed, so avoiding the 
danger of transmitting any external source of sound 
energy. Two air-conditioning plants supply air 
at the rate of 1,250 cub. ft. of air per hour per 
person. The plants are situated at roof level, the 
conditioned air being delivered through louvred 
openings in the main suspended ceiling and through 
grilles at the rear of the auditorium stalls at ceiling 
level. The vitiated air is extracted through grilles 
in the steppings of the balcony, stalls, orchestra 
and choir platform, and discharged to atmosphere 
by duplicate extraction plants at a high level. 
To eliminate external sounds, the air is drawn in 
through masonry intake tunnels with acoustic lining 
and sound-absorbing splitters. At the ends of 
these tunnels the air is drawn through pre-heaters, 
humidifiers, re-heaters and dry-type filters before 
being discharged by centrifugal fans through two 
main ranges of galvanised sheet-steel ductwork in 
the roof space, branches from which terminate at 
the plaster boxings over the inlet discharge louvres 
in the ceiling. The plant has been designed with a 
view to incorporating refrigeration at a later date 
to provide full air-conditioning. The total air 
supply can then be increased by means of re-circula- 
tion from the auditorium to 1,875 cub. ft. per person 
per hour. 





Fig. 25. AUDITORIUM, FROM THE BaLcony. 








Special precautions were adopted to isolate the 
ventilating equipment from the main structure by 
a floating floor on glass-silk and by sound-absorbing 
treatment to the walls and ceiling. Any sound 
that does leave the plant is absorbed by acoustic 
baffles at the fan discharge. The air-conditioning 
plant has been designed to maintain, during winter 
conditions, 65 to 67 deg. F. dry bulb and 50 per 
cent. relative humidity. Gas-fired boilers provide 
low-pressure hot water to concealed-type convectors 
and floor panels of embedded pipes, installed to 
offset the building-fabric heat losses, and operate 
in conjunction with warm-air supply plants. The 
general temperature maintained during the heating 
season is 65 deg. F. The rate of air supplied by the 
ventilating plants gives a range of 4 to 6 changes per 
hour. Sound breaks of the brsas-bellows type are 
fitted in selected positions in the pipework, con- 
sisting of @ number of bellows in series, with short 
lengths of piping interposed between each pair of 
bellows to damp vibratory sound from the heating 
mains to air-heater batteries. 

Each plant has its own control panel, and indicat- 
ing pilot lights are provided in the main control 
room in the boiler house. The individual controls 
are generally as follows. The flow of water to each 
pre-heater is regulated by a modulating double-beat 
water valve, controlled by a duct-type temperature 
controller which is fitted at the leaving side of the 
air washer to control the dew point as required. In 
the case of the concert hall only, the control is 
effected automatically from the auditorium. The 
final re-heater air temperature (where no booster 
heaters are employed) is controlled by a double-beat 
modulating motorised valve, which is, in turn, 
controlled by a temperature controller in the air 
duct. Each booster-heater is fitted with a single- 
beat modulating motorised valve connected to, and 
controlled by, a thermostat in the extract voids. 
The functions of these boosters, which are fixed in 
the branch ducts from the main distribution duct 
in the roof space, are to meet the variation of 
occupancy in the several sections and maintain 4 
constant condition throughout the auditorium. 
The temperature of the secondary-flow water from 
the panel calorifier to the embedded floor-panels 
in the foyers, etc., is controlled by an immersion- 
type temperature controller. } 

The Ministry of Fuel and Power are installing, 
as an exhibition unit, adjacent to the Royal Festival 
Hall, a heat pump using water from the Thames, 
and this will be connected to the Concert Hall heat- 
ing apparatus as an alternative source of heat. It 
is proposed to take a limited supply of chilled water 
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THE ROYAL FESTIVAL HALL AT THE SOUTH BANK. 
(For Description, see Page 536.) 
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Fic. 27. Girpers tx Posirion ; May 23, 1950. 
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THE ROYAL FESTIVAL HALL AT THE SOUTH BANK. 


(For Description, see Page 536.) 
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INTERIOR OF HALL, FROM ORCHESTRA STEPPING. 


Fic. 29. Inrertor or HALL, UNDER ConsTRUCTION; APRIL 24, 1950. 
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from this heat pump for partial summer cooling of 
the auditorium. The amount of chilled water 
available is 8 gallons per second at 40 deg. F., with 
4 return temperature of 50 deg. F. This amount, 
though insufficient to maintain ideal comfort con- 
ditions at all times, will assist in providing more 
satisfactory conditions in the auditorium than 
would be possible with the use of a normal humidifier 
using re-circulated spray water. The installation 
of the heating and air-conditioning equipment was 
undertaken by Messrs. Matthew Hall and Company, 
Limited, Dorset-square, London, N.W.1. 

The whole of the heating for the building, and 
that required for the supply of hot water, is provided 
by gas-fired boilers. Five vertical-type Cochran 

Sinu‘io” boilers, each of 6,250,000 B.Th.U. 
capacity, serve the heating system, and three 
similar but smaller boilers, each of 601,000 B.Th.U., 
are installed for the hot-water supply. The esti- 
mated maximum total load of this plant is about 
33 million B.Th.U., and, among gas-fired installa- 
Hons, i: is one of the largest, and probably the most 
efficient, in the country. 

The electrical installation covers lighting (pri- 
mary, secondary and floodlighting), power, lifts, 
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sound amplification, internal automatic telephones, 
G.P.O. telephones, B.B.C. sound and television 
services, signals and cueing systems, and lightning 
protection. The electricity supply is from the Lon- 
don Electricity Supply Board’s network at 11,000 
volts through a 1,500-k VA substation. The supply 
is transformed to 415 volts three-phase and 240 volts 
single-phase, and transmitted to two low-tension 
switchrooms in the building by means of ten service 
cables. From the switchrooms the distributior 
radiates to various sections of the building hori- 
zontally via a system of low-level ducts and service 
corridors, and vertically by four rising power ducts 
situated one at each corner of the building. At each 
floor level the rising ducts pass through a switch- 
room which houses the distribution boards and 
switches for controlling the lighting and power 
services appropriate to that section. 

In general, the lighting was conceived as an 
integral part of the architecture. This is especially 
true of the auditorium, where both stage and 
general lighting are treated in this manner, the 
former being housed largely in the acoustic canopy 
and the latter in special coves and recesses of the 


ceiling. The lighting is operated by remote control | 
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from a console situated in the auditorium, and is 
controlled by the latest type of power-operated 
dimming equipment housed at roof level. The 
scope and provisions for stage lighting are such that 
productions from symphony concerts to open-stage 
ballet and opera can be presented. Other notable 
features include the staircase lighting and the large 
louvred ceiling over the sunken foyer. This fitting 
is probably the largest of its kind yet designed and 
contains over 300 fluorescent tubes. The secondary 
lighting system is arranged to blend in with, and 
in some cases is included in, the primary lighting 
fittings. The system is of the floating-battery type 
comprising a 240-volt lead-acid battery working in 
conjunction with a “‘ Keepalite ” mercury-are recti- 
fier which is so arranged that current is only taken 
from the battery in the event of a failure of the 
mains supply. Owing to the large areas of glass 
comprising the external walls of the building, it 
was considered neither desirable nor practicable to 
employ any of the more usual styles of floodlighting, 
and in this respect the design has been concentrated 
on emphasising the dominant architectural features. 
Lighting fittings were supplied by the General 





Electric Company, Limited. 
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Under the heading of power, the following services 
are covered : heating and sump pumps; ventilating 
plant and lifts; automatic-control systems and 
remote-control and indicating equipment of the 
heating and ventilating installation ; space heating 
by electric convectors ; a system of general-purpose 
socket outlets with fuses incorporated in the plug 
tops, which are installed throughout the building for 
table lamps, etc.; and kitchen equipment. The 
three systems of wiring are: paper-insulated lead- 
covered and steel-wire armoured cables for all 
sub-mains and for heavy power circuits ; vulcanised- 
rubber insulated cables in screwed conduit for all 
sub-circuit wiring other than in the boiler house ; 
and Pyrotenax cables for sub-circuit wiring, etc. 

The main amplifiers and equipment for the sound- 
amplification installation are housed in a central 
control room adjacent to the B.B.C. television and 
sound control rooms. The installation can be 
classified under the following headings: sound 
reinforcement in the auditorium, sound reinforce- 
ment in the theatre auditorium, central-control 
public-address system, concert hall steward’s inter- 
communication system, theatre stage manager’s 
intercommunication system, restaurant services, 
concert hall deaf-aid system, theatre deaf-aid 
system, and portable amplifying equipment. The 
sound-reinforcement system in the auditorium is 
primarily for the reinforcement of speech. The 
microphone wiring installation has been designed to 
serve the needs of the B.B.C. during sound and 
television broadcasts, in addition to the require- 
ments of the concert-hall system. All microphone 
circuits are taken to a control panel in the sound 
control room. The concert.hall sound-amplification 
system is under the control of an operator seated 
at a sound-control console in a cubicle in the 
auditorium, and the main loudspeakers are housed in 
the acoustic canopy suspended over the orchestra 
and stage platform. The public-address system is 
operated from the sound-control room. All foyers, 
bars, cloakrooms and public spaces are covered 
by this system, which has a variety of uses. An 
additional feature will comprise an interval signal 
in the form of a note, maintained at concert 
pitch “ A,” which will be radiated over the loud- 
speaker system to the foyers, bars and cloakrooms. 

A complete system of automatic telephones is 
installed for internal communications. It has an 
initial capacity of 200 lines and is capable of exten- 
sion to 400 lines. The G.P.O. telephone system 
includes lines reserved for B.B.C. sound broad- 
casting, and coaxial cables from Alexandra Palace 
for television broadcasts. Permanent provisions 
are made for the B.B.C. in the form of separate 
control rooms for sound and television broadcasts, 
and special positions for B.B.C. commentators. 

The lightning conductor installation utilises the 
copper roof of the auditorium as a main finial, in 
conjunction with a number of standard spike 
finials at outlying points of the roof, such as vent 
plant and lift-motor houses. The whole installation 
is connected to six electrode pits at ground level 
by six vertical copper down-tapes. The pits each 
have two electrodes driven 5 ft. to 6 ft. below the 
foundations of the building and extended to the 
pit at ground level. The electrodes are bonded 
together by a copper-tape network encircling the 
building at the level of the foundations and con- 
nected to the electrodes within the pit at ground 
level for inspection and testing. The ground tape 
network also provides earth conductors for the 
electrical installations, for which purpose a seventh 
electrode pit is installed in the car-park area, from 
which copper earth tapes are run into the high- 
tension substation and low-tension switchrooms. 
The copper roof, ~,-‘n. thick, was provided by 
Holloway Metal Roofs, Limited, Queensland-road, 
London, N.7. 

Other sub-contractors who have undertaken 
important works are: the Berkeley Electrical 
Engineering Company, Limited, Vincent-square, 
London, S.W.1 (the electrical wiring, etc.) ; Messrs. 
W. T. Henley’s Telegraph Works Company, Limited, 
Aldwych, London, W.C.2 (electric cables); and 
Messrs. Standard Telephones and Cables, Limited, 
Aldwych, London, W.C.2 (sound-reproduction 
equipment). 

(To be continued.) 
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Suaczstions that private firms should provide 
substantial reserves for maintaining current wage 
levels when deflation com are contained in the 
April issue of Federation News, the official journal of 
the General Federation of Trade Unions. The Federa- 
tion states, under the heading of “ Inflation,” that it 
would appear, from all that is written in the country’s 
economic journals, that no definite attempt is being 
made to ree inflation at its source. We are living 
in a world where there are grievous shortages of raw 
materials, the Federation comments, and those who hold 
on to these materials are claiming an increasing price 
for their release. At all stages of manufacture, from 
the costs of the.basic raw materials to the final prices 
of the finished products, when these reach the consumer, 
charges have risen “in increasing volume, like the 
proverbial snowball.” 





** Wage restraints are all very well in theory,” the 
Federation considers, ‘‘ but an example must be set 
by others as well as wage earners.” It is agreed that, 
sooner or later, deflation must commence to operate 
and that those industries which have reached the highest 
point in inflation will receive, it may be fairly antici- 
pated, the greatest shock. It is easy to state, the 
Federation continues, that the best shock absorber 
or preventer would be a well-balanced economy, but 
the workmen of this country expect something more 
than that which appears to them to be mere economic 
verbiage. The Federation declares that it has fre- 
quently pointed the way and that the question is one 
of financial facts and accountancy. Knowing that it 
is impossible, even in an extreme left-wing State, to 
avoid some forms of capitalism, would it not be as 
well, the Federation asks, ‘‘ for those industries which 
cannot be nationalised to have the human decency 
to provide a very large place in their reserves for the 
purpose of maintaining a reasonable wage level, when 
deflation commences its rapid descent.” 





Changes in the full-time rates of wages, which came 
into operation in the United Kingdom during March, 
benefited about 1,890,000 workpeople and the total cost 
of these increases is estimated by the Ministry of Labour 
Gazette for April to amount to approximately 717,0001. 
a week net. In the main, the increases principally 
affected persons employed in civil-engineering construc- 
tion, in the iron and steel industry and in the building 
industry. The domestic staffs of hospitals and similar 
institutions, ratings in the merchant navy, and em- 
ployees engaged at time rates and piece rates in railway 
workshops, also received increases. In the building 
industry and in civil-engineering construction there 
was an increase of 2$d. an hour for craftsmen and 
labourers. The small increases granted in the iron and 
steel industry were payable under sliding-scale arrange- 
ments based on the index of retail prices. The increases 
given to deck and engine-room ratings in the merchant 
navy amounted to Dan month on monthly rates and 
to 9s. 4d. a week on weekly rates. 





In railway workshops, the existing additions to base 
rates were increased during March by 10s. a week for 
men employed on time work in craft grades, and by 
8s. 6d., 9s., or 10s., according to occupation, for men 
in other grades. Women engaged in railway workshops 
received additions of 5s., 5s. 6d., or 6s., according to 
their occupations. Employees working at piece 
rates or at corresponding rates, in lieu of piece rates, 
were given flat-rate increases equivalent to those 
payable to time-rate operatives. These increases, 
which were approved in March, were paid retrospec- 
tively from January 1, 1951. During the first quarter 
of the present year, some 4,835,000 persons received net 
increases in their weekly full-time wage rates and the 
total cost of these increases aggregated 1,858,800/. a 
week. Of these increases, 171,000 employees in the 
engineering, shipbuilding and electrical-goods industries 
received wage improvements during the three months 
which amounted, in all, to approximately 77,500). a 
week. During the corresponding three months of 
last year, approximately 1,998,000 workpeople received 


increases in their full-time wages, at a cost of 317,6001.. 


a week. 





For the fourth month in succession, the rates-of- 
wages-index figure for all employees increased by one 
point at the end of March, to the new high level of 117. 
The figure for juveniles rose by one point at the end 
March, also for the fourth successive month, to a 
level of 121. In the case of men, the increased 
from 113 at the end of December, 1950, to 115 at the 
end of January last, and to 116 at the end of March, 
while that for women increased from 116 at the end 
of December, 1950, to 118 at the end of January last, 
and to 119 at the end of March. This index measures 
the movement, month by month, in the level of full- 








time weekly rates of wages in the principal industries 
and services in the United Kingdom, compared with 
their level on June 30, 1947, which is taken as !(0 in 
all cases. 





Industrial disputes in progress in the United King- 
dom during March last were rather more numerous 
than those which occurred during the preceding month, 
but were much less severe in their effects. There were, 
in all, 150 stoppages in progress during March and, in 
them, 34,900 workpeople were involved and 143,000 
working days lost; compared with 143 disputes in 
February, in which 57,200 persons took part and lost 
339,000 days’ work. The corresponding figures for 
March, 1950, were 178 strikes, with 30,500 people 
engaged in them, at the cost of 127 working days lost. 
Of the 150 strikes in progress during March last, no 
fewer than 89 occurred in the coal-mining industry 
and 10 in the transport and communications industry. 
The total for all the remaining industries and services 
in the United Kingdom thus numbered but 51. 





Of the 150 disputes which were in progress during 
March last, 134 came to an end during the month. It 
is estimated by the Ministry of Labour that 56 of these, 
in which 4,500 workpeople were involved, lasted for 
not more than one day ; that 31, in which 2,100 work- 
people were involved, lasted for two days only; and 
that a further six, in which 900 workpeople were con- 
cerned, lasted for three days. Of the remainder, 21, 
in which some 5,000 employees were concerned, lasted 
for from four to six days; and 20, in which another 
6,100 employees were involved, lasted for more than 
six days. The number of disputes which actually 
began during March last, numbered 130. Of these, 
11 arose out of demands for increases in wages and 
49 over other wage questions. Difficulties respecting 
the employment of particular classes or persons were 
responsible for 19 of the strikes, and other questions 
respecting working arrangements for a further 47. 
Of the remainder, three were due to disagreements 
over working hours. One strike, in which 200 persons 
were directly involved, took place owing to a question 
of trade-union principle. 





Protests against the “‘ inadequacy ” of the existing 
wage standards in the coal-mining industry were made 
by Mr. Alf Davies, President of the South Wales area 
of the National Union of Mineworkers, at the annual 
conference of the area, which opened at Porthcawl on 
Monday last. In his speech declaring the conference 
open, Mr. Davies said that, although the cost of living 
was rising sharply, miners’ wages were not rising in 
proportion. While 
engaged on piecework could, over a period, earn 
sufficient to enjoy relatively decent standards of living, 
those who had to be content with day-wage rates—and 
they constituted the largest section of mining employees 
—were finding it increasingly difficult to make ends 
meet. 





Mr. Davies referred to the interim index of retail 
prices and stated that it was widely recognised that 
this index seriously under-estimated the actual rise 
in the cost of living for working people. Even on this 
basis, however, it could be shown that the wage stan- 
dard in the coal-mining industry was below the level 
in force in October, 1947. Allowing for the increase in 
the index figure, the current minimum wage for surface- 
men should be 51. 16s. a week, and that for underground 
miners should be 6/. 13s. 2d. a week. Or, to view the 


matter from another angle, the present minimum of © 


51. 10s. for surfacemen was really worth only 4I. 15s., 
and the present minimum for underground miners was 
worth only 51. 9s. 8d., in terms of the price levels in 
October, 1947. 





Present tendencies suggested an even steeper rise 
in the retail-prices index, Mr. Davies stated, and added 
that it was his conviction that, before the end of the 
current year, the index figure would be some ten to 
15 points higher than its existing level. If this forecast 
should prove to be a correct one, and the index rose 
from its present figure of 117 to 132, then the pound 
would decline in value to little more than 18s., com- 
pared with February last. Mr. Davies announced 
that, “‘ at long last,” a very advanced stage had been 
reached in the preparation of a scheme for providing 
supplementary pensions for miners. The preliminary 
draft scheme submitted by the National Coal Board 
allowed a pension of 40s. a week to a miner aged 60, 
after 40 years’ full service, and would involve a pre- 
liminary cost to the industry of 14 million pounds. 
By extending the qualifying age to 65, however, the 
initial cost would be reduced to eleven million pounds. 
A comprehensive report on the Board’s proposals 
in this connection, would be submitted to the annual 
conference of the National Union of Mineworkers in 
July. 
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FORGING METHODS.* 
By J. C. STEevens. 


Tue practice of producing forgings of the heavy 
type is almost the same to-day as it was some 40 years 
ago, but in recent years forgings have increased in 
size and weight. Forty years ago an ingot weighing 
about 60 tons was considered a difficult job to under- 
take, but to-day, the modern heavy-type forge deals 
with ingots weighing as much as 170 tons and with 
comparative ease. A press capable of handling ingots 
of such proportions has increased crane lifting capacities 
and, of course, the design of tools by the forgemaster 
plays an important part in the operation. The forge- 
man employed on the manufacture of heavy forgings 
must Le a capable man, able to calculate weights and 
read » drawing accurately. He must be able to with- 
stand high temperatures, for although in the process 
of making some forgings he can control the processes 
from « distance, in certain types of forgings, such as 

fts. connecting rods, cranks and the like, he must 


_— 


as Paper read before the North-East Coast Institution 
rineets and Shipbuilders, Newcastle-upon-Tyne, on 
day, March 30,1951. Abridged. 











be close up to the job and do a certain amount of mark- 
ing out, V-setting and cutting. 

The furnaceman engaged on heavy forging work must 
also be an experienced man in order to know when a 
heat is ready for withdrawing from the furnace. In 
the first place, the ingots are brought up to the required 
temperature and then allowed to soak for a given time, 
depending upon the weight of the ingot, after which 
the ingot is turned over in the furnace to allow it to 
be heated evenly, and finally, withdrawn from the 
furnace for forging. If the heat is at all irregular it 
can cause a great deal of trouble to the forgeman, and 
faults arise, which will mean that the forgeman will 
cut more scrap from the lower end of the ingot than is 
desirable. This, of course, means a waste of steel. 
With reference to the heating of rotors, it is very 
important to keep the centre of the ingot in line with 
the centre of the rotor in order to give the machinist 
the opportunity of removing any sign of porosity which 
may appear when he is boring the rotor. 

All ingots are a with feeder heads, and the 
size of this is controlled by the size and weight of the 
ingot. The forge department carries a stock of porter 
bars of varying sizes, and balance weights to suit. 
When the ingot arrives at the forge department, the 
porter bar required for the ingot is loaded with the 





weights necessary to give the correct balance for work- 
ing. It is then fixed on to the ingot head and the ingot 
is charged into the furnace for heating. When the 
ingot is heated and ready for forging, the porter bar is 
again used for withdrawing the ingot from the furnace 
and operating under the press. When the ingot and 
porter bar are fixed, the weights should be set so that 
the balance is far enough back from the ingot to allow 
the crane to place the ingot fully under the press, as 
shown in Fig. 1, on this page, so that the whole of the 
ingot can be worked. With some forgings it is not 
always necessary to require all the ingot for the first 
heat, but it is advisable to do a certain amount of 
forging on the entire ingot. 

To revert to the method of producing a rotor, very 
great care must be taken in the forging to keep the 
centre of the ingot in line with the centre of the forging. 
There is a great difference in the diameter of barrel in 
comparison with the diameter of ends, for, in some 
rotors, the barrel diameter is as much as approximately 
42 in. while the ends measure only 14 in. in diameter. 
To reduce the ends from 42 in. to 14 in. in diameter, a 
series of steps is forged to allow the gradual cooling off 
of the rotor after forging, otherwise there would be a 
tendency to set up stress cracks or even a clink. 

Rudderstocks cannot be termed simple forgings to 
manufacture owing to the large section of head, and 
also because they are eccentric to the shaft. The 
manufacturer is called upon to supply rudderstocks of 
various designs ; therefore the forgeman will have to 
change his methods of producing these forgings. Take, 
for example, the type of rudderstock having a fairly 
long sweep from the coupling head to the shaft. This 
can be produced by forging to shape and then bending 
to produce the correct contour from head to shaft. 
Rudderstocks having a shorter sweep are manufac- 
tured by producing a forging of a different shape and 
then finished-by pushing the bead through and forging 
to the required contour without bending. Another 
design of rudderstock is the scarfed type. The method 
of producing these is by making a forging with the 
coupling head eccentric to the shaft and allowing 
enough material in the coupling head to enable it to 
spread to the required size and shape. 

The ‘ twisting” of crankshafts is rather a delicate 
operation and requires great skill and knowledge, as 
the forgeman must ensure that he gets each web set to 
its proper angle. Certain cranks have two throws or 
four throws, and some types have even eight throws. 
These are usually twisted to 90 deg. or 180 deg., and 
are not so difficult, but a five-throw or a seven-throw 
crank requires more consideration on account of the 
difficult angles. It is not usual practice to charge all 
the cranks into the furnace. For one reason, the piece 
could not be carried to the press without bending 
and it would be almost impossible, and most unwise, 
to try to twist all ‘necks at one heating operation. 
Therefore, the forgeman has two necks charged into 
the furnace, so that he can twist one end, and then he 
will turn it round and re-charge the second end, heat 
it up, and repeat the forging carried out on the first end. 
A seven-throw crankshaft is more difficult as, in the 
heating of the first end, the forgeman must heat three 
necks for twisting because he normally starts to twist 
from the middle web outwards, and therefore there is 
a much greater tendency for the crank to bend when 
heated. When he has the piece in the press he gets 
the middle necks twisted, and if he does not get the 
twisting of the first end completed he must re-charge it. 

Grain flow plays a very important part in the manu- 
facture of forgings, and the forgeman must endeavour 
to have this running in the proper direction in order 
to give the greatest strength required on certain 
sections of the forging. When in service the wobbler 
end of a roll, for example, must take a great amount of 
strain, consequently the forgeman, instead of V-setting 
the ends of the roll, will forge the barrel in swage tools, 
and then reduce the ends in swages, thus giving the 
ends of the roll a better chance ‘to resist the amount 
of strain experienced under service conditions. The 
Doxford crankwebs and pin are forged by folding and 
drawing. This is done to get the grain Howing in the 
proper direction and to add strength to the forging. 
Fig. 2, on this page, shows the piece after folding and 
prior to finishing, and Fig. 3, on page 542, the piece on 
the peel undergoing the final forging operation. 

Hollow forgings are produced by various methods, 
namely: ‘ becking,” becking and drawing, and draw- 
ing. Becking is a method used for producing various 
type of rings such as gearwheel rims. This method 
is achieved by the use of special tools consisting of 
the top becking tool, two sets of stands and various 
sizes of becking bars. The term becking means the 
opening out of a small-diameter hole to a large-diameter 
hole. To produce a gearwheel rim, an ingot is bloomed 
to the required diameter. The bloom is then annealed, 
and after annealing it is transported to the machine 
shop, where the required length is parted from the 
bloom and a hole of the requisite diameter is trepanned. 
In some cases, instead of having the bloom trepanned 
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in the machine shop, the forgemaster will decide to cog 
the ingot, cut the looms off hot under the press, then 
reheat the bloom, after which he will up-end the bloom 
and hot trepan it with trepanning punches. This may 
be more difficult for the forgeman, but it no doubt 
saves time when quick delivery is required. 

When the forge has received the hollow cold-tre- 
panned bloom, it is warmed very carefully by coal 
fires before charging into a furnace to avoid any 
possibility of clinking. When the piece is ready for 
forging, the forgeman sets his stands to the height 
required to give him clearance when he reaches the 
final forged diameter as shown in Figs. 4 and 5, on 
this and the opposite pages. These stands are built up 
in sections and made easily adjustable, for, if it is 
necessary to have one set of stands higher than the 
other, this can easily be done. 

Let us now consider the method of becking and 
drawing. Take for example a large hollow cylinder 
having an outside diameter of 60 in, an inside dia- 
meter of 50 in., and a length of 35 ft. To produce 
this, the forge orders an ingot of the requisite dimen- 
sions, which may not require cogging; the ingot is 
annealed and then taken to the machine shop for top 
and bottom discards to be cut off. The ingot is then 
trepanned as advised by the forge department. After 
the usual precautions on heating, the first forging 
operation is to beck the hole out to suit the mandrel 
used to draw the cylinder to length. Mandrels for 
hollow forging can be as small as 4 in. and as large as 
50 in. in diameter. All mandrels are slightly tapered 
in order to allow them to be drawn from the forging 
without much difficulty. These mandrels are covered 
with blacklead to give them a good surface and prevent 
them from sticking. The small mandrels are kept 
cool by watér cooling, but the larger mandrels are 
merely bored and no water is used. 

When the becked bloom is withdrawn from the fur- 
nace it is brought to the press and the mandrel is then 
put into it: When the forgeman is satisfied that his 
mandrel is far enough in, the cranes lift the whole job 
under the press, as is seen in Fig. 6, opposite, which 
shows a becked bloom, weighing approximately 76 tons 
and intended for a 54-in. boiler drum, on the mandrel 
at the commencement of the drawing operation. The 
forgeman will then commence to draw the middle and 
complete as much of this as possible. The mandrel 
is then withdrawn, and what is termed the “‘ first end ” 
is re-charged into the furnace and reheated. The same 
process is then followed until the forging is completed, 
which may take three, four or five drawing heats. 

Machining allowances will vary according to the type 
of forging. It is advisable to make more allowances 
for machining on some parts of the forging, and the 
larger the forging, the greater will be the allowance. 
An extra } in. or so is preferable to the risk of making a 
scrap forging owing to this being undersize. There is 
also the chance that there will be more surface defects 
on large ingots than on small ones. A larger machin- 
ing allowance is desirable in the case of a shaft forged 
in a press, in comparison with one produced by hammer 
forging. The explanation of this is that in hammering 
the steel there is a good chance of getting rid of scale, 
whereas in forging steel under a press the tendency is 
to squeeze the scale into the forging, and it is very 
difficult to remove this, although in fact every effort 
is made to remove or prevent this. In some instances 
where the scale has been knocked off, the hollow it 
leaves may show in the finished forging and it is con- 
sequently necessary to leave reasonable machining 
allowances. 





ENGINEERS AND 
‘‘ ADMINISTRATORS.’’* 


By Artuuk Froyp, C.B.E., B.Sc., M.I.C.E. 


Ir we consider the whole framework within which 
we live, we see the hand of the engineer at every 
turn ; but not every member of the public is aware, 
all the time, that the houses, the public buildings, the 
roads, the water, the gas, the electricity, the sewerage 
and the like are provided only as a result of highly 
skilled and imaginative professional thought by engi- 
neers and allied professional men. What a general 
and misleading term this word “engineer” is. Its 
earliest use was in a military sense and derived from 
the French, with a sim:lar root to that of “ ingenuity ” 
—and the singular quality of an engineer is that he is 
ingenious; but an engine—a machine, a mechanical 
means to an end—has personnel who watch it, who 
work it and who make it, and they are called engineers. 
This is where the layman becomes confused. To 
suggest that those who make, mind and repair machines 
should be barred from describing themselves as “ engi- 





* Presidential address to Conference 2 (Engineers and 
Surveyors) at the Health Congress of the Royal Sanitary 
Institute, held at Southport from April 23 to 27, 1951. 
Abridged. 


FORGING 


neers” would be to rob dignified craftsmen of a title 
which age and custom has blessed. Civil engineers 
(in the narrower, conventional sense of the word) are 
indeed blessed by comparison with their mechanical 
and electrical brethren, because while they can hardly 
be confused with navvy foremen, and the latter wouid 
hatdly seek the title, the mechanical engineer can be 
anything from_a garage hand to an expert on thermo- 
dynamics, and the electrical engineer can range from a 
seller of wireless sets to the designer of a hydro-electric 
installation. 

It is no exaggeration, however, to insist that the 
engineer has such a great responsibility as regards his 
Glee-nen that in a perfect world, and with engineers 
who combined with technical skill an all-pervading 
wisdom, they need only be turned loose with plenty 
of money and all will be well. Under certain political 
systems, of course, this sort of thing, to one degree or 
another, has happened before. The Roman system of 





roads and water supply, the lay-out of modern Paris, 
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the German Autobahnen are cases in point which have 
been successful, but it would be a brave engineer who 
would seek to have such power in a democratic world. 
Money has to be found, and broad lines of policy 
settled, by elected representatives of the people. , 
The rate of progress in engineering developmen 
under a system whereby laymen take decisions of “ 
political character, and thereby possibly oo 
evident physical necessity, may, however, be open : 
serious criticism. Engineers under these condition 
may be excused for feeling their responsibilities acutely 
if they appreciate, as they should, that a 
urge should be not merely to make an honest ~ - 
but to offer an imaginative and helpful service to 
community. 
Obviously, decisions should not be taken by = 
elected representatives in an atmosphere where — 
merits of the skilled conclusions of the engine¢? vs 
hidden in a cloud of political expediency, 5 18 es 
ing to the roads of this country at this moment. 
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Neglect goes on year after year ; the skill and training 
of the engineer are completely discounted and dis- 
couraged ; the technical education of a rising genera- 
ion of engineers is seriously interfered with, and it 
almost looks as if the saying “ that there are no votes 
in roads” is true. If a dictatorship of the engineer, 
ho matter how enlightened, is undesirable, just how 
undesirable 18 a state of affairs under which the complete 
and unanimous view of a highly skilled body of road 
*ngincers is completely disregarded ? 
et bright idea, coupled with a certain intransigence 
mind, recognised politely as the idée fixe, or more 





commonly just plain crankiness, has a merit not always 
appreciated. The “ dreamers of dreams ” can “ trample 


a kingdom down” and among engineers there will, 


always be a few well before their time. Such must be 
encouraged, and it is a matter for their employers to 
see that they are. Such rare spirits are unlikely, 
however, to command the confidence of lay councils or 
parliaments. Their advisers, while highly skilled 
technically, must add to professional knowledge the 
qualities of knowing their fellow-men, and cultivate a 
general wisdom based on a wide knowledge of men 
and affairs. They should know the value of money, 


and this knowledge, coupled with a clear demonstration 
that they do have regard to the place of their technical 
activities in the general scheme of things, will lend 
power and persuasion to their arguments. 

The words “ administrator ” and “ administration ”’ 
have tended to become somewhat debased in everyday 
use. If administration could be used to define the 
activities of a Viceroy of India, it is difficult to know 
how the same word can be aptly applied to a clerk in 
local government service whose business it is to bring 
into effect, by correspondence and form-filling, a 
limited number of sections of an Act of Parliament. 
To define such a one as an administrator is wrong, 
and to elevate this activity so that it is frequently 
regarded as ranking equal to the activities of fully 
qualified engineers is equally wrong, and is a dis- 
couragement to the latter, whose training has been 
long and arduous. 

The word “administration” is used frequently 
nowadays when no more than management is involved. 
The chief engineer running his own department manages 
it on the bases of a wide and thorough technical know- 
ledge, to which he adds qualities of leadership, and 
that general knowledge of things and people which 
makes him a good manager. To think of this activity 
as being administration is a mistake, because it pre- 
supposes further qualifications to be added to his 
engineering qualifications, and creates an impression 
that engineers without further qualifications in “ ad- 
ministration” are incapable of managing. In the 
complex machine of government presented by a large 
local authority with a wide range of departments, 
each under its own manager, there is a place for a 
senior administrator to act as a catalyst between the 
departments and a focus for the general policy and 
the co-ordination of the activities of the council. But 
such a one is in the singular, and his subordinates do 
not automatically become administrators merely 
because they are associated as liaisons with the technical 
departments. 

When it comes to a single technical department, 
such, for instance, as the newly-formed River Boards, 
a well-qualified engineer ought to be able to manage 
such an activity without any link in the person of a 
senior administrator between him and his board. 
This is a slight on an honoured and skilled profession. 
Admittedly, records have to be kept and certain legal 
advice given, but these are incidental to real work 
in the shape of engineering ; and the trend exemplified 
in this case of River Boards is a far cry from the 
times (yet to be shown as being inefficient) when the 
chief engineer, say, to a Water Board, was accepted as 
the chief officer and general manager. 

Let the engineer in training remember, however, 
that if he concentrates on the technical side at the 
expense of the general side in his education, he will 
run the risk of those who may ultimately employ him 
deciding that they must have a non-technical man of 
affairs generally to run the show for them. 

A certain freedom in engineering, whereby its expo- 
nents may expect to be indulged as regards the tech- 
nical aspects of their work, is in the interests of progress 
and improvement. Engineers will the better prevail 
if they clothe their technical knowledge with a certain 
worldliness and knowledge of men and affairs, and 
they should not be obliged to claw their way through 
a net of administration or a cloud of administrators 
before getting on with the job. The representatives 
who provide the framework will do well to see to it 
that the chain is as direct as possible between them, 
the engineer and the job. 





SUBTERRANEAN POWER STATION IN SWEDEN.—On 
April 17, two tunnelling teams met mid-way in the 
subterranean tunnel that is being constructed as an 
artificial bifurcation, in rock, between the Angerman 
and Fjallsjé rivers in North Sweden. The work is part 
of the Kilforsen hydro-electric scheme, which will 
operate with a head of 300 ft. and is expected to be ready 
in 1954. The feed tunnel is 11,000 ft. in length and the 
discharge tunnel 8,000 ft., and the cross-sectional area 
is 2,238 sq. ft., which makes it the largest water tunnel 
in the world. Astimber must be allowed to float through, 
the flow of water will not be full-bore. 





CENTRAL INDEX OF TRANSLATIONS.—As recorded on 
page 503, ante, Aslib are preparing a central index of 
translations of scientific papers, reports, and articles 
published, in foreign journals. To make the index as 
comprehensive as possible, Aslib are appealing for the 
co-operation of all organisations who hold such trans- 
lations. They are also offering a free service for dealing 
with inquiries for locating translations; inquiries can 
be made by letter, telephone or personal call, and should 
state the name of the author of the paper or of the 
journal in which it was published. All inquiries and all 
offers of co-operation in preparing the index should be 





addressed to Aslib, 4, Palace-gate, London, W.8. 
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THE STRUCTURE OF MATTER.* 
By Sm Joun Cocxcrort, C.B.E., F.B.S. 


Tue development of our knowledge of the structure 
of matter has occurred in three main _— two of 
which are associated with the work of Rutherford. 
The first epoch, which began when Rutherford moved 
to Manchester in 1907, established on a firm basis the 
nuclear model of the atom—the model in which a 
central nucleus carrying a number of units of positive 
charge is surrounded by an equal number of electrons. 
With increasing nuclear charge successive shells of 
electrons were built up and the periodic chemical pro- 
perties of the elements could be — largely by the 
structure of the outer electron shells. 

It was the classical experiment of Geiger and Marsden 
which led to the Rutherford atom. Geiger had been 
experimenting with the high-speed «-particles which 
were shot out of radium, and found that, although they 
were moving with speeds of 10* km. per second, they 
were deflected in passing through thin gold foils. 
Since their mass and charge and velocity were known, 
the magnitude of the electric or magnetic forces 
required to produce the deflection could be calculated 
and this turned out to be about 10° oersteds—if the 
forces were magnetic. Further experiments, made on 
Rutherford’s suggestion, showed that «-particles were 
reflected from a solid metal surface, and Rutherford 
clearly had difficulty in accounting for the great forces 
necessary for this purpose. The nuclear model which 
he put forward two years later provided these forces 
by proposing a central charged nucleus to the atom 
which had a radius of the order of 10-%cm. With this 
model, the electric field at the surface of the nucleus 
was 10 volts per centimetre; a field beyond the 
experience of electrical engineers but quite capable of 
producing the deflections observed by Marsden. 

The same type of experiment was used by Rutherford 
and Chadwick to establish with some certainty the 
radius of the nucleus. The experiment studied the 
dynamics of the collision of «-particles with increasingly 
heavier nuclei. The number scattered through different 
angles was determined and compared with the number 
expected, assuming that the inverse-square law held 
for the electrio field near the nucleus. Particles passing 
some distance from the nucleus were only deflected 
slightly ; those passing very near experienced large 
forces and were deflected through large angles. The 
results of these experiments showed that the inverse- 
square law of forces held down to radii of about 8 x 10-% 
em. for heavy nuclei such as gold, but started to break 
down at radii of about 4 x 10- om. for light nuclei, 
such as aluminium. This gave rise, therefore, to a 
concept of the nucleus being contained within a shell 
of radius variable with the atomic weight. Outside 
this radius the nucleus produced forces which would be 
expected from a positively-charged sphere ; inside, the 
forces could no longer be described in this way. This 
was the position at the end of the first epoch, which went 
on till about 1924. 

The second epoch opened in 1919 with Rutherford’s 
classical experiment on the transmutation of nitrogen 
by high-speed «-particles. He showed that about one 
in a million of high-speed «-particles actually penetrated 
the nuclear shell and ejected a high-speed hydrogen 
atom, thereby transmuting nitrogen to oxygen. These 
pene were largely extended by the use of high 
voltages, and the cyclotron, to speed up hydrogen atoms 
for transmuting atoms. The work of the years 1932- 
1939 made evident the wide variety of transmutations 
which could be produced. The impact of energetic 
particles on nuclei can eject protons, deuterons, 
tritons or «-particles. A discovery of particular 
importance was made when Chadwick found that 
uncharged particles of approximately unit mass— 
neutrons—were among the particles ejected. Experi- 
ménts carried out at Chalk River and at Oak Ridge 
have recently shown that the neutron cannot exist 
for very long after it escapes from the nucleus. In 
free space it is unstable, and turns itself into a proton 
by creating an electron which may have an energy of 
up to 800 kV. After about ten minutes life, half of the 
neutrons will have undergone this transformation. 

_ The discovery of the neutron was of particular 
importance because it greatly simplified the picture of 
the structure of the itdmic leus. This leus is 
now considered to be made up of a number of protons 
equal to the nuclear charge Z which is one for hydrogen 
and 92 for uranium, while the neutrons make up the 
rest of the nucleus. If the atomic weight of the nucleus 
is A, then the number of neutrons must be A — Z. The 
nucleus of heavy hydrogen will thus contain one proton, 
and one neutron, the nucleus of helium two protons and 
two neutrons, and so on. Inside the nucleus the 
neutron is relatively stable though it is believed that 
neutrons and protons often exchange identities. There 








* The 42nd Kelvin Lecture delivered before the Insti- 
tution of Electrical Engineers on Thursday, April 26, 
1951. Abridged. 





is a good deal of evidence that these basic nuclear 
particles—protons and neutrons—which are known 
generically as nucleons are packed into a spherical 
volume which has a radius varying as the one-third 
power of the atomic weight. This volume is, therefore, 
proportional to the atomic weight or to the number of 
nucleons, It follows that, to a first approximation, the 
individual nucleons must behave as though they were 
incompressible. 

Special properties appear when the number of 
neutrons or the number of protons in the nucleus have 
the values 20, 50, 82,126. Lead, which has 82 protons 
in the nucleus, is an example. These members have 
been called ‘“‘ magic »numbers.”” The phenomena 
observed are, first, that there are an exceptional number 
of isotopes of elements with the magic numbers of 
protons. Lead, for example, has 14 isotopes—thus, 
82 protons can form a stable nucleus with a number of 
neutrons varying from 117 to 132. There is also an 
exceptional number of nuclei with a magic number of 
neutrons, and a varying complement of protons. The 
second singularity is that the abundazice in nature of 
the nuclei with the magic numbers is much greater than 
normal. The third singularity is that neutrons are 
much less easily absorbed by nuclei in the magic number 
series. Finally, there is evidence that the lead nucleus 
has a much simpler vibration spectrum than most other 
nuclei. If nuclei are set in vibration by allowing them 
to capture neutrons, in general a very large number of 
y-ray frequencies are observed, corresponding to the 
vibrational characteristics of the nuclei. In the case of 
lead, only 4 single frequency is observed. All these 
facts can be explained by postulating an exceptional 
degree of stability for the magic number nuclei; and 
it is perhaps natural to suggest that this corresponds 
to the formation of closed shells by protons or neutrons. 

The very large amount of energy which is stored in 
atomic nuclei has long been known from the measure- 
ment of the energy given out spontaneously by radium 
and its products. Thus Rutherford wrote in his 
classical treatise on radioactivity in 1904, that 
“* There is reason to believe that an enormous store of 
latent energy is resident in the atoms of radioactive 
elements—energy which is derived from the internal 
energy of atoms. There seems every reason to believe 
that the atomic energy of all the elements was of a 
similar high order of magnitude.” A quantitative 
estimate of the energy associated with atomic nuclei 
was provided by Aston, who measured their mass with 
great precision on a spectrograph. 

As mass and energy are interchangeable and are 
related by the equation 


8E = C? dm, 


where C = velocity of light, the energy released when 
two protons and two neutrons join together to form 
helium can be calculated to be 29 million volts in the 
physicist’s unit (the energy released by a chemical 
reaction is of the order of 5 volts). In engineering 
language, the formation of one gram of helium from its 
consituent nucleons would release the equivalent of 
8 megawatt-days of energy. 

At the other end of the periodic table the situation is 
reversed, for it is found that the mass of a uranium 
nucleus is greater than the mass of the various com- 
binations of nuclei into which it could be split up, 
although it is smaller than the combined mass of the 
individual nucleons. By calculation it is found that if 
a uranium nucleus splits up on to a krypton nucleus and 
a barium nucleus the energy released is 180 million 
electron volts. In engineering language—the des- 
truction by fission of one gram of uranium releases 
energy equivalent to 0-9 megawatt-days. This large 
release of energy on the atomic scale is made clear by 
the measurements of the kinetic energy of the flying 
fragments of the uranium nucleus, which move apart 
with speeds of 10‘ km. per sec. as though they were 
repelled by a powerful spring. The kinetic energy and 
radioactivity energy of the fission fragments are 
152 million electron volts and 12 million electron volts, 
respectively, while ‘the energy of the neutrons is 
10 million electron volts and of the y-rays 5 million 
electron volts. 

It is evident, therefore, that extremely powerful 
forces exist within nuclei. If, for example, the 82 
protons of the lead nucleus are regarded as resting on 
the opposite surfaces of two hemispheres of a nuclear 
sphere of radius 10-!* om., it can be calculated that 
there will be a repulsion force of about 50 kg. between 
the two hemispheres. Since this force acts over an 
area of 10-* sq.cm., the electrostatic pressure tending 
to drive the hemispheres apart is tremendous. There 
must, therefore, be some balancing force of attraction 
between the individual nucleons. This attractive 
force cannot be electrical, magnetic or gravitational in 
type. It is another kind of force which has come to be 
known as the “nuclear force.” The nature of this 
force, which must be considered to be the basic cement 
of the universe, is the central problem of physics to-day. 
This problem can be most directly attacked by directing 


o 





streams of very energetic protons or neutrons into 
atomic nuclei and observing what particles emerge, 
Physicists have, therefore, equipped themselves since 
the war with a wide variety of tools for producing very 
high-speed protons and neutrons, including the cyclo. 
tron which accelerates protons by radio-frequency 
impulses as they move in an outward spiral in the 
magnetic field so that they finally emerge with energies 
of 170 million electron volts. Another piece of equip- 
ment—the synchrotron—can. produce electrons of 330 
million volts energy. The Bevatron, which is under 
construction at Birmingham, will produce protons 
having energies of over one billion electron volts 
and similar machines at Brookhaven and Berkeley in 


‘America will generate protons of three to six billion 


electron volts. 

In experiments carried out at Harwell, the high-speed 
protons travelling round inside the cyclotron are made 
to strike a target containing nuclei of, say, beryllium. 
A beryllium nucleus consists of a pool of four protons 
and five neutrons. The impact_of the protons drives 
out a neutron which travels in the forward direction 
with high speed. These neutrons are canalised through 
channels in thick concrete walls and their speeds are 
then measured 50 ft. away, out of the range of disturbing 
influences. As a result of a typical experiment; it is 
found that some of the neutrons have almost the full 
energy of the impacting proton. This must mean that 
the impacting proton can effectively strike a single 
neutron in the nuclei and transfer its energy completely. 
The neutrons of lower energies can be accounted for by 
collisions which are not exactly head on, the projected 
neutrons losing energy by small collisions on their way 
out. This type of experiment leads to the conclusion 
that the range of these attractive nuclear forces must 
be very short—of the order of 2 x 10“ cm. If the 
forces were of longer range, the impacting proton would 
interact with all the particles in the nucleus rather 
than with only one. 

Another kind of experiment carried out by the same 
technique enables the angles at which the ejected 
nuclear particles come off after the collision to be 
measured and indicates that the forces between protons 
and protons are different from the forces between 
protons and neutrons. 

The next important question is the physical nature 
of these nuclear forces. As has already been remarked, 
they have nothing to do with electrical, magnetic or 
gravitational forces. They exist between like and 
unlike nucleons and are forces having a very short 
range, 2 x 107% cm. The first suggestion as to the 
nature of these forces was provided by.the Japanese 
physicist, Yukawa, so long ago as 1935. He suggested 
that just as electromagnetic forces between electrically 
charged particles can be thought of in the classical 
theory in terms of the emission and absorption of radia- 
tion (and in the quantum theory in terms of the emission 
and absorption of photons) so these nuclear forces 
can be thought of in terms of the emission and 
absorption of a new kind of photon which should have 
a mass about 150 times the electronic mass and should, 
in addition, be capable of carrying an electric charge. 
At the time, this suggestion seemed to be purely specu- 
lative, but in the years 1936-38 Anderson and Nedder- 
meyer, Street and Stevenson found that there were 
particles in the cosmic rays which were much more 
penetrating than electrons—and which had a mass 
about 200 times the electronic mass. ese particles 
were given the name of mesons—pafticles of mass 
intermediate between the electron and proton. It was 
natural, therefore, to connect them with Yukawa’s 
suggestion and to consider them as being in some way 
bound up with the nuclear forces. 

Since then there have been some remarkable develop- 
ments. First of all, Professor Powell, of Bristol Univer- 
sity, has used a new kind of sensitive photographic 
emulsion to record the tracks of mesons and has found 
that there are two kinds. One of them, which he 
called the 7 meson, has a mass 27] times the mass of 
the electron. This can change into the meson of 
the cosmic ray workers, the mass of which has been re- 
determined to be 217 times the electronic mass. These 
mesons can have positive or negative charges and their 
life history varies with the charge. The w+ meson 18 
positively charged and decays into a positively charged 
y+ meson and some neutral particle, probably of zero 
mass such as a neutrino or photon. The p+ meson 
created has an energy of about 4 million electron volts. 
The p+ meson, in turn, breaks up into a positive 
electron which may have an energy of up to 55 million 
electron volts. In order to preserve momentum and 
account for the form of the electron energy distribution, 
it seems that two neutrinos are also among the decay 
products of the » meson. The process may therefore 
be summarised as follows :— 

at — pt + photon or neutrino 
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The negatively charged meson behaves differently, for 
it is captured by the itively charged nucleus and 
usually produces a nuclear explosion. These particles 
are among the products of nuclear disintegrations. 
A high energy proton enters a nucleus and ejects two 
heavy ents and a 7~ meson. The w~ meson 
travels a, little way and then enters a nucleus and 

uces an explosion. When a w+ meson is ejected 
prod a nuclear break up, it travels along and turns 
into a w+ meson, which, in turn, changes into an 
electron. 

These processes have been confitmed by evidence 
from the Berkeley cyclotron. Beams of 345 million 
electron volt protons have been made to strike a 
graphite target and photographic plates have been 
placed nearby to discover the products of disintegra- 
tion. At first no meson tracks were found in the 
photographic plates, but when the Bristol techniques 
were adopted, the creation of mesons by the inter- 
action of fast protons with nuclei was established. 
In fact, mesons begin to be created when the proton 
energy increases above about 200 million electron 
volts. It has been shown also that three kinds of 
mesons are created, positively charged m'mesons, nega- 
tively charged m mesons and neutral w mesons. 
The neutral mesons seem to have the remarkable 
property of being able to break up into two photons 
of 70 million electron volts energy. Another way of 
creating « mesons in the laboratory is through the 
interaction of 300 million electron volt X-rays from a 
synchrotron with matter. When these rays fall on to 
other nuclei, 7+, w— and, no doubt, 7° mesons are 





ELECTRIC WELDING LOAD IN 
SHIPYARDS.* 


By J. 8. McCuLLocs. 


Tue drooping characteristic required for alternating- 
current electric welding is obtained by the use of a 
reactor, so that the current taken from the network 
has a low lagging power factor. Since the time the 
operator is actually welding is only a fraction of the 
total time the welding equipment is in use, it is impor- 
tant to determine this power factor accurately, as well 
as the total load which will be imposed by a group of 
welders. With a view to obtaining this information, 
some tests were recently made with the co-operation of 
a Wearside shipyard, in which a representative group 
of welders wonked for a yt pao of 2} hours. A 
record was taken of the total energy consumption, 
of the number of electrodes used by each operator 
and of the length of work completed. These figures, 


Fig.1. ve 
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transformer was 350 kWh, and the resulting low-voltage 
consumption was 339 kWh, making allowance for the 
transformer losses. This is equivalent to an average 
load of 135-5 kW, or 5-4 kW per operator. The 
curve of kilowatt loading on the high-tension side of 
the network over a period of 1} hours, given in Fig. 1, 
shows that the ratio of maximum demand over any 
half hour to the average maximum demand iis 1-29. 
During the tests the number of welding sets was high 
compared with the number of welders ie 80 
that the transformer losses had an abno e on 
the results. It is therefore desirable to reduce the 
consumption to that on the low-voltage side. If an 
allowance of 60 kWh is made for the transformer an 
cable losses, the net rate of consumption due to i 

is estimated at 111 kW. During the test a record 
of the number of electrodes used by each welder was 
made, from which the weight of electrode deposited 
by each man in an hour for each type of operation, and 
the electrical consumption per pound of electrode 
deposited, were obtained. 

From the results of Mellanby’s tests, it is also ! mgr 
to estimate the diversity and power factor for each 
operation, as well as the total theoretical consumption ; 
and the latter can be compared with the actual con- 
sumption. This information enables an estimate to 


|be made of the average power factor during the test 


period. The theoretical average consumption was 
calculated to be 105-2 kW and the average power 
factor 0-452. The figures for the individual operations 
are given in Table I, and from these the electrica] 
requirements of a group of welders can be determined, 
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created. No evidence has so far been found of the 
creation of 4 mesons in such processes. 

There is, therefore, fairly strong evidence that 
m mesons are created when intense nuclear forces come 
into play in the close collision of two nucleons. The 
meson can be considered, perhaps, as transient sparks 
struck in the intense nuclear field. The 7 mesons last 
only for 2 x 10-® second and the » mesons for 2 x 10-6 
second. 

This is not the whole of the meson story. Two years 
ago, Dr. Butler and Dr. Rochester, working in Professor 
Blackett’s laboratory at Manchester on the cosmic ray 
particles, obtained evidence in two Wilson chamber 
photographs of a still heavier type of meson which has 

called the v meson. During the last year, by 
working at the Pic du Midi, Dr. Butler found more 
evidence for the existence of this meson, as have 
Dr. Anderson and Dr. Ferretti in California. The 
evidence up to the present suggests that there is one 
¥ meson of mass about 2,200 times the electronic 
mass, and that the neutral v® meson decays into a proton 
and 7~meson. The life time of the » meson is about 
10” second. Another v® meson seems to have a mass 
about 1,000 times the electronic mass and to decay into 
two mesons, 

The theoretical physicist has, however, at present, 
no clear answer to the question how the creation of 

transient mesons throws light on nuclear forces, 
except to say in an intuitive way that it must be con- 
nected with the intense nuclear fields interacting in close 
collisions. From the curvature of the tracks produced 
by a strong magnetic field the momentum of the 
created particles can, however, be determined and the 
mass of the invisible particles can be estimated. A 
genera! picture of the nucleus, in which neutrons and 
protons exchange their identity with high frequency 
by swapping mesons, also emerges, and it is this cloud 
of interchanging mesons which generates the attractive 
forces. Perhaps in five of ten years time another Kelvin 
lecturer will be able to give a clearer picture of these 
fundamental processes which now overshadow the world. 





™ Leading PF. ' Lagging PE 








° 
& 
































$7 3 sd 


Years to Pay 1 


t | i 








The 
twe}-ba 





ENGINEERING” 





== 











246.0.) “ENGINEERING” 


TABLE I.—AVERAGE PERFORMANCE OF WELDERS 
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3 4 5 6 
Cost, £ per kVAR. per Annum-C, 


When considering these results, it is important to 
appreciate that it is impossible to make an accurate 
forecast of the conditions that will obtain in any given 
instance. The vector diagram of the results given in 
Fig. 2 is, therefore, not intended to provide a method 
of exact calculation, but rather to give some help in 
the design of an economical cable system. The 
instantaneous currents will certainly exceed the limits 
shown but, generally speaking, this is of little interest. 
From the point of view of cable rating and power-factor 
correction, it is the maximum load over any half hour 
that is of the greatest importance. 

A vector representing the total capacitor load on the 
welding transformers can be drawn as a base, as shown 
at a in Fig. 2. The current, with no welding taking 


ON DIFFERENT TYPES OF WELDING DURING TEST. 











Type of Electrod Current, | Blectrodes | Pounds of | Rect | Diversity, 1 Power 
ork. Type. Amperes. per Hour. per Hour. per Hour, Per Cent. kW. Factor. 
’ 
Overhead No. 8 150 to 175 21 1-34 5-6 53-3 8-1 0-338 
Vertical No. 8 125 to 150 24- 1-5 9-8 78-0 3-6 0-33 
Downhand No.4 and | 475 to 350 | 7-7 and 6-9 |1-04and1-7 20-6 26- 71 0-578 
in. 
Overhead 0. 8 150 to 200 22 1-4 16-8 58-0 3-28 0-34 
Downhand No. 4 300 18 2-43 20 40-0 7°6 0-6 
Tacking No. 4 300 7 0-95 — 15-5 2-9 0-6 
Tacking No. 6 175 to 250 7°75 0-65 _ 17-0 2-05 0-35 
































together with the results of some tests of the specific 
loading for different types of welding, which were given 
three years ago by W. R. Mellanby,t produced some 
interesting results. The total electrical consump- 
tion measured on the high-voltage side of the network 





* Extract from a paper on “ Electrification of Ship- 
yards’ read before the North-East Coast Institution of 
Engineers and Shipbuilders on Friday, February 9, 1951. 

+ See Transactions of Institute of Welding, vol. 11, page 
181 (1948). 


place, can be read from the current charts taken in the 
substation and, if the, welding transformer and cable 
losses 6 are estimated, this can be drawn as a second 
vector, c, which gives.a point of origin for the con- 
struction of the main diagram. This point will fluctuate 
somewhat as the transformer and cable losses 

with the load, but it is sensibly constant within the 
accuracy of the tests. From the table, lines of maximum 
and minimum power factor can be drawn in at 0-6 and 
0-33, d and e in Fig. 2, respectively. The welding 
current may be expected to vary within these limits 











ENGINEERING. 





MAY 4, 1951. 





MOTOR VEHICLE FOR FUELLING 


and the line of average current f can be drawn in 
from the known value of the average load. From the 
curve of substation loading the maximum load can 
be read off and drawn in on a new scale of high-voltage 
load g, with an origin at o'. This gives a locus for the 
maximum half hour welding current. This occupies a 
rege almost anywhere between the power factor 
imits, but will probably be close to the average line. 
From this point the reactive kilovolt-amperes required 
to correct the load to unity power factor can be esti- 
mated as shown at h. An envelope i has been drawn on 
Fig. 2 to show the probable limit of the welding current 
under all except instantaneous peak conditions. The 
total capacitance required for 75 welders is shown as 
920 reactive kilovolt-amperes. Although the welders 
were asked to work at a normal rate, there is no doubt 
that they did more welding than usual. Consequently, 
the diversity figures in the table are higher than would 
normally be obtained. 

If the poor power factor of the distribution system 
due to a welding load is not corrected, larger trans- 
formers, cables and switchgear will be necessary ; and, 
as most electrical tariffs have some form of bonus for 
high power factors, the results will be an increase in the 
cost of the electricity used. The best place to correct 
the power factor is where it is developed and condensers 
are therefore fitted as standard equipment to multi- 
operator welding transformers. If these condensers 
are made of sufficient capacity to give full correction at 
the maximum load, the current drawn from the line 
before welding begins will be much greater than that 
at maximum load. In fact, it will be almost as great 
as the uncorrected current and there will be no advan- 
tage in reduced cable and switchgear costs. The hest 
size of condenser must, therefore, be determined from 
the number of welding sets, the type of network, and 
the estimated load. The balance of the capacitance 
may be concentrated under the control of an automatic 
relay in the substation or at remote points on an 
extensive network, control being effected from the 
substation through pilot cables. If the welding and 
power networks have been designed together, this 
system can be used to correct other sources of low 
power factor, such as lightly loaded alternating-current 
motors. 

The optimum power) factor can be calculated with 
considerable accuracy from the formula 


CO, 
, ame 
where C, is the total annual cost of the condenser, 
including the capital charges, running costs and main- 
tenance per reactive kilovolt-ampere; C, is the total 
annual cost of maximum demand per kilovolt-ampere ; 
and ¢ is an angle, such that cos ¢ equals the power 
factor. It is interesting to note that the value obtained 
is independent of the initial or uncorrected power- 
factor. Fig. 3 shows a typical curve of the optimum 
power factor and is plotted against the number of years 
required to pay off the capital charges, assuming that 
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the tariff embodies a charge of 51. 5s. Od. per kilovolt- 
ampere of maximum demand per annum and the cost 
of the condenser equipment is 51. per reactive kilovolt- 
ampere installed. Allowance has been made for the 
cost of maintenance and the cost of energy consumed 
by the condensers. 

It is usual for the total capacitance required to be 
split up into units of 60 or 70 reactive kilovolt-amperes, 
and for these to be switched in gradually, by means of 
a relay sensitive to reactive volt-amperes, as the load 
increases. Even so, the possibility of an electrical 
disturbance is not remote. Fig. 4 is an ostillogram of 
the current transient in one phase when a 1,000-micro- 
farad 400-volt 50-cycle three-phase delta-connected 
capacitor is energised with five other similar capacitors 
already connected. The peak and normal running 
currents in this case are 3,260 and 72 amperes. The 
rush of current is due to the virtual short-circuiting of 
the other condensers at the instant of switching. Com- 
paratively little current is drawn from the line. The 
surge is quickly attenuated and will disappear within 
the first half cycle, Even so it is of such magnitude 
that it may easily cause faulty operation of fuses or 
overload devices, unless care be taken in their selection. 
It is generally accepted that the rating of the fuse 
should be twice the full-load rating of the condenser 
and that the total number of condensers in any one 
bank should not exceed six. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ CAPE St. Mary.”—Single-screw trawler, built 
by Hall, Russell & Co., Ltd., Aberdeen, to the order of 
the Crown Agents for the Colonies, London, S.W.1, 
for fishery research work at Sierra Leone. Main dimen- 
sions: 100 ft. between perpendiculars by 25 ft. by 
12 ft. 6 in. ; gross tonnage 220. Seven-cylinder vertical 
four-stroke single-acting Diesel engine coupled to the 
propeller shafting through reverse-reduction gearing, 
and developing 350 s.h.p. at 550 r.p.m., constructed by 
the National Gas and Oil Engine Co., Ltd., Ashton-under- 
Lyne. Maximum speed, 124 knots. Launch, February 
22. 

8.S. “ OLAFUR JOHANNESSON.”—Single-screw trawler, 
built and engined by Hall, Russell & Co., Ltd., Aberdeen, 
for the Government of Iceland, Reykjavik. Main 
dimensions: 183 ft. 6 in. by 30 ft. by 16 ft. to upper 
deck ; fishroom capacity, 18,600 cub. ft. ; gross tonnage, 
about 700. Triple-expansion steam engines and one 
oil-burning boiler, developing 1,200 i.h.p. at 120 r.p.m. 
Speed, 13 knots. Tria] trip, February 27. 

M.S. ‘‘ POLARBRIS.’”’—Single-screw oil tanker, built and 
engined by Barclay, Curle & Co., Ltd., Glasgow, for 
Melsom and Melsom, Larvik, Norway. Main dimen- 
sions: 566 ft. by 72 ft. 6 in. by 40 ft. 6 in.; deadweight 
capacity, 19,000 tons. Barclay Curle-Doxford six- 
eylinder opposed-piston airless-injection oil engine, to 
develop 8,000 b.h.p. Speed, 154 knots. Launch, 
February 27. 





AIRCRAFT. 





MOTOR VEHICLE FOR FUELLING 
AIRCRAFT. 


To facilitate the rapid fuelling of long-distance air- 
craft, Shell Aviation Service are building up a fleet of 
4,000-gallon tank vehicles, capable of a maximum 
delivery rate of 400 gallons per minute, which are 
believed to be the largest and fastest vehicles of their 
type yet built. Three of these Thompson-Leyland 
“Tyne” fuellers, as they are called, are already in 
service, one at Maiquetia Airport, Caracas, Venezuela, 
and two operated by Shell-Mex and B.P., Limited, 
at London Airport. Fig. 1 illustrates the Tyne fueller, 
the bodywork and fuelling installation of which have 
been designed and constructed by Messrs. Thompson 
Brothers (Bilston), Limited, Bradley Engineering 
Works, Bilston, Staffordshire ; the power unit, trans- 
mission and bogies are components of the “ Octo- 
pus” heavy goods vehicle built by Leyland Motors, 
Limited, Leyland, Lancashire. The vehicle has an 
overall length of 30 ft., a width of 7 ft. 6 in., and a 
height of 9 ft. 11 in. The length of the wheelbase is 
20 ft. 34 in. The unladen weight is just over 12} tons, 
and the weight fully loaded is 25} tons. 

The Tyne has no chassis, the body, comprising the 
cab, pumping chamber, and tank units, being a complete 
arc-welded load-carrying structure. Fuel is carried 
in three communicating tanks, a large rectangular 
upper tank extending from the rear of the pumping 
chamber over rather more than half the length of the 
vehicle, and two lower cylindrical tanks, braced 
together and located centrally. The tanks are divided 
by vertical partitions into equal forward and rear 
compartments, each of which feeds a separate pumping 
unit, both these pumping units being housed in the 
pumping-equipment compartment. A balance pipe- 
line is provided between the two fuel-tank com- 
partments and by opening a valve in this line, all 
the fuel may be fed through one pumping unit. The 
following operations may be carried out by either or 
both the pumps: delivering fuel direct, or through 
microfilters, to the aircraft ; off-loading fuel from the 
aircraft ; and self-loading the fuelling tanks. In all 
these operations the fuel is filtered and metered. It is 
also possible to refill the fuelling tanks from an external 
pump, in which case the fuel does not pass through 
the suction filters and the meters. , 

The two cylindrical tanks, of 10-s.w.g. mild-steel 
sheet, comprise the load-carrying members of the body, 
internal gussets and stiffeners of }-in. steel plate being 
provided to distribute the load from the two long'- 
tudinal girders which extend to the front and rear of the 
lower tanks, forming the bearers for the engin-, gearbox 
and front- and rear-axle suspensions. Fig. 2, opposite, 
is a reproduction of a photograph taken through 
radiator aperture looking backwards through the 
into the pumping compartment, showing the arrange: 
ment of the three tank units, the built-in whee 
arches, and the transmission tunnel. The marks which 
can be seen on the front wall of the rectangular tank 





BaPrseod & © & S-os 


SSB RPesepeseeetedadrsnbeswese 





NG 


> air- 
et of 





ENGINEERING. 


547 








MOTOR VEHICLE FOR FUELLING AIRCRAFT. 














ENSINE | 








Fie. 4. Compitetep Bopy Unit. 


indicate the “‘spider’s web” end-bracing inside the 
tank. The tank lids and air vents are housed in an 
enclosed turret on the roof of the vehicle, shown in 
Fig. 4, access being through flush-fitting doors ; four 
20-in. diameter manholes between the upper tank and 
the two cylindrical tanks give access for cleaning. 

The shell of the upper tank, which is in 12-s.w.g. 
mild steel, is extended forward to form the bodywork 
of the cab and pumping compartment and aft to form 
the rear fairing. The complete body-tank unit, before 
the bogies, engine and transmission have been fitted, is 
shown in Fig. 4. At this stage in its construction, the 
prototype vehicle was loaded with 11 tons of water and 
subjected to severe driving tests, including “ crash,” 
braking and driving over deeply-rutted ground at 
25 m.p.h. ; the vehicle stood up well to these tests, the 
only necessary modification being the extension of a 
gusset on the rear end of the rectangular tank. The cab 
has accommodation for a crew of three to six men, and 
is fitted with a sliding roof and a tubular ladder giving 
access to the top walkway. The two oval windows 
above the Triplex windscreen panels give additional 
visibility for manoeuvring near to aircraft. A steel 
bulkhead separates the cab from the pumping-equip- 
ment compartment, the latter being provided with 
large hinged doors giving ready access to the pumping, 
filtering and metering equipment. For maintenance 
work the whole roof of this compartment can be 
removed. 

The. power unit is a six-cylinder Leyland Diesel 
engine with a bore and stroke of 4-8 in. and 5-5 in., 
respectively, developing 125 to 130 brake horse-power 
at the maximum governed s of 1,800 r.p.m.; the 
maximum torque, 410 lb.-ft., is attained at 900 r.p.m. 
Leyland Aphonic fuel injectors are used in conjunction 
with a C.A.V. fuel pump embodying a combined mecha- 
nical and vacuum engine-speed governor; the vacuum 
unit, which is regulated by the throttle opening, con- 
trols the injection-pump delivery and an over-riding 
centrifugal governor comes into operation when the 
Maximum revolutions are reached. The drive is 
through a single-plate clutch and a five-speed gearbox, 
fifth, fourth and third ratios being constant-mesh 
gears; a constant-mesh power take-off gearbox, 
operating on all the main gearbox ratios, is mounted 





behind the main gearbox. The rear driving bogie 
consists of two identical driving axles with overhead 
worm drive, the worm shafts being coupled by a short 
Hardy-Spicer universally-jointed propeller shaft. The 
axles are attached by swivelling trunnions to the 
ends of inverted semi-elliptic springs mounted on 
trunnion brackets supported by a tubular cross- 
member, the latter being carried by brackets on the 
rear longitudinal body members. Ball-ended torque- 
reaction tubes are fitted to each rear axle, secured at one 
end to the worm casing and at the other end to the rear 
longitudinal frame member. The twin steering front 
axles are each carried on semi-elliptic springs. Marles 
cam and double-roller steering is fitted. Control ot 
the second axle is carried out by a connection from 
the steering drop arm to a relay lever pivoted on the 
front longitudinal girder member midway between the 
axles, and thence to the steering arm of the second 
axle. 

The operator’s station on the right side of the 
vehicle can be seen in Fig. 3. The two independent 
pumping units each comprise a Varley pump capable 
of delivering 200 gallons per minute ; gauze filters are 
fitted in the suction lines. From each pump outlet, 
the fuel passes through a float-operated spherical- 
valve air separator before entering a Smith fuel- 
quantity meter. The latter is controlled by a valve 
which can be pre-set to close automatically and shut off 
the fuel flow when the desired quantity has passed. 
A four-way valve in each unit controls the various 
fuelling operations: one connection is from the fuel- 
pump meter, one from the fuelling tank, one to the 
suction filter of the pump or from a connection to 
an outside source, and one through two gate valves, 
one of which provides for by-passing the microfilter, 
to a hose line wound on a reel. The two tank outlets 
to the four-way valves are controlled by foot valves 
remotely operated by the levers which can be seen 
at the top of Fig. 3. 

In Fig. 3, the rear hose reel carries 120 ft. of 2-in. 
diameter hose; the front hose has been removed, 
to show the 18-s.w.g. welded-steel reel. With 2-in. 
diameter hose, the delivery rate is restricted by the 
hose nozzle. With the advent of underwing fuelling 
on the aircraft now coming into service (including the 
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Hermes, Ambassador and, later, the Comet air liners), 
the 2-in. hose will be replaced by 90 ft. of 2}-in. 
diameter hose which will be coupled directly to the 
underwing connector, permitting the full 200-gallons 
per minute delivery to be attained. The hose lines 
are fed out by hand, but are reeled in under power. 

From the wer take-off gearbox, a universally- 
jointed propeller shaft conveys the drive to a transfer 
gearbox in the ——_ compartment, and thence 
through take-off shafts to the pump clutches, the drive 
for the hose reels, and the pump-revolution counter. 
Each pump is driven through a multi-dise dry-plate 
clutch engaged by a lever, and the speed is regulated 
by remote control of the engine throttle. The drive 
to the hose reels is taken from the transfer gearbox 
by a universally-jointed propeller shaft to the hose-reel 
clutch, thence through a chain and sprockets; the 
hose-reel clutch is of the bronze-faced double-cone type 
running in oil and spring-loaded to the disengaged 
position. The engaging push-pull lever for both hose 
reels is at the side of the pumping compartment. For 
servicing the pump clutches and the hose-reel trans- 
mission, a removable panel is provided in the rear wall 
of the cab. 

Access to the connectors for fuelling from an outside 
source and to the gate valves controlling these inlets 
is provided through a panel on the left side of the 
vehicle, through which also the suction filters can be 
serviced. A second panel on the left side encloses the 
10-micron microfilters, which are necessary with certain 
types of aircraft engine. 





THE INSTITUTION OF MINING AND METALLURGY.—The 
* Consolidated Gold Fields of South Africa Limited ”’ 
Gold Medal, for 1950, has been awarded by the Council 
of the Institution of Mining and Metallurgy jointly to 
Mr. J. P. Norrie, B.Sc., M.I.M.M., and Mr. W. T. Petti- 
john, for their paper, “An Ontline of Underground 
Operations at Mufulira Copper Mines Limited.” The 
** Consolidated Gold Fields Premium” of 40 guineas, 
for 1950, has been awarded jointly to Mr. H. L. Talbot, 
M.1I.M.M., and Mr. H. N. Hepker, B.Sc., for their paper, 
“ Investigations on the Production of Electrolytic 
Cobalt from a Copper-Cobalt Flotation Concentrate.” 
The “ William Frecheville ”’ Students’ Prize has been 
won by Mr. G. J. Mortimer, M.B.E., A.M.I.M.M., 
A.R.S.M., for his paper on “‘ Grade Control,” 





FOTHERGILL AND HARVEY, LIMITED: LONDON SHOW- 
ROOMS.—Messrs. Fothergill and Harvey, Limited, Man- 
chester, manufacturers of natural and synthetio fabrics, 
have recently opened their new London showrooms at 
103, Mount-street, W.1. The company, which was 
founded as a merchant house in 1847 and commenced 
production in 1877 at Sladen Wood Mill, Littleborough, 
are well-known as manufacturers of canvases and ducks 
for conveyor belting, hose-pipe reinforcing, and industrial 
clothing and covers. Among their more recent develop- 
ments in synthetic materials, Tyglas, a fireproof and 
heat-resistant woven-glass fabric, is used in electrical 
insulation, in the manufacture of plastic laminations and 
for filtering. Tygan, a woven-plastic material, which 
is non-inflammable, moisture-proof and immune from 
attack by vermin and moths, is used in the automobile 
industry for loose covers, and has certain filtering 
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NOTES ON NEW BOOKS. 


Fractional Horse-Power Motors. 


By Sruart F. Paipotr, M.I.E.E. Chapman and 

Hall, Limited, 37, Essex-street, London, W.C.2. 

[Price 308, net.] 
By definition, though not always in practice, a frac- 
tional horse-power motor is one the output of which 
is less than one horse-power per 1,000 r.p.m. Such 
motors fall into three broad classes, depending upon 
whether they are designed for use exclusively on alter- 
nating or direct-current circuits or on both ; and there 
are at least 18 electrically-different types in use besides 
others of special design. They have an increasingly 
wide field of application for driving domestic appliances 
and for commercial and industrial purposes, and their 
economic manufacture demands close attention to 
points of design, constructional methods, a 
organisation, testing and other factors. A boo 
describing the underlying principles on which these 
motors are based, as well as their operating characteris- 
tics and applications, should therefore provide useful 
information. Mr. Philpott begins with a short chapter 
in which he deals with the various types of fractional 
horse-power motor and with the basic principles upon 
which they work. A chapter is then devoted to the 
design of each t of motor in turn, and after these 
there is a general account of the forms of electrical 
and mechanical construction including belt and gear 
drives and brakes. Some information on thes choice 
of motors for particular purposes and on typical 
applications follows, while the concluding chapters 
deal with testing and with the suppression of radio 
interference. As far as electrical principles are con- 
cerned, the author promulgates nothing novel (it is 
hardly to be expected that he should), but he does 
show how well-known principles can be, and are being, 
applied to a branch of. electrical work the importance 
of which is rapidly growing. Much of the information 
is exceedingly practical and is not to be found in the 
——-, general text-book and for this reason is 
particularly valuable. The main criticism is perhaps 
that the section on applications might well be extended 
to indicate the part the motor plays in the general 
design of the driven unit. 





Steam Turbines. 


By PRoressor EpwIN F. Cuuron, Jr. Third edition. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York, 18. [Price 6 dols.]; 
and McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 
51s.) 


THovuGH the main features of turbine machinery have 
not altered tly since 1935, when the previous 
edition of this book appeared, there has been sufficient 
advance in both constructional and theoretical matters 
to justify bringing the work up to date. Much of the 
text has been re-written, and new chapters have been 
added, dealing particularly with the efficiency of 
nozzles and blading, and the vibration of shafts, 
wheels and blades. The students for whom the book 
is written are supposed to a reasonable know- 
ledge of steam and thermodynamics, so the author 
starts with a chapter on the principal commercial types 
of turbine and their characteristic features, confining 
himself entirely to examples of modern American 

ractice. Then, after a few pages describing the 
Rankin 6, re-heating and regenerative cycles, there are 
five chapters, occupying more than a third of the book, 
devoted to nozzles and blading. With regard to the 
erosion of blades by wet steam, the protection afforded 
by Stellite shields is said to be specially satisfactory, 
but the reader would understand from the context 
that the method was applicable to the blades of 
impulse turbines as well as to those of the reaction 
type. Moreover, the shields are not welded to the 
blades as stated, but are brazed in position. A large 
variety of blades and their attachments are illustrated, 
but it would appear that the hollow blading introduced 
by Messrs. C. A. Parsons and Company some 20 years 
ago, to diminish centrifugal stresses at the low-pressure 
ends of lange machines, is not yet used by American 
builders. There is a further chapter on the aero- 
dynamic consideraticus that affect the form and 
behaviour of blading, and another on supersonic flow, 
in which it is pointed out that, under supersonic 
conditions, the velocity of flow cannot be obtained 
directly by a Pitot-tube measurement by reason of the 
shock wave that would be formed up-stream. In later 
chapters, the causes and effects of vibration of the 
rotor and its components are explained; the various 
sources of loss in a turbine are considered ; methods of 
governing are described; and the final chapter illus- 
trates the process of designing a turbine of the impulse 
type. Throughout the book there are references to a 
bibliography which lists over 120 books and papers 
and includes publications as recent as last year. 





GUILLOTINE 


BRONX ENGINEERING COMPANY, 


SHEARING MACHINE. 


LIMITED, LYE, WORCESTERSHIRE. 








GUILLOTINE SHEARING MACHINE. 


THE guillotine shearing machine illustrated on this 
page is constructed by the Bronx Engineering Com- 
pany, Limited, Lye, Worcestershire. It is of the 
under-driven type and can shear mild-steel sheets up to 
14 ft. in width and 16 gauge in thickness. The forged- 
steel crankshaft is mounted underneath the top cast- 
iron box-section shear beam. The heavy cast-iron 
end housings are rigidly aligned by a lower beam of 
heavy cast-iron box construction, having a centre 
support on which is carried the centre bearing for the 
crankshaft. The bottom shear blade bolster is of 
cast iron, and is bolted to the lower beam. The blade 
is bolted to this bolster, which is adjustable for setting 
the blade clearance. A 10-h.p. high-torque motor is 
mounted on the totally-enclosed gearbox, and the drive 
from the motor to the gearbox is by V-belt. All 
gearing in the gearbox runs on anti-friction bearings 
vith the exception of the final gear, which is mounted 
on a phosphor-bronze bearing running on the crank- 
shaft. A non-repeat type of dog clutch, having 
external and internal teeth cut in the clutch ring 
itself, is incorporated in a totally-enclosed gearbox, 
which is oil filled and permanently sealed. Twin sets 
of cantilever springs are built in the rear of the machine 
underneath the off-chute tray behind the lower beam, 
and the top shear beam is completely balanced. The 
sheet hold-down is spring-actuated, the holding-down 
plungers acting individually so as to grip effectively 
any, buckled or bent sheets. Twin micrometer type 
rear-operated back gauges, interconnected for central or 
independent adjustment, are mounted on the top shear 
beam, which, like the lower shear beam, is of triangular 
box construction. Front brackets for supporting the 
sheet are bolted to the bottom shear blade bolster. 
The machine is equipped with a front squaring gauge 
with divisions marked in 4 in. The pitmans connect- 
ing the crankshaft to the top shear beam are of cast 
steel with phosphor-bronze bearings. The machine 
is operated at a speed of 40 cutting strokes per minute. 





IRON AND STEEL Scrap PRICES INCREASED.—The 
Minister of Supply has issued a new Order increasing 
the controlled maximum delivered prices of iron and 
steel scrap, as from April 21. The Order, which reflects 
the .recent increases in transport costs, is the Iron and 
Steel Scrap (No. 2) Order, 1951, Statutory Instrument 
1951, No. 678, and copies may be obtained from H.M. 
Stationery Office, Kingsway, London, W.C.2. 





LECTURES ON HIGHER MANAGEMENT.—The London 
centre of the Institute of Industrial Administration, 
8, Hill-street, London, W.1, has organised a series of 
five lectures on aspects of higher management, under the 
general title of ‘“‘ The Tools of Management—Planning 
and Control,” which will be delivered on successive 
Wednesdays, commencing with one on “ Marketing,’’ by 
Dr. H. Whitehead, F.I.I.A., on May 16. This will be 
followed by lectures on “‘ Machines and Man-Power,” by 
Mr. J. H. Bingham, M.I.Mech.E.,on May 23; on ‘‘ Control 
Charts in Industry,” by Dr. B. P. Dudding, M.B.E., on 
May 30; and on “ Cost Control,’”’ by Mr. H. H. Norcross, 
F.C.W.A., on June 6. The concluding lecture, on 
“Company Control,”’ will be delivered by Mr. T. G. Rose, 
M.1I.Mech.E., on June 13. All the lectures will take 
place at the Fyvie Hall, Regent Street Polytechnic, 
London, W.1, and will commence at 6.30 p.m. The fee 
for the course will be one guinea. Further information 
may be obtained from Mr. W. T, Pope, 44, Horn Park- 
lane, London, S.E.12. 
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In this, the third article of this series, we con- 
tinue with brief descriptions of some principal 
exhibits of engineering interest, which until to-day, 
when the Fair closes, have been on show at Castle 
Bromwich. 

An important machine on the stand of Messrs. 
Crompton Parkinson, Limited, Crompton House, 
Aldwych, London, W.C.2, is the Magnicon self- 
regulating alternator, which is designed to give the 
required voltage, at all loads, within + 2} per cent. 
without the use of an automatic voltage regulator. 
Two of these machines, each with a capacity of 
10 kVA and driven by direct-current motors, are 
shown at Castle Bromwich, and are connected to a 
control board so that their characteristics may be 
demonstrated. An illustration of a 75-kVA 230/400- 





Moreover, speed variations within the limits laid 
down in the appropriate British Standard Specifica- 
tions, do not affect the regulation and no adjust- 
ment is necessary owing to changes in power factor 
or temperature. A demonstration shows that the 
shape of the voltage characteristics is the same at 
full load and no load, and that when full load is 
switched on and off the voltage is restored in about 
} second. 

Another exhibit on the same stand is a metalclad 
single *bus-bar switchgear unit which has been de- 
signed for indoor service and has @ maximum 
rupturing capacity of 250 MVA at 11 kV. An illus- 
tration of one of these units appears in Fig. 44, here- 
with, from which it will be seen that the framework 
is of fabricated steel construction. The truck can 


The instrument and relay board is a separate 
assembly which is mounted between extensions of 
the side frames and comprises a raised panel, which 
is hinged to a secondary terminal compartment by 
internal hinges. Mechanical interlocks are provided 
to prevent incorrect operation. The standard 
current transformer chamber is designed to accom- 
modate three transformers and is arranged so that 
it can be filled with heavy oil of the Penotrol class. 
It is located at the rear of the unit and carries the 
cable box. The transformers themselves are con- 
nected on the side of the circuit-breaker remote 
from the "bus-bars, The voltage transformers are 
housed in an oil-tight tank, which is mounted on 
rollers and runs along a track above the ’bas-bar 





and current transformer chamber. 





























Fic. 43. 75-KVA 230/400-Voitr ‘“ Macnicon” ALTERNATOR, CoUPLED TO RussELL, NEWBERY 


Enotne; Messrs. CRoMPTON PaRKINSON, LIMITED. 


volt machine of similar design to that exhibited, but 
coupled to @ Russell, Newbery 100 brake horse-power 
six-cylinder engine, is given in Fig. 43, herewith. 

In principle, these Magnicon alternators are 
similar to the Amplidyne in that a small control 
flux is used ‘to establish a main flux along a short- 
circuited axis of the armature and that this flux is 
then rotated. A high degree of amplification 
results. In the Magnicon, however, the control and 
main fluxes are independent and the space wave 
form of the armature-reaction magneto-motive force 
1s trapezoidal instead of rectangular, owing to the 
fact that a four-pole armature without equalising 
connections is employed in a two-pole machine. 
As regards the application of the Magnicon, the 
inherent regulation of a modern conventional alter- 
nator of small or medium output is about 25 to 
30 per cent., with a lagging power factor of 0-8. 
Although this figure can be improved by the use of 
automatic voltage regulators to do so has dis- 
advantages in that skilled attention is periodically 
Recessary and that the equipment is very suscep- 
tible to vibration. These drawbacks are, it is 
claimed, overcome in the Magnicon, which is of 
robust construction and easy tO supervise. In fact, 
once the hand-operated rheostat has been set for @ 
Predetermined voltage, regulation is automatic, 





be withdrawn on wheels, which are mounted in 
roller bearings and support the carriage on which 
the circuit-breaker and closing mechanism are 
mounted. This carriage, in turn, runs on a track 
with four adjustable guide wheels. Raising and 
lowering is effected by a handle of the brace type, 
which actuates a square-thread jack screw through 
gearing. The stationary housing is built on two 
side frames. 

The oil circuit-breakers incorporated in this unit 
are of the firm’s arc-control side-blast baffle pot or 
plain break type, and can be fitted with manual, 
solenoid or spring closing gears with all the usual 
forms of tripping. The ’bus-bar and feeder orifices 
are insulated with porcelain, which is cemented 
into machined castings, and are located by jigs. 
The shutter gear is of the sliding-plate pattern and 
provides complete enclosure of the *bus-bar and 
feeder orifices by earthed metal. The ’bus-bars are 
contained in a compound-filled sheet-steel chamber 
and project through Bakelite plates at each end. 
The chamber is large enough to provide adequate 
clearance for the ’bus-bars and connections to the 
stationary sockets and is provided with a circular 
spigot joint at each end. The ends of the ’bus-bars 
of adjacent units are connected together in this 
joint by copper links and bolts. 





Fie. 44, 11-KV Metauoiap SwitcHGEaR ; 
Messrs. CROMPTON PaRKINSON, LIMITED. 


The exhibits on the stand of Messrs. Barlow- 
Whitney, Limited, Coombe-road, Neasden-lane, 
London, N.W.10, include examples of their high- 
vacuum, pressure impregnating plant, industrial 
ovens for drying, stoving, curing and other pur- 
poses, and also furnaces for hardening, annealing 
and tempering. The general appearance of the 
high-vacuum drying and pressure impregnating 
units will be clear from Fig. 45, on page 550, but 
it may be added that they are made in three basic 
types with single or twin autoclaves up to 36 in. in 
diameter. The details of the design, however, are 
modified to suit the purpose for which the plant 
is to be employed. In the simplest model, for 
instance, which is intended for mixed work, repairs 
and re-winds when the depth of the winding is not 
excessive or consists of very fine gauge wires, a com- 
bined vacuum pump and compressor is incorporated 
in the plant. This enables the autoclave to be 
evacuated down to 27 to 28 in. of mercury with a 
barometric pressure of 30 in. during the final drying, 
and compressed air to be delivered at a pressure of 
60 lb. per square inch for effecting the final pressure 
impregnation. Subsequently, the solvents are 
eliminated by stoving in a separate oven. Where a 
higher degree of vacuum is desirable, as is the case 
when dealing with components wound with fine 
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Fic, 45. Hiau-Vacuum Dryine anD PRESSURE IMPREGNATING PLANT; Messrs. 
BaRLOW-WHITNEY, LIMITED. 


Fig. 48. 























Fig. 47. 
Fies. 47 anp 48. Exxcrro-PNgumatic CLutcH-BRAKE UNIT; 


gauge wires interleaved with paper or embedded in 
deep slots, the unit is fitted with an additional higb- 
vacuum rotary oil-sealed pump, so that vacua of 
about 1 mm. are obtainable. In a third model, 
which is specially designed for use when the impreg- 
nating varnish has ‘a high solvent content and is 
characterised by rapid thermal setting properties 
during the final stoving operation, a condenser is 
provided so that the solvents are extracted while 
the components are still in the sealed autoclave. 
As regards construction, the autoclave is of heavy 
welded steel plate with dished ends and a detachable 
cover, and is designed for a maximum working 
pressure of 60 lb. per square inch. The top rim is 
reinforced with a heavy steel section, which is 
machined to accommodate the cover sealing ring. 
The cover, which is secured by swivel bolts, can be 




















Messrs. CowLisHaw, 


raised clear of the autoclave by a cam action lever 
or screw davit. The autoclave is heated electrically 
by thermostatically-controlled metal-cased elements, 
which are arranged so as to ensure an even tempera- 
ture, and is controlled by gear housed in a steel 
case which is mounted centrally on the plant. 
The control panel, in addition to carrying an 
indicating thermometer with adjustable contacts 
and relay, also incorporates a push-button starter 
for the pump motor and the main isolator. A 
vertical vessel with a removable bolted cover is 
inserted in the pipe line between the autoclave and 
the combined low-vacuum and compression pump. 
This serves the dual purpose of preventing excess oil 
from the pump reaching and contaminating the 
varnish and trapping the varnish, if the autoclave 
is accidentally overfilled. 
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Fie. 46. Burr-Weipinc Macuine For Wirz; 
Messrs. HotpEN anp Hunt, Limirep. 


SECTIONAL VIEW OF CLUTCH AND BRAKE - ZY YY 

















WALKER AND Company, LimITEp. 


The single-cylinder combined air compressor and 
low-vacuum pump is of the air-cooled reciprocating 
type and is driven by an electric motor through a 
V-belt. It delivers air into a receiver, the condi- 
tions in the line being indicated on a combined 
pressure and vacuum gauge, which is mounted on 
the control panel, In the case of the higher-vacuum 
model, a suitable rotary oil-sealed pump is provided 
toensure rapid evacuation. The circuit of this pump 
contains a trap to prevent the sealing oil being 
drawn into the dielectric in the event of a power cut. 

Messrs. Holden and Hunt, Limited, Cox’s Lane 
Works, Old Hill, Staffordshire, are showing a 
number of examples of their well-known automatic 
butt-welders. These machines, an illustration of 
one of which appears in Fig. 46, consist of a cast 
metal body in which the transformer, welding con- 
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Fig 49. Opren-FRONTED PRESS; Messrs. COWLISHAW, 


WALKER AND Company, LimIrTED. 





Fie. 50. 60-Ton Press Brake; Bronx ENGINEERING CoMPANY, 


LIMITED. 








Fig. 51. 


tactor and other electrical equipment are enclosed, 
and which forms a pedestal for the working parts. 
In designing these machines, particular care has 
been taken to exclude dirt and metal-harbouring 
crevices and thus to facilitate cleaning. As will 
be seen from the illustration, they can be mounted 
on wheels with spring axles for use in wire mills, 
machines are provided with a new type of 
switch like the spacing bar on a typewriter, and 
With a release cam or handle by which the spring 
Pressure is released and the pilot switch initiating 
the welding contactor operated. High-speed electro- 
mechanical contactors are incorporated, to which 
the weld load is transferred by the initiating and 
cut-off switches. The weld cut-off switch is adjust- 
able to allow for the amount of upset required. 
is an improvement which is of great value when 
dealing with certain non-ferrous and high-carbon 











PLATE-BENDING MACHINE; Bronx ENGINEERING Company, LIMITED. 


steel wires. It is effected by the employment of a 
specially-designed swivelling part. The cut-off 
and initiating switches are identical, so that the 
supply of spares is facilitated. Interchangeability 
is also assisted by the fact that all the machine parts 
are jig-drilled. The swivelling parts of the cam 
clamping levers are carried in ball bearings and 
thrust-type ball races are incorporated in the 
clamping nuts which secure the fixed head to the 
machined faces. These nuts are knurled to prevent 
abuse since, owing to the provision of ball races, 
only finger pressure is needed to tighten up the 
fixed head after making adjustments to the gap. 
On one machine ball races are also used in the adjust- 
ing nut by which spring pressure is applied to the 
moving head. The operator is protected from the 
high-tension electrical parts by easily removable 
guards which extend down to floor level. The 

















Fie. 52. 25-KW Inpuction Heater; ‘APPLIED 
Hieu Frequency, Limrrep. 


machine which we illustrate has an electrical rating 
of 8 kVA and is capable of welding mild or carbon 
steel from 0-036 to 0-312 in. in diameter, brass 
or alloys from 0-064 to 0-23 in., copper from 
0-048 to 0-187 in. and aluminium from 0-08 to 
0-23 in. 

Messrs. Cowlishaw, Walker and Company, Limited, 
Biddulph, Stoke-on-Trent, are showing a 75-ton 
open-fronted press (general-purpose OT66 model), 
a photograph of which is reproduced in Fig. 49, on 
this page. The press is driven through a single- 
reduction gear by a 74-h.p. motor, and has a speed 
of 34 strokes per minute. The stroke is 7 in. 
The press has an adjustable bed, which can be 
swung out of the way to allow special knee beds to 
be bolted on ; it can also be used as a horning press. 
The shut height ranges from a minimum of 6 in. to a 
maximum of 17 in., from the slide face to the top 
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Fig. 53. “ BK-Firry ” Excavator wita Face SHovet; Biaw Knox, 


LIMITED. 


of the bed. The bolster is 2} in. thick, 24 in. deep 
and 30 in. wide ; the slide is 14 in. deep and 30 in. 
wide and has a hand adjustment of 3 in. The 
machine is fitted with a pawl-type clutch designed 
to prevent accidental stroking. Larger presses 
of over 100 tons capacity made by Messrs. Cowli- 
shaw, Walker and Company are provided with 
electro-pneumatic clutch-brake units, and a working 
model of one is being demonstrated at the Fair. 

A photograph of such a unit installed in a press 
is reproduced in Fig. 47, on page 550, and a cross- 
section through the unit is shown in Fig. 48. The 
clutch transmits the drive from the flywheel to the 
driving gearing; when the clutch is released the 
brake is automatically applied to bring the gearing 
quickly to rest. The electrical circuits, which 
provide a choice of “inching,” or two operating 
sequences, or isolating the clutch, have been designed 
in conjunction with the Metropolitan- Vickers 
Electrical Company, Limited. With the four- 
position rotary selector switch appropriately set, 
operating either the “inch” or “run” push- 
buttons brings into action a solenoid which opens an 
air valve a and admits air pressure, through drilled 
passages b in the clutch shaft c and the clutch centre 
member d, to an annular cylinder e, forcing a piston f 
to bring the clutch discs g into engagement with a 
collar A on the clutch centre member, which is 
keyed to the clutch shaft. The drive is thus trans- 
mitted from the flywheel i to the clutch shaft and 
gearing. When current is cut off from the solenoid, 
the air-inlet valve is closed and the air trapped in 
the annular cylinder is released to atmosphere ; 
the springs j then return the piston to its original 
position and, through the shaft k and the plate /, 
clamp the brake discs m against the brake collar n. 

With the rotary selector switch at the “inch” 
setting, used for tool-setting purposes and trial 
runs, the press will run only when the “inch” 
push-button is held, and will stop when the button 
is released. For normal operation of the press, the 
‘** momentary ”’ setting of the rotary switch is gener- 
ally used, and depressing the “‘ run” push-buttons 
causes the press slide to make one complete cycle 
and come to rest at the top of its stroke. For the 
other operating sequence, the rotary switch is in 
the “long” setting; the “run” push-buttons 
are then held in to bring the slide through its down- 
stroke, but may be released when the bottom of the 
stroke is reached ; the slide will then return auto- 








matically to the top of its stroke. In the operating 
sequences, the automatic disengaging of the clutch, 
and immediate actuation of the brake are effected by 
breaking the solenoid-contactor circuit by means 
of one of two limit switches which are operated by 
cams on the press crankshaft, and thus depend 
upon the position of the slide. For safety, the con- 
trol circuits and push-buttons are supplied at low 
voltage by a transformer; the clutch solenoid, 
however, operates at the main supply voltage. 
Fig. 51, on page 551, illustrates a three-roll plate- 
bending machine exhibited by the Bronx Engineer- 
ing Company, Limited, Lye, Worcestershire ; it 
can bend mild-steel plate up to } in. in thickness 
and 10 ft. in width. The rolls are of 0-45 to 0-50 
per cent. carbon steel and are solid forgings. The 
top roll is 12 in. in diameter and the bottom rolls, 
10 in., with a length of 10 ft.4in. They are carried 
in bearings lined with phosphor-bronze, mounted in 
box-section cast-iron housings, attached to a 
fabricated-steel baseplate to which is bolted, at the 
driving end, a cast-iron bedplate supporting the 
driving motors, gearbox and controls. The bottom 
rolls are supported in bearings with loose caps and 
the top roll in a bearing of cast steel. The worm 
gearing for adjusting the top roll is contained in the 
lower part of the housings and runs in oil, the hous- 
ings being fitted with covers to form oil-light casings. 
The end bearing can be swung down to remove 
cylinders from the rolls, and can be tilted to permit 
of conical rolling. The adjustment of the top roll 
is carried out by an 8-h.p. motor, driving through a 
totally-enclosed reduction gear to the shaft. which 
connects the worm gears in the main housings. The 
reduction gear is of the double-helical type, machine- 
cut from solid-forged steel blanks, and all gear 
shafts run in roller bearings. A clutch in the 
driving shaft disengages the worm gearing at the 
outer end when the top roll is to be tilted. The 
indicator dial, visible in Fig. 51, shows the position 
of both ends of the top roll, and limit switches cut 
out the motor if the roll is accidentally over-run, 
either up or down. An extension is provided on 
the top roll to counterbalance its weight when the 
end bearing is swung down, the handwheel to be 
seen at the left-hand side of the illustration serving 
to press down the extension arm; it operates, 
through spiral gears, a screw jack which presses on 
the ball end of the extension. The main drive is 
from a 16-bh.p. motor, designed to use a 415-volt 





Fic. 54. 4-Cus. Yarp Concrete Bucket; Biaw Knox, 
LIMITED. 


50-cycles supply and runs at 960 r.p.m., reduced to 
90 r.p.m. through machine-cut helical gears con- 
tained in a cast-iron gearbox. The gearbox bear- 
ings are lined with phosphor bronze except in the 
case of the high-speed shaft connected to the motor, 
which runs in bal] and roller bearings. A flexible 
coupling is inserted between the motor and the 
gearbox. The controls are hand-operated. 

The Bronx Engineering Company are also exhibit- 
ing a 60-ton all-welded steel press brake, illus- 
trated in Fig. 50, on page 551, capable of dealing 
with mild-steel sheet up to } in. thick and 8 ft. wide. 
The width between the columns is 8 ft. 4 in. and the 
overall width of the machine is 10 ft. The stroke 
is 3 in., and the gap at the columns is 12 in. The 
machine operates at 30 strokes a minute and is 
driven through V belts by a 5-h.p. motor. The 
pulley, with integral flywheel clutch and brake, is 
mounted on the first-motion shaft, which is carried 
in anti-friction bearings. From this shaft, the 
drive is taken through steel helical gears to the 
second-motion shaft, which runs in ball and roller 
bearings. Double-reduction pinions at each end of 
the welded and annealed frame provide the final 
drive to the twin eccentric shafts, which are 
machined from steel forgings and are carried in 
phosphor-bronze bearings. The pitmans are of 
cast iron, with large phosphor-bronze wormwheels, 
and spherically-ended screws of high-tensile steel 
transmit the power to the steel-plate top beam. A 
ram stop mechanism is fitted to enable single 
strokes to be made, the ram stopping automatically 
at the top dead centre ; and a lever is provided to 
disconnect the mechanism, so that the machine 
operates as a normal press brake. The operator 
can “inch” the top beam through the multi-plate 
dry clutch at any position in the cycle; the 2-h.p. 
motor for power adjustment of the die opening 1s 
provided with limit switches. If the top beam 
should stick during adjustment, as a result of 
incorrect tool-setting, it can be barred by hand. 
The bottom dead centre is indicated to the opera- 
tor by the dial to be seen in the illustration, and 
counter indicators are also provided. In this series 
of press brakes, the shut height has been increased 
to enable standard punch sets to be used, and for 
deep box-tray forming. There is an adjustment 
of 6 in. on the ram. ; 

The range of high-frequency induction heating 





equipment exhibited on the stand of Applied High 
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Fig. 58. Mosite Snover Firrep witt CRANE Boom; Messrs. JoHN ALLEN AND Sons (OxrForpD), 
LIMITED. 

















Fig. 59. 


GLANDLESS Pump; 
Mono Pumps, LIMITED. 

















Fic. 61. Drip-Proor Motor; 


























Brook Motors, LIMITED. 











Fie. 60. 450-KW Avtomatic Hot-Water Borer; G.W.B. ELectric FurNaCcEs, Fic. 62. FLAMEPROOF SiiIp-RInG Motor; Broo! 


LIMITED. 


Motors, LIMITED. 
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Frequency, Limited, Actare Works, Goldhawk- 
road, London, W.12, includes the 25-kW model 
illustrated in Fig. 52, on page 551. It is designed 
for soldering, brazing, local hardening and anneal- 
ing operations at an output frequency of from 250 
to 600 kilocycles per second and is built in a frame 
of welded steel angles, which are covered with 
heavy-gauge sheet steel. The cubicle thus formed 
is fitted with two doors which ensure good accessi- 
bility and provide adequate high-frequency screen- 
ing. These doors are mechanically and electrically 
interlocked with the main push-button control 
switch and switch off the supply automatically 
when they are opened. Similarly, the main switch 
cannot normally be operated when the doors are 
open, although it is possible to do so for test pur- 
poses by carrying out a special sequence of opera- 
tions. The cooling water is turned on and off 
automatically by operating the main switch, and 
a flow switch is incorporated to prevent the equip- 
ment being operated if the water flow is insufficient. 

Current for the unit is obtained from the mains at 
standard voltage and frequency, the power con- 
sumption at full load being 50 kW with a power 
factor of 0-87. It is passed through an oil-im- 
mersed transformer to the valves, which are cooled 
by forced draught from a centrifugal blower. To 
ensure maximum life of the valves a regulator 
maintains all the filament voltages within pre- 
scribed limits. Stepless control between zero and 
full power is effected by the use of grid-controlled 
rectifiers, an important feature of the system being 
that the necessary adjustments can be made with- 
out any alterations to the load circuit. In addition, 
a variable inductor can be supplied and the correct 
load switching thus obtained over a wide range by 
means of single knob control. This enables the 
selected work coil to be quickly matched to the 
generator and the automatic self-resetting pro- 
cess timer, which is fitted, to be adjusted to give 
the desired results. The equipment is provided 
with a test meter which, in conjunction with a 
12-point switch, enables the phase voltage, the 
operating conditions of each oscillator valve and 
the high-tension voltage to be checked. There is 
also a filament voltmeter for checking the perform- 
ance of the voltage regulator and an ammeter 
for indicating the high-frequency current in the 
work coil. This meter incorporates an overload 
trip which switches off the equipment when the 
maximum circulating current of 500 amperes is 
exceeded. Overload devices are fitted in the 
circuits of all the valves and vital components and 
the nature of any overload is indicated by lamps. 
Finally, an hour meter enables the valve life to be 
recorded. 


Messrs. Blaw Knox, Limited, Clifton House, 
Euston-road, London, N.W.1, are showing their 
BK-Fifty full-circle excavator, which has a cubic 
capacity of } cub. yard. It is available with drag- 
shovel, face-shovel, skimmer, drag-line, grabbing- 
crane and lifting-crane attachments. Fig. 53, on 
page 552, shows it with a face-shovel attachment. 

he power unit is a 52 brake horse-power Perkins 
Diesel engine. The drive is transmitted through a 
Borg and Beck single-plate clutch and a two-speed 
gearbox to the heavy-duty roller-chain drive to the 
crawlers ; all gears are carried on ball bearings and 
run in oil. The excavator has a travelling speed of 
0-84 m.p.h. in low gear and 3-4 m.p.h. in top gear; 
it can negotiate gradients of 1 in 4 and, owing to 
its compact design and short tail radius, it is well 
suited to working in confined spaces. The welded- 
steel revolving frame is carried by four adjustable 
bronze-bushed load rollers, the two front rollers 
being placed immediately below the boom foot 
supports. These four rollers run on the top surface 
of the roller track ; three stabilising rollers, running 
on the under surface, prevent the revolving frame 
from tilting. The slewing spur wheel is carried on 
= turntable, which is welded to the lower frame. 

he latter is bolted to the crawler side frames, 
Which are also electrically-welded structural-steel 
ag The crawler tracks are supported on 
ronze-bushed rollers, seven to each track; the 
shoes, which are self-cleaning, are of heat-treated 
alloy steel. The track pads are linked together by 
; -tensile steel pins, Each crawler is individually 
ontrolled by a hand lever. Two controls on each 


crawler allow the tension of the shoes and of the 
driving chain to be adjusted. 

The hoisting and boom-hoisting drums are con- 
trolled by internal-expanding clutches and external- 
contracting brakes. The boom-hoist drum has a 
safety pawl to guard against any possibility of the 
boom slipping. With the face-shovel attachment 
shown in the illustration, the machine has a maxi- 
mum dumping radius of 18 ft. 6 in. and a dumping 
height of 13 ft.; the maximum cutting height is 
19 ft. and the “clean-up” radius is 14 ft. The 
face-shovel has a welded box-section boom and 
steel-tube bucket arms to which are weided high- 
tensile steel racks. A cast-steel saddle block on 
the boom holds the dipper-stick rack in mesh with 
two pirions on a splined shaft. The bucket has a 
renewable long-wearing steel lip and four reversible 
and renewable manganese-steel teeth, the latter 
being interchangeable with the teeth of the drag 
shovel and the skimmer bucket. The bucket door 
is electrically released by a push-button control. 

Messrs. Blaw Knox are also showing one of their 
new circular clamshell-gate concrete buckets which 
have been developed for large projects, as, for 
example, dam construction, where mass concrete, 
containing coarse aggregates of over 6-in. diameter 
and air-entraining agents, renders the concrete 
“‘sticky.’’ The buckets are available in capacities of 
2, 3,4 and 8 cub. yards ; Fig. 54, on page 552, shows 
a 4-cub. yard bucket. The discharge gates are oper- 
ated by compressed air. The bucket is provided with 
quick-release lifting-hook attachments for use with 
a crane or cable way. The 4-cub. yard bucket has 
an outside diameter of 74§ in., an overall height of 
165% in. and a height over the shell of 102$ in. The 
rectangular discharge opening measures 30 in. by 
48 in. It weighs approximately 4,250 Ib. Other 
new products exhibited by Blaw Knox include their 
BK 80 cable-operated scraper, which has been 
designed for operating by crawler tractors of 70 to 
80 h.p., and has a struck capacity of 8-9 cub. yards 
a heaped capacity of 10-8 cub. yards, and gives an 
8-ft. width of cut; a continuous loader, with a 
capacity of 65 to 70 cub. yards per hour of aggregate 
and a bucket speed of 250 ft. per minute, demon- 
strated in conjunction with a Junior weighbatcher, 
a Rex 128 high-mounted concrete mixer and a 
concrete pump; and an “Improved” folding 
weigher, in aluminium alloy, which has reduced the 
weight considerably in comparison with the earlier 
model, and embodies a more efficient cradle design. 
Fig. 55, on Plate XLI, shows the Blaw Knox Junior 
weighbatcher in the new three-compartment form. 
The new machine is quite as mobile as the existing 
two-compartment machine, and can be towed by a 
ligbt lorry. 

The Birtley Company, Limited, Birtley, County 
Durham, are showing two hydraulic angling bull- 
dozers, a straight-blade hydraulic bulldozer with 
attachments for cable operation, and the No. 70 
earth scraper which is illustrated in Fig. 56, on 
Plate XLI. This scraper is made under licence 
from the Caterpillar Tractor Company, Peoria, 
U.S.A., and is generally similar to, but smaller than, 
the No. 80 scraper which was described on page 492 
of our 169th volume (1950) in connection with last 
year’s Fair. The heaped-load capacity of the 
No. 70 machine, based on a 1 in 1 slope, is 124 cub. 
yd., and the “struck” capacity is 10 cub. yd. 
With the addition of 10-in. side boards, the capa- 
cities are increased to 144 and 12 cub. yd., respec- 
tively. The scraper is operated by cable and is 
intended for. use with the D7 Caterpillar tractor. 
The width of cut is 8 ft. 6 in.;the apron opening 
is 58 in. ; the maximum depth of spread is 144 in., 
but the maximum depth of cut is not limited. 

Messrs. E. Boydell and Company, Limited, 
Elsinore-road, Manchester, 16, are showing a 
quarry-type bucket fitted to their mechanical 
loader, as illustrated in Fig. 57, on Plate XLI. 
The bucket, of a reinforced pattern, is equipped 
with four teeth of cast manganese steel. These teeth 
enable the loader to penetrate and load stone 
blasted from the quarry face, up to 15 in. In the 
medium or small quarry, in addition to excavating, 
this bucket can be used for loading from stockpiles, 
and will clean the quarry floor, the versatility of the 
machine ensuring that the crusbing plant is kept at 





full production. In addition, wear and tear on 


transport vehicles are reduced, as loads can be 
accurately and smoothly placed. They are also 
showing their 4}-cub. yd. Muir-Hill 14B dumper, 
to which springs may now be fitted, at option, there- 
by improving the performance and legalising the 
machine for highway use. The springs, of the 
slipper-box pattern, are transverse-mounted at 
the front and semi-elliptical at the rear. The front 
transverse spring is mounted on the steering axle 
by a centre pin and bracket and secured by inverted 
U-bolt clamps. The radius rod is fitted with a 
semi-universal joint at its connection with the 
centre cross-member to accommodate spring deflec- 
tion. The rear springs, of the semi-elliptic type, 
are secured above the rear axle by clamping plates 
and bolts, and are anchored in the forward slipper- 
box by a dowel pin. The slipper boxes are grease- 
packed. The springs, by the absorption of shock, 
assist flotation on rough ground, and the driver's 
comfort is improved. The machine is, at the same 
time, made legal for highway use, the weight of 
certain of the unsprung models having previously 
been in excess of the regulations for unsprung 
vehicles. 

Messrs. John Allen and Sons (Oxford), Limited, 
Cowley, Oxford, exhibit their Models 16/60 and 12/21 
trench excavators, which were described on page 489 
of our 169th volume (1950) in connection with the 
1950 Fair. The Allen “super-duty” shovel or 
crane, model K, is also being shown, and is illus- 
trated in Fig. 58, on Plate XLII, arranged for use as 
a crane. Being mounted on rubber-tyred wheels, 
it is as mobile as a lorry. It can be converted for 
dragline, shovel, crane, clamshell, pile-driver, or 
trench-hoe operation, and owing to the short swing 
of the tail, the machine is particularly suitable for 
confined spaces. The fairlead has been designed to 
reduce stress and strain on the cable, and an auto- 
matic tagline weight considerably reduces operating 
time on clamshell work due to the fact that the 
boom angle does not affect the action of the tagline. 
Centre and rear outriggers are provided and the 
25-ft. crane boom can be extended by adding centre 
sections. The machine is pneumatically-controlled, 
and is driven by either a Dorman 4 DWD oil 
engine or a Gardner 4LW oil engine. The maxi- 
mum road speed in the high range is 21 miles an 
hour, and in the low range 123 miles an hour. The 
shovel capacity is 4 cub. yd., and the trench-hoe 
capacity } cub. yd. 

Mono Pumps, Limited, Mono House, 67, Clerken- 
well-road, London, E.C.1, are showing a range of 
self-priming rotary pumps, including two new 
models in stainless steel for handling highly viscous 
and pulped food products, and a vertical glandless 
pump which can be used for pumping abrasive 
liquids and those in which crystallisation may occur 
during handling. The operating principle of the 
Mono pump was described on page 376 of our 
163rd volume (1947); it may be recalled briefly 
that it consists of a helical rotor rolling in a stator of 
double helical form in such a way that it gives a 
uniform steady flow of fluid; there are no valves, 
and lubrication of the pumping element is not 
necessary, so that pump servicing is reduced to a 
minimum. The vertical glandless pump, a photo- 
graph of which is reproduced in Fig. 59, on Plate 
XLII, is particularly suitable for costly or dangerous 
liquids where it is desirable to avoid gland leakage. 
The pump motor is mounted at the top of a vertical 
balance column, at the lower end of which is a 
T-connection to the fluid reservoir; the housing of 
the pumping element is attached to the lower flange 
of the balance column, the pump-delivery outlet 
being at the bottom. The fluid in the balance 
column, which is at the same level as the fluid in the 
reservoir, acts as a gland and prevents leakage. 
Mono glandless pumps may be either immersed or 
externally mounted. They are available as single- 
stage or two-stage machines in a range of capacities 
from 1,375 to 5,000 gallons per hour. 

The exhibits of G.W.B. Electric Furnaces, 
Limited, Dibdale Works, Dudley, Worcestershire, 
include a number of electrically-heated steam raisers 
and hot-water boilers, among which mention may be 
made of the 450-kW model illustrated in Fig. 60, on 
Plate XLII. These boilers consist of a steel shell 
which is lagged with Stellite and contains electrodes 





made of cast iron or special corrosion-resisting 
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material and shrouded with high-tension porcelain. 
In the case of the hand-operated boilers these shrouds 
are lowered by a small bandwheel on the top of the 
boiler, while in the case of the automatic patterns, 
such as that illustrated, their movement is con- 
trolled by a rheostat operated by a knob on the front 
of the case. This enables the operator to pre-select 
the maximum temperature at which it is desired to 
run the unit. The temperature in the hand- 
operated boilers is controlled by a thermostat, 
which operates a contactor in the main circuit. 
On the automatic boilers this thermostat has two 
positions, one of which is set 5 deg. above and the 
other 5 deg. below the required temperature. 
When the temperature rises above the given 
setting the shrouds are automatically lowered and 
are again raised when it falls below the lower 
setting. The thermostats are connected in series 
with the no-volt coil of the main switch. The autoe 
matic units illustrated have electrical ratings from 
100 to 1,000 kW at any voltage up to 600, and a 
steam output up to 3,350 lb. per hour, The corre- 
sponding range of the hand-operated models is 
from 30 to 100 kW, with a proportionate reduction 
in the steam output. 

The electric motor illustrated in Fig. 61, on Plate 
XLII, is typical of the drip-proof and splash-proof 
units which were introduced a short time ago by 
Messrs, Brook Motors, Limited, Empress Works, 
Huddersfield, to meet conditions in North and South 
American countries. These motors, which are 
made for outputs from 0-33 to 40 h.p. and for 
connection to three-phase circuits, have been 
designed to comply with the United States National 
Electrical Manufacturers Association’s standard 
for frame sizes and dimensions, as well as with the 
corresponding horse-power ratings, temperature 
rises and performance characteristics. The drip- 
proof motors are suitable for most general industrial 
uses, since the windings and moving parts are 
protected against drops of liquid or solid particles 
falling on them at any angle not greater than 
15 deg. from the vertical. If liquid enters the 
motor it will readily drain through the bottom 
openings. The splash-proof motors provide greater 
protection, since the vertical openings are construc- 
ted so that drops of liquid or solid particles falling on 
the machine or coming towards it in a straight line 
at any angle not greater than 100 deg. cannot enter 
it either directly or by running along the surface. 
The electrical characteristics of both machines are 
the same, except that the drip-proof motor is 
designed for a 40 deg. C., and the splash-proof 
motor for a 50 deg. C., temperature rise. 

As regards construction, the stator frames and 
end bells are of cast-iron and are ribbed internally, 
After the welded pack has been inserted the stator 
laminations are tested for parallel gap to ensure 
magnetic balance and silent running. Cooling is 
effected by drawing air through both end bells 
by fans and expelling it through ventilating open- 
ings in the side of the stator. All the windings are 
former-wound with synthetic-resin covered wire, 
which not only has a high space factor but is bighly 
resistant to water, oil, heat and electrical strain. 
The slots are insulated with Class A insulation and 
the whole winding is impregnated, dipped, baked 
and sealed with additional coats of insulation paint. 
The rotor windings consist of copper or aluminium 
rods which pass through the laminations. The 
rotors themselves are dynamically balanced to elimi- 
nate vibration, the end-play being automatically 
compensated by an “‘ anti-bump ”’ washer. They are 
carried in ball bearings, which are of the same size 
ateach end of the motor, so that the end bells are 
interchangeable. 

The same firm ave showing examples of their 
flame-proof motors, which have been designed for 
operation in the presence of explosive gases and 
highly-combustible matter. These machines, a 
typical example of which is illustrated in Fig. 62, on 
Plate XLII, are made with continuous ratings up to 
40 h.p., the yoke and end bells being of sufficient 
strength to resist any internal explosion. As will be 
seen, reinforcement by ribbing is also provided 
to give increased strength and to assist in the 
dispersion of heat. The rotor shafts are of large 
diameter and are carried in a roller bearing at the 
driving end. At the opposite end they are borne 


in a ball bearing, which both locates them and takes 
the end thrust. The stator windings are of double- 
cotton or synthetic-resin covered wire, the slots 
being lined with Micanite and Leatheroid. The 
squirrel-cage rotors are provided, with high- 
conductivity copper rods, which are short-circuited 
by end rings of the same material. In a modified 
design of these motors an external fan is fitted 
beneath a bell-shaped cover and effects cooling by 
surface radiation, so that it is possible to obtain a 
higher output from a smaller size of frame. 

Large power generating plant is represented on 
the stand of the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2, by a 
model of the 60-MW hydrogen-cooled alternator at 
Stourport B station, a description of which was 
given on page 305, ante. Another working model 

















Fie. 63. VARIABLE-SPEED SpINNING-MotTor UNIT; 
EnoGuiso Exvectric Company, LIMITED. 
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Fie. 64. ‘Oxyarc’’ Gun HoitpEer; Messrs. 


ROCKWELD, LIMITED. 


is that of one of the 73,000-h.p. units for the Castelo 
do Bode hydro-electric scheme in Portugal, the 
prime movers for which consist of vertical reaction 
turbines operating at a head varying between 
174 and 312 ft. and running at 214 r.pm. The 
firm’s Diesel engines are exemplified in a model of 
a generating station containing two 1,050-kW 
eight-cylinder and two 780-kW six-cylinder pressure- 
charged engines and alternators, as well as two 
520-kW six-cylinder and a 225-kW six-cylinder 
naturally-aspirated unit. The model shows these 
sets incorporated in a waste-heat recovery plant, 
the jacket cooling water being led from the engine 
outlets to heaters through which the exhaust is 
circulated. The temperature of the water is thus 
raised to 180 deg. F. before it is pumped to a thermal 
storage vessel and thence distributed to the hot- 
water system. In this way the overall efficiency 
of the plant is increased to about 80 per cent. The 
firn’s activities in the switchgear field are illus- 
trated by means of photographs showing air-blast 





Electric standard 66-kV interrupter unit, and of 
one of the bulk oil circuit-breakers, which embodies 
the form of arc control used on the 132-kV circuit. 
breakers installed for the Loch Sloy scheme of the 
North of Scotland Hydro-Electric Board. 

Towards the other end of the scale, mention may 
be made of the variable-speed spinning motor unit 
illustrated in Fig. 63, herewith. This consists of a 
shunt-wound. variable-speed commutator machine 
with an output of 12 to 5 h.p. at 1,200 to 500 r.p.m. 
The motor may be wound for any source of three- 
phase alternating current, and its rating may be 
varied to suit the size of the ring spinning frame. 
It incorporates an automatic regulator, which con- 
sists of a series of cams. These cams are driven by 
the heart shaft and ratchet motion of the spinning 
frame and in turn drive the brushes of the motor 
to give the necessary variation in speed. These 
drives can be arranged so that the motor speed is 
automatically varied to correspond with the build 
of yarn on the bobbin, which is kept at a constant 
tension, or with any other spindle requirements, 
The user is therefore able to select speeds which 
will not only give a greater production of yarn 
but ensure that the end-breaker rate is reduced. 

The loom motor which is being shown on the 
same stand is essentially a totally-enclosed torque 
machine and has been designed to withstand the 
successive heavy impact loads and fluctuating 
torque demands which are characteristic of this 
duty. The motors provide anything up to 400 
per cent. of full-load torque and are made in a 
number of alternative mechanical designs, including 
a hinged suspension base with spring tension, so 
that they can be adapted to various loom drives, 
They are standardised for three-phase 50-cycle 
systems and for speeds of about 1,500, 1,000 and 
750 r.p.m. 

Messrs. Rockweld, Limited, Commerce Way, 
Croydon, Surrey, are showing an improved pattern 
of Oxyare gun bolder, an illustration of which is 
given in Fig. 64. The process for which this gun 
is used, as is well known, consists in employing a 
fine point concentration of heat, which is generated 
by an electric arc and a stream of oxygen, to cut the 
metal. The arc is established between the metal to 
be cut and a coated tubular electrode through 
which oxygen is fed, and consumed. The high 
temperature of the are allows cutting to begin 
without pre-heating. It also allows oxidation- 
resistant materials to be severed and pierced, as well 
as steel and composite and heavily-rusted parts to 
be dealt with at high speeds. The gun, which is 
completely insulated and metal-clad, is fitted 
with an oxygen seal and has a combined oxygen 
and electric cable of concentric construction so 
that only a single lead is required. The electrical 
conductivity and contact with the electrode have 
been improved and a quick and positive engage- 
ment is ensured by the employment of an electrode 
grip of the chuck type. 

The range of arc-welding transformers made by 
the firm has been increased by the introduction of 
two oil-cooled units. One of these provides a cur- 
rent range of 18 to 160 amperes in 56 steps and 
incorporates a tapping enabling a double carbon 
torch to be used instead of a gas torch for both 
brazing and welding. The other transformer has @ 
range from 35 to 400 amperes in 50 steps and is of 
the same general design. 

(T'o be continued.) 





THE INSTITUTION OF MINING ENGINEERS.—T he sul: 
mer meeting of the Institution of Mining Engineers will 
be held at the University of Nottingham on Wednesday, 
Thursday and Friday, July 4,5 and 6. The programme 
will include visits to hosiery, shoe and drug factories, 
collieries, and the works of Messrs. Butterley and Com- 
pany, Limited, Derby. A paper entitled Rear g 
Mining at Donisthorpe Colliery ” will be read by Mr. H. ° 
Bennett on July 4 and there will be a civic rong 
by the Lord Mayor and Corporation of Nottingham 
at the Council House on the evening of the same dey. 
The Institution dinner will be held at the University hind 
July 5 and a tour of the Dukeries and part 3 of = ~ 
shire will take place on July 6. Accommodation wil “ 
available at the Hugh Stewart Hall and Wortley ree 
of the University. Further information may be me 
from the secretary of the Institution, 436, Salisbury 
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LITERATURE. 


The History of Johnson and Phillips: A Romance 
of Seventy-Five Years. 

By CoLLIN Brooks. Privately Printed for Johnson 

and Phillips, Limited, Victoria Works, Charlton, 

London, 8.E.7. 

In the history of any type of organisation, the 
attainment of a centenary or a jubilee is commonly 
taken to mark a stage calling for some form of 
commemoration. A period of 75 years is not so 
frequently chosen to stand as a landmark in 
progress, but lying midway between the two cele- 
prations which have received specific names, it 
may fairly claim some recognition. The author of 
this book states that the reason the seventy-fifth 
anniversary of Johnson and Phillips has been made 
the occasion for its appearance, is that some are 
still living who have known and worked with the 
founders of the firm and are consequently in a 
position to supply information about early days ; 
it is unlikely that personal recollections of this 
kind will be available when the centenary of the 
firm is honoured. This is a sufficient reason for 
the issue of this volume, but there is another justi- 
fication. There are a number of engineering firms 
in this country which have been in existence for a 
hundred years, but their early activities, at least, 
did not lie in the sphere of electrical engineering. 
Electrical work in 1850 was mainly concerned with 
telegraphy, and electrical engineering in the modern 
sense can hardly be said to have existed. In these 
circumstances it may be claimed that the 75 years 
career of Johnson and Phillips covers the greater 
part of the development of what has grown to be 
one of the world’s major engineering industries. 

Even in 1875, when the firm was founded, tele- 
graphy was still the main interest of electrical 
manufacturers ; the first public electric lighting in 
Great Britain was not installed until 1878. In 
these circumstances, the first activities of Johnson 
and Phillips lay in the field of telegraph engineering. 
The firm was from the beginning interested in the 
subject of submarine-cable laying and it is stated 
in this book that the first order received was for 
buoys. Grapnels and other devices were early 
developed and the foundations were laid for the 
position which the firm now holds in the manufac- 
ture of submarine-cable laying machinery. In the 
early years the firm were “‘ contractors for complete 
systems of electric lighting” and in 1880 ‘ turned 
its attention . . . to the manufacture of electric 
generators,” the dynamo department being under 
the direction of Gisbert Kapp. It does not appear 
to be definitely stated in this book when the building 
of generators was abandoned, although, apparently 
about 1905, it was decided to concentrate on certain 
lines of manufacture. 

Brief accounts of the technical activities of the 
company over the years and of the development of 
the main types of manufacture are given in an 
appendix to the volume, but the main body of the 
work is mainly concerned with personalities and 
financial matters. Walter Claude Johnson and 
Samuel Edmund Phillips went into partnership in 
1875 and took over a small existing building at 
Charlton, The venture was apparently successful 
from the first. It would appear that Phillips was 
the better technical man, but Johnson exhibited 
great enterprise and energy, and it would seem fair 
to suggest that the position which the firm now 
holds owes much to his early work. Phillips died 
in 1893, but Johnson lived until 1928. Mr. Collin 
Brooks, the author of this book, makes “no pre- 
tence to any technical knowledge.” It is perhaps 
for that reason that so large a part of his work is 
concerned with the domestic and social aflairs of 
Johnson and with his characteristics. He was 
evidently a remarkable character, but some people 
may think the statement that he was ‘‘ comparable 
m kind” to Leonardo da Vinci somewhat exag- 
gerated. Some engineers may also wonder if an 
Imaginary conversation between Claude Johnson 
and Samuel Phillips is altogether in place in the 
history of an engineering firm. 

The book is described in its title as a “‘ romance,” 
and Mr, Brooks has certainly presented the history 
of the firm in romantic form. It is not unusual to 
Come across some such phrase as ‘the romance of 





electricity,” but such expressions are intended to 
refer to the remarkable technical developments asso- 
ciated with the word “electricity.” Mr. Brooks can 
hardly be said to deal with this type of romance. 
He is, however, a well-known writer on financial 
matters and the information about the monetary 
side of the development with which he is concerned 
is of interest and value as illustrating and to some 
extent explaining the growth of Johnson and 
Phillips from small beginnings to their present 
important position. 

La Technique du Vide. 

By Maurice LEBLANC. Collection Armand Colin 

No. 266. Librairie Armand Colin, 103, Boulevard 

Saint-Michel, Paris, 5e. [Price 200 francs.] 
MopERATE degrees of exhaustion are essential to 
many chemical operations and, without the means 
of obtaining high vacua, incandescent lamps and 
the vast range of electronic equipment, including 
radio and television receivers, X-ray tubes and elec- 
tron microscopes would be impossible. It is with 
the latter, functioning within a pressure range from 
10-* mm. to the present attainable limit of around 
10-* mm. of mercury, that Mr. Leblanc is concerned. 

An introductory chapter summarising the main 
results of the kinetic theory of gases, is followed 
by a description of the apparatus used for the 
production of high vacua from the Sprengel pump 
(a relic of the heroic age, when exhausting was 
exhausting) to the modern rotary oil pumps, 
designed to secure the preliminary reduction in 
pressure necessary to ensure the operation of the 
rotatory and oil or mercury-vapour pumps, the 
action of which is based on molecular processes. The 
normal atmospheric pressure is equal to 760 mm. 
of mercury, and not, as stated on page 23, to 
750 mm., which is the height of a mercury column 
corresponding to a pressure of 1 bar. Chapter III 
provides a comprehensive survey of the methods 
employed for measuring low pressures. The prin- 
ciple of each type of high-vacuum manometer is 
explained, and the range of pressure over which 
it is effective is stated. It is important that the 
tube connecting a high-speed pump to the space 
to be evacuated should be short, direct and of wide 
bore. The relevant reasons are discussed in the 
first part of Chapter IV, and the second part con- 
tains useful information concerning joints, seals and 
vapour traps, ending with hints on tracking down 
leaks. 

Stable vacuum conditions require that all exposed 
surfaces shall be freed from occluded and adsorbed 
gases; the appropriate techniques are described 
in Chapter V. The next chapter deals with the 
employment of absorbents and getters to remove 
traces of gas, and the progressive hardening of 
discharge tubes. Sundry miscellaneous topics are 
covered in Chapter VII, including the measurement 
of pump speeds, micro-analysis of gases, the intro- 
duction of limited quantities of gas, the deposition 
of metals by sputtering, and evaporation. A final 
chapter contains a selection of numerical data in 
current use by the vacuum technician, though the 
units are not always stated, and viscosity coefficients 
are given without indication of temperature. Dush- 
man is referred to throughout as Dusham, and all 
three British names listed in the bibliography are 
incorrectly given. In general, however, it may be 
said that this little book provides a well-balanced 
and very readable introduction to present-day 
practice in high-vacuum technique. 





THE SCIENCE MUSEUM: BROCHURE IN SPANISH.—We 
have received from Mr. H. P. Spratt, Deputy Keeper 
the Science Museum, South Kensington, London, 8.W.7, 
a copy of a reprinted article, ‘“‘ El ‘ Science Museum ’ de 
Londres,” which he contributed to the Buenos Aires 
journal Ciencia e Investigacion. Copies are available, 
without charge, on application to Mr. Spratt at the 
Science Museum. 





THE OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians—the association of former students 
of the City and Guilds Engineering College—will be held 
on Thursday, May 17, at the restaurant “‘ Chez Auguste,” 
47, Frith-street, London, W.1, at 12.45 for 12.55 p.m. 
The speaker be Dr. G. M. Lees, F.R.S., chief 
geologist of the Anglo-Iranian Oil Co., who will review 





recent geological explorations in Great Britain. 





ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


IV.—TxHE TEMPORARY BRIDGES AT THE 
Souta Bank Exursirion. 


Two additional means of access for pedestrians 
to the South Bank Exhibition have been provided 
by means of unit-construction bridges. From the 
main-line Waterloo Station of the Southern Region, 
British Railways, there is a three-span Callender- 
Hamilton bridge crossing York-road; and from 
the Embankment, on the North Bank of the Thames, 
to a point near the Skylon in the Exhibition, there 
is a seven-span Bailey bridge. Both these types of 
bridge construction found their greatest application 
during the second World War, though both have 
been used for peace-time purposes, The Callender- 
Hamilton bridge, in particular, has been widely 
applied in Europe and the Far East. It was 
developed by Mr. A. M. Hamilton, B.E., M.LC.E., 
in association with Mr. G. D. White-Parsons, 
A.M.LC.E., and later with the British Insulated 
Callender’s Construction Company, Limited, before 
the war, and was based on Mr. Hamilton’s experi- 
ence in the Middle East. It was first described in 
an article in Enorverrtne (vol. 140, page 131 
(1935)). Its advent was a significant advance in 
military bridging, since it was the first to employ 
the multi-truss multi-tier principle, and it also 
introduced the idea of using members of variable 
section made up of standardised parts. As a result, 
the potential increase in the strength of military 
bridging, while still using light individual units, 
was greatly enhanced. Bolted joints are used 
throughout, the bolts being of extra large diameter. 
Fig. 34, on page 556, shows a detail of the bolted 
connections, etc. Tbe Bailey bridge was a war-time 
development by Sir Donald Bailey, and was first 
used in North Africa. It is also of multi-truss 
multi-tier form, though of lighter construction than 
the Callender-Hamilton bridge, and was therefore 
suitable for military assault purposes. 

Direct access from Waterloo Station into the 
South Bank Exbibition was required. As the main- 
line platform level made it practicable to cross 
York-road at a clearance height for *buses and other 
road traffic, the easiest method was clearly to 
erect a temporary bridge, and to provide stairs 
down into the Exhibition. Further, if stairs could 
lead up to such a bridge from York-road itself, the 
public using this road, as well as visitors arriving 
by rail, would have easy access, provided: the bridge 
was of adequate width and “in” and “ out ” lanes 
could be accommodated on the deck of the structure. 

The bridging selected for the purpose was of the 
Callender-Hamilton double-track standard Ministry 
of Transport type, the three spans, namely, 60 ft. 
70 ft. and 80 ft., being drawn from Ministry depot 
stocks held for emergency purposes, to which they 
will be returned after the Festival. Such bridging 
has been a reserve Ministry of Transport type since 
1939 when Ministry depots and municipal authorities 
held Callender-Hamilton bridging on a considerable 
scale against bomb damage to city or main-road 
bridges. A number of spans were erected during 
the war—most of them are still in service—and 
the bulk of the remainder, weighing several thousand 
tons, went to France and Holland after the war to 
replace damaged bridges there. Callender-Hamilton 
bridging has been extensively used in Europe, 
Africa, India and Burma, and, being of heavy section 
material and much of it hot-dip galvanised, it has 
proved durable and requires little maintenance. 
The normal span make-up of the European bridges 
also accords with the Ministry of Transport standard 
heavy loading, with design details in accordance 
with B.S.S. 153 for steel bridging. 

Recently, the Ministry of Transport have again 
built up stocks of Callender-Hamilton bridging, 
and it is from these stocks that the spans for the 
York-road bridge have been drawn. The steelwork, 
including the trough decking, was made by Messrs. 
Dorman, Long and Company, Limited, Middles- 
brough, in 1949-50; and the galvanising is by 
Messrs. Painter Brothers, Hereford. The suppliers 
of the bridge are the British Insulated Callender’s 
Construction Company, Limited, 21, Bloomsbury- 
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street, London, W.C.2; it has been lent by, and 
the cost of erection has been borne by, the Ministry 
of Transport. 

When taken down, the material of the Callender- 
Hamilton bridge is not limited to any particular 
span; it can be used for spans up to 200 ft. The 
trough decking, though of a type originally supplied 
with some of the earliest Callender-Hamilton bridges 
purchased by the Anglo-Iranian Oil Company in 
1937, has only recently been introduced for the 
decking of the European road bridges. Fig. 35, 
herewith, shows the decking before concreting. 
It is stronger and much more lasting than timber 
and somewhat easier to lay than reinforced con- 
crete. It corrects what is believed to be the only 
fault of the trunk-road bridges, namely, the 
liability of the timber decking to rot, spring and 
loosen under present-day main-road traffic; that 
on the Gloucester Westgate bridge, for example, is 
16,000 vehicles a day. A troughing deck, in the 
form of lapped, strongly bolt-jointed units, also has 
a tendency to stiffen and strengthen the bridge as a 
whole and slightly reduce deflection or local panel 
movement under extra heavy wheel loads. 

The erection of the Festival spans was undertaken 
by Messrs. Richard Costain, Limited, the consulting, 
planning and supervisory work being in the hands 
of the Chief Engineer’s Department, British Rail- 
ways, Southern Region; this department also 
provided the etandard military railway trestling 
units (Everall type) which form the two inter- 
mediate bridge piers and were also the key to the 
ingenious method of launching employed—rolling 
forward the bridge spans and the supporting trestles 
as complete portal-type units. The units moved 
on steel balls running between bull-headed rails 
laid on their sides, the lower rail resting on timber 
bearers slightly above, ground level. Though this 
method of bridge launching has been used before 
for other Callender-Hamilton bridges (notably the 
Staines bridges over the Thames, erected by Messrs. 
Holloway Brothers, during the war), as far as is 
known, there has been no previous case of launching 
& bridge and trestles together in this way. Asimilar 
bridge and its trestles have been launched in France 
(80 ft. span, Ouse-Aisne Canal) by a floating method, 
the forward trestle being on a barge. 

With everything prepared in advance, the closure 
of the busy thoroughfare, York-road, was arranged 
for Sunday, December 17, 1950, and the launching 
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procedure, as far as the road span was concerned, 
was easily completed that day in spite of a severe 
snowstorm, following a night of snow. Having 
completed the York-road crossing, and taken the 
bearing of the bridge nose from the temporary for- 
ward trestle on to the steelwork prepared in the 
Exhibition site wall, the erection of the remaining 
spans and of the decking could be carried out at 
leisure, though it was emphasised by the London 
County Council that as little bolting as possible 
should be left to be done over traffic in case of a 
tool or bolt being dropped accidentally. There was, 
in fact, no mishap of any sort. Figs. 36 to 39, on 
Plate XLIII, show the bridge in various stages of 
erection. 

For the initial raising of all the truss units, the 
panels were bolted up on the ground and then 
lifted by a mobile crane up to the level of the bridge 
bearings, where they were, in due course, stabilised 
by the batten-plate connections between the indi- 
vidual single trusses (the construction being of the 
double-truss single-depth, or “‘ double-single,”’ class). 
The doubled trusses were then able to carry the 
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Fig. 35. TrovaH DEcKING. 


channel cross-bearers and wind-bracing angles. The 
latter Were modified to have one main angle and 
two half-length angles attaching to @ central gusset 
plate, instead of two crossed angles, this being to 
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provide a few more inches of head-room for buses. 
A proposal to enclose the trusses of the bridge 
completely in plaster board or similar material, to 
give a less “ utilitarian’ appearance to this quite 
prominent structure, was eventually abandoned. 
Many structural details are in evidence at the 
South Bank Exhibition, and there is no reason why 
the Warren trussing of the Callender-Hamilton 
bridge should not be visible. Heavy steel-wire 
mesh is, however, fitted inside the trusses to act as 
a safeguard to the footway. The bridge is also 
provided with lights for night use and gates for 
regulating the traffic. The labour expended on the 
erection of the bridge was equivalent to nine man- 
hours per ton of steelwork. 

The increase in the strength of standardised 
bridges designed primarily for military purposes is 
shown in Fig. 33, on page 556, for the period 1915 
to 1945. The diagram shows the maximum bend- 
ing moments of the strongest bridges built at the 
time ; the shear strength (not shown) was increased 
similarly. The 60-ft. Mark IL bridge, used in the 
first World War, is indicated at a; the Inglis 
Mark IT bridge at-b; and the 120-ft. Hopkins bridge 
at c. Thereafter, the diagram shows the develop- 
ment of the Callender-Hamilton bridge, based on 
the strength of bridges actually built, though at 
certain times materials were available for erecting 
stronger bridges. Four.types of Callender-Hamilton 
bridging material (A, B, C and D) have been made ; 
though basically similar, B is stronger than A, C 
Stronger than B, etc. The principal advances in 
strength were as follows: d, the Army standard 
“ double-single ” B type (also used by the Ministry 
of Transport, etc., and at the South Bank Exhibi- 
tion); e, the C-type double-single standard rail- 
way bridge, as used by the India Railway Board 
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and in the South East Asia Command during the 
second World War; f, the D-type double-double 
bridge (a 248-ft. span erected at Bulkadoba in 
Assam); and, g, the D-type treble-double used 
by railways in North-West India and for the 286-ft. 
span carrying the Antwerp-Rotterdam main line 
in Holland. In the latter case, the bending moment 
shown in Fig. 33 is for the treble-double con- 
struction, though, of course, it would be higher— 
actually about 90,000 ton-in.—for a treble-treble 
construction. The A-type bridge is half the size 
(linear dimensions) of the B type, and is not shown 
in Fig. 33 as, of course, it was never the strongest 
type. Incidentally, Bailey bridging is about as 
strong as the A type and is of similar depth. 

The Bailey bridge over the Thames, 1,052 ft. 
long, is built of modified standard widened Bailey 
bridge members, and is for the most part continuous 
triple-triple, supported on timber piled piers. The 
general arrangement is shown in Figs. 41 and 42, 
on Plate XLIV; there are seven spans varying 
from 85 ft. to 180 ft., of which one is a skew span 
simply supported, and another a suspended span. 
There are various detail modifications to War 
Department practice, though, in general, the bridge 
is built of standard Bailey parts. Bailey bridging 
material consists of a number of pin-jointed stan- 
dard parts which, individually, are easy to handle. 
Large-scale production was commenced in 1941, 
and subsequent war experience revealed the versa- 
tility of the design ; it can be used in many forms, 
heavy or light, fixed or floating, and in a continuous 
span over a series of piers, as in ‘‘ Sapper Bridge ”— 
the official name for the Festival bridge. 

Pedestrian traffic from Charing Cross to the 
Exhibition, at the rate of 10,000 persons an hour, 





was specified for the design. The bridge is a clear 
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distance of 40 ft. from the Hungerford railway 
bridge, and extends from an overhead platform on 
Victoria Embankment to the roof of a restaurant 
at the Exhibition, with stairways at both ends. 
It was built by 36 Army Engineer Regiment, with 
units of 25 and 27 Engineer Groups (Territorial 
Army) assisting at week-ends. The piled piers 
were built by Messrs. Richard Costain, Limited, 
under a contract let by the London County Council. 
The War Office had overall control of the project 
as @ military exercise; the execution was in the 
hands of Headquarters, Eastern Command ; plan- 
ning, design and construction were the responsibility 
of the Chief Engineer, London District (though the 
Military Engineering Experimental Establishment 
made the final calculations and detail drawings) ; 
and, from the civilian standpoint, the Chief Engineer, 
London County Council, controlled the project. 

In general, the design is a normal continuous 
Bailey bridge, but for the sake of speed the bridge 
was left on its roller seatings over the piers, thereby 
avoiding jacking. This necessitated the use of a 
double bottom chord. The high wind load specified 
by the Ministry of Transport required double sway- 
bracing over the piers, also special heavy bracing 
frames over the piers and at the end of the simply- 
supported skew span. The roadway was widened 
from 12 ft. 6 in. to 14 ft. 3 in. by timber side exten- 
siens covered by an angle riband plate. Expansion 
was provided for by welding the bridge at pier 3 
(Fig. 41) and allowing movement on the rollers on 
both sides. A sliding bay was placed in the deck 
at pier 1 to take up the movement. 

The site raised several problems : a 74-deg. skew 
span from pier 1 to the Charing Cross support was 
required ; at the time of building there were no 
abutments to work off; the bridge could only bo 
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built and pushed out from a small area on the 
Exhibition side; and no hauling gear across the 
river was permitted by the Port of London Autho- 
rity. Thus, the task was to build a bridge 20 ft. 
up in the air, push it out across the river in stages, 
while adding to its length, until it was 1,052 ft. 
long and weighed 700 tons. Having spanned the 
river, the front 170 ft. had to be disconnected and 
skewed to an angle of 7} deg., this operation being 
completed one week-end while one of London’s 
main traffic arteries (the Embankment) was closed. 
The bridge was launched from a Bailey launching 
platform, sited on the South Bank and incorporat- 
ing launching and retracting winch gear capable 
of a pull or push of about 40 tons. A 10-ton 
Henderson steam derrick with a 120-ft. jib was used 
to lift prefabricated triple-single girders 80 ft. long 
on to this platform, thus building up 80-ft. triple- 
triple sections of bridge which were then pushed 
forward, 

After the leading span had been rested on a tem- 
porary pier on the Victoria Embankment, the bridge 
was broken at the point of contraflexion near the 
first river pier; this span was then lowered by 
jacks and pinned at one side above the pier 1, 
after which it was mounted on skewing rollers at 
the temporary pier and jacked sideways to its final 
position (Figs. 44 and 48). The terminal supports 
for the bridge are, at Charing Cross, a welded-steel 
portal frame designed by the London County Coun- 
cil, and, at the Exhibition, the restaurant roof, 
which incorporates suitable beams and supports the 
end of a 110-ft. double-double suspended span resting 
on an expansion bearing consisting of two plates 
with a nest of rollers between. The bridge was 
launched by means of four 10-ton Fordson Naval 
winches with steel-wire rope tackle. 

The requirements of certain outside authorities 
affected the design of the bridge, as follows: live 
load, 80 lb. per square foot of deck area ; dead load, 
weight of bridge plus an allowance for decorations, 
etc. (estimated at 1 cwt. per foot run); wind load, 
due to 80 m.p.h. wind (based on National Physical 
Laboratory tests), also due to a similar wind on a 
crowd 6 ft. high and of half the maximum density, 
and on the flags and decorations ; headroom under 
bridge, not less than 25 ft. at high-water level ; 
two spans between piers 2 and 3, and 3 and 4, to be 
the official navigation spans; and the position of 
the piles for pier 1 to be considered in relation 
to the London Transport Bakerloo tube railway, 
which passes under the river at that point. The 
piling of certain other piers was also dependent on 
other considerations ; and, as a result, the spacing 
of the piers rendered simply-supported spans 
impracticable. In the construction of the bridge, 
floating cranes were not allowed. 

The launching platform and gear were designed 
to enable the first span of 156 ft. to be launched 
at a height of about 20 ft. above ground level from 























the Exhibition side of the river. The maximum 
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length of platform, namely 140 ft., was necessary, 
while leaving clear a distance of 30 ft. from the 
front of the platform to the river wall, so that 
concrete skips for the construction of the new river 
wall could pass. The platform was built of Bailey 
bridging parts and consisted of front and rear 
piers (Fig. 43) of vertical triple-single construction, 
30 ft. long. Two single-panel triple-single piers 
supported the centre (Fig. 49), and 140 ft. of triple- 
single bridge formed the platform. The winches 
were accommodated at ground level, with snatch 
blocks to change the direction and level of the 
hauling ropes. To provide for retracting the 
bridge and for overhauling the tackle, duplicate sets 
of tackle for hauling and retraction were used ; two 
winches were employed for hauling and two for 
retraction. The tackles were connected at the hauling 
end to a beam which was mounted on a special frame 
made up of Bailey panels into a trolley. The trolley 
was mounted on an undercarriage and ran on rails 
on the deck of the platform. Dynamometers were 
installed so that the pull in both sets of tackle, 
working side by side, could be equalised after the 
bridge had reached pier 6. A similar arrangement 
of tackle, etc., was used for retraction. 

A maximum counterweight of 23 tons was used 
when launching the first span, in 11 different stages. 
The amount that the span could be moved forward at 
each stage was progressively reduced and the 
amount of counterweight at each stage had to be 
increased. After a mistake, when a section of the 
bridge overbalanced and fell into the river, careful 
safety precautions were taken, including the marking 





of the centre of gravity of the structure at each 
stage by a large red board. The centre of gravity 
was never allowed to be closer than 10 ft. to the 
front launching rollers. The structure moved 
forward at the rate of 24 ft. a minute. After pier 6 
had been reached, all counterweight was removed. 
Thereafter, 80-ft. triple-single girders, a series of 
which had been built and run down a Decauville 
railway line, were lifted in turn by a derrick and 
swung to the rear of the completed portion. The 
completion of an 80-ft. triple-triple section, includ- 
ing checking, took about nine hours. 

The portal frame supporting the bridge at the 
Charing Cross end was seated on bored pile founda- 
tions in the pavement by means of two hemi- 
spherical ball joints. The connection to the bridge, 
at about 10 ft. from the end of the span, was made by 
welding on top of the portal a pair of balanced-beam 
bearings on which specially-designed rocker seatings 
were mounted ; the bridge was then welded to the 
rocker seatings. Thus, expansion and contraction 
of the span cause the portal legs to hinge on the top 
and bottom joints. 

The testing of the completed bridge was carried 
out by applying loads consisting of self-supporting 
canvas tanks filled with water. Measurements 
showed that there were no lateral deflections, the 
piers were depressed a maximum of } in. and the 
maximum mid-span deflection was just over | in. 
The unloaded deflection of the longest span being 
about 3} in., the total deflection under load ws 
between 4} and 5 in 

(To be continued.) 
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CONFERENCE ON ELECTRICAL- 
INSTRUMENT DESIGN. 


Tue Measurements Section of the Institution of 
Electrical Engineers has organised a conference on 
electrical-instrument design, which will be held at the 
Institution, Savoy-place, Victoria-embankment, Lon- 
don, W.C.2, on Monday, Tuesday and Wednesday, 
May 28, 29 and 30. The conference will commence 
on the first day at 5.30 p.m., with an opening address 
by Dr. W. G. Radley, C.B.E., and this will be followed 
by a lecture on “Some Aspects of Electrical-Instru- 
ment Design,” by Dr. L. Hartshorn. Session I, on 
“Trends in Modern Instrument Design and Construc- 
tion,” will begin at 2.30 p.m. on the second day, 
Tuesday, May 29, and will comprise a paper on “A 
Commentary on New Principles in Electric Measure- 
ment,” by Mr. D. C. Gall, and one on “ A Survey of 
Modern Methods of Presentation of Instrument Read- 
ings and Recordings,” by Mr. L. B.S. Golds. Session IT, 
on “ The Limits of Measurement, Present and Future,” 
will be taken in the evening, commencing at 5.30 p.m., 
when papers on “The Accuracy of Measurement of 
Electrical Standards,” by Mr. A. Felton, and on 
“Performance Limits in Electrical Instruments,” by 
Dr. A. H. M. Arnold, will be read. 

Session III, on “ Materials and Components,” will 
commence at 2.30 p.m. on the third day, Wednesday, 
May 30, and will comprise three papers, namely: 
“Some Special Characteristics of Soft Magnetic Ma- 
terials Used in Instrument Manufacture,” by Dr. 
G. A. V. Sowter; ‘“‘ The Properties of Insulating Ma- 
terials Used in Instruments,” by Mr. C. G. Garton ; 
and “Components for Instruments,” by Mr. R. E. 
Hall and Mr. E. Coop. Session IV, the final session, 
on ‘‘ Techniques in the Field of Radiation,” will com- 
mence at 5.30 p.m. and will comprise three papers, 
namely: “Instruments for Use in the Microwave 
Band,” by Dr. A. F. Harvey; “ Radiation Measuring 
Instruments for the Infra-Red to Ultra-Violet Wave 
Band,” by Dr. A. C. Menzies; and “ Radiation- 
Measuring Instruments for X-Rays and Cosmic Rays,” 
by Dr. Denis Taylor and Mr. W. Abson. 





EXHIBITION OF PRODUCTS OF 
VICKERS GROUP OF COMPANIES. 


An exhibition, the primary object of which is to 
indicate the scope of their activities to overseas visitors, 
has been organised by the Vickers group of companies 
at their premises at Broadway, London, S8.W.1. It is, 
however, hoped that the exhibits will also be inspected 
by customers in the United Kingdom, and arrange- 
ments have also been made for employees to see what 
is being shown. The exhibition, which was opened by 
Lieut.-General Sir Ronald Weeks on Tuesday, May 8, 
will continue on Mondays to Fridays in each week 
until Friday, September 28. Admission will be by 
invitation card, which can be obtained from Messrs. 
Vickers, Limited, or by presentation of a business card. 

An outstanding feature of the exhibition, which has 
been excellently arranged to include typical displays 
of the shipbuilding, engineering and aviation work of 
the associated concerns, is a panorama representing an 
industrial river valley on a mural some 80 ft. long. 
On the background of an aerial map are symbols 
indicating the principal industries served, a number of 
the more important products being illustrated in 
colour. Panels below the panorama list some 200 of 
the articles manufactured. A large number of these 
are, of course, too large to be shown on such an occasion, 
but a well-chosen series of photographs and models 
depict the passenger liners, aircraft, railway rolling 
stock and motor-bus bodies which form the firm’s 
contribution to transport. These include a scale model 
of one of the coaches built by the Metropolitan- 
Cammell Carriage and Wagon Company for the train 
used by the King and Queen during their visit to 
South Africa, and others of the Metropolitan-Cammell- 
Weyman “ Olympic ” motor coach, the Vickers heavy 
tractor V.R. 180 and several types of electrically- 
operated rolling stock. In the aircraft section there 
are models of the Viscount turbo-propeller air-liner 
for British European Airways, of the “ Vimy,” which 
was flown by Alcock and Brown across the Atlantic in 
1919, and of the 8.6.B. which won the Schneider Trophy 
m 1931. Examples of agricultural tractors and tanks 
are also to be found, though, as regards the latter, it is 
insisted that the emphasis of the exhibition is on the 
evilian, rather than the military, activities of the 
organisation. 

The importance of the contribution of the Vickers 
shipyards to world shipping is shown on a map which 
indicates the location, on January 1, 1951, of every 
passenger liner built by the firm. In this connection, it 
8 interesting to record that the gross tonnage of mer- 
chant ships built by them since 1925 is 553,000 tons, and 
since the end of the war no less than 353,000 tons, 
including the Himalaya, Chusan, Orcades, Oronsay, 





Rangitoto and Ocean Monarch, have been constructed. 
Models shown in this section include those of the 
Orion and Strathmore, as well as of H.M.S. Illustrious, 
the aircraft carrier. 

In the machinery section perhaps the most interesting 
exhibit is a model of a 1,500-ton triple-action British- 
built press of Clearing design, but mention may be made 
of the examples of the firm’s testing machines, pumps 
and guns. There are also a number of machines which 
are intended for use in the printing and agricultural 
industries, as well as for the manufacture of paint and 
soap. Examples of measuring and surveying instru- 
ments are exhibited by Messrs. Cooke, Troughton and 
Simms, and plastic products of various kinds, including 
gas and electrical insulating materials by Ioco, Limited. 

An exhibition of Worssam bottling plant will be held 
from Monday, July 2 to Friday, July 13, and of Powers- 
Samas punched card accounting machines from Monday, 
August 27 to Friday, September 7, at the firm’s offices. 





THE CANADIAN NICKEL 
INDUSTRY. 


In the course of an address delivered at the annual 
meeting of the International Nickel Company of 
Canada, Limited, at Toronto, on April 25, Dr. J. F. 
Thompson, the Chairman and President, stated that 
the company’s deliveries of nickel in all its forms, 
during 1950, had totalled 256,410,523 Ib., an increase 
of 47,118,286 lb. over the 1949 total and a new high 
record for peace time. Until 1939, the company had 
derived its main supplies of nickel ore from four under- 
ground mines, but the heavily-increased requirements 
of the war of 1939-45 had been met by greatly acceler- 
ating ore production from open pits. Thus the daily 
ore production from these pits had been increased from 
6,000 tons to 20,000 tons a day during the war years. 
As a consequence of the heavy war-time drain upon 
these open pits and of their continued large post-war 
output, it was anticipated that, by 1953, the only 
net nickel deposits owned by the company in 
Canada would be exhausted. 

In order to maintain the present high rate of pro- 
duction to meet the current abnormal demand for 
nickel, the company was engaged on a programme of 
development of its deep mines. One change envisaged 
would be the extraction, at the Creighton Mine, of ore 
bodies of a grade lower than had ever been worked in 
the past. To handle these lower-grade ores a new 
shaft was being completed and a 10,000-ton mill had 
been erected from which the ore concentrates would 
be pumped 7} miles to the company’s reduction plant 
at Copper Cliff. Shafts at each of the Levack, the 
Garson and the Murray Mines of the company were 
being deepened and the necessary development work 
undertaken to allow new workings to be opened up. In 
addition to the purely mining problems, intensive work 
had been under way for some time on improved methods 
of smelting, and several processes were in the pilot-plant 
stage. It was the company’s aim to carry through these 
development programmes without interrupting current 
production, which it was expected to maintain at 
maximum capacity, and which, by the end of 1951, 
should be larger than in any previous peace-time year. 

The company was also actively engaged in explora- 
tion for new sources of nickel. This involved con- 
tinuous geological work on the known deposits and 
intensive studies of the geology of the Sudbury basin. 
In addition, work had been extended to other parts of 

and several localities were being examined. 
In some cases active prospecting work was being 
carried out. Recently exploration rights had been 
granted in a large area of the Ferguson Lake District 
of the North-West Territories. Extensive exploration 
of this area would commence during the coming 
summer. 





TEES-SIDE TRADE RETURNS.—At a meeting of the Tees 
Conservancy Commission, held at Middlesbrough this 
week, statistics submitted showed that 356 ships, having 
a total tonnage of 295,780, were cleared in the Tees 
during March, compared with 371 ships, having a total 
tonnage of 370,114 during the corresponding month of 
1950. Imports in the first quarter of the year totalled 
624,757 tons, a substantial fall on the figures for the 
corresponding period a year ago, when the unloadings 
reached 925,447 tons. The decrease in imports of iron 
ore and scrap, the newly-appointed chairman, Mr. 
B. O. Davies stated, was particularly noticeable and the 
reason for the decline was the shortage of shipping due 
to vessels being directed to other employment. Exports 
continued to maintain their post-war increase. During 
the first three months of the present year they tofalled 
471,459 tons, compared with 433,187 tons in the corres- 
ponding period of 1950 and 516,540 tons in the first 
quarter of 1939. Revenue for the three months ending 
March 31 last was £68,362—a fall compared with last 
year when the figure was £83,421. 





ASSOCIATION TECHNIQUE 
MARITIME ET AERONAUTIQUE. 


Tue 50th annual general meeting of the Association 
Technique Maritime et Aéronautique will be held 
from May 22 to 25 at 2, Place de la Bourse, Paris (2e). 

The meeting opens on the first day at 9 a.m., when 
the report of Council and honorary treasurer’s report 
will be presented, officers will be nominated and other 
formal business transacted. After this, two papers 
will be presented, the first, “ Comparative Study of 
Some Hull Assemblies from the point of view of Ease 
of Erection and Stress Concentrations,” by MM. de 
Leiris and Dutilleul, and the second, “‘ A New Metal- 
lurgical Technique; Bright Chromium Plating,” by 
Dr. Galmiche. At the afternoon session, at 2.30, five 
papers will be presented, namely, “ Calculation for 
the Steam Reheating of Fuel-Oil Tanks,” by MM. 
Cahen and Bain; “ Cascade Tests of Turbo-Machinery 
Blading,” by M. Maillet; ‘“‘ Flow of a Perfect Liquid 
through a Rotor with Radial Blades,” by MM. Roy and 
Duban; ‘“ Combustion in High-Speed Flows; Com- 
bustion Furnaces and Turbojets,” by MM. Reingold, 
Foure and Mestre; and “ Counter-Temperature Tur- 
bines and Counter-Pressure Boilers,” by M. Waeselynck. 


The morning session on Wednesday, May 23, will 
commence at 9 a.m. and four papers are on the agenda. 
The first is “ Lateral Stabilisation of Aeroplanes,” by 
M. Chamouton; the second, “‘ The Automatic Stabi- 
hsation of Aeroplanes,” by M. Vernet; the third, 
“ Diagram of Subsonic Flow around a Vibrating Aero- 
plane Wing,” by M. Legendre; and the fourth, 
“ Stability and Stabilisation of Aircraft,” by M. Frager. 
Six papers will be presented at the afternoon session, at 
2.30, namely, “ Trim, Stability and List of Damaged 
Ships,” by M. Ganson; “ Precautions to be taken 
with Ships’ Hulls when Changing from Riveted to 
Welded Construction,” by M. Borde; ‘“ The Deflec- 
tion of Smoke on to Ships’ Decks; Model Tests and 
Practical Arrangements,” by M. Eustaze. ‘‘ Handling 
on Board Ship,” by Commander Garoche ; “ Speed-up 
of the Loading and Unloading of General Cargoes by 
Utilising Certain Mechanical-Handling Processes,” by 
M. Vincenti; and “Dividing up the Freight for 
General Cargoes into Large Handling Units,” by M. 
Detanger. 

On Thursday, May 24, the meeting opens at 9 a.m., 
and five papers will be presented; the first, “ The 
Bending of Transversally-Notched Test Bars,” by 
M. Berthier; the second, “Chain Stud-Links,” by 
M. de Leiris; the third, ‘‘ New Possibilities of Radio- 
graphic Examination by Gamma Rays,” by MM. 
Bonnard and Brachet ; the fourth, ‘“‘ Modern Forms of 
the Sweating Test,” by M. de Leiris; and the fifth, 
“Spot Welding of Light Alloys; Tests on Clad 
Duralumin,” by M. Pelletier. Five papers will be 
considered at the afternoon session, commencing at 
2.30, namely, “ Shapes of Hulls at Interference Speeds 


of + = 1-3 to 2-0,” by M. Rolland; “ Simplified 


Equipment for the High-Speed Towing and Propelling 
of Ship Models,” by Dr. Laurent ; “ Effect of Ship and 
Rudder Shapes on Navigation in a Canal; Comparison 
between a Model and the Full-Scale Ship,” by MM. de 
Verdiére and Audren; ‘“ Standardisation of Screw 
Propellers,” by M. Van Lammeren ; and “ The Record- 
ing of Hull Vibrations with the Propelling Machinery 
at Rest,” by MM. Pintard and Rochefort. 


The last session will be held at 9 a.m. on Friday, 
May 25, when the five papers taken will comprise : 
“Straight Girder of Constant Inertia Resting on a 
Continuous Elastic Support,” by M. Jourdain; 
“‘ Deformation and Internal Stresses of Pipes with a 
Skew Median Line, Subjected to External Stresses and 
Internal Pressure,” by M. Barthélemy; “ Calculation 
of Plane Hyperstatic Systems consisting of Straight 
Girders: Application to Dock Gates,” by M. Jourdain ; 
“Calculation Methods for Shackles,” by M. de Leiris ; 
and “ Elastic Deformation and Stresses in a Rectangu- 
lar Metallic Plate resting on Four Sides and Uniformly 
Loaded,” by Mr. Pinczon. At 2.30 p.m. a visit will 
be paid to the installations of the Port of Paris at 
Gennevilliers. 

The offices of the Association are at 1, Boulevard 
Haussmann, Paris (9e). 





EFFECT OF STEEL SHORTAGE.—A new factory, estabe 
lished four years ago by Costain Concrete Manufac- 
turing Company, at Newmains, Wishaw, Lanarkshire, 
as a development-area venture specialising in the manu- 
facture of concrete railway sleepers, may have to close 
down as a consequence of the uncertain steel-supply 
position. On April 27, 90 employees out of 300 normally 
on the books, were paid off. The factory’s minimum 
steel requirement is 60 tons, but this has been reduced 
to 40 tons, and, apparently, even this quantity is not 
guaranteed. 
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MANUFACTURE OF 


Fig. 5. 


FACTORY FOR THE PRODUCTION 
OF SINGLE AND TRIPLE 
SUPERPHOSPHATES. 


(Continued from page 527.) 


Last week’s article on the new single- and triple- 
superphosphate factory erected at Immingham, near 
Grimsby, for Messrs. Fisons, Limited, dealt, mainly, 
with the manufacture of sulphuric-acid which, it was 
pointed out, is used in connection with the production 
of both single and triple superphosphate. For the 
production of single superphosphate, the sulphuric 
acid is added to the phosphate rock, but before this is 
done, the rock has first to be ground to a fine powder. 
This is accomplished in four Lopulco grinding mills, 
each rated at 12 tons per hour; one of these mills is 
illustrated in Fig. 5. The phosphate rock is, of 
course, storec| in a separate building and it is fed 
by a dragline scraper to a hopper situated below floor 
level and arranged to feed a conveyor which delivers 
the uncrushed rock to feed bins in the grinding plant, 
there being a separate bin for each mill. After it is 
ground, the phosphate is delivered by Redler con- 
veyors into four storage hoppers, one for each mill. 
At the base of each hopper is a Redler abstractor which 
feeds the phosphate into an Archimedian-screw con- 
veyor so arranged that it delivers the ground rock into 
a Fuller-Kinyon pneumatic pump for conveyance to 
the various consuming plants. In some cases, the rock 
is too large for treatment in the Lopulco mills; when 
this occurs, the grinding is carried out in two stages, 
the rock being pre-crushed in a separate machine 
installed in the mill building. 

As previously mentioned, the crushed rock is treated 
with sulphuric acid to form single superphosphate. 
Ground phosphate for this purpose is delivered by 
the Fuller-Kinyon pump to a bin situated in the 
superphosphate building and provided with roll 
feeders. These deliver the phosphate to a worm ele- 
vating and conveying system which supplies a table 
feeder for measuring volumetrically the amount of 





phosphate required, any surplus material being returned 
by a further worm-conveying system to the storage bin. | 
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Fig. 8. LANDSKRONA FILTER; PHosPHORIC-ACID PLANT. 


The measured phosphate is delivered by the table; made from wooden slats. One end of the den is closed 
feeder into a mixer where sulphuric acid, previously} by a mild-steel plate but the other end is open 
diluted to a strength of 70 per cent., is added and the| and contains a rotating horizontal cylindrical cage 
mixture is subsequently discharged into one end of a| with cutting knives attached to the periphery. 
Broadfield “‘den,’’ the mix being in the form of a thick| The acid-rock mixture sets in the den and is con 
paste. The Broadfield den comprises a rectangular| veyed towards the cutters, which slice off the solid- 
bin, the bottom of which consists of a slowly-moving| ified superphosphate into a hopper; this discharges 
belt formed from T irons with rubber inserts. The} to a rubber-belt conveyor which carries the finished 
sides, which also move, are formed by endless belts! product to the bulk-storage area. The den has & 
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Fic. 9. Exterior or TRIPLE-SUPERPHOSPHATE PLANT. 


capacity of from 20 to 25 tons an hour and the gases 
evolved when the chemical changes take place 
therein are discharged to the atmosphere through a 
scrubbing tower. 

For the manufacture of triple superphosphate, the 
sulphuric acid is converted into phosphoric acid. 
This is accomplished in a separate plant built to the 
designs of the Dorr Company, Incorporated, of New 
York, and operating on the Dorr-Strong acid process. 
It is designed to treat 250 tons of ground rock a day and 
comprises reaction, filtration and evaporation sections. 
The complete plant is housed in a steel-framed asbestos- 
clad building having continuous windows to give the 
best possible light on all floors. Although the plant is 
based on American practice and designs, the machinery 
installed is of British manufacture. This entailed 
several modifications to the design as the weight and 
overall dimensions of the British machinery differed 
considerably from their American counterparts. 
Furthermore, the plans had to be altered considerably 
to comply with British standards of construction 
which differ in many respects from American standards. 
Care also had to be taken to observe the requirements 
of the Factory Acts which, in general, are more stringent 
in this country than in the United States. The upper 
floors of the building, for example, had to be con- 
structed in reinforced concrete and all floors arranged 
to drain into special channels, factors which involved 
considerable complication in the design of the steel 
framework and concrete reinforcement. 

The operation of the phosphoric-acid plant can, 
perhaps, be best understood by reference to Fig. 7, 
opposite, which shows the flow sheet for the » By 
Phosphate rock from the grinding mill is delivered 
into a large storage bin from which it is fed by a 
belt weigher into the pre-mixing tanks. A notable 
feature here is the method by which the flow of material 
is regulated, a photo-electric weigher being employed 
for this purpose. This not only weighs the material 
continuously, but ensures that the correct amount 
to within + 0-5 per cent. is delivered to the pre- 
mixers. Sulphuric acid at a strength of 94 per cent. 
and recirculated phosphoric acid at a strength of 
th per cent. is added to the ground phosphate rock in 

© pre-mixers. The quantities of acid added are 
-— led within very fine limits, Howard acid feeders 

ing used in each case. One of these, namely, that 
used for measuring th phosphoric acid, is illus- 





trated in Fig. 6, on the opposite page. On leaving the 
pre-mixers, the mix passes, by gravity, into the agita- 
tors, which, like the pre-mixers, are arranged in series. 
The majority of the liquor leaving the agitators is 
recirculated, but a proportion is pumped to the filtra- 
tion section. This contains five Landskrona belt filters 
manufactured by Messrs. R. O. Stokes, Limited, for 
the removal and washing of the precipitated gypsum 
which is then reslurried with water and pumped to a 
large settling pond. 

One of the filters is illustrated in Fig. 8, opposite, 
from which it will be seen that it consists of a con- 
tinuous rubber band passing over two large rollers. 
The band is formed with deep rubber flanges and is 
perforated to permit easy flow of the acid; these 
perforations, however, do not act as the filtering 
medium, as removable gauze-type elements are fitted 
over the full width of the band. The mixture arrives 
at the filters in the form of a slurry and after the 
majority of the liquor, now 32 per cent. phosphoric 
acid, has drained away, the remaining product, mainly 
gypsum, is washed with fresh water. The water is recir- 
culated through the gypsum until it reaches a strength 
of 20 per cent. phosphoric acid, after which it is pumped 
to a storage tank for recirculation through the pre- 
mixers and agitators. The phosphoric acid removed 
from the first part of the filters has a strength of 
32 per cent. and this is concentrated to 38 per cent. 
phosphoric acid in the evaporation section, which 
contains three cast-lead single-effect steam-heated 
evaporators supplied by Messrs. W. J. Fraser and 
Company, Limited. Storage tanks are provided for 
both 32 per cent. and 38 per cent. strengths of phos- 
phoric acid and these are provided with rubber pro- 
tective linings installed by the Andre Rubber Company, 
Limited, Surbiton. Before passing to the atmosphere, 
the gases evolved from the chemical reaction are 
treated in four wash towers. The complete plant is 
designed to treat 250 tons of ground rock a day. 

The triple-superphosphate plant, also designed by 
the Dorr Company Incorporated, is housed in the 
seven-storied building illustrated in Fig. 9, on this 
page. Similar problems were encountered in its design 
as in the case of the phosphoric-acid building, but 
the difficulties were aggravated by the nature of the 
plant. A ro drier, for example, had to be accom- 
modated in a fairly restricted space and the effect of 
heat from the drier on the surrounding structural 
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steelwork had to be borne in mind. Other factors which 
had to be considered included the installation of 
pulverisers, vibrating screens, etc., on the upper floors, 
the result being a building of darter. heavy 
structural design. A flow diagram for the triple-super- 
phosphate plant is reproduced in Fig. 11, on this page, 
from which it will be seen that the ground rock is 
delivered into a storage bin. It is subsequently fed into 
the agitators, which are supplied with phosphoric acid 
by a feeder of the same type as that used in the phos- 
phoric-acid plant. On leaving the agitators, a con- 
siderable quantity of re-cycled fines is added and the 
mass thoroughly kneaded in a large paddle mixer, 
known as a Blunger, two of which are installed. The 
mixture then passes to the coal-fired rotary drier, illus- 
trated in Fig. 10, on this page; this was supplied by 
Ernest Newell, Limited, and has a diameter of 10 ft. 
and a length of 80 ft. 

On leaving the rotary drier, the mix, which is now 
in a granulated form, passes into the main elevator. 
This lifts the product to the screening section arranged 
in the top of the building where the desired size of 
granular product is removed, the undersize grains being 
returned directly to the Blunger for recirculation 
through the drier, etc. ; the oversize grains, however, 
pass through a pulveriser before they are returned to 
the Blunger for recirculation. Grains of the correct 
size are discharged to a conveyor belt which carries 
them to the triple-superphosphate bulk store from 
which they can be pgs by further conveyors 
either to the bagging — to the dockside for bulk 
delivery, or to a granulating plant for incorporation in 
compound fertilisers. 

The granulating plant for the production of com- 
pound fertilisers is installed near the rr mages ed 
and salts store. The compound is prepared by mixing 
weighed quantities of the constituents and wetting 
them to the correct consistency in a rotary conditioner. 
The mix is then dried in a rotary drier and, after having 
been cooled, is screened to remove the required size 
of granules; as in the case of the superphosphate 
plant, the undersize and oversize granules are returned 
to the cycle, the latter first passing through a crusher. 
The effluent from the drier is scrubbed in a wash tower 
and the plant, which was supplied and erected by 
Messrs. Edgar Allen and Company, Limited, has a 
nominal capacity of 124 tons an hour. 

(To be continued.) 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


RoyaL TECHNICAL COLLEGE, GLAsGcow.—At the open- 
ing by Sir Hector Hetherington, Principal of Glasgow 
University, of the Petroleum Industry Exhibition at the 
Royal Technical College, Glasgow, on May 3, Mr. T. W. 
Lyle, general manager of Scottish Oils and Shell-Mex, 
Ltd., announced that a gift of 35,0001., spread over seven 
years, was to be made by the Anglo-Iranian Oil Co. 
and a company of the Shell group towards the extension 
fund of the College. 





INDUSTRIAL EFFLUENT.—A committee under the 
chairmanship of Sheriff L. Hill Watson, K.C., and 
consisting mainly of representatives of industry and 
local authorities, is to be set up to consider on what 
conditions, and subject to what financial arrangements, 
industry in Scotland should be given the right to discharge 
trade-waste waters and effluents into local-authority 
sewage systems. The decision has arisen out of the 
consideration, by the Scottish Grand Committee, of the 
Rivers (Prevention of Pollution) (Scotland) (No. 2) Bill. 

MANUFACTURE OF MINING EQUIPMENT.—The new 
factory of Joy-Sullivan, Ltd., a subsidiary of an American 
firm specialising in the manufacture of mining equipment, 
was opened by Mr. Hugh Gaitskell, Chancellor of the 
Exchequer, at Cappielow Industrial Estate, Greenock, 
on April 27. In the course of his speech, Mr. Gaitskell 
expressed the hope that the establishment of the 
factory would lead to a fruitful partnership between 
the National Coal Board and the factory management 
in developing mechanisation in the mines. 





FIRE AT GRANGEMOUTH REFINERY.—A tall chimney 
at the 19,000,000/. Grangemouth oil-refinery plant 
was struck by lightning on May 2 and waste gases were 
ignited. The flames produced were visible many miles 
away, but the affected parts of the plant, which went into 
production a month ago, were immediately closed down 
according to rehearsed fire drill. 


THE ENGINEERS’ GUILD.—An Edinburgh and District 
Centre of the Engineers’ Guild was formed at a meeting 
held in Edinburgh on April 9, which was addressed by 
Mr. Robert Chalmers, O.B.E., M.I.C.E., President of the 
Guild, and by Mr. William Boyle, A.M.I.Mech.E., 
chairman of its Scottish Branch. Major D. Kerr Duff, 
F.R.S.E., M.1.C.E., was elected chairman of the Centre, 
with Mr. D. L. G. Hunter, A.M.I.Mech.E., and Mr. P. 
Butler, M.I.E.E., as vice-chairmen. Mr. E. H. Nicoll, 
B.Se., A.M.I.C.E., 14, Torphin-road, Colinton, Edinburgh, 
13, was elected honorary secretary and treasurer, to- 
gether with a committee comprising Mr. G. Baxter, 
0.B.E., M.I.C.E., Mr. M. C. White, B.Sc., A.M.I.C.E., 
Mr. B. Russell, A.M.I.E.E., and Mr. W. Laing, M.I.E.E, 


Loss OF STEAM TRAWLER ‘ INVERCAULD.”—The 
Ministry of Transport announce that the formal investi- 
gation into the stranding, and resulting total loss, of the 
steam trawler Invercauld, of Granton, has been fixed 
for hearing at the Sheriff Court Buildings, Aberdeen, on 
Monday, May 28, at 10.30 a.m. 


BUILDING RESEARCH STATION: ScoTTISH LABORA- 
TORY.—The Department of Soientific and Industrial 
Research announces the formation of an advisory 
committee for the Scottish laboratory of the Building 
Research Station, which was established at Thorntonhall, 
near Glasgow, in 1949. The committee, consists of 
Mr. Lockhart W. Hutson, 0.B.E., F.R.1I.B.A. (chairman) 
Mr. J. Banks, O.B.E., M.I.C.E., Mr. J. Austen Bent, 
A.R.LB.A., Mr. C. Brownlie, Lieut.-Colonel A. Cullen, 
O.B.E., F.R.S.E., Mr. John Lawrence, Mr. G. L. Orchard, 
F.R.1.C.S,, and Mr. W. H. Wylie. The Department of 
Agriculture for Scotland, the Department of Health for 
Scotland, and the Scottish Office of the Ministry of Works 
are represented by assessors. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


DEVELOPMENT OF LIGHT INDUSTRIES AT NEWCASTLE- 
UPON-TYNE.—The Newoastle-upon-Tyne City Council 
have prepared an industrial development plan which 
they are to submit to the Ministry of Local Government 
and Planning. The plan is understood to cover a period 
of 20 years and one of its objects is to encourage the 
establishment of light industries in the vicinity of the 
City. Two sites are to be reserved for industrial develop- 
ment; one, 40 acres in extent, is at Fawdon, and the 
other, which is 20 acres in area, is at Scotswood. 





UNDERGROUND STowaGE OF Pit REFUsSE.—In an 
effort to minimise the danger of pit subsidence, experi- 
ments in the mechanical stowage of pit refuse under- 
ground are being considered by the National Coal 
Board. This was foreshadowed by Mr. Alfred Robens, 
now Minister of Labour, but previously Parliamentary 
Secretary to the Ministry of Fuel and Power, in a letter 
to the Town Council of Blyth, Northumberland. The 
letter was in answer to a request from the Council that 
the waste material should be returned to the pits, to 
preserve agricultural land which, otherwise, would be 
used for tipping. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


STEEL FOR THE LicHT TRADES.—Sir John Green, 
deputy chairman of the Iron and Steel Corporation of 
Great Britain, in addressing members of the Sheffield 
Lighter Trades Employers’ Association, on May 4, when 
vacating the presidency of the Association which he had 
occupied for 16 years, gave a warning to the smaller 
Sheffield firms to advance their claims for steel supplies as 
soon as possible. He advised them to ask for the greatest 
figure practicable in order that the allocation made 
might be on a basis to enable them to continue to operate, 
but stressed that a severe system of allocation and 
priority would have to be instituted. 

PHYSICAL METALLURGY.—Professor A. G. Quarrell, 
who, as stated in our “ Personal” column in this issue, 
was recently appointed Professor of Physical Metallurgy 
at the University of Sheffield, said in his inaugural lecture 
on May 2, that men trained at the University’s new post- 
graduate School of Metallurgy would help to meet the 
demand for the development of new alloys. Alloys 
capable of withstanding stresses at high temperatures 
and for long periods were needed, for example, in the 
jet engine. He recalled that it was Dr. H. C. Sorby, a 
Sheffield scientist, who had been mainly responsible for 
the establishment of scientific metallurgy. Metallurgy, 
he said, was an art rather than a science until 1863, 
when Dr. Sorby showed that the microscope could be 
used to observe the inner structure of metals. Many of 
the methods used at present, in laboratories all over the 
world, were identical with those evolved by Dr. Sorby. 

THE GASIFICATION OF CoAL.—Last year, what were 
described as “ very useful results’ were obtained from 
the underground gasification of coal at Newman Spinney, 
near Sheffield. New boreholes are being prepared for 
further trials this year and the first of the new systems 
may be ready for ignition in about a month’s time. 
Mr. C. A. Masterman, technical director for underground 
gasification to the Ministry of Fuel and Power, recently 
announced that a second experiment may be put in hand 
in a few weeks. 


THE MIDLANDS. 


POWER CUTS IN THE MIDLANDS.-—A warning was given 
in March, by the Midlands Electricity Board, that power 
cuts might occur in April because some plant would be 
in process of overhaul. April closed with unseasonably 
cold weather and the result was that, on the last day of the 
month, parts of the Midlands had the worst power cut of 
the winter. In Birmingham, some factories were without 
power for nearly three hours, and in some cases, even 
when the power had been restored, operatives could not 
be employed for the rest of the day, owing to the dis- 
location of production. Factories in the Castle Bromwich 
area were among the worst affected, but the British 
Industries Fair escaped the cut. 

IRON AND STEEL.—The Earl of Dudley, chairman of 
the Round Oak Steel Works, Ltd., Brierley Hill, Staf- 
fordshire, opened an exhibition organised by the British 
Iron and Steel Federation, at Bilston Town Hall, on 
April 30. The exhibition is intended for educational 
purposes, and will be visited by large numbers of school- 
boys in organised parties from all over the West Midlands. 
It is hoped that the interest caused will result in more 
recruits coming forward for the steel industry. In his 
opening remarks, the Earl of Dudley drew attention to 
the fact that the steel industry of the Black Country was 
largely dependent upon scrap for its raw material, and 
that, although the district produced about a million tons 
of scrap a year, much of it was taken away to South 
Wales and Sheffield. There was no doubt, he said, that 
the Black Country could absorb all its own scrap. 





Ral TRANSPORT DELAYS.—From time to time com- 
plaints are heard in the Midlands concerning delays in 
rail transport. Two recent examples have shown how 
serious this can be. A consignment of 14 tons of steel 
strip from Sheffield, for a Lye (Worcestershire) firm of 
conduit makers was despatched on March 20, and, by 
April 27 it had not arrived. Mr. T. O. Penn, a director of 


consigned, said that the steel was sufficient to make about 
50,000 ft. of conduit, a product which is particularly 
scarce at present. On the following day the steel was 
found at Brownhills, Staffordshire, and arrangements 
were made to send it on immediately. The second 
example is of a wagon which was consigned to a 
Birmingham firm and which left Brentford, Middlesex, in 
November, 1950. Up to the time of writing it has not 
arrived, nor has it even been found. 





PLAN TO INCREASE AERO-ENGINE PRODUCTION.—The 
Standard Motor Co., Ltd., of Coventry, are investigating 
the possibility of prodncing Rolls-Royce Avon aero 
engines, and a visit has already been made to Derby to 
discuss the question. If the Standard Company take 
on this work, it will be in addition to their norma! pro- 
duction of motor cars and tractors, and extra factory 
space and labour will be needed. 

PROGRESS AT CLAERWEN DAM.—The new dam of the 
Birmingham Corporation Waterworks, which is being 
built on the River Claerwen in Wales, near the existing 
Elan Valley dams of the same Authority, is about 80 per 
cent. complete. It is expected that it will be possible to 
begin impounding water on a limited scale in a few 
weeks, The dam, when finished, will be 220 ft. high from 
foundation to top water level, and 1,160 ft. long, and will 
be larger than any of the existing Elan dams. It is 
being constructed by Edmund Nuttall Sons & Co. 
(London), Ltd., with Sir William Halcrow and Partners 
as consulting engineers. 

BIRMINGHAM SOCIETY OF MODEL ENGINEERS.—In our 
issue of April 20, on page 466, ante, In referring to the 
model engineering exhibition organised by the Birming- 
hame Society of Model Engineers, we stated that the 
honorary secretary of the Society was Mr. W. H. Kester- 
ton. We are now advised, however, that Mr. Kesterton 
resigned from this position some time ago, and that his 
successor is Mr. R. Phillips, 92, Gilbertstone-avenue, 
South Yardley, Birmingham, 26. 


SOUTHWEST ENGLAND AND 
SOUTH WALES. 


RECRUITMENT OF ROLLING-MILL PERSONNEL.—The 
new Abbey strip mill which the Steel Company of Wales 
have erected at Margam, near Port Talbot, is experi- 
encing difficulty in recruiting labour. Mr. E. Julian 
Pode, joint managing director of the company, said that, 
in spite of extensive advertising, workmen were not 
coming forward in sufficient numbers to alleviate anxiety. 
A new labour force of 4,500 must be brought into the area 
and council houses are being made available by three 
near-by local authorities. The company have bought 
more than 120 houses and flats in the area and established 
a first-class hostel on high ground overlooking Porthcawl. 
Here 700 employees can be accommodated and the 
amenities include a cinema, licensed club and a hospital. 
The men are provided with free transport to and from 
their work. 





Port oF CarpiFF.—While the port of Cardiff has 
fared worse than the other South Wales ports in respect 
of traffic in 1950, the annual report submitted to the 
Cardiff Chamber of Commerce shows that there are 
prospects of the import and export requirements of the 
new industries in and around the city increasing. The 
inability of British coal production to keep pace with 
the increasing home demand, and, at the same time, 
to provide for export requirements, is given as the main 
cause of a drop in the port’s trade last year. 





WELSH SHIP-REPAIRING INDUSTRY.—A shortage of 
labour has arisen in the South Wales ship-repairing 
industry partly because craftsmen, fearing unemployment 
in the shipyards, have been leaving for other industries 
in the past 18 months. Within the next three months 
the South Wales yards will have vacancies for about 
230 men, most of them skilled craftsmen in the engineer- 
ing trades. About 100 fitters and turners and 60 boiler- 
makers are wanted. 

1.C.I. Facrory NEAR SwANSEA.—Approval has been 
given by the Swansea Corporation Highways Sub- 
Committee for plans for an additional factory at Waunar- 
lwydd to be built by Imperial Chemical Industries Ltd. 
The new factory, which will adjoin the firm’s existing 
premises, will cover an area of 70,000 sq. ft. 

TRANSPORT USERS’ CONSULTATIVE ComMITTEE.— The 
Minister of Transport, the Rt. Hon. Alfred Barnes, M.I - 
has now appointed the Transport Users’ Consultative 
Committee for the South-Western Area, comprising 
Gloucestershire, Wiltshire, Somersetshire, Devonsbire 
and Cornwall. The chairman of the Committee 15 
Colonel Mark Whitwill, C.B.E., D.S.0., and the secretary 
is Mr. R. H. Sims, District Commercial Superintendent's 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





RoyaL METEOROLOGICAL SOCIETY.—Wednesday, May 
16, 5.30 p.m., Science Museum, Exhibition-road, South 
Kensington, S.W.7. Presidential Address on ‘‘ Meteoro- 
logy and Aviation,” by Sir Robert Watson-Watt, F.R.S. 


INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, May 17, Geological Society’s Apartments, Burlington 
House, Piccadilly, W.1. Annual Meeting. 4 p.m., 
Business Session (open to members only). 5.15 p.m., 
Presidential Address on ‘“‘ The Mineral Deposits of 
Gondwanaland,” by Sir Lewis Fermor, F.R.S. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, 
May 17, 5.30 p.m., Savoy-place, Victoria-embankment, 
W.C.2. Annual Meeting (open to corporate members and 
associates only). Education Discussion Circle: Friday, 
May 18, 6 p.m., Savoy-place, Victoria-embankment, 
W.C.2. Open Discussion Night. London Students’ 
Section: Monday, May 21, 7 p.m., Savoy-place, Victoria- 
embankment, W.C.2. Annual Meeting and Film Display. 
Supply Section: Wednesday, May 23, 5.30 p.m., Savoy- 
place, Victoria-embankment, W.C.2. Lecture on “‘ Hy- 
dro-Electric Power Development in Scotland,” by Sir 
Edward MacColl. North Midland Centre: Wednesday, 
May 23, 6 p.m., Lighting Service Bureau, 24, Aire-street, 
Leeds, 1. Education Discussion Meeting. ‘‘ The Selec- 
tion of Students for Courses,” by Dr. R. Harper. Scottish 
Centre: Wednesday, May 30, 7 p.m., Heriot-Watt 
College, Edinburgh. Annual Meeting and Film Display. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
May 17, 6 p.m., 11, Upper Belgrave-street, Westminster, 
8.W.1. ‘“‘ Comparative Tests on Various Types of Bars 
as Reinforcement of Concrete Beams,” by Dr. K. 
Hajnal-Konyi. , 


INCORPORATED PLANT ENGINEERS.—Liverpool and 
North Wales Branch : Thursday, May 17, 7 p.m., Radiant 
House, Bold-street, Liverpool, ‘ Causes of the Deteriora- 
tion of Lubricants in Industry,” by Dr. H. E. Priston. 
Birmingham Branch: Friday, May 25, 7.30 p.m., The 
Imperial Hotel, Birmingham. ‘“ Laundry Engineering,” 
by Mr. F. Q. Wheatcroft. West and East Yorkshire 
Branch: Monday, May 28, 7.30 p.m., The University, 
Leeds. “ Recent Developments in Metallurgy,” by Dr. 
K. J. Irvine. 


INSTITUTE OF ECONOMIC ENGINEERING.—Croydon 
Branch: Friday, May 18, 7.30 p.m., Greyhound Hotel, 
Croydon. Open Discussion Evening. Sheffield Branch : 
Tuesday, May 22, 7.45 p.m., Rotherham House Hotel, 
Exchange-street, Sheffield, 2. ‘ Impressions of South 
Africa,” by Mr. S. M. de Bartolome. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Oxford Branch: Saturday, May 19, 3 p.m., Offices of 
Southern Electricity Board, George-street, Oxford. 
“Neon Sign Estimating, Erection and Maintenance by 
Contractors,” by Mr. H. Langdon-Down. 


INSTITUTION OF WATER ENGINEERS.—South-Eastern 
Section: Monday, May 21, 5.30 p.m., Institution of Civil 
Engineers, Great George-street, Westminster, S.W.1. 
Joint Meeting with the Socntt& DES INGENIEURS CIVILS 
DE FRANCE (BRITISH SECTION). ‘‘ The Genissiat Dam 
and Hydro-Electric Plant,” by Mr. M. P. de Lattre. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.— Mid- 
lands Centre: Monday, May 21, 7.15 p.m., Crown Inn, 
Broad-street, Birmingham. Annual Meeting and Annual 
Dinner. 


; INSTITUTION OF CIVIL ENGINEERS.—Tuesday, May 22, 
5.30 p.m., Great George-street, Westminster, S.W.1. 
Annual Meeting. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 22, 
5.30 p.m., 85, The Minories, E.C.3. The 1950 Parsons 
Memorial Lecture on “ Sir Charles Parsons and Cavita- 
tion,” by Professor L. C. Burrill. 


INSTITUTION OF PRODUCTION ENGINEERS.—W olver- 
hampton Graduate Section: Tuesday, May 22, 7.30 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wulfruna-street, Wolverhampton. ‘ Metrology,” by 
Mr. G. H. Rutland. Shrewsbury Sub-Section : Wednes- 
day, May 30, 7.30 p.m., Technical College, Shrewsbury. 
* Commercial Possibilities of the Lost-Wax Process,” by 
Mr. A. Short. 


iy Roya SANITARY INSTITUTE.—-Wednesday, May 23, 
2.30 p.m., 90, Buckingham Palace-road, Westminster, 
8.W.1. “The Pimlico District Heating Scheme, West- 
minster: An Important Hygienic Development,” by 
Dipl.-ing. A. E. Margolis. 


3 Royal MICROSCOPIOAL SociETY.—Wednesday, May 23, 
5.30 p.m., Tavistock House South, Tavistock-square, 
W.C.1. “ Histological Techniques for the Electron 
Microscope,” by Mr. M. 8. C, Birbeck. 





BRITISH INSTITUTION OF RADIO ENGINEERS.—London 
Section: Thursday, May 24, 6.30 p.m., School of Hygiene 
and Tropical Medicine, Keppel-street, W.C.1. “ The 
Resistance Wire Strain Gauge in the Measurement of 
Physical Quantities,” by Mr. J. L. Thompson. 

Society OF INSTRUMENT TECHNOLOGY.—Tuesday, 
May 29, 7 p.m., Manson House, 26, Portland-place, W.1. 
Annual Meeting and Film Display. 

IRON AND STEEL INSTITUTE.—Wednesday, May 30, 
10 a.m. and 2.30 p.m.; Thursday, May 31, 10 a.m. and 
2.30 p.m.; and Friday, June 1, 10 a.m., 4, Grosvenor- 
gardens, Westminster, S.W.1. Annual Meeting. Wed- 
nesday, May 30, 7 for 7.30 p.m., Dorchester Hotel, Park- 
lane, W.1, Annual Dinner. For programme, see page 465, 
ante. 





CONTRACTS, 


LANCASHIRE DYNAMO HOLDINGS LTD. have received 
an order through their South African subsidiary company, 
LANCASHIRE DYNAMO AND CRYPTO SOUTH AFRICA (PTY.) 
LiwrreD, Johannesburg, for 1,000 }$-h.p. motors to be 
used for driving domestic washing machines being 
built in South Africa. The Johannesburg firm has also 
secured orders for a 1,200-h.p., six-pole, 25-cycle, slip-ring 
motor to take the place of an existing steam hoist in a 
mine, for several 150-h.p. motors for mine-crushers, 
and for a 650-h.p. and a 300-h.p. additional winding 
motors. 

THE METROPOLITAN-VICKERS ELECTRICAL Co., LTD., 
Trafford Park, Manchester, 17, have received an order 
from the Leeds City Transport Department for a set of 
electrical equipment for a high-acceleration single-deck 
tramway. car. The equipment includes resiliently- 
mounted motors on roller-axle bearings, resilient gears 
and automatic acceleration and braking equipment. 

BRITISH INSULATED CALLENDER’S CONSTRUCTION Co., 
Lrtp. have secured a contract valued at about 3,000,0001., 
for the design, supply and installation of overhead equip- 
ment for the electrification of the railway between 
Parramatta and Lithgow, New South Wales, Australia. 
The work comprises an extension of the present 1,500-volt 
electrified system which runs from Sydney to Parramatta, 
and will enable electric rolling stock to proceed to Lith- 
gow in the heart of the western coal-field area. A total 
of 236 single-track miles are to be equipped. 

THE GENERAL ELECTRIC Co., LTD., Magnet House, 
Kingsway, London, W.C.2, have received a contract to 
manufacture and install four additional Strowger-type 
telephone exchangesin Iran. The exchanges will have a 
preliminary total of 22,000 lines, with an ultimate 
capacity of 43,000 lines. In addition, the firm is extend- 
ing the existing line-finder 6,000-line exchange in 
Teheran with a 2,400-line uni-selector system. Included 
in the contract for the four new exchanges is the laying 
of a complete underground network, with overground 
junction boxes, distribution cables and loaded cables to 
satellite exchanges. All supplies for this network are 
being provided by the PIRELLI-GENERAL CABLE WORKS, 
Lrp., a General Electric associate company. 

THE CALEDON SHIPBUILDING AND ENGINEERING OCo., 
Ltp., Caledon Shipyard, Dundee, have received an order 
for an 8,500 gross tons cargo vessel for Alfred Holt & Co. 
Propelling machinery will be supplied by the METRO- 
POLITAN-VICKERS ELECTRICAL Co., LTD., Manchester. 


GIRLING LTD., King’s-road, Tyseley, Birmingham, 11, 
are supplying brake and shock-absorber equipment for 
the new Italian Alfa Romeo 2-litre saloon motor car. 


BRITISH UNITED TRACTION, LTD., have received an 
order for twenty 56-seater double-deck trolley omnibuses 
for Ceylon. The contract has been placed by John Pook 
& Co., purchasing agents for the Colombo Municipal 
Council and the trolley omnibuses are to augment the 
tramway-car system at present operating in Colombo. 
The chassis of the new vehicles have a wheelbase of 
16 ft. 4 in., a width of 7 ft. 6 in., and will be equipped 
with a 26 ft. long metal body, to be built by MeEtTrRo- 
POLITAN CAMMELL WEYMANN, LTp. The frame is of 
normal channel section, upswept over the front and rear 
axles and with a low rear extension for the loading plat- 
form. The electrical equipment, to be supplied by the 
ENGLISH ELECTRIC Co., LTp., will include a_ type- 
EECI0C traction motor as well as that company’s 
“ Series Dynamic” control equipment. The contactor 
panel, which is enclosed in a meta] cabinet, is situated in 
the cab alongside the driver. Low-tension 30-volt 
lighting is provided by a generator overhung from the 
main motor. 

BRITISH POLAR ENGINES, LTD., have received, among 
other contracts, orders for two M.46 M. engines of 1,030 
brake horse-power at 270 r.p.m., for coastal motorships 
for Mr. A. Guinness, building respectively by ARDROSSAN 
DOCKYARD, LTD., and AILSA SHIPBUILDING Co., LTD., 
and an order for an M.48 M. engine of 1,150 brake horse- 
power, at 225 r.p.m., for a collier, under construction for 
the South Eastern Gas Board by the BURNTISLAND 


PERSONAL. 

Mr. T. F. Lister, chairman and managing director of 
the Hackbridge & Hewittic Electric Co., Ltd., has been 
elected chairman of the British Electrical and Allied 
Manufacturers’ Association, 36 and 38, Kingsway, 
London, W.C.2, for the session 1951-52. Mr. I. R. Cox, 
D.S.O., managing director of Metropolitan-Vickers 
Electrical Co., Ltd., has been re-elected vice-chairman. 


Dr. W. L. LOWE-BRown, M.Sc., M.I.C.E., M.Inst. 
W.E., has now retired from the firm of Sir M. MacDonald 
and Partners and has opened an office at 39, Victoria- 
street, London, 8.W.1. (Telephone: ABBey 4150.) 

Dr. A. G. QUARRELL, A.R.C.Sc., D.1.C., F.Inst.P., 
F.I.M., has been appointed Professor of Physical Metal- 
lurgy in the University of Sheffield. 

Mr. R. G. Smmpson has resigned from the board of 
directors of Boulton Paul Aircraft Ltd., owing to the 
pressure of other business. Mr. J. D. Norts has been 
elected chairman in his stead and will continue to serve 
as managing director. 

Mr. JOHN F.. ALCOCK, hitherto joint managing director, 
has been appointed chairman and managing director of 
the Hunslet Engine Co., Ltd., Leeds, 10. 


Mr. A. L. G. LINDLEY, M.I.Mech.E., has succeeded 
Mr. FRANK LONSDALE as general manager of the Fraser 
and Chalmers Engineering Works of the General Electric 
Co., Ltd., Erith, Kent. 


Mr, H. V. Pues, M.I.E.E., M.I.Mech.E., at present 
divisional controller, British Electricity Authority, 
South Wales division, has been made controller of the 
London division, on the retirement of Mr. J. N. WAITE, 
C.B.E., M.I.E.E. Mr. L. F. JErrrey, B.Sc., M.I.E.E., 
M.1L.C.E., M.I.Mech.E., at present chief generation 
engineer (construction), Midlands division, is to be 
controller, East Midlands division, on the retirement of 
Mr. W. S. Buree, M.I.E.E. Mr. H. J. BENNETT, 
A.M.L.E.E., chief generation engineer (operation), 
London division, is to be controller of the South Wales 
division in succession to Mr. Pugh. 

Mr. VERNON L. FaRTHING, M.I.Mech.E., M.I.Mar.E., 
M.Inst.Pet., 329, Tower Building, Water-street, Liver- 
pool, 3, has been elected junior vice-president of the 
Liverpool Engineering Society and President of the 
Liverpool Metallurgical Society. 

Mr. N. TATTERSALL, M.I.Mech.E., has been elected 
chairman of the North-Western Automobile-Division 
Centre of the Institution of Electrical Engineers. 

Mr. H. 8S. TASKER, B.A., the immediate past-president 
of the Institute of Metals, has relinquished the chairman- 
ship of Goodlass Wall and Lead Industries, Ltd., but 
retains his seat on the board. 

Mr. T. H. Jones, M.Sc.(Tech.), B.Sc., M.I.Meob.E., 
A.M.I.C.E., has retired from jis position as Principal of 
the Technical College, Clifford-street, York. 

Mr. V. J. CHALWIN is relinquishing his office as mana- 
ging director of J. & H. McLaren, Ltd., Airedale Works, 
Leeds, 10, and is leaving England to take up the 
managing directorship of the whole of the activities of 
the Associated British Oil Engines Ltd., group in 
Australia. 

Mr. A. H. LANGForp, M.I.P.E., director and general 
manager of Heenan & Froude Ltd., has been appointed 
a director of that firm’s subsidiary concern, the Morton 
Machine Co., Ltd., Wishaw, Lanarkshire. 


Mullard Ltd., Century House, Shaftesbury-avenue, 
London, W.C.2, announce that Dr. C. F. BAREFORD, 
head of the Mullard Electronic Research Laboratory, has 
been made a director of Mullard Equipment Ltd. 


Burton, GrirFirHs & Co., LTp., Mackadown-lane, 
Marston Green, Birmingham, and GILBERT & MURPHY, 
their agents in Northern Ireland and Eire, have mutually 
agreed to terminate their long-standing agency arrange- 
ments in that territory. The first-named firm’s machine- 
tool interests, in Northern Ireland and Eire, will now be 
administered by their own representatives from their 
head office. 


DALLOW LAMBERT & OCo., LTD., have removed to 
20, Fitzroy-square, London, W.1. (Telephone: EUSton 
5796-7.) 

BuTTERS BROTHERS & Co., LTD., are removing their 
London office and works, as from June 23, to more 
extensive premises at the Crane Works, Station 
Approach, Long-Lane, Hillingdon, Middlesex. (Tele- 
phone: Uxbridge 925 and 2288.) 


THE BRITISH THOMSON-HovusTON Co., LTp., Rugby, 
are removing their Newcastle district office, as from 
May 16, to more commodious premises at 9, Higham- 
place, Newcastle-upon-Tyne, 1. (The telephone number, 
namely, Newcastle 25040, remains unchanged.) 

As from May 21, the Cardiff depot of Frropo Ltp,, 
Chapel-en-le-Frith, Stockport, is to be moved from 
60, Charles-street, to larger premises at Ferodo House, 
38-40, Charles-street, Cardiff. The depot will remain 








SHIPBUILDING Co., LTD. 


under the management of Mr. D. H, GULLY. 
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NEW POWER STATIONS FOR THE 
B.E.A.: XI.—BANKSIDE. 


Tue new Bankside station in the London Division 
of the British Electricity Authority occupies a site, on 
the River Thames, which has been utilised for the 
generation of power for over 50 years. It will be the 
first public supply generating station in the country to 
be operated from the outset with oil-fired boilers. 
The buildings, as shown in Fig. 1, have been designed 
by Sir Giles Gilbert Scott, O.M., to harmonise with 
those which will be erected on adjacent sites. 

The oil will be brought in tank barges to a jetty and 
pumped thence through a tunnel 9 ft. 8 in. in diameter 
to six 4,000-ton steam-heated storage tanks, one of 
which is shown under construction in Fig. 2. It 
will be transferred thence to the boiler house by five 
pumps, each with a capacity of 44 tons per hour. 
The oil will be heated by steam to about 270 deg. F. 
and delivered to the burners at a pressure of 350 Ib. per 
square inch by three other pumps. The contractors 
for this part of the equipment are Messrs. Young, 
Austen and Young, Ltd., Long Acre, London, W.C.2. 

The steam-raising plant will eventually consist of 
eight Foster Wheeler boilers, each with an output of 
375,000 1b. of steam per hour at a pressure of 950 Ib. 

r square inch and a temperature of 925 deg. F. 

hey are of the single-drum natural-circulation water- 
tube type, with convection superheaters, Green’s plain- 
tube economisers, and primary and secondary air 
heaters. There will be 12 burners of the mechanical 
atomisation type on each boiler. The flue gases, which 
will contain up to 4 per cent. of sulphur, will be scrubbed 
in towers supplied with Thames water, to which finely 
divided chalk has been added. Subsequently, the 
effluent will be oxidised by aeration with ceramic 
diffusers. 

The generating plant in the first half of the station 
will consist of two 60-MW British Thomson-Houston 
turbo-alternators, which will generate at 15 kV and 
will be connected to 15/66-kV Ferranti transformers. 
The tanks of these transformers will contain a 5-kVA 
15/3-kV unit which, together with two 7-kVA 66/3-kV 
service transformers, will supply the station auxiliaries. 
An illustration of the open-fronted transformer cubicles 
on the ground floor of the switch house is given in 
Fig. 3. The main 66-kV switch gear will be housed on 
the three upper floors of this house and will control 
four outgoing feeders; and 22-kV and 11-kV switch- 
gear on the ground floor will control feeders operating 
at those pressures. 

The exhaust steam from the turbines will be cooled 








Fic. 1. Exterior oF STaTi0n. 








Fic. 3. TRANSFORMER ANNEXE UNDER CONSTRUCTION. 


in Richardsons, Westgarth condensers with water 
drawn from the river by eight pumps, each with a 
capacity of 1,640,000 gallons per hour, and the con- 
densate will be re-heated on a closed feed system. 
For the first two sets there will be three motor-driven 


and one steam-driven feed pumps, each capable of 
delivering 600,000 Ib. of water per hour at a —— 
of 1,250 Ib. per square inch and a temperature - 
246 deg. F. The first half of the station 1s schedule 
to be ready for operation during 1952. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON; W.C.z. 


‘We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address ; 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
eae Mb CD! A etcliae £510 0 
IS siiiscinstconccasarettitikiumrcisenin £5 5 0 


Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
Is. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


¥ Copy” instructions and alterations to standing 
advertisements for display announcements must be 
— . — 10 days previous to the date of pub- 
‘on, otherwise it may be i ible to submi 
proofs for agerevel. y impossible submit 


The Proprietors will not hold themselves ay pe 
for advertisers’ blocks left in their possession for more 
than two years. 





ENGINEERING. 
CONTENTS. 

PAGE 

The British Industries Fair at Birmingham—III. 
(Illus.) _.... ye ere ie! ay 

Literature.—The History of Johnson and Phillips: 

A Romance of Seventy-Five Years. La Tech- 
nique du Vide.................. Seta vdbh sch pdaiahscuestabeteies 555 
Engineering in the Festival of Britain (Illus.) ........ 555 
Conference on Electrical-Instrument Design........... 559 

Exhibition of Products of Vickers Group of Com- 
SS EERUC Ni egiotde tal entire A oscncan 
The Canadian Nickel Industry : : 559 


Association Technique Maritime et Aéronautique 559 
Factory for the Production of Single and Triple 


Superphosphates (Illus.) ... .... 560 
Notes from the Industrial Centres . ae 
Notices of Meetings PS ae ee ee pre 563 
Contracts... HS Re EES TE * a 
Personal .......... a oo weve 563 
New Power Stations for the B.E.A.: XI.—Bank- 

side (Illus.)  .......... et ac v- 564 
Iron and Steel Researc 565 
A Great Railway Town .... 566 
Notes ....... Dik a) EOYs es .. 566 
The Measurement of Productivity .... .. 568 
The Gauge and Tool Exhibition (Jllus.) .......... . 571 
Labour Notes sy ms .... 572 
The Production of 20-Pounder Shells (Jllus.)........ 573 
Launches and Trial Trips EE COR 574 
Blast-Furnace Operation at High Top Pressure 575 
British Standard Specifications ...... 576 
Books Received facia bs ek Mi) OE ee ts ... 576 
BD ED So chcesocsesck cnt Novciesstgel ltt 577 


Heavier Range of Leyland “Comet ” Goods 


RT VETERE EES Se STE Pe ee 578 
Notes on New Books ..... - ' .... 580 
Trade Publications 580 


Four One-Page Plates—EX HIBITS AT THE BRIT- 

ISH INDUSTRIES FAIR, BIRMINGHAM. 
ENGINEERING IN THE FESTIVAL OF 
BRITAIN. 


ENGINEERING 


FRIDAY, MAY 11, 1951. 
No. 4450. 











Vout. 171. 








IRON AND STEEL 
RESEARCH. 


ALLOWING for the sale of scrap, the annual cost 
of ingot moulds in this country is 4,500,0001. 
Work carried out by a sub-committee of the Steel- 
making Division of the British Iron and Steel 
Research Association has shown that, at two points 
on a mould surface, during and after teeming, 
stresses equivalent to 70 per cent. of the ultimate 
strength of the mould iron may be set up. “This 
closely approaches the stress which the iron will 
withstand under repeated loading and hence it is 
not surprising that moulds frequently fail by 
cracking.’ The quotation is taken from the annual 
report of the Association for the year 1950. That 
document also contains the information that an 
examination of a batch of 250 moulds revealed 
that about half had at least one wall corner more 
than 4 in. below drawing size ; foundry technique 
may have much influence on mould performance, 
and the sub-committee are studying the relation 
between foundry practice and mould life. 

This particular matter has not been chosen for 
mention with any idea that it constitutes a major 
item in the report. It is instanced to illustrate the 
type of detail problem which the whole broad subject 
of iron and steel research necessarily covers. Other 
examples are investigation of the influence of current 
density on the consumption of graphite electrodes, 
experimental work on wire-drawing without dies 
by means of a hot-stretching process, and the 
design of an apparatus for comparing the ignition 
and combustion times of single drops of different 
heavy fuels. Not all of these matters mentioned, 
or of the large number of others not mentioned, are 
being dealt with in the laboratories of the Asso- 
ciation; much work is done by member firms, 
in universities, and in collaboration with other 
research organisations. 

There is no need to emphasise the fundamental 
and basic importance of the iron and steel industry 





to practically every material activity of this country. 
The contacts made and retained by the Iron and 
Steel Research Association are indicated in this 
report, which gives particulars of collaboration 
with the research associations concerned with non- 
ferrous metals, cast iron, ceramics, welding, electrical 
plant, motor cars, coal and shipbuilding. The 
whole of these organisations, with the exception 
of that dealing with ceramics, are of a directly 
engineering character, but the results of the work of 
the British Iron and Steel Research Association are 
of interest and importance to a wide range of 
industries outside the purely engineering field. 
The work on the electrochemistry of surfaces and 
coatings, and the examination of the possibility of 
depositing new types of alloy coatings, is, or will be, 
of importance in many food industries, and the 
investigation on paints for structural steelwork is 
obviously of great importance to the building 
industry, as is also that on the corrosion of buried 
metals. 

The list of some 300 names of members of the 
Association, which is given in the report, does not 
appear to contain that of British Railways, though 
the work done on the corrosion of steel railway 
sleepers and on steel coal wagons would appear to 
be of direct interest to them, as well as to exporting 
firms. The report states that, in normal circum- 
stances, mild steel is quite adequate for steel sleepers, 
though there is a distinct advantage in using 
mild steels containing 0-3 per cent. of copper. 
Of the two investigations, that on steel coal wagons 
is, no doubt, of the greater interest to British 
Railways. An interim report on steel coal wagons, 
which has been prepared, shows that the use of 
low-alloy steels such as copper, copper-manganese 
or copper-chromium types should double the life 
of floor-plates, as compared with mild steel. It is 
also stated that the plate thickness of the super- 
structure of all coal and mineral wagons might be 
reduced, with valuable economy in the dead load to 
be hauled. 

In connection with corrosion problems, the 
question of the corrosion of buried metals, briefly 
referred to above, is of wide interest. Three sets of 
specimens were buried in 1944, and one of them has 
been removed for examination. The main con- 
clusions reached are that, in the case of bare ferrous 
metals, the degree of aggressiveness of different 
soils is of much greater importance than differences 
in the materials, and that the intrinsic resistance 
to corrosion of ordinary cast irons and steels, as 
used for commercial pipe manufacture, is over- 
shadowed by differences in the wall thickness of the 
pipes. Of the protective measures investigated, 
heavy bituminous coating for steel pipes and vitre- 
ous enamel for cast-iron pipes have proved to be 
perfect. Various other coatings have not given 
such satisfactory performance. 

Engineers rather than metallurgists will be 
interested in the section of the report which deals 
with what is termed “ plant engineering.” This 
covers, among other topics, a study of the handling 
of imported ore. The aspect of the subject that is 
dealt with in the report concerns the unloading of 
ships at wharves ; questions of transport and storage 
in stockyards are to be dealt with later. It is stated 
that the ore-discharging arrangements at six ports 
have been studied in detail ; no information about 
the relative qualifications of the various installa- 
tions is given, but the particulars collected are being 
studied with a view to determining the operating 
costs of each type. No doubt, in due course, 
information of value will become available. A detail 
aspect which is being investigated is the problem of 
cleaning out the last of the ore from ships’ holds by 
mechanical means; present methods are slow and 
require much manual labour, An associated inquiry 
concerns the extent to which ships of various 
tonnages can gain access to ten British ports, and 
the conclusion has been reached that considerably 
larger ships than are now used could be employed 
if chartering and other conditions were favourable. 

Another matter being dealt with by the Plant 
Engineering Division is the charging of open- 
hearth furnaces with scrap. It is stated that the 
difficulties of some present methods arise to & great 
extent from the very large number of charging 
boxes which have to be handled. A greater weight 
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of scrap per box can be obtained either by bundling 
or by reducing the size of the scrap. With existing 
practice, it is possible to save one tenth of the boxes 
required for a charge by bundling a quarter of 
that scrap, and it is stated that the benefit resulting 
from a reduction in the size of the loose scrap would 
probably be less. As the effect of the type and 
form of scrap on the performance of a furnace is 
of prime importance, the influence of bundling and 
size-reduction by scrap is to be studied by factual 

The report naturally contains a large amount of 
information on the extensive metallurgical investiga- 
tions which are being carried out. To attempt to 
give a summary of these would merely result in the 
preparation of a catalogue, but, as an illustration 
of the application of what is probably the latest 
tool of research, mention may be made of the use 
of a cobalt isotope (cobalt 60, which has a half-life 
of 5-3 years). It has been introduced into the 
refractories while lining a blast furnace and enables 
the rate of wear under operation to be estimated. 

As stated above, the Association has about 300 
member firms. Naturally, these are mainly metal- 
lurgical organisations, but various outside interests 
are also represented. The grant-earning subscrip- 
tions and contributions in 1950 amounted to 
299,2401., the corresponding grant from the Depart- 
ment of Scientific and Industrial Research being 
149,2501. Whatever may be thought of the new 
régime under which the iron and steel industry 
now exists, it is not likely that the valuable work 
being done by the Association will be interfered 
with, or that the subscription income will be reduced. 
Although this is now substantial, a greater amount 
could be usefully applied. This condition is pro- 
bably the experience of all the research associations, 
though in some cases, of which the Iron and Steel 
Research Association is one, certain investigations 
may be limited in scope by shortage of scientific 
staff rather than shortage of money. Meanwhile, 
however, the work of B.I.S.R.A. continues to 
expand ; and it may be noted, as a supplement to 
the report, that the Association has now acquired 
the premises at 140, Battersea Park-road, London, 
formerly occupied by Powell Duffryn Research 
Laboratories, Limited ; they will be used by the 
Plant Engineering Division and the Chemistry 
Department, which will begin their removal to the 
new address in about a couple of months. The 
transfer will place additional space at the disposal 
of the Physics Laboratories. 





A GREAT RAILWAY TOWN. 


“‘Ciassto Crewe! the premier railway works.” 
When those words were written, by the late Joseph 
Horner in an article in ENGINEERING in May, 1917, 
the works, which had achieved world fame for its 
locomotives and engineers, was heavily committed 
to the making of armaments. After the war, 
the old London and North Western Railway 
traditions gradually vanished; nevertheless, the 
shops which only recently have turned out the first 
standard locomotive of British Railways are still 
in the front rank. Handicapped by an inconvenient 
layout, they are well equipped and are responsible 
for the heavy and service repairs of a large number 
of locomotives as well as a substantial output of 
new engines, 

As a town, Crewe is perhaps the least known of 
English towns, but as a railway junction it is 
famous. The town is not likely to make a very 
favourable impression to-day: yet, in 1850, the 
‘* mechanical settlemet in an agricultural district ”’ 
had an air of neatness and regularity, and visitors 
were “loud in the admiration of the community- 
building efforts of what was then Britain’s greatest 
railway company.” So writes Dr. W. H. Chaloner 
in a useful study of social and economic history 
of a segment of industry in the Nineteenth Century.* 

Dissatisfied with the products of private loco- 
motive builders, the directors of the Grand Junction 





* The Social and Economic Development of Crewe: 
1780-1923. By W. H. Chaloner, M.A., Ph.D, Man- 
chester University Press, 8-10, Wright-street, Manches- 
ter, 15. [Price 30s. net.) 


Railway had decided, in 1840, to establish their 
own works at Crewe junction. Locke prepared 
the plans, Buddicom was responsible for the tools 
and equipment, and an architect superintended the 
erection of buildings, cottages, etc. The first loco- 
motive was built in 1845. Three years later, a new 
engine was turned out every Monday morning, and, 
by 1872, the output was 146 per annum. At that 
time, F. W. Webb was chief mechanical engineer, 
and on one occasion, to show what could be done, 
he caused an engine to be assembled in 254 hours. 
The early volumes of ENGINEERING bear witness 
to Webb’s work at Crewe; before his time, too, 
important developments had been initiated— 
for example, the rail-rolling mill in 1853 and the 
introduction of the Bessemer process in 1864. 
Technical advances were matched by what would 
now be called welfare facilities: as early as 1844 
the company introduced a health service, the 
employees contributing a penny or twopence a 
week to the doctor, according to the size of their 
families, 

‘The Grand Junction Railway,’ Dr. Chaloner 
remarks, ‘‘ was compelled by a mixture of principle, 
self-interest and necessity to adopt what may be 
termed a social policy towards its employees.”” The 
same could be said, not unkindly, of many firms 
to-day. The town which showed an increase in 
population, from 1861 to 1871, of 118 per cent., 
was managed from the beginning by the railway. 
A committee of four, including the chairman of 
the company, took over the role of the vestry in the 
government of Monks Coppenhall, the town adjoin- 
ing Crewe in which the works was actually situated. 
Roads, schools, churches and water supply were 
provided by the company, but in 1859 a Local 
Board was established, and, against considerable 
opposition from ratepayers and others, it gradually 
enlarged the sphere of municipal affairs as the 
** benevolent company paterndlism ”’ dwindled. 

Only two railway officials were elected to the 
first Local Board, but the good work of the railway 
for the town continued. Webb, who served for a 
time on the Council and was Mayor in 1887, spent 
much of his fortune on philanthropic schemes, and 
persuaded the L.N.W.R. to subscribe to amenities 
for the district. The Queen’s Park was paid for 
by the railway, the Cottage Hospital owed much to 
his generosity, and the Nursing Institute was 
founded as a result of a legacy under his will. In 
politics, however, he blundered; he made of the 
works ‘‘a means of manufacturing both locomotives 
and Tories.”” The ‘‘ intimidation affair,” as it was 
called, brought down the wrath of Gladstone and 
of the local and national Press, and probably 
hastened the advent of Radical and Labour influ- 
ences, 

In engineering education he supported the tradi- 
tions established by the Crewe Mechanics Institu- 
tion—he taught there from 1851 to 1866—and 
Crewe-trained engineers were welcomed abroad and 
at home. The chief mechanical engineers of the 
railway, from the first, gave the Institution the 
premiums due to them from the parents of appren- 
tices, and between 1872 and 1909 the Institution 
won 53 Whitworth awards. Unfortunately, political 
affairs were also largely responsible for the demise 
of the Institution as a powerful factor in local 
education. 

In 1938, after the period covered in detail by 
Dr. Chaloner, the railway monopoly of Crewe 
ended; an aero-engine factory, operated and 
managed by Messrs. Rolls-Royce, Limited, was 
established by the Government. The greatest 
railway days were over. In Dr. Chaloner’s view, 
“The attainment of a separate corporate life by 
the community of Crewe measures the success of 
the founders of the colony”; but surely credit 
is due to the founders more for their influence on 
engineering ? The part they played in civic affairs 
was wrested from them ; benevolent despotism does 
not suit the times, but Dr. Chaloner’s readers, the 
casual visitor to Crewe, and the ‘‘outsider” (a 
Civil Servant, say) who is exiled for a term to Crewe, 
may be forgiven for wondering, after allowing for 
the fact that rates and taxes on an unprecedented 
scale are now at the disposal of administrators, 
whether Crewe is better for the absence of men such 





as Webb, “‘the local patriot par excellence.” 


NOTES. 


THE INSTITUTION OF MECHANICAL ENGINEERS. 


Ar the meeting of the Institution of Mechanica} 
Engineers on Friday, May 4, with the President, 
Mr, A. C. Hartley, C.B.E., in the chair, the 1951 
James Watt International Medal was awarded to 
Dr. Hans Henrik Blache, who afterwards gave the 
annual James Clayton lecture. The award to Dr. 
Blache was made on the nomination of the Insti- 
tution of Danish Civil Engineers, ‘‘for his contri- 
butions to the advancement of mechanical enyi- 
neering, and particularly for his pioneer work in 
the development of the large marine Diesel engin».”” 
After Sir Ewart Smith, member of Council, had 
read the citation, the President made the presenta- 
tion to Dr. Blache. His Excellency the Danish 
Ambassador, Count Eduard Reventlow, addressing 
the meeting at the invitation of the President, 
acknowledged the honour which had been paid to 
his fellow-countryman, and through him, to Danish 
engineering. He recalled that the first Watt engines 
in Denmark had been imported from Great Britain, 
and that, at one of the pumping stations of the 
Copenhagen Water Board, there were still some of 
those ‘old but very beautiful and interesting steam 
engines.”” The largest Danish industrial firm, 
Messrs. Burmeister and Wain, with whom Dr. 
Blache was connected, had taken up the production 
of steam engines at an early date. British engineers, 
His Excellency continued, had taken part in the 
development of Danish railways, sewerage works, 
gas works and street lighting. On the other hand, 
Waterloo Bridge was constructed by a firm whose 
founder ani leader was a distinguished Danish 
engineer. Dr. Blache then delivered the James 
Clayton lecture on “‘ Stages in the Design of the 
Large Burmeister and Wain Marine Diesel Engine.” 
In proposing a vote of thanks to the lecturer, 
Dr. S. F. Dorey, immediate past-President, referred 
to some of the problems which Dr. Blache had 
described ; and Dr. R. W. Bailey, vice-President, 
seconded the vote of thanks, which was carried by 
acclamation. The President, on behalf of the 
members, welcomed Dr. Blache as an honorary 
member of the Institution. 


Founpry Propvuctivity CONFERENCE. 


An all-day foundry productivity conference was 
held in the University of Birmingham on May 2, 
and the morning session opened with three lectures 
on various aspects of foundry work. The first 
lecture, by Professor Sargent Florence dealt with 
economic questions, the second, by Professor T. U. 
Matthew, was on engineering aspects, and the third, 
by Professor A. J. Murphy, was devoted to metallur- 
gical considerations. Each lecturer outlined the 
approach to the problem of foundry productivity 
from the point of view of his own special subject, 
and showed how the universities are dealing with 
the matter. Some examples of present-day tech- 
nique were given, and the question of the film 
analysis of an industrial process was instanced. 
A short length of film, which had been taken at the 
rate of one frame, instead of the usual 16, per 
second, was shown. It was pointed out that by 
using this technique the study of half-an-hour’s 
work could be compressed into two minutes of actual 
showing time, and that a frame-by-frame examina- 
tion of the film made it possible to chart the move- 
ments of the employees accurately. In the after- 
noon, Mr. F. A. Martin, leader of the Steel Founders 
Productivity Team, and Dr. H. T. Angus, leader 
of the Grey Iron Founders’ Team, both of which 
have visited the United States, gave brief outlines 
of their published reports. These speakers were 
followed by Mr. A. N. Wormleighton, of the Brass- 
founders’ Productivity Team, which returned from 
the United States recently and is shortly to publish 
areport. All the speakers agreed that the secret of 
American productivity does not lie in high wages. 
Two points were stressed—the existence, In the 
United States, of a very wide range of goods which 
the employee could buy with bis earnings, and the 
high degree of mechanisation in the foundries, the 
speakers adding that it was very obvious that, in 
American foundries, care was taken to ensure that 
a moulder, for example, did not waste his time 0D 
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any work other than moulding. All the movement 
of materials, moulds, metal and finished castings was 
accomplished by mechanical-handling equipment, 
and another point which impressed the teams was 
the fact that everything a foundryman might need 
was always at hand in the correct quantity, and 
just when it was wanted. The general orderliness 
of the shops contributed not a little to the ease with 
which the men went to work. Mr. Wormleighton 
drew attention to some matters which were not 
mentioned by the other speakers. He said, for 
instance, that the idea which is current in some 
circles that American plants are necessarily efficient 
because of their large size is quite untrue. His 
team found that, in the brass industry, by far the 
greater number of the plants visited were small ; 
a works employing over 500 was a rarity. Moreover, 
they did not find that the American plants were 
always more up-to-date than those in Britain. 
Thus, in one firm his team had told the management 
that they were technically years out of date, with 
the result that a team from that plant was at his 
own works in this country soon after his return. 
The meeting closed with the showing of a sound 
film, partly in colour, which was taken by the 
brassfounders’ team during their United States tour. 


Tue EXHIBITION OF SCIENCE. 


The importance of science in a modern society 
is reflected on all sides in the various exhibitions 
which have been organised in connection with the 
Festival of Britain. In the main, however, the 
scientific displays on the South Bank, in the Festival 
ship Campania, and at the Kelvin Hall, Glasgow, 
illustrate applications of science. Pure science has 
its own exhibitions and the principal one of these, 
known as the Exhibition of Science, was formally 
opened at the Science Museum, South Kensington, 
London, 8.W.7, on Friday last, by the Lord President 
of the Council, Lord Addison. Its object is to 
describe, by the aid of diagrams, photographs, 
displays, large-scale models, working models and 
scientific apparatus of many kinds, the fundamental 
nature and the physical and chemical structure of 
animate and inanimate objects. An attempt has 
been made to make the exhibition attractive to the 
layman, and it is certainly fascinating to look at, 
but here also, as on the South Bank, the visitor 
who is not scientifically-minded is likely to find much 
that is puzzling if not completely bewildering. 
That this is so, is no reflection on the organisers of 
the exhibition, but, rather, a testimony to the 
complexity of modern science which, even with the 
best will in the world and the most painstaking of 
teachers, cannot be understood in a day. The 
scientific visitor, on the other hand, though he will 
find much that is already familiar—sometimes too 
familiar—will not fail to be impressed by the 
general excellence of the display and intrigued by 
special exhibits, such as the Ferranti electronic 
digital computer, which has been programmed to 
play the match game, known as Nim, with the 
visitor. During the course of each day, a series of 
short films on scientific subjects related to the 
exhibits is being shown in the basement of the 
building. 

RoyaL AERONAUTICAL SocteTy GARDEN Parry. 

The annual garden party of the Royal Aero- 
nautical Society was held again at White Waltham 
werodrome, on Sunday, May 6, and, as on the two 
Previous occasions, took the form of a flying and 
static display of historical and light aircraft. It 
cannot be said that this year’s display showed the 
variety of interest which was notable at last year’s 
party. This may be attributed partly to the weather 
which, although comparatively fine and dry, was 
too gusty to permit the free-balloon ascent which 
has formed the climax of the two earlier occasions. 
Another disappointment was the non-appearance 
of the airship ‘‘ Bournemouth,” the first British 
airship to be built for 20 years, which is under 
construction by the Airship Club and is not yet 
ready for flight. The most impressive exhibit in 
the flying display was the 1912 Blackburn mono- 
Plane, with a 50-h.p. Gnéme engine and an all-up 
Weight of 900 Ib.; it is capable of a speed of 
60 m.p.h. Despite the strong gusts of wind, the 
pilot made a circuit of the aerodrome and performed 
an elegant landing which earned the spontaneous 





applause of the spectators. Exhibits which were 
introduced for the first time included a demonstra- 
tion of six box kites, similar to the man-carrying 
kites built by S. F. Cody in 1905. They are approxi- 
mately 12 ft. wide, 10 ft. long and 5 ft. in height 
and can fly up to 1,000 ft., although the height 
attained on Sunday was restricted to considerably 
less than this figure ; the demonstration was carried 
out with commendable prudence, using a dummy 
passenger in the seat which was suspended below 
the kites. A captive R-type observation balloon, 
with a capacity of 35,000 cub. ft., was flown with 
a crew of two on board. In the static exhibi- 
tion, interesting exhibits were the ornithopter 
steam engine built by E. P. Frost in 1877, which, 
at a weight of 900 Ib., was too heavy in relation to 
its maximum horse-power to be successful; and 
the Sopwith triplane, built in 1916, with a 130-h.p. 
Clerget engine, 2 maximum speed of 114 m.p.h., 
and an all-up weight of 2,800 lb. There were, 
no doubt, good reasons why the Westland-Hill 
Pterodactyl Mark I aircraft was confined to the 
static exhibition, but had it been possible for it to 
fly, it would have added considerably to the'interest 
of the flying display. Designed by Professor G.T. R. 
Hill and built in 1926, it is an experimental 
tailless aircraft with swept-back wing, powered 
by a 33-h.p. Bristol Cherub engine driving a pusher 
airscrew. It may perhaps be suggested that the 
programme of the display, for which members were 
asked to pay 2s. 6d., would have a more permanent 
value if fuller descriptions and illustrations of the 
aircraft and engines had been included. 


British PurRcHASING COMMISSION TO EUROPE. 


At a Press Conference on Tuesday, May 8, the 
Minister of Supply (the Rt. Hon. G. R. Strauss) 
announced that the Government had decided to set 
up a European Purchasing Commission under his 
direction. This organisation would encourage the 
procurement in Europe of stores and equipment, 
which were required for the United Kingdom’s 
defence programme. The chairman of the Com- 
mission would be Sir Donald Perrott, and they 
would be assisted by an Advisory Panel of experi- 
enced industrialists. The Commission would have 
offices in London, Paris, Brussels, Cologne and Milan. 
Among the goods which would be purchased were 
engineering and electrical components, the produc- 
tion of which did not normally involve special tooling 
or substantial alterations in lay-ovt. Machine tools 
would not be included. No raw materials for ful- 
filling the contract would be provided from this 
country. By thus placing orders in Europe to 
supplement British production other countries 
would be helped to develop their own capacity to 
fulfil the defence programme and their balance of 
payments and general economy would benefit. 
The advantages would therefore be material. 


Controt oF Maontne Toot DELIveErizs. 

In reply to a question in the House of Commons 
on Monday, May 7, the Minister of Supply (the Rt. 
Hon. G. R. Strauss) said that, in order that scarce 
machine tools might be used to the best advantage 
in carrying out the defence programme and for 
other essential purposes, deliveries to home civilian 
users would be reduced by about 35 per cent. during 
the next 18 months. At a Press Conference on 
the following day the Minister stated that, in order 
that the cut should cause the least harm, he was 
proposing to set up Regional Panels in London, 
Birmingham, Manchester, Coventry, Halifax and 
Glasgow. These bodies, which would be advisory 
only, would consist of 25 members drawn from the 
machine-tool industry and the Institution of Pro- 
duction Engineers; and qualified representatives 
from them would visit individual works to see how 
pressing was the need for the tools which were on 
order. but were now needed for the defence pro- 
gramme. They would also, in consultation with 
the users, suggest the employment of machines in 
easier supply, the more effective use of existing 
plant and the deferment of deliveries. He added 
that the scheme had the support of the Engineering 
Advisory Council and the Machine Tool Advisory 
Council, but that its success depended on the co- 
operation of the industry. He hoped therefore 
that those concerned would act in the knowledge 
that the vital interests of the nation were at stake 





and that it would be possible to keep the use of 
statutory powers to @ minimum. Dealing with the 
position statistically, Mr. Strauss said that it was 
estimated that 35,000 extra machines would be 
required for the defence programme, some 20,000 
of which it was hoped to obtain from overseas ; 
mainly from the United States, but also from 
European countries. Orders for about 8,000 tools 
had already been placed in this country, so that 
another 8,000 would have to be obtained during the 
next 18 months by diversion from existing con- 
sumers. The extent of the cut would vary between 
types of tool and between various sections of the 
engineering industry. Makers of vehicles were, 
however, likely to be most affected. It was hoped 
that export contracts would not have to be cur- 
tailed, as most of them were with the Common- 
wealth and the North Atlantic Powers. Outside 
those areas, too, machine tools were valuable 
bargaining counters in obtaining supplies of vital 
materials, 


THE LONDON ASSOCIATION OF ENGINEERS. 


The 99th year of the establishment of the London 
Association of Engineers was marked by a dinner at 
the Connaught Rooms, London, on Friday, May 4, 
with Sir Ernest Fisk in the chair. The toast of 
“‘The Engineering Industry’? was proposed by 
Sir Cecil Weir, K.B.E., chairman of the Dollar 
Exports Board, who, speaking of the importance of 
the industry to the nation, said that its increase, 
from 1949 to 1950, of exports to the dollar markets 
of North America, was 90 per cent. He was glad 
to see that, at last, the key importance of an equit- 
able distribution of raw materials was being realised. 
Lord Verulam, who responded to the toast, said 
that it was vital for this country to achieve a high 
rate of production of machine tools, and for these 
tools to be installed in British factories at home 
and in the Commonwealth. Mr. Thomas T. Crowley 
(chief of the industrial division, Economic Co-opera- 
tion Administration, United States Embassy), who 
also replied, reviewed the industrial situation in this 
country from the American angle. The toast of 
the Association, which was proposed by Sir Ernest 
Fisk, was responded to by Mr. F. C. J. Bartlett, 
President, who recalled, appropriately, that his 
grandfather had worked on the Great Exhibition 
of 1851. He suggested that technical training of 
craftsmen was becoming far too academic. The 
Dean of St. Paul’s (Dr. W. R. Matthews) proposed, 
and the Financial Secretary to the Treasury (Mr. 
Douglas Jay, M.P.) responded to, the toast of 
‘*Our Guests’’; and the toast of ‘‘The Press” 
was proposed by Mr. David Gammans, M.P., and 
replied to by Mr. F. B. Roberts. 


THE INSTALLATION OF EMERGENCY PowER 
PLANT. 

A question of some interest was raised by Mr. 
G. Nabarro in the House of Commons on Monday, 
April 30, when he asked the Minister of Fuel and 
Power (Mr. P. J. Noel-Baker) whether the Govern- 
ment’s policy was to encourage industrial under- 
takings to install generating equipment which was 
independent of the mains supply ; and what steps 
were being taken to remove the restrictions imposed 
by the electricity supply authorities upon the 
installation of such independent equipment. In 
reply, Mr. Noel-Baker pointed out that there was 
no restriction on the installation of such plant, a 
fact which was often forgotten ; in other words, there 
was no obligation to take a supply from the mains. 
Some firms, however, had installed plant, principally 
as a stand-by against interruptions of the mains 
supply, and existing contracts, for economic reasons, 
prevented the use of this plant except during actual 
interruptions. In 1947, nevertheless, the elec- 
tricity supply industry had agreed to waive such 
conditions and had also reduced some of the charges. 
In 1948, this concession was extended by the 
British Electricity Authority and the Area Boards 
until 1952 ; and, subsequently, until March 31, 1956. 
He hoped that, in view of these concessions, indus- 
trial undertakings which had installed such stand-by 
plant would be willing to use it regularly next 
winter. The Government were also anxious that 
any firm who could use waste steam should do so ; 
the British Electricity Authority would be willing 
to purchase any surplus power generated in this 
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way. In reply to a further question, the Minister 
said that he could not undertake to suggest the 
total removal of the time limit, but the B.E.A. 
were consulting with the Federation of British 
Industries on the possibility of a further extension. 


Tue INstITUTION OF ENGINEERS-IN-CHARGE. 

The Institution of Engineers-in-Charge held their 
46th annual dinner at the Holborn Restaurant, 
London, on Friday, May 4, the President, Mr. Robert 
Chalmers, O.B.E., M.I.C.E., being in the chair. 
“The Institution’? was proposed by Mr. W. H. 
Swann, O.B.E., who, reviewing the great changes 
that had occurred since the Institution was founded, 
thought that, perhaps, there had been too much 
emphasis on mechanical engineering in the papers 
presented before the Institution; he would have 
liked to see more attention paid to electrical 
matters. Mr. Chalmers, in responding, referred to 
some of the objects of the Institution and assured 
Mr. Swann that while he thought the papers pre- 
sented at their meetings probably covered as wide 
a field as those of any other body, they would 
certainly bear his remarksin mind. ‘‘The Guests” 
was proposed by Sir William J. Larke, K.B.E., who, 
in defining an engineer, said that he was a man who 
considered that difficulties made additional oppor- 
tunities. The basis of his life was rationality ; an 
observation which enabled Sir William to make for 
himself an opportunity to draw attention to the 
work of the British Standards Institution. In his 
reply, Mr. H. R. Binney, C.B., director and secretary 
of the British Standards Institution, said that the 
activities of his Institution no longer covered purely 
engineering matters, but included the whole tapestry 
of British industry ; nevertheless, some 60 to 70 per 
cent. of their work wag of interest to engineers. 
Standards were not dictated, but all sides of industry 
were concerned in their formulation. 


THe Wor.p’s SHIPBUILDING. 


The steamers and motorships under construction 
in the shipyards of Great Britain and Northern 
Ireland on March 31 totalled 337 vessels, aggregating 
2,072,723 gross tons and representing an increase 
of 28,035 tons as compared with the totals for 
December 31, 1950. Of the March total, 86 ships, 
totalling 480,724 tons, are being fitted out afloat, 
and 251, comprising 1,591,999 tons, have still to be 
launched. The figures we have quoted are to be 
found in the shipbuilding returns of Lloyd’s Register 
of Shipping, for the quarter ended March 31, 1951, 
and these returns show, moreover, that 56 ships, 
making together 316,881 tons, were commenced, 
55 vessels, totalling 241,483 tons, were launched, 
and 47 ships, aggregating 291,173 tons, were com- 
pleted in these islands during the quarter. Further 
statistics of interest are that 110 ships, comprising 
740,066 tons, or 35-7 per cent. of the total being 
built in this country, are for registration abroad or 
for sale and that 97 ships, making together 1,152,323 
tons, or 55-6 per cent. of the total tonnage under 
construction in Great Britain and Northern Ireland, 
are oil tankers, each of 1,000 tons and upwards. 
The merchant steamers and motorships under 
construction abroad at the end of March totalled 
880 ships, aggregating 3,024,361 tons, this being 
an increase Of 250,296 tons over the figures con- 
tained in the returns for December 31, 1950. As 
has been the case for a number of years past, how- 
ever, figures for China, Poland and Russia, are not 
available. The leading shipbuilding country over- 
seas is France, the total tonnage building in her 
shipyards, on March 31, being 485,888. Closely 
following is Japan with a total of 479,610 tons, 
after which come Italy with 322,358 tons, Sweden 
with 302,035 tons, Holland with 295,790 tons, the 
United States with 270,284 tons, and Germany with 
261,285 tons. The totals of other shipbuilding 
countries abroad were each below 200,000 tons. 
During the March quarter, 173 ships, totalling 
494,293 tons, were commenced in foreign shipyards, 
157 vessels, aggregating 437,972 tons were launched, 
and 171 ships comprising 529,866 tons, were com- 
pleted. Oil tankers, each of 1,000 tons and upwards, 
under construction overseas on March 31, totalled 
84 ships, making together 828,670 tons. This total 
is greater by 47,220 tons than that for December 30, 
1950, and represents 27-4 per cent. of the total 
tonnage being built abroad. 








THE MEASUREMENT OF 
PRODUCTIVITY. 


A MEETING of the Operational Research Club 
was held on March 21, in the rooms of the Royal 
Society, to discuss the subject of ‘‘ Productivity 
Measurement.” The chair was taken by Sir Henry 
Tizard, F.R.S., and three papers were presented 
and discussed. These were “‘The Measurement of 
Productivity,” by Dr. T. E. Easterfield, of the 
Department of Scientific and Industrial Research ; 
“Problems of Detailed Measurement of Produc- 
tivity, and the Use of Such Measurements,” by 
Professor T. U. Matthew, of the University of 
Birmingham; and ‘‘ The Object and Use of Pro- 
ductivity Measurement,” by Mr. J. E. Widdowson, 
chief development engineer of Samuel Fox and 
Company, Limited. Summaries of the three papers 
are given below. 


Propvuctiviry MEASUREMENT. 


Dr. Easterfield divided his paper into two parts ; 
in the first, he discussed the types of productivity 
measurement and, in the second, he took a particular 
case as an example of application. Productivity 
measurement, he said, could be simply defined as 
“output per unit of input.” Difficulty arose, 
however, in defining the terms ; there were various 
categories of input, such as labour, raw materials, 
the use of capital, land, etc., though the concen- 
tration was usually on labour input. There were 
also various definitions of output, such as total 
value, added value, physical units, etc. The whole 
of the input measurement could be assessed by 
whatever yardstick was most convenient for the 
consideration of what the scientist or the industrialist 
wanted to know. It could be a purely financial 
yardstick, or, as Sir Ewart Smith had advocated 
and, Dr. Easterfield believed, the German steel 
industry practised, it could be related to man-power 
in all particulars, even including capital deprecia- 
tion. Most discussions of productivity emphasised 
labour as the unit of input, though few did so to that 
extent. An example illustrating the value of taking 
various units of input was provided by the work of 
the Royal Air Force during the war: the planning 
of flying hours, man-hours and maintenance was 
important at that time, but in peace the whole 
concept might hinge on cash input or, in overseas 
stations, output might be related to the units that 
could be carried in available transport. 

Productivity measurement in relation to labour 
input was particularly relevant to the consideration 
of the total man-power of the country, or to its 
industrial man-power. Both were relatively inelastic, 
whereas the man-power available to a particular 
industry could be influenced to a greater extent. 
Output relative to the total man-power of the 
country was relevant to standard of living studies, 
etc.; Output relative to industrial man-power was 
relevant to such matters as the effects of re-deploy- 
ment on re-armament, and the planning of future 
labour requirements and trends. Information on 
both of these subjects was usually obtained by the 
use of global statistics, assembled by trade associa- 
tions and similar bodies. Detailed studies at the 
level of individual firms could be used, though they 
involved more work and expense, and there was 
difficulty in ensuring that they were applicable in a 
wider field. If this difficulty were overcome, the 
added detail would help in interpreting the statistics 
obtained. An added complication was that, in 
all cases, care had to be taken to decide whether the 
index included the effects of shifts between firms 
or industries that were, in some specific way, of high 
or low productivity ; for example, the added value 
of the scientific-instrument industry was obviously 
far greater than the added value of the agricultural 
industry. 

Detailed studies of individual industries depended 
on data from a number of firms, such as those 
collected by the Shirley Institute on the output per 
unit of labour in specified categories (e.g., card-room 
labour in the cotton industry) and its variation. 
Such studies were relevant to the analysis of factors 
affecting productivity, such as the size of firm, the 
type of processing, workers’ morale, etc. Analysis 
of such factors, especially where they could not be 
put on a quantitative basis, was a promising line of 


future development ; but the methods were stil! in 
@ primitive state. Such studies could be used in 
considering global productivity measurement only 
under strict conditions of lack of bias of sample, and 
also with due consideration of the comparability of 
products of the industry ; some industries (the sugar 
industry, for example) showed a great extent of 
homogeneity and others (such as machine-too] 
manufacture) showed much greater variation ; this 
must be allowed for. There was no single “ measure 
of productivity,” Dr. Easterfield continued ; what 
measurement was made depended entirely on the 
intended purpose. He considered productivity 
measurement to be operational research only if it 
was done for a purpose, in collaboration with the 
users, and if it involved actual study of the operation 
of a going concern. The collection of economic 
statistics, though useful, was not operational 
research. 

The second part of Dr. Easterfield’s paper was 
concerned with a particular case, a study under- 
taken for the Board of Trade for the purpose of 
advising on the best use of labour in the cotton 
industry for the provision of exports. Since labour 
was scarce and likely to remain so, and as exports 
would probably continue to be desirable, the added 
value per man-hour was one of the important things 
that they set out to find. The sources of data were 
the costings assembled in connection with the utility 
scheme, and the data from the Shirley Institute on 
labour requirements for various operations ; since, 
in the short run, spinning labour, and in particular 
card-room labour, was short, figures were collected 
for these groups of workers as well as for the whole 
process of spinning and weaving. The added value 
per man-hour was important because labour was 
scarce ; a high added value per unit of raw material 
might have been the criterion if the overall calcu- 
lation justified it. 

This, so far as Dr. Easterfield knew, was the first 
investigation of its kind. It produced some inter- 
esting results, which could be summarisid by saying 
that, while some manufactured goods would give 
good cover to the human body per man-hour of 
labour, but would yield little foreign exchange if 
exported, others were the reverse. Obviously, 
export preference should be given to the latter, other 
things being equal. In many cases, the result of the 
investigation would not be easy to foresee on 
common-sense grounds, though some appeared to be 
so after the investigation was over. An interesting 
side issue was an observation of the lack of cor- 
relation between the added value per man-hour and 
the coupon value per man-hour. In this instance, 
productivity measurement had shown itself a 
potentially useful tool for advising the adminis- 
tration on cotton exports. 


PROBLEMS OF DETAILED MEASUREMENT OF 
PRODUCTIVITY. 


The quantity, quality and cost of production in 
any industry, Professor Matthew said, were affected 
by a number of inter-related factors which might 
be classified as external, human, and nt 
The first two groups, though of great importance, 
were only ce “ouigatatle by the industrial 
executive ; the third group could be developed by 
the executives, to secure increased output, quality, 
and reduced unit costs. The great increases Mm 
output and productivity secured during the past 
century were mainly the result of standardisation, 
specialisation and mechanisation, and the end of 
this advance was not yet in sight. The established 
procedure of standard costing provided a convenient 
basis for executive control at all levels, and the 
ratio of standard cost to actual cost was 4 useful 
measure of performance ; but standard and actual 
costs were not exact measurements—they were 
agreed conventions, which varied from factory to 
factory, and reflected also the limitations of a 
methods of reporting and accounting. Statistica 
analysis of the variations in costs, however, could : 
a useful guide ; and the technical basis of standa' 
costs was also open to operational research on & 

tistical basis. j ‘ 
cain being normally measured in physical 
units, it was an advantage to measure as many as 
possible of the input factors—materials, labour 





costs, machine-hours, etc.—in physical units also. 
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On this basis, various indices of performance were 
derived, such as material yield, labour productivity, 
machine productivity, and machine utilisation, the 
order of priority in selecting an index of performance 
being ascertained by studying the cost structure 
of the product or process. It was not unusual for 
both the routine control and the operational research 
to be concentrated on machine utilisation where 
capital charges were a large fraction of the total 
unit cost, and on labour where the materials costs 
and oncosts were relatively small. A simple method 
of comparing the performance of departments 
producing entirely different products was to convert 
all products into equivalent labour-hours. The 
measurement of labour effort, however, was not 
simple ; but it was of basic importance in labour 
productivity studies, and such methods as stop- 
watch time study, the use of basic movement-time 
data, and statistical sampling methods could give 
results which were sufficiently uniform and consis- 
tent to be acceptable to both labour and manage- 
ment. A survey of wage incentive schemes by the 
Ministry of Labour had shown that the proportion 
of men in industry who were paid by results had 
risen from 18 per cent. in 1938 to 25 per cent. in 
1949 and, in works employing 1,000 or more, to 
41 per cent.; these figures indicated that the 
existing methods of work measurement were 
acceptable, even though they might not be entirely 
accurate. 

It was of some importance, Professor Matthew 
continued, to establish what was regarded as 
acceptable, on a routine statistical basis. Accepta- 
bility was usually determined from a study of the 
distribution of individual incentive performances, 
collected and reviewed periodically as a means of 
checking trends in the average level of labour 
effort and in the distribution of earnings. Such 
figures might show that, while the average incentive 
performance might be 30 per cent. above the normal 
performance expected without payment by results, 
the spread between the lowest and the highest 
performance was of the order of a 2 to 1 ratio; 
though a 3 to 1 ratio was not uncommon where loose 
methods of work-measurement were used. To deter- 
mine labour performance by work measurement, 
some method of time study must be used ; but the 
accuracy of this method had been called in question 
many times. Differences could be minimised, 
however, by detailed training in rating methods, 
the use of ‘‘ pacing ” films, and by the provision of 
statistical methods of checking the self-consistency 
of individual studies (and of time-study engineers) 
against nationally-accepted standards. Research 
was being conducted along those lines in Britain and 
in the United States. On average, the ratio of 
British to United States normal times, over a large 
number of observations, was found to be 1-0 to 1-07, 
a difference which was not significant. 


THE Ospsect AND USE OF PRODUCTIVITY 
MEASUREMENT. 


Mr. Widdowson said that, in discussing produc- 
tivity measurement with various colleagues, he had 
found considerable difference of opinion on the 
meaning of the word “‘ productivity,” the general 
view being that ‘‘ productivity ” was related mainly 
to output, cost and efficiency. These three basic 
factors were being measured already in many 
industries ; but, while the measurements might be 
used to suit the requirements of a particular factory, 
something more was required if it was desired to 
express the performances of different manufacturing 
organisations in terms of productivity. It was said 
almost daily that productivity in all industries must 
be increased if the standard of living was to be 
maintained ; and this objective could be achieved if 
there was a determination to make better use of the 
materials, plant and labour available, to reduce the 
effort used to convert raw materials into finished 
products, or to increase the overall output without 
altering the plant or the labour force. In other 
words, productivity could be increased by reducing 
input or increasing output. 

All industrial concerns (with the exception of those 
subsidised by Government or other funds) depended 
ultimately for their existence on the difference 
between the overall cost of their products and the 
amount of money received from their customers, and, 





for many purposes, this difference was the only 
criterion of whether the concern is successful or not. 
If, however, @ manager was to be given sufficient 
information on which to base decisions to direct 
and improve the competitive position of his works, 
the measurements must be in more detail, and must 
take into consideration the complexity of the various 
products and materials. They must be presented in 
such a manner as to be easily understandable, so that 
comparisons could be quickly made and unusual 
trends immediately recognised. No simple solution 
to this complex problem which is applicable to all 
industries appeared to exist at present. 

The first item to be considered was the measure- 
ment of input. Measurement of the volume or 
value of the final products presented little difficulty, 
but the problem of measuring the raw materials was 
more involved. It usually fell into two groups, 
namely, measuring the physical amounts of raw 
materials which ultimately formed part of the 
finished products, and measuring the volume or 
value of all the materials which were necessary in the 
production operations, but which did not form part 
of the final products. The accuracy of these 
measurements depended entirely on the nature of the 
production process. For single unit production, the 
amounts of materials used could be determined read- 
ily, but where batches of parts for different sizes and 
types of finished products were processed together, 
actual measurements were often difficult and costly 
to make, and careful estimates had to be made 
instead. While it was practicable to determine with 
accuracy the amounts of raw materials used, due 
regard must be paid to the quality of these materials 
in so far as they affected subsequent production 
processes, 

The second item of input to be measured was the 
amount of human labour involved, or the producti- 
vity of human labour. Attempts to measure this 
factor by scientific methods such as time and motion 
study were still treated with suspicion in many 
industries, and only a drastic change in the attitude 
of some of the trades unions would remove this bar 
to progress. Measurements of machine and plant 
capacities, together with the necessary attendant 
human labour required, could usually be assessed ; 
but other factors, such as absenteeism, breakdowns, 
condition, of plant and type of organisation, must be 
considered before comparisons could be made. In 
addition, the amount of labour and material used 
in the production of new plant must be taken into 
account when comparing the productivity of older 
plants with more modern plants. The measurement 
of input must account for all those factors to obtain 
a true value for productivity measurement in rela- 
tion to output. 

The measurement of actual physical output 
during a stated period of time, whether recorded on 
a process, departmental, or works basis, could be 
determined with complete accuracy. Under condi- 
tions of stability of all other factors such as raw 
materials and production, rates, the measurement of 
output was a reliable indication of the progress of 
the operation concerned, and its usefulness to a 
manager could be greatly enhanced if a monetary 
value were given to each item included in the total 
output. A single index figure, built up from the 
amount of output of each type of product and its 
relative value, could then be used for comparison 
purposes. Actual outputs per hour, per shift or per 
week were regularly measured as a routine procedure 
for most mchines and processes in many concerns. 
These measurements were often necessary for the 
calculation of earnings, and, because of this, they 
constituted the only measure of productivity of 
particular interest to dividual operators. The total 
output, whether of a single machine, a single depart- 
ment, or a whole works, was one of the most 
important factors to be considered in any measure- 
ment of productivity, and its actual value must 
be taken into account before comparisons between 
dissimilar products or industries were possible. 

Finally, in order to measure all the factors on 
which productivity depended, it was necessary to 
use some method of accounting or costing so that 
the results might be expressed in a clear and intelli- 
gible manner. One method, which was proving 
satisfactory, was known as “ measurement by difter- 
ences.” It gave the management, for every 


separate product or department, a single figure 
representing the difference between the actual cost 
and a predetermined value, which might be defined 
as the total value of materials and labour, which it 
was estimated would be required to produce the 
given product under normal conditions of manu- 
facture. The values were calculated for each 
separate product from past records and experience, 
and stated in detail the value of every single item 
contained in the total. Such calculated values 
did not always represent the maximum potential 
performances, but they did provide a standard 
which could be altered to suit any changes in mate- 
rials or production, methods. 

Although that method of measurement was used 
for comparing actual performances with calculated 
or previous performances for individual products or 
processes, Mr. Widdowson, thought that, with some 
modifications, it could be used to compare the 
production of similar products or possible similar 
types of manufacturing organisations. If any 
method of productivity measurement was to be 
used, it must be simple, and must not absorb a large 
labour force for its computation. The method 
described was being used successfully for a consider- 
able variation of products and, although it might 
not be the final solution, it did provide accurate 
and up-to-date information. 


Discussion. 


The discussion was opened by Mr. L. H. C. Tip- 
pett, of the Shirley Institute, who referred to the 
Institute’s well-known work in comparing the pro- 
ductivity of various firms in cotton spinning. He 
said that, in this field, the problem of measurement 
had not proved to be nearly so great as the problem 
of presenting the results in such a form that they 
could easily be used by managements, and of securing 
action. The effect of this work on the industry had 
not so far been as great as had at first been hoped, 
but the work was probably having a slow permeative 
effect through influencing the thinking of managers 
on productivity, and occasionally there were evi- 
dences of some direct practical effects resulting from 
the Shirley Institute surveys. He recalled one 
instance where the survey had shown one manage- 
ment that their machine speeds in one department 
were higher than those used in other mills of the 
same class; the speeds were reduced and the rate 
of production per machine and per operative in- 
creased as & consequence. 

Mr. R. Parmenter, of Messrs. Urwick, Orr and 
Partners, Limited, said that an industrial consultant 
spent his whole time in getting the results used. 
If Mr. Tippett would provide the data, the industrial 
consultant could help with the task of applying it 
in a particular works. He desired, however, to 
consider productivity measurement in different and 
wider fields, such as local government, medicine, 
etc. In industry, they had made their early mis- 
takes of measuring cost and quantitative production 
without allowing for quality ; they had left quality 
to adjust itself as a result of competent supervision, 
with bad results. The same mistakes were being 
repeated in new and wider fields, where, for example, 
dentists were paid for curative work but not for 
preventive work ; where doctors were thinking in 
the number of patients per man-hour, etc. These 
mistakes, he thought, were being made on a national 
scale. 

Professor G. P. Crowden, of the Department of 
Applied Physiology, London School of Hygiene and 
Tropical Medicine, took up Professor Matthew's 
point on metabolic measurement. He pointed out 
that in heavy muscular work the analysis of the 
task into its muscular components and the deter- 
mination of the energy expended on each type of 
effort was likely to be of more practical value than 
the assessment of the overall metabolic cost. Early 
studies of this kind, e.g., in the case of heavy barrow 
work, had shown that certain types of effort involved 
wasteful expenditure of energy which could be 
avoided by improved methods of performance. 
On the other hand, in many occupations the amount 
of muscular effort and movement was insufficient 
for the maintenance of bodily fitness. In such 
cases, increased energy expenditure in physical 
recreation was most desirable, as shown by the 





experiment carried out by Messrs. Mather and Platt 
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in 1941, from which the management concluded 
that young workers would be so much benefited 
by periods of physical training that “‘ loss of working 
time would be more than compensated by improved 
health and productivity.” For the rational use of 
human energy he thought it essential that medical 
scientists, time and motion experts and industrial 
engineers should co-operate to study and define 
the working methods and conditions which would 
enable the individual to maintain efficiency through- 
out a maximum working life. 

Dr. H. E. McGee, of the Ministry of Health, 
referred to joint investigations by the Ministry of 
Health and the Ministry of Food of the food require- 
ments of various types of workers. This had had 
the surprising result of showing that the calorific 
intake of the so-called heavy workers investigated 
was the same as that for so-called light workers. 
The subject obviously required further investigation, 
and it was being studied at the University of 
Edinburgh. 

Mr. A. W. Norris, of the British Ceramic Research 
Association, referring to Mr. Parmenter’s remarks 
about the practice of ignoring quality and concen- 
trating on quantity in production, said that he did 
not think any completely satisfactory solution had 
been found to the problem of incorporating a factor 
for the quality of the product, a non-quantitative 
attribute, into the quantitative measurement of 
productivity. 

Dr. J. Bronowski, of the National Coal Board, 
briefly discussed the mathematics of productivity 
measurement. Two things, he said, were involved 
in the study, namely, the differential coefficient 
and the integral of the output per unit input. 
This essential difference involved two differing 
approaches. Study of the differential co-efficient 
applied mainly to individual firms whose input 
resources could be increased or decreased. Here 
the desired information was the possible changes in 
total output if a certain course of action was pursued. 
The marginal utility of labour could be expressed in 
mathematical symbols, and changes could be 
studied only in this way. The integral approach 
was concerned with changes in total output for 
all possible reasons, including shifts in the labour 
force. It was therefore appropriate to national 
studies, such as those described by Dr. Easterfield. 

Sir Henry Tizard, F.R.S., intervened to say that 
much had already been heard of the extreme diffi- 
culties of measuring productivity and its rate of 
change ; but the fact was that it was already being 
measured by economists. It had been officially 
stated that, in the last three years, productivity in 
the manufacturing industries had increased by some 
7 per cent., and even by 10 per cent. in some parts 
of the engineering industry. These conclusions 
were being used as a basis of future financial policy. 
Hence it was extremely important that everyone 
should be satisfied that the measurements were near 
the truth. Possibly some engineers and scientists 
who realised the immense difficulty of getting 
accurate figures might examine the methods used 
by the economists. 

Mr. L. A. Ferney, of the University of Birming- 
ham, said that the figures used by economists took 
all causes together and, therefore, were of little use 
to industrialists. Integrated schemes such as that 
of Sir Ewart Smith were imperfect because they 
took no account of changes such as, for example, 
those in the cost of raw materials. Another com- 
plication arose when a factory was on a mixed 
output with mixed grades of labour, and the 
composition of “the basket of goods ” changed. 

Dr. L. Rostas, of the Board of Trade, said that 
measurements by economists were approximate, as 
they were based on relating movements in employ- 
ment to the movements of the official idea of 
production. These ratios were not what research 
workers would regard as a productivity index, but 
they were of use because the Government was 
primarily interested in the future level of the 
national output. There was room for improvement 
in the quality and accuracy of productivity indexes 
used for general economic analysis. Research on 
this subject would certainly qualify as operational 
research even on Dr. Easterfield’s restrictive defini- 
tion, as the Government was, after all, a going 
concern and such research results were used as the 








basis of important policy decisions. Dr. Rostas 
also felt that this branch of productivity research 
could make a contribution to knowledge of factors 
affecting productivity. Attention was called re- 
cently to the small number of technically qualified 
people in management as a reason for our relatively 
low level of productivity, a factor which could not 
be discovered by productivity research merely on 
the level of an individual works. This point might 
incidentally have a bearing on Mr. ‘lippett’s pro- 
blem of application of research results. 

The first three speakers had mentioned a large 
number of potential productivity concepts and gave 
a catalogue of factors which affected productivity. 
He hoped that future research would concentrate 
on trying to ascertain the most significant type of 
measurement and would try to attach quantitative 
importance to the various factors mentioned so that 
the key factors could be separated. Productivity 
measurement must not be equated with the some- 
what nebulous term of measurement of industrial 
or managerial effectiveness. His own experience 
suggested that productivity measured in terms of 
output per worker or per manhour was the most 
significant and the most generally applicable pro- 
ductivity concept. 

Mr. A. W. Swan, of the United Steel Companies, 
commented on the factory value system which 
Mr. Widdowson had described. Productivity 
measurement tended to become too complex, and 
this system had reduced it to a simple and com- 
prehensible form. At the works of Samuel Fox and 
Company, for example, it worked efficiently in 
spite of the tremendous variation of products.* 
This simplification might be another part of the 
answer to Mr. Tippett. He thought that the impor- 
tance of capital as a unit of input had been under- 
estimated. A blast furnace, for instance, used very 
few man-hours in relation to its output ; nearly the 
whole of the total input was accounted for by capital 
investment. Another example of this was given by 
one works where an old-fashioned steam cogging 
mill had been replaced by a modern mill which had 
improved output considerably, though the same 
number of man-hours were worked by the same 
people. 

Professor Matthew supported Mr. Swan’s view 
and gave another example of how concentration on 
labour effectiveness could unbalance the picture. 
He had recently visited a lamp factory where only 
74 per cent. of the output value was labour content. 
The management were less interested in productivity 
of labour than in studies of raw material and 
machine utilisation. The cost structure of any 
organisation must dictate to a large extent the 
approach of the investigator. 

Lt.-Col. I. A. Marriott, leader of the Diesel 
locomotive industry’s productivity team, briefly 
but eloquently pleaded for the results of operational 
research and productivity measurement to be 
expressed in comprehensible language. 

Mr. A. R. Smith, of Imperial Chemical Industries, 
Limited, thought that a mistake had been made in 
referring to productivity at all, since it was such a 
vague concept except in simple contexts. In a 
national context, it might make sense, and again 
when used in the context of work measurement, but, 
in more complex situations, definition was im- 
possible. For example, if substitution occurred 
between the input factors, and if output were 
heterogeneous and varying in the relative pro- 
portions of the different products, neither input nor 
output could be satisfactorily defined or measured. 
The White Paper had said that wage increases could 
be granted if there was an increase in productivity. 
He would like to know if this had been applied in 
any case, and if so, how the measurement had been 
made, 

Mr. G. F. Todd referred to the stimulating effect 
of productivity measurement: this, he said, 
decreased with time, and he was concerned with the 
problem of maintaining it. 

Dr. Easterfield agreed with Mr. Smith that dis- 
cussion of productivity had been prejudiced by the 





* Mr. Widdowson had stated that the billets alone, 
produced by this firm, showed over 3,000 variations ia 
type, size, finish, and method of manufacture, and an 
equal number of variations in steel wire.—ED., E. 





vse of “‘ productivity ’’ as a term of “‘ hot gospell- 
ing.” But he thought it reasonable to look upon 
productivity as the expression of any one of a series 
of ratios, which could be selected according to what 
was wanted. If two factors appeared equally 
important, obviously they must both be measured, 
Regarding the difficulty of the use of productivity 
indices in “‘ flexible” conditions, he agreed tbat 
flexibility was sometimes expensive, but one had to 
have reserves to draw on. Where there was a large 
variety of output, a way of producing an index was 
to determine ‘‘ how many units of input will make 
the same collection of objects by number and type.” 

Sir Henry Tizard thought that the whole subject 
was perhaps becoming unnecessarily complicated. 
Various measurements had already been put forward 
as a basis for assessing productivity. No one had 
yet mentioned increase in profits. Was that 
because the word was so unpopular? In simple 
cases, surely profits were significant. On the 
question of the wage freeze, for instance, it had been 
said that wages could be increased if there were 
definite evidence of increased productivity. If, in 
any particular business, other factors remained the 
same, surely an increase in profits would be an 
indication of increase in productivity ? 

Mr. D. E. C. Price, Imperial Chemical Indus- 
tries said, on this point, that if over-mechanisation 
took place an increased productivity might result in 
a loss. Pursuit of this line of Sir Henry’s would 
lead back to Ricardo’s theory of values, which had 
long ago been exploded. Productivity seemed to be 
regarded in two senses, namely, as a new carrot 
(or stick) for industry, and as a means for measuring 
performance. There was little relation between 
these concepts. Productivity measurement was 
limited, in its application, to the assessment of 
particular ratios. Since it could provide no magic 
formula for the solution of managerial problems, 
productivity measurement should aim at providing 
performance ratios of direct interest to the recipient, 
upon which he could act. He should be fully 
informed of the limits of these recommendations. 
Otherwise, it was better to stick to purely general 
statements. 

Professor M. E. Mondel, of the Industrial Engi- 
neering School at Purdue University, in the United 
States, referred to some investigations into the 
agricultural industry that had» been undertaken 
there. Productivity measurement, he thought, was, 
in many cases, a simple matter of input versus 
output. For example, when a number of agricultural 
investigations were undertaken it was found that 
variations within a group of farms of the same 
size were greater than variations from size to 
size. In other words, the essential difference was 
the individual work. This could be instanced by the 
farmer in Vermont who, by rationalisation, had been 
able to increase the number of cows kept from 17 to 
22 with exactly the same labour force and land. 
This was a basically simple and logical approach. 
To the management, productivity could only mean 
one thing—they wanted more out of the same plant 
without putting more in. The pioneer work of 
Gilbreth and Taylor was widely available, but it 
was not being used by managements. 

Dr. C. B. Frisby, Director of the National Institute 
of Industrial Psychology, referred to the point which 
had emerged from several of the contributions, that 
productivity was largely affected by human atti- 
tudes. It might be held, therefore, that, in addition 
to measures of productivity, reliable measures of 
human attitudes were needed if productivity was to 
be increased. 





MARINE RESEARCH Yacut “ Evetrra II.”—The 
new Marconi marine research yacht Elettra II left 
London on Sunday, April 29, on her first demonstration 
cruise to East Coast and Continental ports. She carries 
an extensive range of modern marine radio communica- 
tion equipment and aids to navigation, and these will be 
open to inspection by shipping interests. Among the 
British ports to be visited are Lowestoft, Grimsby, Hull, 
Neweastle and Leith. She will sail for Oslo on Tuesday, 
May 15, where her arrival is timed to coincide with the 
opening of the seventh conference of the Radio Marine 
Associated Companies. Subsequently, Hamburg, Ams- 
terdam, Rotterdam, Antwerp, Le Havre, Frederikshavn, 
Ostend and Southampton will be visited. 
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Fic. 1. Muvuti-Dimenston InspecTION MACHINE; 
Stema INSTRUMENT Company, LIMITED. 

















Fig. 2. Turret Comparator ; Stoma INSTRUMENT 
Company, LIMITED. 


THE GAUGE AND TOOL 
EXHIBITION. 


_ Wuen the second gauge and tool exhibition closed 
in February, 1948, the Council of the Gauge and 
Tool Makers’ Association, who organised it, intended 
that four or five years should elapse before another 
exhibition was held. In response, however, to a 
desire among member-firms of the Association and 
customers of the industry for an exhibition during 
the Festival, the Council agreed to hold the third 
one this year. As already announced in our 
columns, the exhibition will be held from May 15 





THE GAUGE AND TOOL EXHIBITION. 
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Fie. 4. VerticaL CoMPARATOR ; SOLEX (GAUGES), 
LIMITED. 


to May 25 in the New Hall of the Royal Horti- 
cultural Society, Elverton-street, Vincent-square, 
London, 8.W.1, and will be open daily, with the 
exception of Sunday, May 20, from 10.30 a.m. 
till 7 p.m. At the last exhibition, there were 82 
exhibitors. On this occasion, the number will be 
somewhat smaller but the range of exhibits will 
be a wide one and will include gauges and other 
measuring equipment, jigs and fixtures, press tools, 
portable power tools, moulds and dies, engineers’ 
small tools, diamond tools, and a variety of machines 
and equipment for special purposes. A competition 
in craftsmanship and draughtsmanship, open to 
apprentices and learners employed by member 























Fie. 5. Internat MIcROMETER; MEsSRS. 
AMBROSE SHARDLOW AND COMPANY, LIMITED. 


firms cf the Association, will be held conjointly with 
the exhibition, and the entries will be on view during 
it. We give below a brief description of some of 
the exhibits of measuring equipment that will be 
displayed on the stands. 

The Sigma Instrument Company, Limited, Letch- 
worth, Hertfordshire, the sole agents for whom are 
Messrs. Alfred Herbert, Limited, Coventry, will be 
exhibiting a wide range of instruments including 
hand-operated, semi-automatic and fully automatic 
multi-dimension inspection machines. One of the 
hand-operated types is illustrated in Fig. 1, on 
this page. It is intended for checking components 
made in quantities not sufficiently large to justify 
the use of automatic or semi-automatic machines. 
The work under examination is placed in a holder 
and is fed to the machine and withdrawn from it 
by means of a lever which is operated manually. 
Sorting is done by the operator in accordance with 
the results indicated by the signal lights mounted 
on top of the instrument. The smallest machine 
of this class is suitable for the inspection of watch, 
clock, meter, and other components on which the 
diameters of two pivots, and the length between 
the shoulders or over the ends of the pivots, have 
to be checked. The gauges employed are mounted 
on compound slides for ease of adjustment, and 
the adaption of the instrument to suit a change from 
one part to another of different type can usually be 
effected within ten minutes. Provision is made for 
ensuring that very small pivots are not bent during 
examination. 
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Among other exhibits to be displayed by the Sigma 
Instrument Company will be the turret comparator 
illustrated in Fig. 2. This instrument is a develop- 
ment of the vertical comparator, and comprises a 
standard measuring head mounted on a large base 
which also carries a multi-station indexing turret. 
Each station holds a fixture for measuring one 
specific dimension of the component for which the 
unit as a whole is designed. Another of the com- 
pany’s recent developments in vertical comparators 
is an electrical type which has been designed to 
reduce to a minimum deflections caused by thermal 
and applied stresses. A pneumatic comparator has 
also been developed for measuring internal dimen- 
sions with high precision and is of particular value 
when these are very small. Concentricity tests can 
also be made with this instrument. 

Messrs. Solex (Gauges), Limited, 223-231, Maryle- 
bone-road, London, N.W.1, who are well-known as 
manufacturers of air-operated gauges, will be show- 
ing a range of their standard instruments, including 
the vertical comparator, with its associated air- 
regulator and manometer illustrated in Fig. 4, 
page 571. This works on the principle that the 
quantity of air leaking past a poppet valve which is 
lifted slightly from its seating is proportional to the 
displacement of the valve. By an application of this 
principle, the displacement of the valve is magnified 
many thousand-fold pneumatically and indicated on 
a water manometer. In the model illustrated, the 
stem of the valve extends downwards and is fur- 
nished with a detachable contact which may have a 
variety of forms. The contact rests on the upper 
surface of the specimen to be measured and the 
latter is supported on the standard lapped table 
supplied with the instrument, or on some accessory 
fitting. The position of the valve relative to its 
seating, therefore, is fixed once an initial adjustment 
has been made. Air, which may be taken from an 
ordinary factory supply or from a small auxiliary 
compressor, is fed to the valve through the mano- 
meter and air controller unit which consists essenti- 
ally of a metering nozzle, the pressure before which 
is maintained constant and the pressure difference 
across which is registered on a water manometer. 
The instrument can accommodate specimens up 
to 6 in. long and is furnished with a coarse and fine 
adjustment which are used in fixing the position 
of the valve initially with the master component 
in place. Three interchangeable metering nozzles 
and corresponding scales are supplied with the 
instrument to suit different ranges and magnifica- 
tions. A lifting device is provided for raising the 
valve stem one eighth of an inch when the specimen 
is being inserted or removed. 

Another of the company’s exhibits will be a 
recently-developed gauge for checking piston dia- 
meters. This instrument, which is illustrated in 
Fig. 3, on page 571, incorporates two of the standard 
self-locating C-gauges manufactured by the firm. 
When the piston to be examined is placed in position, 
the contacts on the right, in the illustration, locate 
themselves automatically, the gauge frames being 
spring loaded. The contacts on the left adjust 
themselves simultaneously, and in so doing deter- 
mine the positions of two spring-loaded poppet 
valves relative to their seatings. An air regulator 
and manometer unit is employed in the same 
manner as in the vertical comparator to magnify 
and register the displacement of each valve. 

Messrs. Ambrose Shardlow and Company, Limited, 
Ealing Works, Meadow Hall, Sheffield, 9, will have 
on view, for the first time, the three-point contact 
internal micrometer which is illustrated in Fig. 5, 
on page 571. This instrument is graduated to read 
directly to the nearest 0-0002 in., and is of robust 
construction. Its use facilitates the measurement 
of internal diameters during grinding or machining. 
The company will also exhibit a new vernier height- 
gauge in which the vernier scale is flush with the 
beam, with the result that errors arising from 
parallax are avoided. The range of standard 
external and internal micrometers to be shown by 
the company will include end-measuring sets for 
use on jig-boring machines and a micrometer for 
measuring 3-, 5- and 7-fluted drills, taps and reamers. 
The instrument can be adapted for use with boring- 
bar sets. 

(To be continued.) 





LABOUR NOTES. 


Peas for the increased mechanisation of British 
industry were made at Blyth, Northumberland, by 
Mr. d Robens, the Minister of Labour, on May 6. 
Although it was true that productivity in the United 
States was higher than in Britain, Mr. Robens stated, 
this was not due to the American operative’s greater 
efficiency, or to his working longer hours, but to the 
fact that he had at his command a larger amount of 
energy and power. This enabled the American work- 
man to improve his productivity, raise his standard of 
life, and “make his labours less laborious.” As a 
result, productivity in the United States was increased, 
and what arose from it was properly and fairly shared 
among the employees in the industries concerned. 
Britain could not possibly obtain the increased pro- 
duction, which was so much needed, unless more 
horse-power was placed at the disposal of workpeople 
in the factories. 





Living costs were rising more rapidly than anyone 
liked and something would have to be done, Mr. 
Robens considered, to enable the people of Britain to 
maintain their living standards. Increases in wages 
would be inevitable, but the Government and the 
country must make certain that these advances in 
wage rates were not made at such a pace that serious 
inflation resulted. On the contrary, every endeavour 
must be made to see that wage rates were adjusted 
according to the nation’s ability to produce more goods. 
He considered that it was essential that productivity 
should be increased but, with a policy of full employ- 
ment, “no employee need think that he was working 
himself out of a job.” 





Armament employees at the Royal Arsenal, Wool- 
wich, who ceased work on April 26 in protest at the 
continued employment of an examiner, returned to 
their duties on May 4, after an undertaking had been 
given that the man concerned would not be employed 
at the Arsenal while further negotiations on his case 
were in progress. It was alleged by the strikers that 
the examiner had declined to re-join his union, the 
Amalgamated Engineering Union. It is understood 
that the background to this dispute, and its reper- 
cussions, were discussed at a meeting of the national 
executive committee of the A.E.U. on Tuesday last. 
Rather more than 2,000 operatives took part in the 
strike. 





Increases of about 50 per cent. are required in the 
labour force employed by the 21 Royal Ordnance 
factories throughout Britain, according to a statement 
by the Ministry of Supply on May 4, to enable these 
factories to carry out their tasks under the Govern- 
ment’s rearmament programme. The current issue of 
R.O.F. News, the official house journal of the 
Royal Ordnance factories, contains a report that the 
Ministry estimates that the number of fresh employees, 
who must be found as production increases, is between 
fifteen and twenty thousand. Some two-thirds of these 
will be required at ordnance factories in the Midlands 
and the North. The remainder will be wanted, in 
fairly equal proportions, in Scotland, Wales, and in 
the south of England. Recruitment has already 
commenced in some areas. 





Both skilled and unskilled employees are wanted, but 
there is a particular shortage of skilled men, especially 
machine-tool operators, fitters, electricians and carpen- 
ters. The need for women is as great as that for men. 
Women are being sought for light-engineering duties 
and for work in the explosives and ammunition-filling 
factories. The position is complicated, owing to many 
ordnance factories being situated close to centres of 
vital export industries, and the Ministry of Supply 
records that it is especially anxious not to take labour 
away from pottery and textile factories, among others. 
Schemes which would enable the services of part-time 
women to be used are under consideration. Elderly 
persons, provided that suitable jobs are available, are 
also to be recruited. 





Disappointment at the lack of progress made in 
the electricity-supply industry since its nationalisation 
was expressed by Mr. Frank Foulkes, President of the 
Electrical Trades Union, in an address at the opening 
of the .Union’s annual conference at Hastings on 
Monday last. This lack of progress, he stated, was 
particularly noticeable in the relationships which 
existed at the present time between the management 
and employees in the industry, and he considered it to 
be due entirely to the conduct of the former. The 
attitude of the administrators to the employees had 
not changed under nationalisation, as it should have 
done, and they continued to make use of their mana- 


gerial powers as an excuse for making impositions op 
their workpeople. He considered, therefore, that the 
Union must demand direct participation by the 
employees in the management of the industry. 





Other demands, for which Mr. Foulkes recommended 
the E.T.U. to press, included the complete liquidation 
of the British Electricity Authority’s compensation 
stock, the lowering of interest rates on loans to the 
Authority, and a new approach to wage claims, based 
on the value of the individuals concerned to the 
industry. Adjustments to wages and salaries should 
be the subject of precise advance planning, in the 
same way as capital charges and revenues. Mr. 
Foulkes reported to the conference that the basis of 
wage adjustments had not changed since nationalisa- 
tion. The Union still had to argue about these 
matters with the Authority and its subsidiary Boards 
in just the same way as it had had to argue with private 
employers in the past. While the methods of present- 
ing accounts had changed, “ capitalism ” remained the 
fundamental principle. 





Mr. Foulkes also complained that an adequate sick- 
pay and superannuation scheme had not been pro- 
vided for manual employees, although: technical, 
administrative and clerical staffs received those benefits. 
He considered that it was wrong that artificial barriers 
between these three sections of employees should 
continue to exist. The conference passed a resolution 
on Monday requesting its executive council to obtain 
for manual operatives employed by the Authority 
hours of work, rates of pay, holidays and pension 
schemes, comparable with those which the Authority's 
clerical and administrative staffs received. On Tues- 
day, the delegates approved, by a large majority, a 
resolution urging the executive council to take “all 
possible steps to satisfy the legitimate claims of our 
members for higher wages at the expense of profits.” 
This resolution had been sponsored by the council 
and, when moving its adoption, the Union’s general 
rsecretary, Mr. W. C. Stevens, endeavoured to show 
that the cost of rearmament could be met out of 
profits. 





Professional, supervisory and clerical staffs in the 
employment of the Gas Council will receive increases 
in their salaries as from the beginning of next month. 
A meeting of both sides of the National Joint Council 
for Gas Staffs took place in London on Tuesday last, 
when an application from the staff union concerned 
with employees in the industry in these grades, for 
an increase on all salaries, was further considered. 
An announcement made subsequently by the Joint 
Council stated that a full discussion had taken place, 
as a result of which it had been agreed that graduated 
increases of between 20]. and 50/. a year should be 
conceded, and that these increases should vary accord- 
ing to the grade of the recipients. 





Indications were given on Monday last, at the 
Scottish miners’ gala at Edinburgh, that new demands 
for higher wages will be discussed at the annual confer- 
ence of the National Union of Miners in July. Mr. 
Abe Moffat, President of the Scottish area of the 
Union, stated that his area would submit a resolution 
to the conference demanding that a guaranteed weekly 
wage of 71. 10s. should be put into force throughout the 
coal-mining industry. Scottish miners, Mr. Moffat 
stated, could not accept that basic weekly wages of 
51. 10s., for surface employees, and of 61. 7s., for under- 
ground miners, constituted a fair return for their work. 
These wages were not adequate to maintain decent 
standards of living, having regard to present high 
prices. He reminded those who were opposed to new 
wage demands in the industry, that the need for new 
recruits to its labour force remained urgent. 





Dissatisfaction by the employees of the Ford Motor 
Company, Limited, Dagenham, Essex, with the manage- 
ment’s proposals for a new pension scheme resulted in 
a decision to ban overtime at the factory. The ban 
was decided upon at a mass meeting held nearly three 
weeks ago and was put into operation on April 30. 
While it is in force, the employees will work a five-day 
45-hour week only. The whole of the day and night 
shifts have also taken part in one-hour token strikes. 
Foundry operatives at the factory, who cannot take 
part in the ban on overtime for safety reasons, sent 4 
21-days’ notice of the existence of the dispute to the 
Minister of Labour, in accordance with the Conditions 
of Employment and National Arbitration Order. The 
main objection to the new pension scheme appears to 
be that a bonus of 5/., paid to employees for each year 
of service, would be discontinued. 
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PRODUCTION OF 


20-POUNDER 


SHELLS. 


ROYAL ORDNANCE FACTORY, WIGAN. 








Fie. 1. 
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Fig. 2. Heapinc FuRNACE AND PREss. 


THE PRODUCTION OF 20-POUNDER 
SHELLS. 


Tue Royal Ordnance Factory at Wigan, at present 
engaged on the production of shells, was erected during 
the early days of the second World War, commencing 
the production of 25-pounder shells in June, 1940. 
Consistently good results were obtained from the outset 
and on many occasions the estimated weekly produc- 
tion figure was exceeded by as much as 20 per cent. 
The end of hostilities saw a drastic reduction in per- 
sonnel and eventuaily only 20 per cent. of the number 
typ oved during the war remained. To keep even 

s relatively small number fully occupied proved 
quite difficult and was only achieved by taking on 
civil contracts such as the manufacture of electric- 
motor stator windings and 55-kW generator stators. 

® rearmament programme, however, has put a stop 





to all work of this kind and the factory is now employed 
once more on the production of shells. 

Since the end of the war, the factory has been 
reorganised so that it can undertake a greater variety of 
work. Some of the 25-pounder plant, for example, has 
been replaced by heavier machinery capable of handling 
shells within the 5-in. to 6-in. class, and, at the same 
time, the layout of the machinery was altered so that a 
wide range of different projectiles could be handled 
concurrently. Further improvements included the 
installation of an extensive conveyor system designed 
so that the shells follow a fixed route, thus enabling 
them to be examined at specified points along the 
production line. This method of controlled inspection 
has proved invaluable, as any faulty forgings are dis- 
covered before extensive machining has been carried out 
on them and any deviation from the limits is soon 
brought to light. The steels now used for the pro- 


duction of shells have, approximately, 50 per cent. 
greater tensile strengths than those used during the 
war; even so, the potential output is greater than 
hitherto, a fact which well illustrates the value of the 
various modifications introduced. 

In general, the production of one type of shell 
differs little from that of another and, in view of the 
fact that a previous article, on page 494, ante, referred to 
the production of the 20-pounder gun for the Centurion 
tank, it will, perhaps, be logical to refer specifically to 
this type of shell in describing the manufacturing 
processes. The raw material arrives at the factory in 
the form of square bars and the first operation consists 
in breaking these to the correct length for subsequent 
forging operations. This is accomplished in a 70-ton 
hydraulic press, but, to ensure a clean break and a 
correct billet length, one corner is “ nicked "’ first with 
an ordinary oxy-acetylene torch. The cut lengths are 
then fed into a coal-fired furnace where they are raised 
to the forging temperature, the billets being passed 
through the furnace by a hydraulic pushing gear at 
the feed-in end. On leaving the furnace, each billet 
is transferred by hand tongs to a hydraulic press which 
preshapes it by compressing the corners. The billets 
are held vertical during this preshaping process, and 
care is taken to remove all scale from the base so that 
the surface is clean for the subsequent piercing opera- 
tion. Piercing is carried out in a vertical hydraulic 
press, specially designed for this duty by the Wellman 
Smith Owen Engineering Corporation, and illustrated 
in Fig. 1, herewith ; it is understood that this machine 
is the first of its type to be produced. There are three 
round-nosed punches and these are used in sequence, 
one punch piercing the first billet, the next punch the 
second billet and so on. The object in using three 
punches is to keep the punches cool; it should be 
understood that each billet is only punched once, and 
that the three punches are not used successively on 
the same billet. 

When pierced, the hollow forging, as it now is, is 
passed to a mechanical draw-press where it is drawn 
to the required length and diameter. In this machine, 
the still-hot forging is fitted over a horizontal mandrel 
which subsequently pushes it through four sets of 
rollers that progressively reduce the outside diameter. 
The mandrel is given its reciprocating motion by a 
straightforward crank and connecting-rod assembly 
which is driven through a friction clutch and gear- 
ing by a 75-h.p. motor. To prevent over-heating, 
six mandrels are used; these are fitted to a capstan 
head rotating in the vertical plane and arranged so 
that, as the mandrels move through the circular path, 
they enter a bath of lubricant. As in the case of the 
piercing machine, the mandrels are used in sequence 
on successive forgings and are automatically brought 
to the working position. On leaving the draw press, the 
hollow forgings are placed on a long slow-moving con- 
veyor extending along one side of the forge buildings ; 
the speed of the conveyor is adjusted so that the forg- 
ings are cool by the time they reach the first inspection 
point. To ensure that all residual heat is removed, 
however, and that the forgings are safe to handle, they 
are sprayed with water during the last part of their 
travel. After inspection, they are placed on trolleys 
and transported to the machine shop. 

The first machining operation consists of drilling a 
central hole in the base, for use during subsequent 
operations. This is carried out on the special drilling 
machine, shown in Fig. 3, on page 574, the forging 
being placed on a vertical mandrel designed so that 
it rotates as well as the drill, thereby ensuring con- 
centricity of the centre hole. The drilling head can be 
swung to one side to give access for loading and, when 
swung back to the drilling position, automatically con- 
nects the drive to the mandrel. A conveyor then 
carries the forging to a cold saw, where it is cut to length 
before being rough-turned on a four-tool lathe. The 
lathes used for this job are more or less standard 
machines, but are fitted with heavier headstocks, tail- 
stocks and saddle, and are driven by a more powerful 
motor. The partly-machined shells are then checked 
once more for concentricity, etc., before they are passed 
to the heading machine shown in Fig. 2, herewith, in 
which the open end of the shell is closed in to form the 
pointed nose. A 125-ton hydraulic press is used for 
this purpose, the ends of the shell being preheated to a 
temperature of 950 deg. C. in a gas-fired furnace. After 
the shell is cooled, it is passed to a capstan lathe where 
it is held in a jig for boring the fuze hole and facing to 
length on the nose. 

In the next operation, the interior of the nose in the 
region of the fuze hole is machined to ensure that the 
internal contours are smooth, after which the external 
surface is rough-turned prior to finish-turning. The 
latter process is carried out on a multi-tool vertical 
lathe, shown in Fig. 4, on page 574. The complete 
surface, including the radius on the nose, is machined, 
a guided tool being used in preference to a form tool 
which, undoubtedly, would cause chatter. The 





parallel portion of the body is then ground in a Malcus 
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Fig. 3. VerticaL CentRING MACHINE. 


centreless grinder ; this may appear to be an unneces- 
sary refinement, but modern shell designs require 
much greater accuracy than hitherto and, though a 
machined surface might be satisfactory, the grinding 
operation does ensure a parallel body and that no 
irregularities are left after the turning operation, 
which is a possibility when multiple tools are used. 
After grinding is completed, the base of the shell is 
recessed, the metal removed being replaced subse- 
quently by a solid disc which fits into the circular 
recess and is riveted into position. This operation 
ensures that the base of the shell is absolutely sound 
and avoids any possibility of it being ruptured by the 
propellant and causing the shell to explode prematurely 
in the barrel of the gun. Before the safety recess is 
machined, the shell is weighed and the amount of 
metal removed in the subsequent recessing operation 
is regulated in accordance with the reduction of weight 
required, the depth of cut being set by a series of stops 
on the machine which correspond to certain definite 
weight reductions. The lip of the recess is left slightly 
proud of the shell base and, when the safety disc is 
inserted, this excess metal is peened over to hold it 
firmly in position, the edge of the disc being slightly 
chamfered. 

This peening operation is not carried out, however, 
until the driving band has been pressed into position. 
The shell is grooved to receive the driving band and, 
to prevent the band from turning relatively to the body 
of the shell, two small V-shaped projections are formed 
in the base of the groove. These follow a zig-zag 
course in the groove to give the necessary restraint to 
turning and it will be obvious that, to achieve this, 
two operations are required, namely, one to form 
the groove and the other to machine the projections. 
Both operations are carried out at the same setting, 
the projections being machined by a form tool inserted 
into the base of the groove, which is given the requisite 
reciprocating motion by a scroll cam incorporated in 
the periphery of the chuck. The driving band is 
pressed into the groove in the cold condition, a special 
horizontal hydraulic press, shown in Fig. 6, and com- 
prising a number of radially disposed rams, being 
employed for this purpose. 

As already mentioned, the safety disc is not peened 
into position until the driving band is pressed home. 
Peening is carried out in a machine, illustrated in Fig. 5, 
herewith, which hammers the lip left on the shell 
base over the disc, the shell being located vertically and 
rotated automatically during this process. As a rule, 
20-pounder shells are made so that they can be fitted 
with a tracer plate; this is screwed on to a boss 
integral with the safety disc, so the next operation 
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consists of facing the shell base and preparing the boss 
for threading. Thread milling is employed for screwing 
the boss or spigot. When the boss is threaded, the 
driving band is turned and formed to the required 
shape after which the interior is shot-blasted and the 
complete shell degreased prior to varnishing. Varnish- 
ing is a straight-forward operation but to ensure a good 
interior coat, a nozzle is inserted inside the shell, 
which is rotated on rollers while varnish is supplied 
under pressure to the nozzle. The shells are dried 
in a continuous oven after which comes the final 
operation, namely, thread-milling the fuse hole; 
this is carried out after varnishing to ensure a clean 
thread. 

It will be apparent from the foregoing description 
that the various machining processes have been 
broken down into a large number of simple operations, 
none requiring complicated tooling arrangements or 
special knowledge. This may not be the most econo- 
mical method, but it has been carried out as a matter 
of policy so that, should the need arise for increased 
production, it will be a fairly simple matter to train 
the requisite labour. Furthermore, it gives the 
opportunity to carry out thorough inspections between 
the different processes, so that faulty workmanship 
or setting up is soon brought to light. Most of the 
machinery in use was installed during the war, but new 
machines are being introduced and when the existing 

lans for modernisation are completed, there should 

a distinct rise in the rate of production. 





PRESTRESSED-CONCRETE STRUCTURES.—A_ series of 
papers dealing with ‘“‘ Prestressed-Concrete Continuous 
and Framed Structures” has been arranged by the 
Cement and Concrete Association. They will be de- 
livered at the Institution of Structural Engineers, 11, 
Upper Belgrave-street, London, S.W.1, on Monday and 
Tuesday, September 24 and 25. These dates have been 
chosen to enable overseas visitors to the Building 
Research Congress to attend the symposium. Copies of 
the programme and further information may be obtained 
from the secretary of the Association, 52, Grosvenor- 
gardens, London, S.W.1. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ BRITISH ROVER.’’—Single-screw oil tanker, 
built by Joseph L. Thompson & Sons, Ltd., Sunderland, 
for the British Tanker Co., Ltd., London, E.C.2. Main 
dimensions: 423 ft. overall by 56 ft. by 30 ft. 1 in.; 
deadweight capacity, 8,400 tons on a draught of 25 ft. 
Three-cylinder opposed-piston oil engine, to develop 
2,500 b.h.p. at 108 r.p.m., constructed by William 
Doxford & Sons, Ltd., Sunderland. Service speed, 
11 knots. Trial trip, April 5 and 6. 

M.S. “NorFOLK FERRY.”—Twin-screw train-ferry 
vessel, built and engined by John Brown & Co., Ltd., 
Clydebank, for the Harwich-Zeebrugge service of British 
Railways, Eastern Region. Main dimensions : 380 ft. 
between perpendiculars by 61 ft. 6 in. by 34 ft. 9 in. to 
upper deck. Two Sulzer Diesel engines to provide a 
service speed of 13 knots in loaded condition. Launch, 
March 8. 

S.S. “ ForMBy.’—Single-screw tug, built by Cochrane 
& Sons, Ltd., Selby, Yorkshire, for the Alexandra Towing 
Co., Ltd., Liverpool. Main dimensions: 99 ft. between 
perpendiculars by 26 ft. 6 in. by 13 ft.; gross tonnage, 
230. Triple-expansion engines to develop 1,000 i.h.p., 
constructed and installed by Charles D. Holmes & ©0., 
Ltd., Hull. Launch, March 9. 

M.S. “ EDMOND-MarIg.”—Single-screw trawler, built 
and engined by the Chantiers et Ateliers Augustin 
Normand, Le Havre, for the Armement Leveau, Dieppe, 
France. Main dimensions: 105 ft. between perpen- 
diculars by 23 ft. by 13 ft. 3 in.; fishroom capacity, 
4,450 cub. ft. M.A.N.-type six-cylinder four-stroke 
single-acting Diesel engine to develop 450 h.p. at 207 
r.p.m. and a speed of 10} knots. Launch, April 23. 

S.S. “ Drorn.”—Single-screw trawler, built and 
engined by Hall, Russell & Co., Ltd., Aberdeen, to the 
order of the Government of Iceland, Reykjavik. Third 
vessel of an order for three. Main dimensions : 183 ft. 
6 in. by 30 ft. by 16 ft. to upper deck ; gross tonnage, 
700 ; fishroom capacity, 18,000 cub. ft. Triple-expansio® 
steam engine and one oil-fired boiler, to develop 1,200 
ih.p. at 120 r.p.m. Speed, approximately 12 knots. 
Trial trip, April 26. 
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BLAST-FURNACE OPERATION AT 
HIGH TOP PRESSURE.* 
By R. P. Townprow, M.Sc. 
WHEN the conception of operating a blast furnace 


with high top pressure was first introduced in the’ 


United States, a number of unique engineering problems 
had to be solved as the work progressed. Moreover, 
due to the urgent need for production during the 
war, aspects of high-pressure operation other than that 
of increased production did not at the time receive the 
same amount of interest as did the effects arising 
immediately out of the ability to blow more wind into 
the furnace under high-pressure conditions. Later, 
as the furnaces equipped for high pressure were 
approaching the ends of campaigns—which in several 
instances exceeded two million tons—their operation 
was upset by the several strikes during the years 
immediately following the end of the war, both in the 
coal and railway industries of the United States. It is, 
consequently, not easy to obtain a very accurate picture 
of all aspects of blast-furnace operation under high top 
pressure from a study of the results obtained so far in 
America. Moreover, it is improbable that conclusions 
reached from such a study would be strictly applicable 
to the rather different conditions pertaining in the 
United Kingdom. When, therefore, it was decided to 
equipa furnace at the Clyde Iron Works for high-pressure 
blowing, this was done without preconceived ideas as 
to the results that were likely to accrue and it was 
also determined that sufficient variations in the furnace- 
operating conditions would be permitted to allow of 
the study of all aspects of high-pressure operation. 

In order to assess properly the advantages and 
economics of high-pressure work it is necessary first of 
all to have not only a clear picture of the furnace 
performance under normal pressure conditions but 
also a clear idea as to the limits of accuracy within 
which such assessment can be made, bearing in mind 
the limits of weighing, measuring and sampling 
techniques applicable to large-scale operations. The 
first part of the paper sets forth this aspect of the 
problem and the second part describes the modifications 
made to the furnace and auxiliaries to equip them for 
pressure operation. 

In assessing the work done by a blast furnace, the 
following main essentials have to be studied quanti- 
tatively : coal sampling and blending ; coke sampling 
and testing; sampling and analysis of raw materials ; 
sampling and analysis of products; measurement of 
wind volume, temperature and pressure; weight of 
raw materials ; and weight of product. 

In view of the inherent difficulties of sampling coke, 
coupled with the paramount need for a uniform quality 
of coke in achieving steady blast-furnace performance, 
it is essential that strict attention be paid to the samp- 
ling and blending of coal from which the coke is prepared. 
The blending plant at Clyde Iron Works consists of 
eight bunkers of 350 tons capacity fitted with rotary 
feed tables and ploughs. Into these bunkers upwards 
of 16 varieties of coal have to be fed and stored. 
Consequently, the coals have to be carefully classified 
according to their coking properties as more than one 
variety of coal has, of necessity, to be stored in any 
particular bunker. Careful investigation into the 
regularity of the materials fed from these bunkers 
showed variations of all the important properties, 
namely, moisture, volatile matter, ash content and 
swelling index, over cyclic periods of all durations 
from as long as 8 hours to as short as one minute. 
These emphasise the need for constant vigilance on 
the part of the blending-plant attendant, as well as a 
rigorous sampling procedure, if the results of analysis 
are to be of subsequent value. 

The coke tests normally carried out at the Clyde Iron 
Works consist of screening, shatter, Micum and Ilseder 
determinations, together with proximate analyses for 
moisture, ash, and volatile matter. During an exten- 
sive investigation into the size characteristics of 
coke a complete wagon of coke was hand-screened 
and the results compared with those obtained by 
hand-screening four increments of the coke sampled 
as it was being fed into the wagon. The results indi- 
cated that the task of adequately sampling full-scale 
production of coke is formidable, and it is probably 
fair to say that the scale of sampling that can normally 
be undertaken in routine conditions is insufficient to 
satisfy the rigorous requirements of mathematical 
accuracy. While the daily sample may, therefore, be 
of use in detecting a serious deviation from standard, 
& weckly or monthly average of tests is more likely to 
give figures that can reasonably be correlated with 
furnace performance. 

At the works to which this paper refers, control over 
the principal process is maintained by a weekly balance 
sheet showing all the raw materials charged into the 
blast furnaces against the destination of all the products 





* Paper read before the West of Scotland Iron and 
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recovered therefrom and it is usually found that a satis- 
factory iron balance can be achieved to within approxi- 
mately 3 per cent. The balance on slag-forming 
materials is perhaps not quite so satisfactory, but this 
method is felt to be sufficiently reliable to give at any 
rate immediate warning either of a serious defect in 
the weighing mechanism of raw materials or product, 
of serious discrepancies in actual properties of materials 
from that determined by analysis, or of loss of yield 
due to some unexpected deficiency in the process ; for 
example, excessive loss of iron through the slag notches. 
An opportunity was recently afforded to carry out a 
much more meticulous sampling procedure over a 
period of one full week, during which it was found that 
in spite of sampling large increments of the materials 
twice per 8-hour shift and giving great attention to 
the weighing of all slag, iron and flue dust, discrepancies 
of the order of 1 to 5 per cent. in most of the constituents 
were to be found. It seems probable, therefore, that 
the normal works routine control on the process, 
coupled with the normal degree of works material 
sampling, is adequate for process control and represents 
an accuracy of 1 to 5 per cent. Nevertheless, some 
unexpected difficulties may be encountered when 
certain materials from artificial sources, such as steel- 
works slag, miscellaneous scrap, steelworks cinder, 
pyrites residues, flue dust and similar processed 
materials are used. 

During the investigations, some trouble was taken 
to secure a very large number of slag samples so that 
it could be determined whether the analysis of the slag 
varied significantly during individual flushes, from 
flush to flush, and from cast to cast. From the results 
obtained it was found that the variation during a flush 
and from one flush to the next is unlikely to be serious. 
For works-control purposes, a sample of slag is taken 
from each flush and at the end of the day aliquot 
portions of each sample are made up into a bulk sample 
representing the average slag for the day. A similar 
investigation into the analysis of the pig iron, from 
samples drawn during different stages of the cast, 
showed the lack of any systematic variations from 
beginning to end of cast. The normal procedure for 
sampling is, therefore, to take a spoonful of iron from 
the runner as each ladle of iron is filled and granulate a 
sample by pouring into water. The resulting granules 
are bulked together to represent the analysis of the cast 
in question. 

The accuracy of wind as metered to a blast furnace 
can be affected not only by the accuracy of the meter- 
ing device but also by any leakages that may exist in 
the mains, valves and stoves between the meter and 
the furnace. Where provision is made for the inter- 
connection of blowers some very disturbing effects 
can arise from the inter-leakage of blast between one 
furnace and another if any valve in the system should 
be defective. It is therefore gratifying that the 
investigation previously referred to showed an accuracy 
of wind volume measurement of rather better than 
5 per cent. and it is perhaps only fair to say that this 
figure is not likely to be greatly bettered except under 
very special conditions. It was also found, during a 
special investigation for the purpose, that the tempera- 
ture of the blast as measured by thermocouple in the 
hot-blast main did not accurately represent the tem- 
perature of the blast at the individual tuyeres. It was 
deduced from the results that the thermostatic appara- 
tus provided for mixing cold air with the hot blast, to 
provide a constant temperature, was allowing some 
stratification of the hot and cold air to take place. 
This was ultimately corrected by building a Venturi 
into the hot-blast main in order to give adequate air 
velocity for proper mixing to take place. 

Arrangements were then made for measuring the 
blast temperature by the thermocouples inserted into 
the tuyere stocks and coupled to a six-point recorder. 
The temperatures at odd and even numbered tuyeres 
were recorded on alternate days. The results indicated 
that temperatures at all tuyeres were now within 
+ 8 deg. C. of the controlled temperature, or better. 
With proper provision for mixing, therefore, the 
measurement of blast temperature should be within the 
limits of accuracy available by the thermocouple and 
metering device. The measurement of blast pressure 
presents no particular problem and its accuracy is 
limited to that of the gauge or other measuring device 
adopted. 

At the works under consideration the materials for 
each furnace are weighed out in an Atlas scale car and 
these machines are checked with test weights at frequent 
intervals. If reasonable accuracy is to be maintained, 
however, care must be taken not only to maintain a 
high standard of cleanliness on the machine itself, but 
the tracks on which the car runs must be kept carefully 
levelled and free from bumps. Added to possible 
inaccuracies in the machine itself must be considered 
the human factor involved in weighing out materials 
from the bins. The cars are fitted with compressed- 
air jacks to facilitate the operation of the bin gates 
and the burdens are made up so as to give, as far as 


possible, a fairly considerable weight of each material 
to be m out at any given time. The material 
balance described above is considered the best indica- 
tion that the accuracy of weighing is of a reasonably 
good standard. Coke is weighed in batches of 3,000 Ib., 
or, in one instance, 3,500 lb. at a time in automatic 
weighing hoppers. These machines are checked at 
least once a week with test weights and several times 
per shift the zero and cut-off points of the weighing 
mechanism are checked and, if necessary, adjusted. 

The performance of a blast furnace is commonly 
referred to in terms of its rate of production and its 
coke consumption. It will be obvious, however, that 
these terms are meaningless unless a number of related 
conditions are specified. The most important of these 
include the dimensions of the furnace, the composition, 
reducibility, and physical state of the burden, the 
analysis and physical properties of the coke, and the 
type of pig iron being made. It is therefore a matter 
of considerable difficulty to make accurate com- 
parisons between different furnaces operating under 
widely divergent metallurgical conditions. The matter 
is, however, simplified to some extent when considering 
a particular furnace operating over a comparatively 
narrow range of variables, particularly if data for the 
furnace are available covering a range extending widely 
on either side of the conditions being studied. 

At the Clyde Iron Works there are two furnaces of 
18} ft. hearth diameter having almost identical pro- 
files, together with a third furnace of 20 ft. hearth 
diameter. The 18}-ft. furnaces have operated with 
burdens ranging all the way from predominantly 
English ore, through 50 per cent. hematite, 50 per cent. 
magnetite, to almost 100 per cent. magnetite. The 
state of preparation of the burden has varied from 
practically nil, to screened ores and sinter. The coke 
used has varied from almost 100 per cent. coke pro- 
duced on the works to almost 100 per cent. bought 
coke of widely varying characteristics. By studying 
the operation over such a wide range it is possible to 
draw conclusions as to the effect of these variables, 
and obtain correction factors that can be applied with ° 
confidence to operating data concerning a compara- 
tively narrow range of operation. If then the variables 
of burden and coke can be controlled over a narrow 
range, and the operating results adjusted for these 
small variations, it becomes possible to assess the 
significance of changes brought about by the application 
of high top pressure. 

The effect of composition of the burden can be 
conveniently expressed in terms of the total weight of 
all materials charged to the furnace to make a ton of 
pig iron. From this weight is deducted the flue dust 
produced, as the furnace does no work on the dust. 
The resulting figure is termed the net burden. The 
effect of scrap charged must also be allowed for but in 
this case the amount of scrap is small and fairly con- 
stant, and in the ensuing presentation no adjustment is 
made for this variable. It has to be remembered, 
however, that ores of high iron content can vary in 
reducibility from the easily reduced hematites to the 
dense magnetites which are difficult to reduce. It is 
therefore possible to have two burdens of similar com- 
position that will require different amounts of coke to 
produce a ton of iron. Likewise, the coke ash should 
strictly be included in the total of materials smelted, 
but for simplification this factor has been ignored in 
the present discussion. 

At times various policies of coke allocation have been 
carried out at the Clyde Iron Works. During periods 
of two-furnace operation about 15 per cent. of purchased 
coke was mixed more or less uniformly at both furnaces. 
With three furnaces in production, formerly No. 3 was 
worked exclusively on Clyde coke, No. 1 on the residue 
of Clyde coke blended with bought coke, and No. 2 
exclusively on bought coke. The deterioration of 
operation at the end of No. 2’s first campaign was 
probably due equally to old age and indifferent coke, 
and the same remarks apply to some extent to No. 1. 
Latterly, the bought coke has been blended as uni- 
formly as possible for use at all three furnaces, with 
apparently beneficial results. At all times basic iron 
has been made from rather siliceous slags, resulting at 
times in a somewhat variable quality ofiron. Latterly, 
the ratio of bases to acids in the slag has been increased 
to obtain a better control of iron analysis. Within 
limits, this does not appear so far to have seriously 
hampered the operation of the furnaces. 

During the first 10 months of operation of No. 1 
furnace after the completion of relining in May, 1949, 
the coke supplied to the furnace was approximately 
40 per cent. Clyde, and 60 per cent. imported from 
various sources. At this time also the degree of ore 
preparation was small, owing to the fact that large ton- 
nages of very fine ores were used, imposing such a load 
on the sinter plant that little screening of lump ores 
could be carried out. During the next 4 months, con- 
siderably better coke was charged to the furnace, owing 
to a greater selectivity of imported coke following the 





blowing out of No. 2 furnace. The ore supply position 
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had improved in respect of fine ores. -For the last 3 
months under discussion Clyde coke and — coke 
were blended fairly uniformly for use at all three fur- 
naces, and the degree of ore preparation was greatly 
improved following a complete overhaul of the sinter 


plant. ’ 
The production of iron is given by the expression 
e = T, where T = production tons per week, 


C. = coke used per week, C, = coke consumed per 
ton of iron. It does not seem probable that, over the 
range under discussion, the parameters used in assessing 
the variation of C, will, a priori, have any great 
effect on C,, and therefore at this stage it is important 
to inspect variations of C, rather than variations of T. 
The application of the T test to the figures given in 
Table I shows that the increase in C, from March, 1950, 
onwards is highly significant. Unfortunately, at 
present it is not possible to assign a scale of values to 
measure the degree of ore preparation, nor in the specific 
circumstances, to coke quality, hence a correlation 
between these factors and the value of C, cannot be 
determined. All that can be said is that a variation 
of these factors over the range experienced is likely to 
account for a variation of the order of 6-5 per cent. in 
the value of C,,. 


TABLE I. 




















Scrap Corrected 
Coke Rate, 
Cwt per Ton. 
— |G! P 
| 
Observed.| Predicted. 
1949.| Tons. | Tons. 
May 2,963 7 
June 2,971 
July 2,772 
Aug 2,917 
Sept 2,883 Variable coke 
Oc 2,848 
Nov...| 2,806 Poor degree 
Dec. 2,991 of ore pre- 
1950. paration 
Jan. 2,746 
Feb. 2,887 J 
Mean 2,878 | 3,449 16-71 16-74 
Mar. 3,071 Improved coke, 
April 3,049 ore prepara- 
May ..| 3,086 tion slightly 
June..| 3,149 better 
Mean | 3,089 | 3,835 16-16 16°15 
Aug...| 3,122 Blended coke, 
Sept. 3,025 much better 
Oct. ..| 3,039 ore prepara- 
tion 

Mean 3,062 | 3,600 16-94 16-95 




















From the above statements the following conclu- 
sions are drawn. The furnace concerned in the investi- 
gation has been operated over a fairly narrow range of 
variables in such a way as to secure uniform driving 
and optimum coke consumption, if necessary at the 
expense of speed of driving. The coke rate can be 
predicted fairly satisfactorily in terms of a small 
number of readily assessed variables. The rate of 
acceptance or usage of coke may, under the above 
conditions, be affected to the extent of 6-5 per cent. 
by coke quality and ore preparation. 

The principal problems associated with the operation 
of a furnace under high top pressure are those concerned 
with manipulating and confining gas laden with abra- 
sive dust at moderately high temperature and at a 
pressure of the order of 10 lb. per square inch. The 
essential items which must receive attention are as 
follows. The provision of a throttling or septum valve 
in the gas offtake from thef urnace which, being auto- 
matically controlled, maintains the desired top pressure. 
In order to avoid severe erosion of this valve by dust 
it must be placed in the gas stream after the wet 
washer. From this it follows that the wet washer will 
also be under an increased pressure and some means 
for controlling the water effluent from the washer is 
therefore required. This is usually of the form of an 
automatically controlled water outlet valve. A special 
arrangement of bleecer valves is required to maintain 
& positive seat under high pressure, with automatic 
control arrangements to relieve the pressure in the 
event of slips, etc. 

Provision for equalising the pressure above and 
below the large bell is needed prior to lowering the bell. 
This is usually carried out by a suitable arrangement of 
valves in a line carrying gas from the wet washer to 
the gas seal, the object again being to avoid the heavy 
erosion which would take place if dirty gas were used 
for this purpose. In order to maintain a good seat on 
the big bell the oe is usually cast in one piece and 
the seating faces of both bell and hopper are surfaced 
with Stellite or similar material. Special attention has 
to be paid to the gland in which the revolving distri- 


butor rotates, and it is customary to provide the distri- 
butor with additional hold-down rollers and dead- 
weight loading to resist the upward pressure of the gas 
while the large bell is open. Special forms of stock 
depth rod have to be evolved in order to minimise 
leakage at the point where the rod enters the furnace. 

Additional instrumentation is desirable over and 
above that normally associated with the blast furnace 
in order to provide continuous visual record of the 
operation of all the special items associated with high 
top pressure. In particular, instruments showing the 
pressure conditions in all parts of the apparatus subject 
to high pressure are most desirable, together with 
warning instruments to indicate that all items of 
control equipment are functioning correctly. 

(Z'o be continued.) 





BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 

Surface Water and Sub-Soil Drainage.—The Council 
for Codes of Practice for Buildings, Construction and 
Engineering Services, working under the «gis of the 
Ministry of Works, have issued, for comment, draft 
Code No. 303 dealing with surface water and sub-soil 
ene 9 The Code, which has been prepared fer the 
Council by a Committee convened by the Institution 
of Municipal Engineers, describes methods of collection 
and disposal of rain water from roofs and paved and 
other areas, and of ground or sub-soil water. The 
works described are those likely to be met with in such 
schemes as housing and schools, and are limited to 
sewers and drains not exceeding 12 in. in diameter. 
Notes are given on the information it is necessary to 
obtain regarding local conditions before designing a 
system of surface-water drainage, and, with regard to 
sub-soil drainage, the importance of finding the depth 
of the water table is stressed. Such systems of drainage 
as field drain pipes and mole drains are described. 
Details on the actual laying of drains and “ soak- 
aways ” are also given and recommendations are made 
regarding the testing and cleaning of drains. Com- 
ments on the draft Code should be sent to the Council, 
at Lambeth Bridge House (Room 324), London, 8.E.1, 
before June 4. [Price 2s., postage included. ] 

Boxwood Scales—A companion to specification 
B.S. No. 1347: 1947 has just been issued. The 1947 
edition deals with scales mainly used in plotting mea- 
surements on drawings and is intended for architects, 
engineers and surveyors, whereas the present publica- 
tion, which is designated, B.S. No. 1347 : Part 2: 1951, 
is concerned with quantity surveyors’ boxwood scales 
used for taking measurements from drawings. These 
measurements have to be taken at high speed and it is 
important to eliminate, as far as possible, any confusion 
or error. For this reason each edge is used for one 
scale only, but, for the user who prefers to read mea- 
surements on the near edge of the scale, rather than on 
the far edge, each item of the figuring is repeated in 
the inverted position. The specification has been 
prepared in collaboration with the Drawing Office 
Material Manufacturers’ and Dealers’ Association, at 
the request of the Royal Institution of Chartered 
Surveyors. [Price 2s., postage included. ] 

Methods for the Chemical Analysis of Iron and Steel.— 
Three further publications, parts 19, 20 and 21, in 
the series, B.S. No. 1121, which is concerned with 
methods for the analysis of iron and steel, have now 
been published. Part 19 relates to the determination 
of small amounts of soluble silicon (up to 0-05 per cent.) 
in plain-carbon and low-alloy steels and irons, and 
covers an absorptiometric method. Part 20 deals 
with the analysis of tin in highly-alloyed steels, includ- 
ing high-speed steels, and is based on the isolation of 
tin as the sulphide. Part 21 is devoted to the deter- 
mination of aluminium oxide in per t-magnet 
alloys and is based on the separation of insoluble 
aluminium oxide when the sample is treated with a 
mixture of methyl alcohol and bromine. [Price of each 


of the three parts, ls., postage included.] 








“THE ELLIOTT JOURNAL.”—Messrs. Elliott Brothers, 
(London), Limited, Century Works, Lewisham, London, 
8.E.13, have sent us a copy of The Elliott Journal, a new 
publication which is to be issued at six-monthly intervals 
and which will review developments in engineering and 
physical science with particular reference to the com- 
Pany’s work and products. The first number contains a 
foreword by Sir Ben Lockspeiser and a short history of 
the firm since its foundation in 1800 by William Elliott. 
A series of eight technical articles, contributed by mem- 
bers of the firm’s staff and others, covers a wide variety 
of interesting topics. Copies of the journal can be 





obtained from the firm free of charge. 





BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Memoirs 
of the Geological Survey of Great Britain. England and 
Wales. Geology of the District North and East of Leeds. 
(One-inch Geological Sheet 70, New Series.) By 
WILFRID Epwarps, Dr. G. H. MITCHELL, and T. H, 
WHITEHEAD. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 7s. 6d. net.] 

Department of Scientific and Industrial Research. National 
Building Studies. Special Report No. 11. Floor 
Finishes for Industrial Buildings. By G. E. BrEssry, 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. 6d. net.] : 

Sudan. Review of Commercial Conditions. H.M. Station- 
ery Office, Kingsway, London, W.C.2. [Price 1s. net.] 

Training in Supervision and Management. By A. M. 
RULE and D. H. BRAMLEY. Industrial Administration 
Group of the Students’ Union of the College of Tech- 
nology, Birmingham, Suffolk-street, Birmingham 1. 
[Price 2s.] 

Proceedings of the Second British Electrical Power Conven- 
tion. Harrogate, 19th to 23rd June, 1950. Offices of 
the Convention, 16, Stratford-place, London, W.1. 

The British Electrical and Allied Industries Research 
Association. Technical Report No. G/T232. Intrin- 
sically Safe Electrical Apparatus: Relation of Igniting 
Current to Circuit Inductance for Inflammable Mizture 
with Air of the Vapours of Pentane, Hexane, Heptane, 
and Acetone. By Dr. E. M. GUENAULT and E. 
ATHERTON. [Price 4s. 6d.] No. G/T245. The 
Influence of Circuit Constants and Fuse Design on the 
A.C. Are Re-Ignition Voltage of Cartridge Fuses. By 
H. W. BaxTER and M. T. CREE. [Price 7s. 6d.] No. 
M/T100. .A Sequential Inspection Plan for Radio 
Interference Testing, with Special Reference to Discon- 
tinuous Interference. By S. F. PEARCE and H. 
GOLDENBERG. [Price 12s.] No. M/T109. Electrostatic 
Induction between Power Lines and Telephone Lines. 
By Dr. H. R. J. KtEwe. [Price 12s8.] Offices of the 
Association, Thorncroft Manor, Dorking-road, Leather- 
head, Surrey. 

Kempe’s Engineer’s Year-Book for 1950-1951. Revised 
under the direction of B. W. PENDRED. Volumes 
One and Two. Morgan Brothers (Publishers) Limited, 
28, Essex-street, Strand, London, W.C.2. [Price, 
both volumes, 65s. net, postage 1s. 6d.) 

The Aeroplane Directory of British Aviation. Edited by 
W. C. M. WHITTLE. Temple Press Limited, Bowling 
Green-lane, London, E.C.1. [Price 15s. net.] 

The Engineering Method. By JoHN CHARLES LOUNSBURY 
FisH. Stanford University Press, Stanford, California, 
U.S.A. [Price 3 dols.]; and Oxford University Press 
(Geoffrey Cumberlege), Amen House, Warwick-square, 
London, E.C.4. [Price 24s. net.] 

Progress in Metal Physics—2. By DR. BRUCE CHAL- 
MERS. Butterworths Scientific Publications, Bell Yard, 
Temple Bar, London, W.C.2. [Price 45s. net., 
postage 1s.) 

Mechanics Applied to Vibrations and Balancing. By D. 
LAUGHARNE THORNTON. Second revised edition. 
Chapman and Hall Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 50s. net.] 

Transformer Engineering By L. F. BEUME, A. BoyYa- 
JIAN, G. CaMILLI, T. C. LENNOX, S. MINNECI and 
V. M. MontTsINGER. Second edition. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 7-50 dols.]; and Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 60s. net.) 

Construction with Moving Forms. By L. E. HUNTER. 
Concrete Publications Limited, 14, Dartmouth-street, 
London, S.W.1. [Price 7s. 6d.] 

Das Nieten im Stahl- und Leichtmetallbau. By D1Pt.-ING. 
Ernst KENNEL, Carl Hanser-Verlag, Leonhard-Eck- 
Strasse 7, Munich 27, Germany. [Price 9-20 D.M.] 





ANNUAL REPORT OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS.—We are asked to announce that copies of 
the annual report of the Institution of Electrical 
Engineers for 1950-51 and of the accounts for the year 
ended December 31, 1950, can now be obtained by 
members. They will be presented at the annual general 
meeting on Thursday, May 17. 





THE LARGEST OIL REFINERY IN EvropE.—In October 
last, the Esso Petroleum Company released a sound film 
showing the first stages in the construction of their new 
refinery at Fawley, near Southampton—the largest in 
Europe, and designed for an eventual output of some 
6,000,000 tons of petroleum products a year. The 
second part of the film, covering the constructional work 
from March, 1950, onwards, has now been completed 
and shows the erection of the main refining units. It is 
expected that the refinery will go ‘‘ on stream ” in the 
autumn of this year. The film, which runs for about 
30 minutes, has been made by the Public Relations Film 
Unit of the Esso Petroleum Company, 36, Queen Annes 
gate, London, S.W.1. 
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THE HEAT UNIT.* 
By Ezer Grirrirus, 0.B.E., D.Sc., F.R.S. 


INTERNATIONAL agreement has been reached that 
the Joule (10? ergs) should be the fundamental unit 
of heat. The advantages are that it is independent of 
the intrinsic properties of any particular substance, 
independent of the tem ure scale, and easily 
realisable in terms of the electrical units. Since the 
international system of electrical units has now been 
superseded by the absolute system, it is necessary to 
express in absolute units the various heat units formerly 
deined in terms of international electric units. 

The international steam-table calorie, defined as 
1/860 of an international watt hour, when expressed 
in absolute joules becomes 4-1868, and the thermo- 
chemical calorie, becomes 4-1840. Table I, herewith, 
shows conversion factors to joules. 


TABLE I. Conversion Factors to Joules for the Various 
Calories and British Thermal Units. 





Description of Calorie. Value in Joules. 








Physical Laboratory to make a difference of at least 
four parts in 100,000 between the ive values of 
the joule. However, when these differences between 
national units are disregarded, the ratio is, 1 mean 
international joule* = 1-00919 absolute joules. This 
is the — conversion to use and it represents 








almost e ly the mean of British and American units. 
TABLE II.—Values in Absolute Joules of Various Calories. 
Reciprocal of 
Value in 
Description of Calorie. Value in 
P Joules. Joules. 
International steam table cal- 
orie (I.T. cal.).. A oa 4-1868 0-23885 
15 deg. calorie .. 4-1855 0-23892 
4deg.calorie .. a mm 4-2045* 0-28784 
Thermochemical calorie or “ de- 
fined ’’ calorie a 4-1840 0-23901 
Mean 0-100 deg. C. calorie 4-1897* 0+ 23868 











* The values are not definite to this order of accuracy, but are 
given to five and six figures for the sake of uniformity. 


TABLE III.—Conversion Factors for Various British 


























Thermal Units. 
International steam table calorie (I.T. cal.) .. 4-1868 
15 deg. calorie “9 = we se 4-1855 
4 deg. calorie ia os - Na A 4-2045 Value in Reciprocal of 
Thermochemical calorie or “ defined "’ calorie 4-1840 Description of Unit. Joules Value in 
Mean 0-100 deg. C. calorie me a 4°1897 ' Joules. 
cription of Unit. Value in Joules. | 60°5 deg. F. British thermal 
a unit... .. | -1054-54* =| 0-00094828 
=~ nA poe 1055-79* 0-00094716 
& ae q = 1,054-54 ermal un! ee oe ee ° ° 
Mean $2212 fee. F. Beitish thermal unit 1055-79 Se. ee Le unit | 1059-52* 0-00094382 
39 deg. F. British thermal unit ; 1,059-52 a (1989) " nn 1055-06 0-00094781 
Steam table British thermal unit 1,055 -06 * os s 





The International Unions of Physics and of Chemistry 
have recommended that the fundamental unit of heat 
should be the joule (10? ergs) and this has been accepted 
by the Ninth General Conference of Weights and 
Measures, held at Paris and Sévres, in 1948. 

It has long been realised that the calorie expressed 
in terms of the heat capacity of water is not a satis- 
factory thermal unit. In 1895, an inquiry was made 
on behalf of a committee of the British Association to 
some of the leading European and American physicists 
to obtain their views as to the unit of heat. ‘The 
consensus of opinion was strongly in favour of an 
absolute unit and the majority favoured the joule. 
Rowland, in particular, urged that the unit of heat 
should be independent of any system of thermometry 
and should present the idea of a quantity of heat 
independent of temperature. Then the first law of 
thermodynamics would stand, as it should, entirely 
independent of the second. 

Until 1948, the “ international ” system of electrical 
units was in use and, in literature, thermal data are 
often found expressed in terms of international joules. 
The international system has now been superseded 
by the absolute system of electrical units, so it is neces- 
sary to have a conversion factor to convert inter- 
national joules to absolute joules. The international 
units, as realised in the various national laboratories, 
differed by small amounts, but it has been agreed that 
the mean international joule of the various laboratories 
is equal to 1-00019 absolute joules. This difference 
of about two parts in ten thousand between the value 
of the joule in the two system is outside the limits of 
accuracy of most calorimetric measurements, but when 
results are given to four significant figures it is necessary 
to take this into account. In Table II, herewith, the 
values in absolute joules of the various calories now 
in use are given. Table III shows conversion factors 
for various British thermal units. 

The thermal quantities affected by this change in 
the heat unit will be specific heats, latent heats, 
entropy, internal energy, enthalpy, free energy, Gibbs 
function, and thermal conductivity. In highly accurate 
thermochemistry, it is now customary to express free 
energy changes accompanying a chemical reaction and 
heats of reaction in joules.. 

The International Steam Table Calorie. Callendar’s 
steam tables (1915) were based on his experiments on 
the total heat of water by continuous electric calori- 
metry and mixture methods. He takes the mean 
gramme-calorie as 4-1868 joules. The International 
Steam Table Conferences of 1929, 1930 and 1934 
defined the international steam-table calorie as the 
quantity of heat equivalent to i/860 of an international 
watt-hour or 3,600/860 international watt-second, 
which, to six significant figures, is 4- 18605 international 
joules. There were several “ international joules ” in 
®xistence. For example, the international volt and 
ohm, as maintained in the National Bureau of Stan- 
dards, differed sufficiently from those at the National 





* Paper contributed to the Institution of Mechanical 
neers for written discussion, which will be received 
at the Institution until May 31,1951. Abridged. 





Pm... — equivalent, in the Fahrenheit scale, of 4 deg. C. is 
+2 deg. F. 

* The values are not definite to this order of accuracy, but are 
given to five and six figures for the sake of uniformity. 





absolute joules, and the thermochemical or defined 
calorie of Rossini becomes 4- 1840 absolute joules. 

The Mean Calorie. The mean calorie is taken as 
one-hundredth of the amount of heat required to warm 
one gramme of water from the melting point to the 
boiling point. The work of Osborne, Stimson, and 
Ginnings provides data over an extended range of 
temperature as to the heat capacity of air-free water 
at 1 atm. pressure. When the N.B.S. factor of 
1-000165 for conversion from international to absolute 
joules is used, instead of 1-00019 quoted in their paper, 
the value 4-1899 absolute joules is obtained for the 
mean calorie. Reynolds and Moorby (1897), Callendar 
(1902), and Barnes (1902, 1904, and 1909) covered 
nearly the full range from 0 to 100 deg. C., but the 
pressure was approximately 1} atm. in the experiments 
of Reynolds and Moorby. The difference between the 
results of the various investigations amounts to more 
than one part in a thousand. The International 
Committee of Weights and Measures in 1950 adopted a 
set of values for the heat capacity of water at different 
temperatures, from which the value 4-1897 is obtained 
for the mean calorie. 

Maximum Density of Water ; Large Calorie. British 
Standard 350-1944 defines the “large calorie” or 
kilogramme-calorie as the heat necessary to warm one 
kilogramme of water, at the temperature of maximum 
density, by 1 deg. C. From Table IV, herewith, this 
is 4204-5 absolute joules. 

The Mean Pound-Calorie. The pound-calorie was 
defined by Callendar in the 1915 steam tables as the 
unit of heat on the foot-pound-centigrade system. If 
the value of 4-1897 absolute joules is accepted for the 
mean calorie, then the mean pound-calorie becomes 
1-9004 kilojoules. 

The British Thermal Unit. (a) The 60-deg. British 
Thermal Unit. At the nt time, there are several 
distinct British Gennd units in use. The 60-deg. 
British thermal unit is the unit defined in British 
Standard 205 (1926, 1936, and 1943) and the tempera- 


TaBLE IV.—SpeEciIFIC HEAT OF WATER IN JOULES PER DEGREE C. 












































Deg. C. 0 1 2 3 4. 5 6 7. 8 9 
4-2174 4-2138 4-2104 4-2074 4-2045 4-2019 4-1996 4-1974 4-1054 4-1936 
10 4-1919 4-1904 4-1890 4-1877 4-1866 4°1855 4-1846 4-1837 4-1829 4-1822 
20 4-1816 4-1810 4-1805 4-1801 4-1797 4-1793 4-1790 4-1787 4-1785 4-1783 
30 4-1782 4-1781 4-1780 4-1780 4-1779 4-1779 4-1780 4-1780 4-1781 4-1782 
40 4-1783 4-1784 4-1786 4-1788 4-1789 4-1792 4-1794 4-1796 4-1799 4-1801 
50 4-1804 4-1807 4-1811 4-1814 4-1817 4-1821 4-1825 4-1829 4-1833 4-1837 
60 4-1841 4-1846 4-1850 4-1855 4-1860 4-1865 4-1871 4-1876 4-1882 4-1887 
70 4-1893 4-1899 4-1905 4-1912 4-1918 4-1925 4-1932 4-1939 4-1946 4-1054 
80 4-1961 4-1969 4-1977 4-1985 4-1994 4-2002 4-2011 4-2020 4-2029 4-2039 
90 4-2048 4-2058 4-2068 4-2078 4-2089 4-2100 4-2111 4-2122 4-2133 4-2145 

100 4-2157 —_ —_ _ _ — _— _— _- _ 











The value of the international steam-table calorie in 
absolute joules is then 4-1868. For much calorimetric 
work, however, it is sufficient to take the figure as 4-187. 

The 15-deg. Calorie. The International Union of 
Pure and Applied Physics, at the meeting of the General 
Assembly of the Union held in London, on October 5, 
1934, made two recommendations. They were that 
the unit of heat when measured in units of energy be 
the joule, defined as equivalent to 10’ ergs; and that 
the gramme-calorie be the amount of heat required tc 
raise the temperature of one gramme of air-free water 
from 14-5 to 15-5 deg. C. of the international scale of 
temperature under the pressure of one normal atmos- 
phere. The most recent determination, that of 
Osborne, Stimson, and Ginnings (1939), has given the 
value 4-1857 absolute joules for the 15-deg. calorie. 

British Standard 205-1943, Part 1, defines the 
gramme-calorie as the quantity of heat required to 
raise the temperature of one gramme of water at 
15 deg. C. by 1 deg. C. The International Committee 
of Weights and Measures in 1950, on the advice of the 
Consultative Committee of Thermometry and Calori- 
metry, adopted the value 4-1855 for the 15-deg. 
calorie, so that it may be assumed that this dof. 
nition of the 15-deg. calorie will supersede those 
mentioned. 

The Thermochemical or “‘ Defined” Calorie. This 
unit has been widely used in the United States when 
recording thermochemical data. The idea of a 
“defined” calorie was introduced in vol. 1 of the 
International Critical Tables, 1926. The tables of 
accepted constants in that volume listed three calories, 
including a 15-deg. calorie, with a footnote which 
implied that this was defined as 4-185 absolute joules. 
Rossini (1931), working in the international system of 
units, derived from the above the value 4-1833 inter- 
national joules, using the conversion factor 1-0004 as 
the ratio of the international to the absolute joule, the 
value considered appropriate about that time—1934. 
If the modern value for the conversion factor, as 
adopted by the National Bureau of Standards (N.B.S.) 
is taken, 1 international joule (N.B.S.) = 1-000165 





* Agreed by the International Committee of Weights 





and Measures, Paris, October, 1946. 





ture range specified is from 60 to 61 deg. F. To obtain 
the value of this British thermal unit in terms of the 
15-deg. C. calorie, it is necessary to obtain the ratio of 
the heat capacity of water at 60-5 deg. F. (15-833 deg. 
C.) to that at 15 deg. C. The value of this ratio 
deduced from recent work is 0-99982. If the value of 
the 15-deg. calorie is taken as 41855 absolute joules, 
a B.Th.U. is equal to 1054-54 absolute joules. 

(b) Mean British Thermal Unit. British Standard 
205 (1926, 1936, and 1943) defines the mean British 
thermal unit as 1/180 of the quantity of heat required 
to raise the temperature of 1 lb. of water from 32 to 
212 deg. F. The value of the mean calorie deduced 
from the table of the specific heat of water at different 
temperatures adopted by the International Committee 
of Weights and Measures is 4-1897 absolute joules. 
Hence the mean British thermal unit becomes 1055-79 
absolute joules. 

(c) Maximum Density of Water British Thermal Unit. 
British Standard 350-1944 defines the British thermal 
unit as the heat necessary to warm 1 lb. of water at the 
temperature of maximum density by 1 deg. F. The 
International Committee of Weights and Measures 
calorie at 4 deg. C. is 4-2045 absolute joules, which 
leads to 1059-52 absolute joules as the value of this 
British thermal unit. 

(d) Steam Table Thermal Unit. This British thermal 
unit is defined in terms of the International steam-table 
calorie, that is, 1 British thermal unit = 251-996 L.T., 
cal., where the conversion factor is simply the number 
of grammes per pound divided by the number of deg. 
Fahrenheit per deg. Celsius (Centigrade). The I.T. 
calorie was defined as 1/860 international watt-hour b 
the International Steam Table Conference of 1929. if 
the mean international joule is taken as equal to 
1-00019 absolute joules, the steam-table British 
thermal unit becomes 1055-06 absolute joules. 

When thermal data have been given in terms of the 
heat capacity of water over a range of temperature, 
Table IV can be used for conversion into absolute 
joules. It is based on the value 4-1855 for the 15-deg. 
calorie adopted by the International Committee of 
Weights and Measures and the variation with tempera- 
ture of the specific heat of water as given by Osborne, 
Stimson, and Ginnings (1939). 
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Fig. 1. 


HEAVIER RANGE OF LEYLAND 
‘**COMET ’’ GOODS VEHICLES. 


A NEw range of what may be termed medium- 
heavy goods vehicles has been introduced by Ley- 
land Motors, Limited, Leyland, Lancashire, for both 
the home and export markets. Known as the Comet 
** 90,” the range replaces the existing Comet models 
first introduced just over three years ago and described 
in ENGINEERING, vol. 165, page 103 (1948). In outward 
appearance, the “‘ 90 ”’ series, so designated because of 
their 90-h.p. Diesel engines, bear a general similarity 
to the earlier Comet models, but are designed on a 
more robust scale, being suitable for gross ratings up 
to 11 tons 12 cwt., and in the articulated form, up to 
17 tons 17 cwt. They almost enter, therefore, the 
heavy class. A typical chassis is illustrated in Fig. 1, 
at the top of this page, which shows a standard general- 
haulage model with right-hand drive. 

The design of the new power unit, which is illus- 
trated in Fig. 2, on this page, follows, in general, 
that of the older Comet type. It is a six-cylinder 
direct injection engine of 3-96 in. bore and 4-75 in. 
stroke, giving a capacity of 351 cub. in., and developing 
90 h.p. at its maximum governed speed, namely, 2,200 
r.p.m. A maximum torque of 240 lb.-ft. is developed 
at 1,300 r.p.m., and the minimum full-load fuel con- 
sumption is given as 0-362 pint per brake horse-power- 
hour. This is a remarkable achievement and compares 
more than favourably with the older Comet engine, 
which had a consumption of 0-385 pint per brake 
horse-power-hour. The engine, clutch and gearbox are 
of unit construction, carried in the frame by two 
rubber-insulated mountings at the front and two 
Leyland flexible-link mountings at the rear. This 
combination of mountings gives good stability, but at 
the same time constrains the power unit to oscillate 
about its centre of gravity, thereby reducing the trans- 
ference of vibration to the chassis frame. The two 
flexible-link mountings which support the rear of the 
engine can be seen in Fig. 3, and one of the forward 
mountings in Fig. 6, opposite. 

In its general design, the engine follows standard 
Leyland practice, the crankcase and cylinder block 
forming a monobloc iron casting. Dry-type cylinder 
liners are used; these are pre-finished and are a 
sliding fit in the cylinder bores, removal, in conse- 
quence, being a simple operation. The inlet and ex- 
haust valves are operated in the usual manner by 
push rods and rocking levers, the exhaust valves 
seating on Valmet inserts “frozen” into machined 
recesses. Polished I-section connecting rods are used 
and these are provided with indium-coated copper-lead 
bearings of the thin-shell steel-backed type." The 
aluminium-alloy pistons have three compression rings 
and two slotted oil-control rings, the latter being located 
one above and one below the gudgeon pin. In accord- 
ance with modern practice, the combustion chambers, 
which are toroidal in form, are machined in the piston 





crowns. The fully-floating gudgeon pins, retained in 
position by Circlips, are offset towards the thrust side 
of the piston, an arrangement which, in conjunction 
with the use of low-expansion alloy for the pistons, is 
claimed to give quieter running. 

The crankshaft is machined from an alloy-steel 
forging and is hardened by nitriding. It runs in seven 
bearings of the same type as the big ends and is located 
by thrust faces on the centre bearing. Counterbalance 
weights relieve this bearing from centrifugal loads and 
a torsional vibration damper of the rubber-bonded 
type is fitted externally to the forward end of the 
shaft. Drilled oilways supply the lubricant to all 
bearings, and the crankpins, which are 2-4 in. in 
diameter, are drilled eccentrically to reduce further the 
centrifugal loadings, and, at the same time, to act as 
sludge traps. Ol is supplied to the engine under 





pressure by a gear-type pump located in the sump 











Fie. 2. Srx-Cyntinper 90-n.P. Or ENGINE. 


and driven by a short extension shaft from the cam- 
shaft. It delivers the oil through a large external filter 
of the full-flow type to drilled passages in the engine, 
full pressure being maintained to the big-end, main 
and camshaft bearings, and the intermediate timing 
gear; should the filter element become choked, 
pressure is maintained through a by-pass. ‘ ; 
A C.A.V. injection pump is used in conjunction with 
Leyland Aphonic multi-hole injectors, the latter being 
of the low-pressure type, designed to subdue detona- 
tion by controlling flame propagation. At the rear of 
the pump is a sensitive governor, operated by vacuum 
through a large diaphragm ; it gives full control of 
engine speed from stable idling at approximately 350 
r.p.m. to maximum speed. A large-capacity two-stage 
ter is inserted between the lift pump and the main 
pump, and additional edge-type filters of Leyland 
design are incorporated in each injector. The cooling 
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Fie. 5. Rear-Axte Vacuum-Contro. UNI. 


water is circulated by a centrifugal pump situated at 
the front of the engine and driven at 1-5 engine speed 
by a single endless V-belt. The radiator is of the three- 
row Morris stack type, the complete unit being sup- 
ported from the front cross-member on rubber bushes. 
Cooling is assisted by an engine-driven fan which forms 
an integral part of the water-pump pulley. 

A single dry-plate clutch is used to transmit the drive 
from the engine to the gearbox. It has a diameter of 
13 in. and the design is such that a current of air 
passes continually through the assembly when the 
engine is running, a feature which adds considerably 
to the life of the friction surfaces. The gearbox pro- 
vides five forward speeds and one reverse speed. 
gears are of helical form, the fifth, fourth and third 
gears being in constant mesh and second and first 
gears sliding on helical splines. The gear ratios are: 
first, 7-12 to 1; second, 4-21 to 1; third, 2-49 to 1; 
fourth, 1-55 to 1; and top, 1 to 1. Open tubular 
propeller shafts fitted with Hardy Spicer needle-roller 
bearing universal joints transmit the power to the rear 
axle. This is a two-speed unit of the Eaton 16500 
design, having a spiral bevel drive for the high-speed 
ratio and an epicyclic gear-train reduction for the low- 
Speed ratio. These speeds are selected by a vacuum 
cylinder mounted on the axle casing and controlled by 
a trigger mechanism located on the gear-shift lever ; 
the vacuum cylinder can be seen in Fig. 5, herewith, 
which shows part of the rear axle. Three alternative 
axles, all of the two-speed type, are available, but the 
standard axle has ratios of 4-89 and 6-80. 

An alloy-steel I-section stamping forms the front 
axle beam, the design of which follows conventional 
practice. Unusually long springs of the laminated-leaf 
type connect the two axles to the frame, those at the 
front being 52 in. long and those at the rear, 54 in., the 
latter incorporating ieee springs. Hydraulic shock 











Fic. 6. Bumprr-Bark BRACKET AND FORWARD 
ENGINE MOUNTING. 


absorbers of the Newton and Bennett type 8280 Mk. 8 
are fitted to the front axle and control the suspension 
on both bump and rebound ; the method of connecting 
them to the frame and axle will be clear from an 
examination of Fig. 4, on this page. Brakes of the 
internal-expanding type, with two leading shoes, are 
fitted to all four wheels, the front brakes being 16 in. in 
diameter and the rear brakes 15} in. in diameter. Dual 
internal cylinders are used to actuate the front brakes 
and a wedge-operated mechanism the rear brakes, the 
latter being arranged so that the two-leading-shoe 
characteristic is obtained both in forward and reverse 
directions of travel. The footbrake is vacuum-servo 
assisted and operates hydraulically on all four wheels, 
the vacuum being produced by an engine-driven 
exhauster connected to a large reservoir. 

Channel-section steel pressings form the chassis side- 
members, which are swept down at the front end and 
reinforced near the engine rear-support member. 
Channel-section cross-members are employed and these 
are riveted to the side members, additional strength 
being given by gusset plates. Where possible, the 
road-spring brackets are located at the join between 
the cross-members and side members so as to reduce the 
stresses. The maximum frame section for all models 
is 9 in. by 3 in. by } in. and, to facilitate the use of 
standard bodies overseas, the internationally-accepted 
dimension of 34 in. has been adopted for the overall 
width of the frame. 

The range includes three models, each of which can 
be supplied with right-hand or left-hand driving con- 
trols of the semi-forward type, the design being such 
that good weight distribution is obtained without 
impairing access to the engine. There are two general 
haulage chassis, namely, the ECO2.1 R and L models 
with a 170-in. wheelbase and a body space of 188 in., 
and the ECO2.4 R and L models, the wheelbase in this 
case being 193 in. and the body space 207 in. The 
ECO2.2 R and L chassis are short-wheelbase models 
designed for use as tractors or as dump trucks; they 
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Fig. 4. ATTacHMENT OF Front SPRING AND SHOCK ABSORBER TO CHASSIS. 


have a wheelbase of 10 ft. 5 in. and an overall length 
of 16 ft. 5 in. 

All models are well equipped, the standard range of 
fittings including a 24-volt lighting and starting 
system, together with the associated control peer 
regulator, etc. During the development stage full use 
was made of the Motor Industry Research Association’s 
proving ground and a prototype vebicle has been 
operating on the track for over six months ; already it 
has covered nearly 3,000 miles on the stretch of 
Belgian pavé, a surface which subjects any vehicle to 
rougher treatment than most are likely to encounter 
in service. The prototype has also covered more 
than 3,000 miles on the proving ground’s cross-country 
track and, despite the gruelling conditions, is still 
operating with the original set of road springs. 





THE INSTITUTION OF CHEMICAL ENGINEERS.—The 
twenty-ninth annual corporate meeting of the Institution 
of Chemical Engineers, 56, Victoria-street, London, 
8.W.1, will be held at the May Fair Hotel, Berkeley- 
street, London, W.1, on Friday, May 18. The business 
session, which will be open only to corporate members 
of the Institution, will commence at 11 a.m. This will 
be followed, at 12 noon, by an open session at which the 
President, Professor D. M. Newitt, F.R.S., will deliver 
his presidential address on ‘‘ Some Memorials of Harly 
Chemical Engineers.”” The annual dinner will take place 
in the hotel ballroom on the same day at 7 for 7.30 p.m. 





BRITISH SCIENTIFIC INSTRUMENTS IN PaRiIs,—The 
Ministry of Supply have issued details of the equipment 
to be displayed by their various research establishments 
at the forthcoming exhibition of British scientific instru- 
ments at the Sorbonne, already referred to in ENGINEER- 
ING (page 291, ante). The Atomic Energy Establish- 
ment is demonstrating a new technique for producing 
quartz fibres, of 5 to 300 microns diameter, from quartz 
rod fed into an oxy-hydrogen flame. These are used in 
various instruments, including an ultra-sensitive balance, 
a beta-ray electroscope and electroscopes of ‘ fountain- 
pen ” and “ wrist-watch ” types, which will be on view. 
A ratemeter with a logarithmic scale, employed in radio- 
active decay measurements, and a recording gamma-ray 
scintillation spectrometer will also be shown, and there 
will be an explanation of the travelling-wave linear 
accelerator which is installed at Harwell. The Royal 
Aircraft Establishment will exhibit a 2,000-channel 
frequency generating unit, equipment for measuring 
ball-race friction, an accelerometer which can be used 
to determine overall loads on aircraft, a method for 
recording creep strain at high temperatures continu- 
ously using unbonded electrical-resistance strain-gauges, 
and a model demonstrating how an air-lubricated float- 
ing table can be used to support a model aircraft in a 
wind-tunnel with virtually frictionless movement about 
the pitching, rolling and yawing axes, As was men- 
tioned previously, the Telecommunications Research 
Establishment is showing a millimetre-wave spectro- 
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NOTES ON NEW BOOKS. 


Short-Wave Wireless Communication, including Ultra- 
Short Waves. 


By A. W. LADNER and C. R. Stoner. Fifth edition. 

Chapman and Hall, Limited, 37, Essex-street, Strand, 

London, W.C.2. [Price 50s. net.} 
DEVELOPMENTS in radio engineering since 1932 have 
been far-reaching and have added considerably to the 
difficulty of making a text-book, originally of that date, 
attractive to the present-day reader. ‘‘ Ladner and 
Stoner,” however, wears well and retains its place in 
the literature as a work covering all the fundamental 
aspects of radio communications on wavelengths 
re ne 150 m. There is a strong bias towards the 
practical in thestyle of presentation, which undoubtedly 
accounts, to some extent, for the wide popularity of the 
book. For example, the general subject of propaga- 
tion, including aerials, aerial arrays, and transmission 
lines, is covered, without — any rigorous 
analysis, in terms most acceptable to the engineer. 
In bringing the book up to date, the new emphasis on 
the centimetric wavelengths could not be ignored, but 
the authors have resisted the temptation to dwell at 
length on the fascinating subjects of radar and tele- 
vision. Their original purpose has been served by 
sections introducing the reader to wave-guides, magne- 
tron and klystron oscillators, and travelling wave tubes, 
which have been included at the expense of purely 
historical and other matter which is now redundant. 
The references to other publications, given at the end 
of each chapter, are on a particularly generous scale. 





Irrigation Principles and Practices. 
By PROFESSOR ORSON W. ISRAELSEN. Second edition. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 6 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 48s.] 
THE first edition of this book was published so com- 
paratively recently as 1932, but this second edition 
includes so many additional features as to be almost 
anew work. The author has given much attention to 
flow problems as affecting irrigation. An appendix, with 
useful problems for the student, and a good general 
bibliography are included. The subject of bore 
wells and internal-combustion or electric pumping 
receives adequate attention, and watering by sprinkler 
is fully discussed. Rather curiously, however, there 
are no references to dams. Another notable omission 
is foreign practice. While it is mentioned that China, 
India and Pakistan vastly exceed the United States in 
irrigation practice, nothing is mentioned of the impor- 
tant work done in Egypt and India on modern lines. 
The valuable contributions made by Kennedy, Gerald 
Lacey, Inglis and Blench to canal practice do not 
receive the slightest mention. There is some excuse 
for omitting China, since modern works there are few 
and are largely due to American engineers ; but the 
excellent development of perennial irrigation in 
Egypt should have received some notice. mething 
might have been said, too, about soil mechanics, which 
bears closely on irrigation problems. Soil erosion in 
relation to irrigation is also not included, which is 
rather surprising, considering the publicity this subject 
has received in the United States. On the other hand, 
this must be considered as a really practical book which, 
perhaps wisely, is confined strictly to the issues speci- 
fied, with no digressions on matters alien to its subject. 
As such it is an excellent treatise. The author empha- 
sises the need for proper drainage of irrigated areas, 
a matter which many are apt to consider of minor 
importance. 





Structural Theory. 


By Proressor HALE SUTHERLAND and PROFESSOR 
Harry LAKE BOWMAN. Fourth edition. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 5 dols.); and Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 40s. net.) 
Tuts work is concerned primarily with the structural 
stress analysis of roof and bridge trusses, statically 
determined portals and vigid frames. A welcome fea- 
ture is the tribute which the authors pay to the pioneers 
of structural science. For those interested in the 
development of the theory of structures and in the 
derivation of the modern from the classical methods, 
the volume will prove a valuable work of reference. 
To many designers, familiar only with the easily applied 
moment distribution method, Mohr, Maxwell, Culmann, 
Clapeyron, Bresse, Castigliano, Winkler, Miiller- 
Breslau and others are mere names; to the scholar, 
however, they are the men who prepared the way for 
Cross, Southwell and Baker. Five of the twelve 
chapters deal specifically with roof trusses, truss and 





girder bridges, long-span bridges, portals and rigid 
frames; the remaining seven chapters deal more 
generally with methods, characteristics of structures 
and types of loading. Graphic statics have been con- 
densed into one chapter, but the essentials are there, 
pa the method of influence lines might have been 
developed more fully. The classical methods of leust 
work and slope deflection are adequately covered, !ut 
the three-moment theorem has not been given the 
prominence that might have been expected in a book 
of this nature. The Hardy Cross moment distribution 
method, which has supplanted Clapeyron’s equations 
in most designing offices, is fully developed to cover 
frames with side sway and varying moments of inertia, 
and Professor Cross’s ingenious column analogy 
method, little known in this country, is also described. 
The book should have a special appeal for the student 
who intends to make a serious study of the theory of 
structures and for all who are interested in the logical 
development of what is, perhaps, the most advanced 
branch of applied mathematics. 





Principles and Practice of Radar. 


By H. E. PENROSE and R. 8. H. Bouupine. Third 
edition. George Newnes, Limited, Tower House, 
Southampton-street, London, W.C.2. [Price 42s. net.] 


Tuts is the third edition of a book designed to bridge 
the gap between radio and radar engineering. The 
early chapters are devoted to recapitulation of elemen- 
tary alternating-current and direct-current circuits, 
thermionic valves and amplifier circuits, leading to the 
discussion of the response of reactive circuits to non- 
sinusoidal waveforms. Having been taught to think 
in terms of step and pulse waveforms, the reader is then 
introduced to the basic radar circuits for generating 
rectangular pulses at high and low power, time bases, 
and range calibrators. In the present edition, more 
information has been added on micro-wave techniques, 
revision having been made of the chapters dealing with 
transmitters and receivers, aerials, and feeder systems, 
with a general shift of emphasis towards the shorter 
wavelengths. A simple outline of wave-guide theory 
is given in an appendix. Examples of practical radar 
systems are included for the first time and deal mainly 
with post-war commercial marine radar sets. It is 
to be noted generally throughout the book that the 
authors’ practical experience has been of ship-borne 
radar. The book is mainly concerned with presenting 
the fundamental principles and circuits employed in 
radar engineering in such a manner as to be easily 
assimilated by the general reader with little more 
technical or mathematical knowledge than is necessary 
for the understanding of simple alternating-current 
theory and the working of the superheterodyne receiver. 
There is a steady demand for such a book—for example, 
in the technical branches of the Services—which should 
ensure its continued popularity. 





Theory of Modern Steel Structures. 


By PrRoressorR LINTON E. GRINTER. Abridged 
edition. The Macmillan Company, 60-62, Fifth- 
ayenue, New York 11, U.S.A. [Price 6-50 dols.]; 
and Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2.. [Price, 48s. net.] 


Tuts is an abridged edition of a two-volume work, 
originally published in 1936 and followed in 1942 by a 
companion volume on the Design of Modern Steel 
Structures. The abridgment consists of the omission 
of about 25 per cent. of Vol. I and 45 per cent. of Vol. II, 
comprising mainly the more advanced treatment of 
statically indeterminate structures. Even so, the 
book runs to 414 pages of text, apart from preliminary 
matter and a ten-page index. The author offers 
this volume as a.text-book primarily for non-structural 
engineers ; those who intend to specialise in advanced 
structural work are recommended to use the standard 
edition. This recommendation, however, is hardly 
necessary for those whose immediate need is a text-book 
to cover the examination requirements of a first degree 
or a professional qualifying examination. The book 
is so arranged that each section can be read with the 
minimum of reference to previous sections. Unlike 
many books for engineering students, it is not only 
informative but readable. Worked examples are set 
out as though they were actual calculations, made in a 
well-conducted drawing office. The text is profusely 
illustrated by line diagrams, perspective sketches and 
views of completed structures (mostly American). The 
actual design of details is left to the companion volume. 
British engineers or students using this book should 
refer to British Standard Codes of Practice for standard 
loadings, working stresses, etc.; but, as the book is 
intended primarily to cover basic theory, and does 
so with commendable clarity, this necessity does not 
diminish its general usefulness to British designers. 





TRADE PUBLICATIONS. 


Steel Scrap.—A publication entitled ‘‘ Scrap Means 
Steel”? has been prepared by Thos. W. Ward Ltd., 
Albion Works, Sheffield, in support of the national drive 
for scrap. 


Electric Meters.—Details of the reconditioned electricity 
supply meters that they have in stock are given in two 
pamphlets received from the Electric Meter Co., Crater- 
road, Brixham, South Devon. 


Oil-Refining Plant.—An illustrated description of the 
P-G oil-refining plant, printed in French as well as in 
English, is contained in a publication issued by the 
Power-Gas Corporation Ltd., Stockton-on-Tees. * 


Colloidal Graphite.—Acheson Colloids, Ltd., 18, Pall 
Mall, London, 8.W.1, have sent us copies of information 
sheets showing the advantage of adding colloidal graphite 
to cooling media used in grinding operations. 


Metal-Melting Pots.—The General Electric Co., Ltd., 
Magnet House, Kingsway, London, W.C.2, have sent 
us a leaflet giving illustrated particulars of their elec- 
trically-heated pot and crucible furnaces for the melting 
of various metals. 


Die Castings.—Some interesting examples of gravity 
die castings in aluminium alloys and aluminium bronze 
are shown in a publication, entitled ‘“‘ Gravity at Work,” 
received from Fry’s Diecastings, Ltd., Brierley Hill-road, 
Wordsley, near Stourbridge, Worcestershire. 


Centrifugal Fans.—The Standard & Pochin Bros., Ltd., 
Evington Valley-road, Leicester, have sent us their 
publication No. 169 covering the firm’s multivane 
uniform pulley-mounted centrifugal fans. Dimensions, 
performance tables and other data are included. 


Forging and Stamping Presses.—A catalogue of 
mechanical and hydraulic presses and other machines 
for the production of pressings, stampings, forgings and 
drop forgings has been sent to us by Paul Granby & Co., 
30, Parkside, Knightsbridge, London, S.W.1. 


Press Brakes.—A catalogue describing their all-steel 
welded press brakes for bending, blanking, piercing, 
punching, beading and pressing mild-steel and other 
metal plate has been received from the Bronx Engineering 
Co., Ltd., Lye, near Stourbridge, Worcestershire. 


Oxy-Acetylene Gas Regulator.—A leaflet describing 
their oxygen and acetylene gas regulators has been pre- 
pared by Suffolk Iron Foundry (1920), Ltd., Sifbronze 
Works, Stowmarket, Suffolk. The purpose of the 
regulator is to maintain the pressure and the volume of 
the gases constant. 


Pipes and Tubes.—Many test results and other informa- 
tion of a scientific nature are contained in a publication 
dealing with alloy-steel pipes and tubes for use at elevated 
temperatures, issued by the National Tube Co., a sub- 
sidiary of the United States Steel Corporation, Pittsburgh, 
Pennsylvania, U.S.A. 

Welding Equipment.—The argon-are process for the 
welding of aluminium, magnesium, copper, nickel and 
other metals and their alloys, and the equipment designed 
for conducting the process, are described in a publication 
issued by the British Oxygen Co., Ltd., Bridgewater 
House, Cleveland-row, St. James’s, London, 8.W.1. 


Exhaust Ventilation.—A newly-issued publication, No. 
3603, of the Sturtevant Engineering Co., Ltd., Southern 
House, Cannon-street, London, E.C.4, contains detailed 
particulars of installations designed for exhaust ventila- 
tion and for the removal of steam, fumes, vapours and 
odours from workshops, factories, laboratories, etc. 


Miniature Standard Cell.—Muirhead & Co. Litd., 
Beckenham, Kent, have issued a descriptive leaflet 
relating to a standard cadmium cell of the saturated 
acid type which they have produced for educational 
establishments. It is enclosed in a glass tube, so that 
the internal arrangement and operation can be seen. 

Neoprene.—We have received, from Durham Raw 
Materials, Ltd., 14, Great Tower-street, London, E.C.3, 
a copy of the January, 1951, issue of the Neoprene 
Notebook, a publication issued by E. I. du Pont de 
Nemours & Co. (Inc.), Wilmington, Delaware, U.S.A., 
which contains details of industrial applications of Neo- 
prene, a rubber-like compound. 

Heat-Treatment Furnaces.—Birlec Ltd., Tyburn-road, 
Erdington, Birmingham, 24, have sent us three well- 
illustrated publications dealing, respectively, with 
continuous conveyor furnaces, of the roller-hearth, 
pusher, walking-beam, rotary-hearth, and other types; 
shaker-hearth furnaces for the needle industry; and 
equipment used in the heat treatment of races for tapered 
roller bearings. 


Hygrometers.—A catalogue containing illustrations 
and details of a large number of hygrometers of different 
types, manufactured by the firm, has been sent us by 
Negretti and Zambra, Ltd., 122, Regent-street, London, 
W.1. It also contains a short account of the principles 
of hygrometry and notes on the use, applications and 
relative advantages of the various instruments. 
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THE BRITISH INDUSTRIES 
FAIR AT BIRMINGHAM—IV. 


TuoveH the British Industries Fair closed a 
week ago, @ fourth, concluding, article in this series 
js needed tO cover some firms whose stands an 
engineer visiting Castle Bromwich would hardly 
have missed. 

Messrs. Alfred Herbert, Limited, Coventry, 
showed @ range Of plastic moulding machines and 
die-casting machines, as well as miscellaneous small 
tools, including the Coventry dieheads described 
below, measuring equipment, and the Artritor 
pulverising machine which, Originally designed for 
coal, is now used successfully for coal, chalk, 
limestone, china clay, ball clay, sewage sludge, 
gypsum, dyestuffs and other sticky materials, which 
it grinds, dries and delivers in one operation. 
The measuring equipment embraced Hilger projec- 
tors and Sigma inspection machines. 

The Reed-Prentice 5A injection moulding machine, 
which is illustrated in Fig. 65, herewith, has a hopper 
capacity of 40 lb. and the weight moulded per shot 


vane-type pump, driven by a 10-h.p. flange- 
mounted motor. The motor is suitable for 400/440 
volts three-phase 50-cycles supply. A separate 
valve, operated by a handwheel, provides for 
variation of the pressure on the injection plunger, 
independent of the die-locking pressure, and a 
stop-valve is incorporated for adjusting the speed 
of the moving die-plate and permitting convenient 
set-up of the moulds. A sliding hydraulically- 
interlocked safety door is fitted to afford full 
protection to the operator. 

A number of improvements are incorporated in 
the new Coventry C.H.S. dieheads (shown in Fig. 67, 
herewith), of which } in., 3 in. and } in. sizes 
are available. All sizes are hardened and ground 
and are fitted with an improved type of S-spring 
shank which permits threads up to the full capacity 
of the diehead to pass right through the shank, 
enabling screws of any length to be cut. This new 
type of shank enables @ good start of the thread 
to be obtained by semi-skilled operators and makes 
it easier to pick up @ second cut when roughing and 
finishing cuts are necessary. It also facilitates the 





production of fine threads on heavy turret lathes. 


for work as short as three threads in length and for 
operations in which the diehead is controlled by 
the leadscrew. It is opened by operating the 
detent lever by hand, or by some form of stop, 
such as a tool in the rear tool post of a capstan lathe. 
All the stationary dieheads are fitted with roughing 
and finishing arrangements to enable two cuts to 
be taken without altering the initial setting, thus 
obtaining a better finish of thread, especially on 
tough materials. This feature is probably unique 
on dieheads as small as the } in. and in. sizes. 
Threads slightly larger in diameter than the 
nominal capacity of the diehead can be screwed, 
but they are of limited length and must be of fine 
pitch. Taper threads with &@ maximum length 
slightly less than the width of the dies can also be 
cut. Left-hand threads can be cut as easily as right- 
hand threads by using suitable dics. Provision 
is made for fine regulation of the diameter, and an 
efficient lock prevents movement under working 
conditions. 

The preforming machine illustrated in Fig. 66, 
herewith, is made by Messrs. T. H. and J. Daniels, 





Limited, Stroud, and was exhibited on Messrs. 





























Fig. 65. Reep-Prentice Inyection-Movutprne Macutne; Messrs. ALFRED HERBERT, 


is4oz. The plasticising capacity per hour is 30 Ib., 
and the size of the die plates is 16 in. by 21 in. 
The mould-locking mechanism comprises a single 
set of links, constructed of cast-steel members with 
alloy-steel toggle pins of large diameter, operating 
in hardened-steel bushes. The link motion is 
actuated by a vertical ram pivoting at the base, 
ensuring even distribution of the loading on the 
tie-bars, and provides for rapid mould closing with a 
final retarded action to prevent damage to the 
mould faces. Positive locking to the die-plates is 
of 90 tons loading. The die space may be quickly 
adjusted to suit varying mould thicknesses by 
means of a single central adjusting screw. The die 
plates are steel castings, amply ribbed, and are 
provided with bronze bearings for the tie-bars. 
The stationary die-plate is adjustable to and from 
the nozzle by means of a hand lever. Mouldings 
are automatically ejected by two push-rods operating 
through the moving die-plate. 

The heater unit is of the resistance type, designed 
to maintain correct heat distribution with adequate 
control. The front and rear ends are independently 
controlled by Cambridge dual indicating regulators 
through thermocouples fitted to the heater body 
and working from a single-phase 50-cycles supply at 
220/240 volts. All push-buttons on the control 
panel, together with pump-motor control and 
cooling-water valves, are centralised for ease of 
Operation, and are so arranged that the machine 
may be operated manually, semi- or fully-automatic- 
ally, as desired. For semi- or fully-automatic opera- 
tion, the machine is electrically controlled through 
electronic timing units, adjustable from 10 to 
120 seconds, The machine is hydraulically operated 
by ® Vickers combination bigh- and low-pressure 
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Fie. 67. Seur-Opentne Direnzaps; Mazsses. 
ALFRED HERBERT, LIMITED. 


Each size of the new diehead is made in four types. 
The standard stationary type (on the left in Fig. 67) 
is for use in capstan and combination-turret lathes 
and in single-spindle automatics of the type where 
the diehead does not rotate. This diehead is 
opened by arresting the travel of the turret or slide 
carrying the diehead, and is closed by hand. The 
standard rotating type (second from the right in 
Fig. 67) with closing sleeve and shank, is for use 
on drilling machines and single-spindle automatics, 
on which the diehead rotates. This diehead is 
opened by arresting the travel of the spindle and 
closed by means of a closing bracket or yoke. 
The rotating diehead with closing sleeve and detent 
withdraw slecve (second from the left in Fig. 67), is 
for use on multi-spindle automatics ; it is opened 
and closed by means of a yoke or closing bracket. 
The stationary diehead with detent-lever attach- 
ment for opening (on the right in Fig. 67) is used 





Fic. 66. Prerorminc Macuine; Mgssrs. 
T. H. anp J. Dantrets, Limtrep. 


Alfred Herbert’s stand. It has been designed to 
deal not only with normal grades of phenol formal- 
dehyde and urea formaldehyde powders, but also 
with those more difficult powders, such as melamine, 
which require higher pressure and are awkward to 
feed. Adjustments are easily made and a wide 
speed variation is provided. Other features are a 
tablet counter, interlocked guards, provision for 
dust extraction and the total enclosure of all working 
parts. The machine is of the single-punch crank 
type, the crank being in the base and actuating the 
top punch through two columns and crossheads. 
The main drive is from @ 5-h.p. motor through 
V-belts, and the speed can be adjusted steplessly, 
while the machine is running, within the range 20 to 
60 strokes per minute. A detachable cam track on 
the top crosshead operates the powder-feed 
mechanism, which consists of two swinging levers 
actuating a parallel-motion feed shoe; the feed 
system is designed to maintain a constant head of 
powder in the shoe. Adjustments for hardness and 
depth of fill are effected by handwheels. The prin- 
cipal dimensions of the machine are: maximum 
diameter, 14 in.; maximum depth of fill, 14 in. ; 
maximum tablet depth for standard moulding 
powders, ? in.; maximum load, 18 tons; and 
hopper capacity, 660 cub. in. 

The Conveyancer Fork Truck Company, Liver- 
pool-road, Warrington, showed a range of electric 
battery trucks, among which*was their new three- 
wheel truck E2-20/3W, illustrated in Fig. 68, on 
page 582. It can carry a 2,000-Ib. load at 20 in. 
from the heel of the forks, and has a lifting height 
of 9 ft. The loaded vehicle has a travelling speed of 
44 m.p.h., forward or reverse,.and can climb gra- 
dients of 1 in 10. The truck has been designed to 
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Fic. 68. Turez-WuHeet Forx-Lirr Truck ; 
Fork Truck Company. 


give a high degree of manauvrability in narrow 
gangways. The single rear wheel provides both 
the drive and steering. It is carried on a ring 
mounting running on ball bearings, and is rotated 
by a chain drive from the steering box. The 2}-h.p. 
electric motor is installed vertically above the rear 
wheel, which it drives through bevel and spur 
gearing. The rear wheel can be turned through 
180 deg., and the front wheels rotate independently ; 
a small turning circle of 10 ft. diameter is thereby 
achieved. The 36-volt traction battery is carried, 
in two sections, on either side of the traction unit. 
It can be charged in situ by removing a panel, or it 
can be changed in a few minutes. The driving unit 
can also be removed easily for servicing. The 
electrical contactors are provided with rolling 
contact tips to reduce burning. All the electric 
and hydraulic controls are grouped together on 
a bulkhead and are enclosed by readily detach- 
able panels, The stacking unit, which pivots about 
the front axle, is hydraulically operated ; it can be 
tilted backwards or forwards, and the load-handling 
forks, which are supported by a carriage running 
on rollers in the stacking-unit frames, can be raised 
or lowered, the latter operation being carried out 
under gravity. Hydraulic pressure for operating 
the tilting and lifting jacks is supplied by a Plessey 
gear pump driven by a 2-75-h.p. electric motor. 
Two hand-levers control the operation of the jacks. 
The driving controls comprise a key switch, a 
forward-reverse switch, an accelerator pedal, brake 
and hand brake ; when the foot brake is operated, 
the traction motor is automatically switched off, 
to avoid damaging the transmission. To prevent 
the forward-reverse switch being misused as a 
brake, moving the control lever to, or through, the 
neutral position breaks the electrical circuit, It is 
not possible to operate the truck unless the driver 
is leaning back against the seat rest, which com- 
pletes the circuit. When any one of these three 
circuit-breaking safety devices has operated, the 
circuit cannot be closed again until the accelerator 
pedal is released. 

The Conveyancer Fork Truck Company also 
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Fic. 69. Verticat Borers; Messrs. CocHraN AND ComPaNy, 


ANNAN, LimITED. 


showed their four-wheel 6020 PT fork-lift truck, 
which is driven by an internal-combustion engine. 
It has a capacity of 6,000 lb. at 20 in. from the 
heel of the forks, with a standard lifting height of 
12 ft. In the model on view, a petrol engine 
similar to that of the Ferguson tractor is fitted, 
but alternatively a Diesel engine can be fitted. 
The most interesting feature of this truck is its 
hydraulic turbo-drive unit, which simplifies control 
by eliminating gear-changing and a friction-clutch 
control. The elimination of the friction clutch, 
which is subjected to a high degree of wear in a 
fork truck, is also claimed to reduce considerably 
the servicing required. The turbo-transmutter, 
of the Brockhouse Salerin type, consists of an 
engine-driven impeller, a turbine coupled to the 
output shaft, and a reaction member which can 
rotate freely in one direction but is restrained in 
the other direction by a roller clutch. Oil fiows 
radially from the impeller, enters the turbine, 
axially and returns radially to the centre and thence 
to the reaction member. When the slip exceeds a 
certain amount, the reaction member provides 
torque multiplication up to a ratio of 3 to 1 at the 
stall. At higher output speeds, when the slip is 
small, the transmitter behaves as a conventional 
fluid coupling. In effect, it combines in a single 
automatic unit, the functions of a fluid coupling 
and a 2-8-to-1 reduction gearbox. The transmitter 
is kept full of oil by a small oil-circulating pump, 
which also provides hydraulic pressure for operating 
the brake bands of the forward-reverse epicyclic 
gearbox. A delayed action is incorporated in the 
hydraulic control circuit to prevent reverse gear 
from being employed as a brake. The vehicle has 
@ maximum level speed of 9 m.p.h., which falls to 
about 2 m.p.h. when climbing a gradient of 1 in 8, 
the engine speed being governed at about 1,800 
r.p.m. 

The two vertical boilers illustrated in Fig. 69 
herewith, were shown on the stand of Messrs. 
Cochran and Company, Annan, Limited, Annan, 
Scotland. The firm also displayed scale models of 
their induced-draught Sinuflo economic boiler 





(Kirke patents) and their vertical multi-tube 
boiler. The larger boiler shown in Fig. 69, is 
suitable for firing by hand, by stoker or oil-burning 
equipment. The normal evaporation, using feed 
water at 50 deg. F. and a working pressure of 
100 lb. per square inch, is 6,000 Ib. per hour when 
coal-fired and 7,250 lb. per hour when oil-fired. The 
boiler is fitted with a 5-in. stop valve, a 3}-in. 
double enclosed-spring safety valve, 1}-in. feed 
check valves for the pump and injector, a 14-in. 
parallel-slide blow-off valve, Klinger water-gauge 
cocks and glasses, a Holden and Brook injector, 
Duplex steam-driven feed pump made by Messrs. 
Hayward, Tyler and Company, Limited, and 
Thermofeed automatic feed-water control and a 
Hilo alarm, both made by Messrs. Ronald Frist and 
Company, Limited. 

The exhibits of Messrs. W. and T. Avery, Limited, 
Soho Foundry, Birmingham, 40, included a patent 
recorder for tensile-testing machines, and a self- 
indicating hydraulic tensile-testing machine of 
100 tons capacity. The recorder is electrically 
operated, with four ranges of magnification of the 
strain, up to 1,000 to 1, and it records strain in 
increments of 0-00002 in. The testing machine, 
shown in Fig. 70, on Plate XLV, has been designed 
for production work and comprises two main units, 
@ straining unit and an indicating cabinet. The 
load on the specimen is transmitted hydraulically 
to the indicating unit and is shown on a chart having 
four sets of graduations, namely, 0 to 100 tons by 
0-5 ton; 0 to 50 tons by 0-2 ton; 0 to 20 tons by 
0-1 ton; and 0 to 10 tons by 0-05 ton. The 
appropriate chart range is selected by means of & 
wheel on the cabinet. A maximum-load pointer 
is fitted, also an overload trip effective on all four 
ranges. Twin pumps are mounted in an enclosed 
oil tank and are driven by V-belts from a 5-h.p. 
motor, arranged for 380/420 volts three-phase 
50-cycles supply. The control valves on the cabinet 
comprise @ lever-operated piston valve and two 
needle valves, one of which is fitted with a back- 
geared indicating dial to show the degree of opening. 
The lever-operated valve has three positions 
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Fic. 73. PortaBLeE SLEEVE-VALVE Compressor; Messrs. Broom AND WADE, LIMITED. 
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loading, load holding and unload. In the loading 
position, the oil passes to the machine through the 
straining-rate valve ; the maximum rate of strain- 
ingis 6in. per minute. In the load-holding position, 
the load is maintained by trapping the oil in the 
cylinder, losses being compensated by a dwell 
valve ; and, in the unloading position, the load may 
be removed at a rate determined by the setting 
of the dwell needle valve. The straining unit 
embodies a packing-less ram for applying the load, 
the cylinder unit being supported by four steel 
columns from the base of the unit. The lower grip- 
holder is also carried on the four columns. 

The upper grip-holder is suspended from the ram 
by a crosshead and tension rods, a ball seating being 
interposed to ensure axial loading. The two 
grip-holders are fitted with renewable backings ; 
the grips are opened and closed by hydraulically- 
operated control gear, the control being arranged 
so that the top and bottom grips may be closed 
independently, but are opened together. A six- 
position lever-operated control valve, mounted 
on the straining unit, is provided to control both 
the setting and gripping. The six positions of 
the valve are arranged as follows: close top grips; 
close bottom grips; release grips; remove grips; 
raise ram; lower ram. When the lever is released 
it is arranged to fly back into the central neutral 
position. In the fifth and sixth positions, a latch 
device, operated by a slight sideways move- 
ment of the lever, will retain it in either of these 
positions until released either by hand or by the 
automatic trip gear. A vertical trip rod is provided 
with two adjustable trip levers which engage a 
striker on the top grip-holder. The specimen 
capacities of the machine are: maximum distance 
between grip-holders, 21 in.; minimum distance 
between grip-holders, 3 in.; maximum diameter of 
round specimens, 2} in.; and maximum width of 
flat specimens (up to 2 in. thick), 3 in., and (up to 
1 in. thick), 4 in. 

Fig. 71, on Plate XLV, illustrates the medium size 
of the three hydraulic moulding presses (types 40, 
100 and 200) which were shown by B.I.P. Engineer- 
ing, Limited, who are associated with British 
Industrial Plastics, Limited, 1, Argyll-street, Lon- 
don, W.1. The Bipel moulding presses, as they 
are called, are provided with automatic control 
of the moulding cycle. That illustrated, the type 
100, has a pressure range of 50-100-150 tons, whereas 
the smaller machine has a 20-40-60 tons range and 
the larger machine a 100-200-300 tons range. The 
type 40 and type 100 presses, which were shown 
working, were provided with independent drive, 
but the firm recommend the use of line power 
serving several presses wherever possible, as they 
regard it as more economical. 

A 12-ton hydraulic press, illustrated in Fig. 72, on 
Plate XLV, and made by Pilot Works, Limited, 
Manchester-road, Bolton, was exhibited on two 
stands, those of Messrs. Thos. W. Ward, Limited, 
and Messrs. Stancroft, Limited. The machine has 
a stroke of 6 in., a depth of throat of 15 in., a 
maximum distance between table and ram of 12 in., 
and a work-table 12 in. square, with a 2-in. hole 
in the centre. It is controlled by a pedal; on 
depressing this the ram comes down at 1} in. per 
second, but on meeting resistance the speed changes 
to } in. per second, and further depression of the 
pedal results in an increased pressure on the work 
up to @ maximum of 12 tons. The frame of the 
press is fabricated, and a 2-h.p. motor drives a twin- 
cylinder pump and a high-speed rotary pump. 

Messrs, Broom and Wade, Limited, High Wy- 
combe, Buckinghamshire, showed a range of pneu- 
matic tools, and stationary and portable air com- 
pressors, among which was a new sleeve-valve 
compressor, type SVD 606, mounted on a four- 
Wheeled steel chassis fitted with pneumatic tyres and 
a draw-bar with an over-run brake. A parking 
brake is also provided. A photograph of the com- 
pressor unit is reproduced in Fig. 73, on Plate 
XLVI. The compressor is driven by a six-cylinder 
Ruston 6 VPH Diesel engine developing 132 brake 
horse-power; it is started by a 600-c.c. J.A.P. 
petrol engine incorporated in the unit. The sleeve- 
valve compressor has a capacity of 500 cub. ft. per 
minute of free air at a pressure of 100 Ib. per square 
inch, when running at 1,100 r.p.m. The relatively 





high operating speed of the compressor has made it 
possible to couple the engine directly to the com- 
pressor. An automatic regulator unloads the air 
compressor when the pressure in the receiver has 
reached @ pre-set value; at the same time, 
engine speed is automatically reduced. 

Messrs. Elliott Brothers (London), Limited, Cen- 
tury Works, Lewisham, London, §.E.13, were 
showing a number of instruments designed for 
securing fuel economy, among which mention may 
be made of the potentiometer recorder illustrated 
in Fig. 74, on Plate XLVI. An instrument of this 
type has been installed at the Rotherhithe Works of 
the South Eastern Gas Board, for controlling the 
calorific value of the gas. It consists of a self- 
balancing potentiometer in which a small direct- 
current signal is amplified and inverted to alternat- 
ing current by a variable-impedance transformer. 
There are no moving partsin the sensitive detector 
circuit, neither are there contacts other than the 
slide-wire contact. The latter is driven by a 
motor from an alternating-current amplifier. The 
slide-wire contact carriage is integral with the pen 
and pointer assembly and the former traverses the 
10-in. scale in 34 seconds, Accuracy of measure- 
ment to within } per cent. full scale is attainable, 
the sensitivity at full scale being about 0-2 per cent. 

Mention may also be made of the standard unit 
boiler-instrument cubicles which the firm has 
recently introduced. One is illustrated in Fig. 75, 
on Plate XLVI. They have been designed to 
meet the requirements of factories which operate 
single boilers and of which many at the present time 
are without adequate instrumentation. The cubicle 
contains three draught gauges, a steam-flow meter 
and a recorder for carbon dioxide and flue tempera- 
ture. The panel is easily installed and the instru- 
ments have been designed to be particularly robust. 

Messrs. J. H. Fenner and Company, Limited, 
Marfleet, Hull, showed for the first time their 
taper-lock bush for holding pulleys to shafts, 
designed for speedy assembly and removal; a 
photograph of the component parts is reproduced in 
Fig. 76, on Plate XLVI. The outside of the bush is 
tapered, the bore being parallel and provided with 
a keyway conforming to the appropriate British 
Standard; the wall of the bush is split longi- 
tudinally. The pulley bore is tapered to suit the 
bush, and is provided with three grooves, two of 
which are threaded to accommodate the set-screws 
which are inserted in the corresponding plain 
grooves in the bush, drawing it into the pulley bore 
and causing it to grip the shaft. The wedging 
action between the bush and the pulley bore is 
sufficient to eliminate the need for a key. To 
assemble a pulley on its shaft, it is slipped on the 
shaft with the bush fitted but not tightened; the 
set-screws are then screwed home. To remove 
the pulley the set-screws are slackened ; one of them 
is removed and inserted in the third hole, and is 
screwed through two or three turns, providing a 
jacking action which relieves the wedging action 
so that the pulley can be withdrawn from the shaft. 
The taper bushes are made in a range of sizes 
to suit various shaft diameters, any one of which 
may be used with the standard Fenner pulleys. 
The bushing extends the full length of theshub. 

Other exhibits on the Fenner stand included the 
demonstration Hainsworth variable-speed V-belt 
drive with a speed range of 3to 1; a 200-h.p. drive 
comprising 12% in. diameter and 963 in. diameter 
pulleys with 16 sections of Mark 5 V-belting; and 
the first demonstration of Fenaplast non-inflammable 
solid-woven belting for power transmission and for 
conveying. It comprises a strong rayon centre 
and a honeycomb outer weave forming pockets 
for holding a flameproof moisture-proof and corro- 
sion-resisting plastic coating. 

The Rawlplug Company, Limited, Rawlplug 
House, Gravell-road, London, 8.W.7, showed for the 
first time their Drill-hammer, a tool which has been 
developed for converting an electric drill into a 
powerful hammer for Rawlplug bits. The Drill- 
hammer is shown in Fig. 77, on Plate XLVI. Itisa 
sturdy, compact unit, 10 in. long and 2} in. in 
diameter and weighing 2} lb. The driving end has a 
}-in. diameter shank so that it can be fitted into any 
chuck that takes a }-in., or larger, drill. The 
adaptor is held in position by three spring-loaded 





balls. The moving parts are of hardened steel, and 
sealed lubrication is provided. An adjustment is 
arranged for selecting light, medium, or heavy 
blows. When the hammer is pressed against the 


the | masonry, an automatic clutch is engaged and each 


revolution of the chuck operates the striking mechan- 
ism. The clutch disengages as soon as the tool is 
withdrawn from the work, reducing wear on the 
moving parts and making for easier handling. The 
makers state that the best operating speed of the 
Drill-hammer is about 2,000 r.p.m., at which speed, 
it is said, a }-in. hole 2 in. deep can be drilled in hard 
seasoned concrete in 90 seconds. 

Among a comprehensive range of stationary and 
portable electric and petrol-driven compressors, 
the Hymatic Engineering Company, Limited, Red- 
ditch, Worcestershire, showed for the first time an 
agricultural compressor, type TMS 14, intended 
for duties such as spraying insecticides, spray- 
painting farm buildings and equipment, operating 
pneumatic hedge-cutters and hammers, tyre infla- 
tion, etc. The compressor is designed to be 
mounted on a Fordson Major tractor, and is 
attached by six bolts to existing holes on the 
tractor, as shown in Fig. 78, on page 584. It is belt- 
driven from the power take-off pulley. The 
TMS 14 compressor is a twin-cylinder air-cooled 
single-stage compressor, with a capacity of 13-6 
cub, ft. per minute of free air under a working 
pressure of 100 lb. per square inch. An integral air 
receiver, a relief valve and a pressure gauge are 
embodied in the compressor unit. 

The exhibits on the stand of Messrs, W. Canning 
and Company, Limited, Great Hampton-street, 
Birmingham, 18, included a semi-automatic totally- 
immersed barrelling unit for nickel-plating work. 
This consists of a number of moulded-rubber barrels 
which are transferred gradually over the tanks 
from the loading to the unloading position by an 
overhead electrically-operated block. Each process 
tank is provided with a clutch so that the drive 
can be disengaged while the barrel is being lowered 
or lifted. At the unloading end of the system the 
barrel is lifted from the final swill and emptied, 
the work falling into a specially constructed hopper 
which is immersed in the tank. This hopper with 
its contents is then removed by 4 hoist and con- 
veyor to a separate drying unit and the barrel is 
finally returned to the loading position forfurther use. 

Another exhibit of this firm was the centrifugal 
lacquering machine illustrated in Fig. 79, om page 
584, This is designed for lacquering small parts in 
bulk and will, it is claimed, deal successfully with 
almost any shape of article that can be barrel-plated 
or barrel-polished, except flat plates or deeply- 
recessed or cup-shaped parts. It can be used with 
most of the ordinary grades of cellulose and syn- 
thetic and gum lacquers, as its electrical equipment 
complies with the Cellulose and Petroleum Regula- 
tions. Although intended primarily for use with 
clear finishes, the machine is also suitable for the 
application of tinted lacquers as, for instance, the 
production of gold effects on tin-plate articles and 
small brass stampings. 

It consists mainly of a steel shell, which houses 
the lacquer container, a perforated basket for 
containing the parts, and the driving mechanism. 
Operation is simple, since, after the basket has been 
loaded, it is placed in clamps and a sliding door 
closed ; a handle is then raised so that the lacquer 
container is lifted and the article immersed in its 
contents. A further movement of the lever starts 
the driving motor, so that the articles are “‘ centri- 
fuged ”’ first in one direction and then in the other. 
At the end of the process the lever is returned to 
its lowest position, the door opened and the basket 
removed. The whole operation takes about one 
minute. In this way 4 considerable saving in time 
is effected compared with hand dipping and drying. 
There is also a saving in coating material as any excess 
is thrown off, while loss by evaporation is negligible. 

The main emphasis of the display of the United 
Steel Companies, Limited, 17, Westbourne-road, 
Sheffield, 9, was on the Silver Fox stainless steels 
produced by the firm’s associated company, Messrs. 
Samuel Fox and Company, Limited, Stocksbridge, 
near Sheffield. The exhibit was intended to indicate 
the versatility of these steels and the wide variety 
of their applications, 
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Fie. 78. Tractor-Mountep Compressep-Am Unir; Hymatic ENGINEERING Company, LIMITED. 


An interesting exhibit on the stand of the English 
Steel Corporation, Limited, Sheffield, 9, was a six- 
throw Diesel-engine crankshaft press-forged by the 
R.R. continuous grain-flow process, This process is 
the invention of Mr. Roederer, formerly a director 
of the Compagnie des Forges et Aciéries de la 
Marine et d’Homécourt, Saint-Chamond, Loire, 
France, and the sole British rights for it have been 
acquired by the English Steel Corporation. In the 
R.R. process the bar from which the crankshaft is 
to be forged is bent to form the cranks and, at the 
same time, upset to form the webs. This results 
in the axis of the piece being always at the centre 
of each section of the shaft. Hence, continuous 
grain flow is ensured throughout the crankshaft 
and the crank throws are formed at their correct 
relative angles without any twisting of the piece. 
Moreover, @ minimum of machining is necessary 
on the crankpins and journals and the periphery 
of the webs may be left unmachined if desired. 
The six-throw crankshaft shown was 10 ft. long, 
weighed 1} tons, as forged, and had one end left in 
the “‘ as-forged ” condition, The middle portion of 
the crankshaft was sectioned and etched to show 
grain flow, and the other end was machined, the 
turned pins being 6} in. in diameter. Other forgings 
on view included a section of a hollow-forged high- 
pressure boiler drum taken from one end of a drum 
forging, 23 ft. in length, and a forged steel-pipe 
mould having a length of 15 ft. and a bore of 6 in. 

Messrs. Edgar Allen and Company, Limited, 
Imperial Steel Works, Sheftield, 9, were exhibiting 
steel castings, small] tools, special tool steels and 
other products. In addition to butt-welded tools, 
and high-speed solid tools of various form-ground 
special types, the display included Athyweld 
deposit-welded tools, the principal items being 
roll turners’ tools of 10 to 12 per cent. cobalt steel 
having a minimum Rockwell hardness on the C 
scale of 65. The steel-foundry department’s 
largest exhibit was a bolt-forging machine body 
which weighed 3 tons, while other steel castings 
included a rolling-mill coupling box and cast-steel 
parts of excavating equipment for dealing with coal, 
gravel, peat, earth and stone. Two specimen railway 
axleboxes lined with manganese steel were also on 
view. 

Present practice in the design of fractional horse- 
power motors was illustrated by a range of machines 
exhibited by Messrs. Higgs Motors, Limited, Witton, 
Birmingham, 8. These included split-phase, capaci- 


supplied to the Orlando power station, Johannes- 


polyphase and direct-current machines with outputs 
from }h.p. to 1 h.p. In their design, close attention 
has been paid to securing maximum economy in 
space and, as a result, it has been possible to obtain 
a frame with a minimum overall diameter without 
impairing the efficiency. The frames embody a 
cast-iron shell of which the feet form an integral 
part, and these feet contain holes which are elon- 
gated to allow adjustment to the belt. The end 
shields are provided with louvred ventilating slots 
which give drip-proof protection. The terminal box 
is housed in the end shield at the non-driving end 
in a position where there is maximum accessibility 
and protection from surplus oil or grease. 

The shaft is of extra large diameter and is made 
from steel with a tensile strength of 35 to 40 tons 
per square inch. The journal diameter is larger 
than the driving projection, thus providing a 
shoulder against which the pulling or driving member 
can be fitted. The direct-current motors are fitted 
with an adjustable brush rocker carrying two 
brushes per spindle. These holders are of the 
sliding-box pattern. A special die-cast brush 
holder is provided for the repulsion induction 
motors to allow for the fact that the brushes are 
only in contact with the commutator during start- 
ing. During running, the brushes are lifted and 
short-circuited by governor gear, which operates 
through push rods and is entirely enclosed. The 
fractional horse-power single-phase and three-phase 
motors are for the most part constructed like 
larger motors of the same type. The rotors of the 
single-phase motors embody a centrifugal switch 
which cuts out the starting winding when a pre- 
determined speed has been reached. A similar 
switch is fitted on the single-phase capacitor-start 
motors. The direct-current motors are compound- 
wound. Nearly all these motors can be supplied 
with an integral gearbox which totally encloses 
gearing of the single-reduction type. In this case 
both the motors and gearing are provided with ball 
bearings throughout and are suitable for operating 
in any position. 

Among the principal exhibits on the stand of 
Messrs. David Brown and Sons (Huddersfield) 
Limited, was the upper half of a high-pressure steam- 
turbine casing, weighing approximately 3tons. This 
was a steel casting produced by the David Brown 
Foundries Company, of Penistone, and was part of 
an order for electrical-generating plant which is being 
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turbo-alternator. Other examples of foundry work 
on the stand were two double-helical rolling-mill 
pinions exhibited by David Brown-Jackson, Limited, 
Manchester. One of these, weighing 3,800 Ib., was of 
British Standard En 25 nickel-chromium steel and 
had the teeth finish-machined by the end-mill 
process. Capable of transmitting 500 h.p. at 250 
to 600 r.p.m., the pinion was destined for use in a 
cold-reduction tandem rolling mill of the Steel 
Company of Wales, Limited. The second pinion 
shown weighed 1,700 Ib., and had machine-moulded 
teeth. It was intended for transmitting 220 h.p., at 
32 r.p.m., and was to be used in a three-high rolling 
mill producing light bars and sections. 

English Numbering Machines, Limited, 25, 
Queensway, Enfield, Middlesex, who were also 
exhibiting some of their products at Olympia, 
London, concentrated on counting devices in their 
display at Birmingham. The instruments on view 
included an hours recorder designed especially for 
use on Diesel engines, but capable of many other 
applications where a high reduction ratio is required 
in making the count, as, for instance on hank recor- 
ders on textile machinery and cycle counters on 
fatigue-testing equipment. Reduction ratios of up 
to 4,860,000 revolutions of the machine per count 
can be obtained with the gear train employed. 
A high-speed electro-mechanical counter developed 
on behalf of the Atomic Energy Research Establish- 
ment, Harwell, and capable of 3,000 counts per 
minute, was shown in operation. 

The principal feature on the stand of Messrs. 
Henry Hope and Sons, Limited, Smethwick, Bir- 
mingham, 40, was a large section of vertical patent 
glazing, 34 ft. long and 20 ft. high, arranged as for 
application to a steel-framed building. It was 
supported by three steel columns set bebind the 
glazing, and included an electrically-controlled con- 
tinuous opening light, a large swinging ventilator 
fitted with a hand-operated telescopic strut, and 4 
top-hung ventilator hand-operated by twin-screW 
gear. There were also exhibits of windows, including 








tor-start and repulsion-induction motors, as well as 





burg, for use in conjunction with a 30,000-kW 


bronze ships’ windows and doors. 
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LITERATURE, 
Electricité. 

By PROFESSOR Y. ROCARD. Masson et Cie., 120, 

Boulevard Saint-Germain, Paris, 6e. [Price, 1,800 

francs in paper covers ; 2,200 francs bound.] 
TEACHING is taken seriously in the French Univer- 
sities and is not regarded as an irritating interruption 
to research ; and French professors are justly noted 
for the excellence of the texts based on their lecture 
courses, typical of which, in physics, are the well- 
known treatises of Bouasse and Bruhat. Moreover, 
they realise that, in a subject expanding as rapidly 
as physics, new texts are needed at intervals to 
incorporate improved methods of presentation and 
the recent developments which help so materially to 
stimulate the interest of the student. 

This treatise on electricity is based on a course 
given at the Sorbonne in 1941-42, the author being 
the Director of the Physics Laboratory at the Ecole 
Normale Supérieure. Different writers on electricity 
have adopted various orders of treatment, but Pro- 
fessor Rocard has elected to conform to the older 
tradition and to begin with electrostatics. The 
main phenomena are clearly described, together with 
such recent applications as proximity fuses; here, 
as elsewhere, vector notation is used in the theoretical 
developments. A brief account of atmospheric 
electricity is included, and the concluding chapter 
contains a description of the Van der Graaf high- 
tension generator and of the highly efficient electro- 
static machine recently built by Felici and Morel at 
Grenoble. The following section covers the funda- 
mental facts relating to magnetism, including a 
summary of the theories of this subject and data 
concerning the new permanent magnet and high- 
permeability alloys now commereially available. 
The laws of propagation of direct currents along wires 
and through an extended medium are discussed in 
Part III, in which details of super-conductors and 
semi-conduetors are given ; among the applications 
referred to are sweeping for magnetic mines, 
electrical geophysical prospecting—and the ‘“‘elec- 
tric chair.”’ 

Part IV contains a good account of electro- 
dynamics, with chapters on the magnetic effect 
produced by a current, the action of magnetic fields 
on currents, electromagnetic induction, galvano- 
meters and direct-current machines, including the 
amplidyne. The essentials of alternating-current 
circuit theory are presented in the following section, 
together with an excellent practical discussion on 
transformers, polyphase currents, rotating fields 
and the principles of operation of alternators and 
alternating-current motors. Examples in illus- 
tration include the Selsyn and its use in remote con- 
trol, magnetic-tape recorders, and amplifiers. 
Part VI provides an account of the propagation 
of electromagnetic waves along lines and through 
Space; an introduction to wave guides, stressing 
the physical principles involved; and radiation 
and diffraction problems. Reference is made to 
the metallic delay lenses introduced by the Bell 
Telephone Laboratories in 1946. The opening 
chapter of Part VII deals with the free electron, its 
deflection by electric and magnetic fields and the 
relativistic correction at high speeds. A concise 
summary of electron optics, with its application in 
the electron microscope, is followed by sections 
on photoelectricity and thermionics, including such 
modern developments as the infra-red telescope 
and the Zworykin iconoscope. The wide variety 
of functions of electron tubes are covered in two 
chapters with references to the magnetron, the 
Klystron, the travelling wave tube and even to the 
double stream amplifier introduced by Haeff in 
1949. The concluding chapter is devoted to the 
transmission of radio waves, the causes of fading, 
atmospherics and interference, including details of 
blind landing equipment for aircraft, band width 
— trequency allocation, The treatment of electro- 
ysis in Part VIII contains an outline of the work of 
Debye and Hiickel, and an excellent section on 
accumulators with details of the latest type of 

silver ’? accumulator. Throughout the text, com- 
mendable care is taken over units, and a general 
survey of the subject including the MKS and 
Giorgi systems is given in Part IX. 





Most of the misprints noted are fairly obvious, 
such as j for ion page 95, par for pas on page 139, 
¢ for p on page 167, nm for « on page 227, r for Z 
on page 240, courant for circuit on page 253, V, 
for V, on page 411 and ¢for yon page 516. Letters 
referred to in the text do not appear on some of the 
corresponding figures. These, however, are minor 
blemishes in an otherwise admirable exposition, 
covering not only the classical groundwork with 
exceptional concision and clarity, but also embracing 
the more significant developments down to 1949. 
Space has been saved by omitting details of appa- 
ratus and the technique of methods of measurement 
which are more appropriately learned in the 
laboratory, and by leaving aside applications which 
are no longer in use. As the few standard English 
works on electricity of degree standard are hope- 
lessly out of date, Professor Rocard’s book should 
be sure of a warm welcome among students of 
physics and engineering in this country. 


The Elements of Soil Mechanics in Theory and 

Practice. 

By K. L. NasH. Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 9s. net.] 
Tuts little book, as stated on the title page, is a 
record of four public lectures which the author 
delivered at King’s College, London. In the limited 
space available, he has attempted to give a concise 
review of soil mechanics and its practical applica- 
tions. In the first lecture, after a short historical 
introduction, he deals with site exploration, soil 
classification and the fundamental properties of 
clays and sands. The second lecture covers the 
density of soil, the conditions governing the percola- 
tion of water and its effects, and a simple explana- 
tion of the theory of consolidation. In the third 
lecture, Mr. Nash describes the measurement of 
shear strength and its application to the stability of 
slopes, retaining walls and footings ; and the subject 
of the fourth is the application of soil mechanics to 
the design and construction of roads and runways, 
including ‘ natural”’ stabilisation by drainage and 
compaction, and “ artificial” stabilisation by the 
addition of other substances to the soil. At the 
end of the book, there is a comprehensive biblio- 
graphy, which appears, however, to serve rather 
as an acknowledgment of the various sources from 
which the author, has collected material than as a 
list of references to assist the reader seeking further 

information on specific subjects. 

The author does not claim to set forth original 
theories or experimental data ; but he has succeeded 
in compressing a great deal of information into a 
small space, and the book is well illustrated through- 
out. It is not surprising, therefore, that many 
important topics are referred to very briefly, and, 
in some instances, formule—for example, those re- 
lating to densities, void ratio and specific gravity 
of particles—are quoted without explanation. 
On the other hand, in dealing with shear strength, 
Mr. Nash gives an explanation of the various types 
of shear stress which is remarkably clear, in spite of 
its brevity. The lectures were given, presumably, 
with the object of stimulating interest in soil 
mechanics and of showing the active part which the 
universities are taking in teaching and research in 
this important subject. As such, they are approp- 
riate, but to many readers the publication of the 
lectures in book form may give the impression of 
covering too wide a field for the size of book. This 
work should, however, prove of value to engineers 
and others as a general picture of soil mechanics 
and its applications, and as an introduction to the 
more comprehensive text-books. 





Symposium ON MINERAL DRESSING.—Arrangements 
are being made by the Institution of Mining and Metal- 
lurgy to hold a meeting at the Imperial College of Science 
and Technology, South Kensington, London, S.W.7, on 
September 23 and 24, 1952, at which a series of papers 
dealing with various aspects of mineral dressing will be 
presented. The purpose of the meeting will be to discuss 
recent developments in fundamental concepts and 
experimental methods, the current practice at selected 
works, and advances in the design of new plants and 
machinery. Further information may be obtained from 
the secretary of the Institution, Salisbury House, 
Finsbury-cireus, London, E.C.2. 





RAPID AIR ELUTRIATOR 
FOR EXAMINATION OF 
STACK DUSTS. 


By C. J. Starrmanp, B.Sc., M.I.Chem.E., 
A Inst.P. 


In many chemical engineering investigations a 
knowledge of the free falling speeds of particles is of 
great importance. For example, great interest 
attaches at the present time to the prediction of de- 
position rates adjacent to power-station stacks* and 
in this case the information required is the actual free 
falling speed of the particles comprising the emission, 
and not the size of the particles after breaking down 
aggregates or clusters. These aggregates are of 
irregular shape and are often loosely compacted so 
that great care is necessary to preserve them in 
order to obtain a true analysis in terms of free 
falling speed. 

The method hitherto used for the determination 
of air free falling speed distributions in the range 
about 1 ft. per sec. has heen to determine by sieving 
the particle size distribution of the sample, and 
from a knowledge of the mean density of the particles 
to calculate the free falling speed distribution on 
the assumption that the particles are spherical. A 
free falling speed distribution determined in this way 
is often grossly in error because of the heterogeneity 
of particle shape and density, These errors may be 
lessened by use of a shape and density factor, but 
such methods are tedious and often impracticable. 
The elutriator described in this article was therefore 
developed to enable the direct determination of air 
free falling speed distribution to be made. 

Existing apparatus such as, for example, the 
Gonell and Roller elutriatorst suffer from the 
disadvantage of relatively long elutriation times ; 
also they are particularly designed to break down 
aggregated material which may exist in the sample. 
For the present purpose it is necessary to design an 
elutriator in which the breakdown of particles is 
avoided. Further, since particles sized below 
80 micronst (1 ft. per sec. free falling speed for parti- 
cles of density 2 gm. per cc. falling in air at 20 
deg. C.) have little influence on deposition rates, 
the elutriator need only cover the larger sizes. 
However, if necessary, analyses in the range below 
80 microns can be carried out by sedimentation,§ 
pending the development of a satisfactory air 
elutriator for these sizes. 

The elutriator finally developed covers the range 
of free falling speeds from 1-0 to 8-0 ft. per sec., 
corresponding to particles from 80,to 370 microns 
diameter, of density 2 gm. per cc., falling in air at 
20 deg. C. The general arrangement of the elutria- 
tor is shown by the photograph reproduced in Fig. 1, 
on page 586. The elutriator tube, shown just to the 
left of the centre in Fig. 1, is 1 in. in internal diameter 
and of 12 in. total length, including the 14 deg. conical 
section at the inlet. The sample is supported on a 
silk gauze stretched across the tube 6 in. from the 
top. A joint is made at this level so that the support 
can be inspected readily, or replaced if necessary. 
Leading away from the top of the tube is a 180-deg. 
bend. This discharges into a Soxhlet extraction 
thimble in which is collected the elutriated fraction 
of the sample. The filter is detachable to facilitate 
weighing of the fine fraction. Two Rotameter 
tubes are necessary to cover the required range of 
elutriation velocities. These are calibrated to give 
directly the linear air velocity up the elutriator tube ; 
the calibration is based on a pressure of 990 m.atm. 
abs. in the tube. Low pressure-drop valves are fitted 
to the Rotameters ; even should the pressure in the 
system fall to 940 m.atm., the indicated velocity will 
not be in error by more than 5 per cent., which can 





* Trans. Inst. Mech. Eng. 1950, “‘ Dust Deposition from 
Chimney Stacks,” by C. H. Bosanquet, W. F. Carey and 
E. M. Halton. 

+ B.S.893-1940, ‘‘The Method of Testing Dust 
Extraction Plant and the Emission of Solids from 
Chimneys of Electric Power Stations” (Part 3); U.S. 
Bureau of Mines Technical Paper No. 490, “‘ Separation 
of Microscopic Particles ; an Analyser for Fine Particles,’’ 
by P. 8. Roller. 

t1 micron = 0-001 mm, 

§ Inst. Chem. Eng. Symposium on Particle Size 
Analysis, pages 77 to 87 and 128 to 134. 
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Fig. 1. 


be neglected for the duties envisaged. Air is drawn 
through the apparatus by a sliding-vane exhauster 
of such capacity that a tube velocity of 8 ft. per sec. 
can be attained. Since this corresponds to a 370- 
micron particle (of density 2 gm. per cc.) it covers 
the working range adequately. The air rate is con- 
trolled by a valve situated between the filter unit 
and the exhauster. Normally it has not been 
found necessary to dry the inlet air. Should this 
prove necessary with hygroscopic materials, a 
simple CaCl, or P,O, drier would serve the purpose, 
though a fairly large unit would be required since 
the air quantities are of the order of 3 cub. ft. per 
min. at the higher rates. 

The following is a schedule of operations to be 
followed when analysing an atmospheric dust 
sample in order to determine its size distribution, in 
terms of air free falling speeds. (1) In order to 
avoid choking the Soxhlet filter with fine particles, 
separate the fraction less than 76 microns by light 
hand sieving for 5 minutes op Nos. 150 and 200 
B.S.F. meshes. Combine and weigh the sieve 
residues (which should be 0-5 to 1-5 gm. at this 
stage) ; and weigh the sub-sieve fraction. (2) Place 
the residues on the mesh in the elutriator tube and 
secure the joint. Then with the valve in the top 
right-hand corner of Fig. 1 open to the lower range 
Rotameter and the control valve in the bottom left- 
hand corner of Fig. 1 closed, start the exhauster. 
(3) Open the control valve to give a tube velocity of 
1 ft. per sec. This corresponds to an 80 micron 
cut for particles of Jensity 2 gm. per cc. (see Table I). 
Maintain this rate for 30 seconds. Close the control 
valve and recover and weigh the material from the 
Soxhlet thimble. (4) Add the material carried over 
in stage (3) to the sub-sieve fraction and record the 
total weight as the proportion having a free falling 
speed less than 1 ft. per sec. (If necessary, this 
material can be further sized by elutriation or 
sedimentation.) (5) Repeat operation (3) at the 
velocities indicated in Table I until all the sample 
has been carried over. It will be necessary to 
change over to the high range Rotameter for tube 
velocities greater than 3 ft. per sec. If any material 
remains after elutriating at 8 ft. per sec., weigh and 


2 
(234.8) 


record as being of free falling speed greater than 
8 ft. per sec. (6) From the weights carried over at 
each velocity, calculate the percentage of the sample 
in each free falling speed range. Finally, combine 
this analysis with that for the smallest fraction, 
converted to air free falling speeds (if this has been 
carried out), so obtaining an overall air free falling 
speed distribution for the sample. 

Sudden rushes of air through the tube must be 
avoided ; therefore, the following points should be 
noted. (1) All valve adjustments to be carried out 
slowly. (2) Before changing flowmeters, close the 
control valve. (3) Never start the exhauster before 
ensuring that the control valve is closed. 

Table I gives values for converting free falling 
speeds into particle diameters, and vice versa. 
TABLE I.—Relation Between Tube Velocity and Particle 

Diameter (for Air at 20 deg. C. and 1 Atmosphere). 


Size of Particle Supported. 























Tube Velocity | Density | Density | Density | Density | Density 
—__— 2 gm. 3 gm. 4 gm. 5 gm. 7 gm. 
perce. | perce. | perce. | perce. | per ce. 
1 ft. persec. .. 80u 63 yu | 55y 49u 39u 
2ft. persec. .. 1254 97 u 83 75 6lu 
Sft.persec. ..' 165yu 1304 1104 100 u 804 
4ft. persec. . ‘| 2024 160 u 1404 123u 974 
5 ft. persec. ..| 250yu 190 u | 163 145yu 115yu 
6 ft. persec. ..| 285y 2154 185 1654 130 u 
7 ft. persec. ..| 320u 250u 2104 185 150u 
8ft. persec. ..| 370u 260 u 2304 210yu 1604 











While the elutriator normally gives free falling speeds 
directly, such a conversion is useful where homo- 
geneous material is being dealt with. Alternatively, 
the table can be used to define the particles in terms 
of the equivalent sphere, i.e., the spherical particle 
having the same free falling speed assuming uniform 
density. 

In Fig. 2 curves are given for converting free 
falling speeds into particle diameters, covering 
densities in the range 1-0 to 7 gm. per cc. The 
apparatus described above is intended primarily for 
the direct determination of the air free falling speed 
distribution of atmospheric and stack dusts which 
contain irregular-shaped particles with or without 








aggregates and cenospheres. It is not put forward 
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Viscosity 18x10 ‘Poise 
Air Density 1-2x10™gm. 


Particle Diameter, Microns 


as possessing great absolute accuracy, but is claimed 
to give a more accurate picture of the free falling 
speed distribution than can be obtained by most 
other methods. It is considered that any method 
which does not give direct values for air free falling 
speeds is unsuitable for the purpose envisaged. 
Thus, while normal elutriators may give a more 
accurate elutriation, they neglect the fact that stack 
dusts are often composed of loose aggregates, the 
effective density of which is far from uniform. The 
proposed apparatus is simple and rapid. One 
operator can carry out an 8-cut test in one hour, 
including preliminary sieving and final calculation. 


Apprnpix I. 


Worked Example. In the following paragraphs 4 
typical analysis is recorded in detail to illustrate the 
method of working the apparatus. The material 
used was flue dust extracted from a chain-grate 
boiler stack. 

PRELIMINARY SIEVING. 


Initial weight of sample ... ae “st 1-2524 gm. 
Weight of fraction passing 200 B.S. sieve 0:3777 gm. 
Weight carried over in preliminary 

elutriation at 1 ft. per sec. ‘ nee 0-0415 gm. 
Total with free falling speed less than 

1 ft. per sec. ae 0-4192 gm. 


Elutriation data in this example are given in Table II. 


TABLE II.—Elutriation Data for Worked Example. 











Ousuielie Per- 
Toi centage wit 
Tube Weight Percentage Falling Speed 
Velocity, Carried Over, Carried Over Less than 
Ft. per sec. Gm. Velocity in 
Column 1. 
1-0 0-4192 33-5 33°5 
2-0 0-3071 24-5 58-0 
3-0 0-1743 13-9 71-9 
4-0 0-0802 6-4 78°3 
5-0 0-0489 3-9 82-2 
6-0 0-0376 8-0 8o°< 
7-0 0 -0326 2-6 87°5 
8-0 0-0338 2-7 90-5 
>8-0 0-1187 9-5 
Totals .. 1-2524 100-0 
— 














The values in Table II are shown plotted in Fig. 3, 
opposite, which can thus be considered as 4 free 
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failing speed distribution curve. If necessary, the 
fraction below 80 microns can be elutriated sepa- 
rately in a standard elutriator. For the purpose of 
determining deposition rates, this procedure is not 
generally necessary and the relevant portion of the 
curve, shown dotted, is interpolated. 


ApprEnpix II. 


Check Tests. As stated previously, the aim in 
developing the apparatus has been to obtain an 
accurate sizing in terms of free falling speeds, the 
important consideration being to preserve any 
aggregates and cenospheres in their original condi- 
tion. Normal elutriators are particularly designed 
to break up loose aggregates and considerable re- 
circulation takes place in the elutriator tube. Thus, 
While itis known that the velocity distribution across 
the tube is not uniform over the period of elutriation, 
most of the particles of the size supported by the 
peak velocities are carried over so that a fairly 
sharp separation may be obtained. In the present 
casc, the elutriation times are necessarily short and 
some loss of accuracy will result. However, tests on 
non-aggregated material of approximately spherical 
shape (ground quartz) have indicated that at least 
9 per cent. of each fraction is carried over in 
30 seconds, and this period has been chosen as a 
reasonable compromise between the two conflicting 
requirements, viz., complete elutriation and preser- 
mt ion of aggregates and clusters. 

“Ig. 4 compares the free falling speed distribution 
curves for 15, 30 and 60 seconds elutriation times. 





A check with values calculated from sieving results, 
which is admissible in this case since the particles 
are nearly spherical and are not aggregated, is 
included. It will be seen that the agreement is close, 
except for the sieving result at the extreme upper 
ranges where departure from sphericity is greatest ; 
this agreement confirms that the short elutriation 
times are adequate. 

The author desires to acknowledge the help of 
Mr. A. E. J. Yelland, who prepared a preliminary 
manuscript on which this article is based. 





PATENT-OFFICE LIBRARY —As from Monday, May 7, 
the library of the Patent Office, at 25, Southampton 
Buildings, Chancery-lane, London, W.C.2, is open to 
the public from 10 a.m. until 9 p.m., on weekdays, from 
Monday to Friday inclusive, instead of closing at 6 p.m., 
as formerly. Saturday opening, however, will continue 
to be from 10 a.m. until 5 p.m. 





TRON ORE DEPOSITS IN GREAT BRITAIN.—A s8ym- 
posium of papers on “ Iron ” is to be held in connection 
with the International Geological Congress at Algiers 
next year. In this connection, it is proposed to submit 
@ memorandum dealing with iron-ore deposits in Great 
Britain and, with the agreement of the Councils of the 
Geological Society, the Mineralogical Society and the 
Institution of Mining and Metallurgy, H.M. Geological 
Survey has made arrangements to compile this memoran- 
dum. Persons interested are invited to communicate with 
Dr. T. Robertson, Geological Survey Office, Exhibition- 
road, London, 8.W.7. Further information may be ob- 
tained from the secretary, the Institution of Mining and 
Metallurgy, Salisbury House, Finsbury-circus, E.C.2. 


FRICTION 
AND LUBRICATION. 


THE phenomena of friction are so familiar and 
omnipresent that the causes underlying them have 
commonly been either ignored or invested with @ 
false simplicity. The so-called Laws of Friction 
are usually associated with the French engineer 
Amontons, who announced them to the French 
Academy of Sciences in 1699, where they were 
received with astonishment and regarded as some- 


/ thing of a heresy. It appears, however, from the 


scientific writings of Leonardo da Vinci, that the 
laws were known to him roughly two centuries 
before Amontons re-enunciated them. They were 
verified, in 1781, by Coulomb, who, as many must 
have done before him and since, assumed that 
friction is caused by the interlocking of surface 
irregularities on two bodies in contact. That such 
interlocking can, and frequently does, hinder 
relative motion is, of course, undeniable ; that it 
represents the sole cause of friction, and that the 
work done in lifting the one set of asperities over 
the other represents the effort required to overcome 
friction—as was assumed by Coulomb—is not borne 
out by experiment. As a logical consequence of the 
theory, friction ought steadily to diminish as the 
rubbing surfaces are made increasingly smooth 
and should ultimately vanish. This view is still 
widely held but does not accord with the facts as 
determined by experiment. 

Although Amontons’ law, according to which the 
total friction between two rubbing solids is propor- 
tional to the normal loading between them and is 
independent of the surface areas nominally in 
contact, is a very remarkable one, it appears to have 
been generally accepted without any serious attempt 
to establish its physical basis until comparatively 
recent times. As machinery was developed, atten- 
tion was turned more and more to means for over- 
coming friction, in which connection the efficacy 
of various oils and greases had been known since 
ancient times. Such substances performed a further 
useful function in that they reduced wear and 
absorbed some of the heat inseparable from friction. 
The hydrodynamic theory of lubrication was pro- 
pounded by Osborne Reynolds in 1886, who showed 
that, under suitable conditions, the friction be- 
tween bearing surfaces would be determined by 
the viscosity of the lubricant rather than by the 
finish of the surfaces. ineering is still largely 
dominated by, and dependent on hydrodynamic 
lubrication and on the very successful practical 
applications of Osborne Reynolds’ theory made by 
Michell and others, but under modern operating 
conditions it is becoming increasingly more difficult 
to ensure that the relatively thick film of oil, postu- 
lated in the theory, is maintained. As a direct 
result, increasing attention is being given to the 
basic causes of friction and to the study of boundary 
lubrication ; that is, to the properties of very thin 
films of lubricant. Modern equipment and tech- 
niques have greatly facilitated such work. 

Its importance appears to have been recognised 
more clearly in Britain than elsewhere, although 
there are numerous groups of research workers 
engaged on the subject in various countries. One 
of the best known of the British groups is that 
working at Cambridge University under tbe direc- 
tion of Dr. F. P. Bowden, F.R.S., and Dr. D. Tabor. 
The former recently organised a one-day conference 
on friction and lubrication which was held under 
the auspices of the Royal Society, at the Society’s 
apartments in Burlington House, London, on 
April 19. It will be recalled that a similar con- 
ference, organised jointly by the Institute of 
Physics and the British Rheologists Club, was held 
at the University of Manchester last summer. 
The subject matter of the recent conference was 
divided into three main parts, namely, the friction 
of metals, the friction of non-metals, and boundary 
and extreme-pressure lubrication, but most of the 
discussion, as well as eight of the 15 papers delivered, 
was devoted to the first part. 

Dr. Bowden opened the series with a paper on 
the mechanism of metallic friction. The use of 
modern research equipment, such as the electron 





microscope, and of metallurgical, interferometric 
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and other methods of physical analysis, has shown 
that even when surfaces are accurately made and 
highly finished, irregularities remain on them which 
are large compared with molecular dimensions. 
When two such surfaces are placed together, their 
real area of contact is extremely small, so that even 
when the normal load is slight, regions of high 
local pressure exist. In general, these local pressures 
exceed the yield strength, p, of the material, with 
the result that plastic flow occurs in the neighbour- 
hood until the area of contact, A, is sufficient to 
support the normal load, W, without further flow. 


It is evident that, in this case, A= “. In the 


opinion of Dr. Bowden and bis school, adhesion 
between the surfaces accompanies the process of 
deformation, and friction is, to a large extent, the 
force required to shear the junctions. If F is the 
frictional force and s the shear strength of the 


material, F—As. Hence, r= and the 


classical laws of friction are explained. The 
shearing may occur at the interface, but, in the case 
of metals, work-hardening accompanies the plastic 
flow and the subsequent fracture occurs at a short 
distance from the weld. Small fragments of metal, 
therefore, are detached from one of the surfaces 
and retained by the other, resulting in wear. The 
mechanism of this process has been studied by optical 
and metallurgical methods and by the use of metals 
which have been irradiated in an atomic pile, and 
conclusive evidence of this transference of metal 
has been obtained. 

According to the theory outlined above, the value 
of the coefficient of friction, 4, of a metal should be 


=» approximately, i.e., the ratio of the shear strength 


to the yield pressure. It would appear advantageous, 
therefore, when a low coefficient of friction is 
desired, to select metals having low shear strengths. 
Unfortunately, however, such metals are usually 


soft ; indeed, the quotient, A , does not vary widely 


among metals, and, thus, no great disparities in 
their coefficients of friction are to be expected if the 
above theory is true. In fact, the value of p for 
metals generally lies between 0-6 and 1-2. A 
possibility which suggests itself, however, is that a 
composite bearing surface, consisting of a very thin 
layer of a softmetal,or other material, deposited on 
a hard metal, might be used to reduce friction, since 
if the layer were thin enough and were not ruptured 
during the sliding, the appropriate shear strength 
would be that of the soft metal and the yield pressure 
that of the hard substratum. Successful experi- 
mental bearings of this kind have been made and 
have been found to possess low coefficients of friction. 
One of the best is obtained by depositing indium 
on steel. Another can be made by rubbing molyb- 
denum disulphide powder on steel. In this case, 
the low coefficient of friction is maintained at high 
temperatures, The lecturer demonstrated that a 
hot unlubricated bearing of the kind had a lower 
coefficient of friction than a lubricated steel bearing 
of identical form and loading. A third form of 
low-friction bearing can be made by covering steel 
with a layer consisting of a mixture of copper and 
Teflon, a substance which will be referred to later. 

The strength and nature of the adhesion between 
metals is influenced greatly by the films of oxide 
which normally cover them, and it seems probable 
that the ability of dry surfaces to slide over one 
another is attributable to the presence of these films. 
Experiments have been performed in which the 
surface films of oxide were removed from two metals 
in & vacuum, after which the clean metals were 
placed in contact. They adhered strongly, but the 
degree of adhesion could be greatly reduced by 
admitting various gases and vapours to the appara- 
tus before bringing the metals into contact. All the 
phenomena described can be observed at low speeds 
of sliding ; at higher speeds, the heat generated at 
the points of contect is appreciable and may result 
in local hot-spots at which the surface temperature 
momentarily reaches a high value. Evidence of 
these hot-spots has been obtained experimentally 
and appears to show that the local temperature 
may easily exceed 1,000 deg. C. It is limited by the 
softening or melting of the metal. This softening 


probably plays an important part in polishing, in 
the formation of the amorphous Beilby-layer, and 
in the process of machining. 

The influence of oxide films on metallic friction 
was also discussed by Mr. R. Wilson. He has 
extended earlier work in which the frictional force 
and electrical resistance between sliding metal 
surfaces were measured simultaneously and con- 
cludes that, when the normal load between the 
surfaces is very small, the oxide layer is sufficiently 
strong to prevent direct metallic contact. The 
degree of protection afforded, however, depends on 
the thickness of the film, the smoothness of the 
surfaces and the relative hardnesses of the metal and 
its oxide. He did not find that the friction was 
invariably less when the oxide film was unbroken, 
but observed that the surface damage was greatly 
diminished when the area of metallic contact was 
reduced by the presence of the film. The influence 
of the hardness of metals on friction was the subject 
of a paper by Dr. A. J. W. Moore, who concludes 
that hardness has little effect on friction, but that 
what evidence there is shows that friction is generally 
less in the case of harder metals, He attributes this 
to the fact that, with soft metals, plastic deformation 
is greater and that, in consequence, the oxide film 
is broken more easily. Dr. R. Courtel has also been 
studying the lubricating properties of oxide and other 
films on metal surfaces using the methods of electron 
diffraction. The metal surfaces were cleaned by 
grinding them in a high vacuum within an electron- 
diffraction camera. The clean surfaces were first 
examined and, subsequently, the effects of admitting 
controlled quantities of various gases were studied. 
It was found that on some metals, iron, for example, 
the vapours of fatty materials are adsorbed and 
form an oriented film on the metal surface. The 
structural changes undergone by the oxide film 
indicate the surface temperatures attained in the 
grinding process. 

Professor G. I. Finch, F.R.S., of Imperial College, 
London, contributed a paper on surface changes in 
bearing metals. Although supporting the view that 
the oxide film normally present on metals is the 
agency through which sliding becomes possible, 
Professor Finch is not convinced that rupture of the 
oxide layer, followed by direct intermetallic contact 
and a consequent welding of the metals, necessarily 
occurs during sliding or that it plays a major part in 
determining the friction between metals. In his 
view, the load-carrying capacity of the oxide layer 
depends largely on the rigidity of the underlying 
metal. The bearing metals in general use have 
lower melting points than their oxides. When 
sliding commences, therefore, the heat generated by 
friction results in the fusing of a thin substratum of 
metal and a change in its structure to an amorphous 
form. This amorphous layer, which was first 
discovered by the late Sir George Beilby, and bears 
his name, sets rapidly and is much harder than the 
underlying metal, and, when fully established, 
supports the oxide film on its surface. While 
agreeing, therefore, that there is evidence, in some 
cases, of the formation and subsequent rupture of 
direct intermetallic welds, Professor Finch inclines 
to the view that the main source of friction must 
reside in the oxide, or other, film on the metal 
surface. 

Dr. E. M. Trent has been investigating the wear of 
cemented-carbide cutting tools and finds that the 
ribbon, or chip, of freshly cut metal slides over the 
upper surface of the tool a relatively long way, with 
the result that high temperatures are attained. 
On examining the worn upper surfaces of tungsten- 
carbide tools which had been used for cutting steel, 
it was found that an alloy was formed between the 
steel and the tungsten carbide at a temperature in 
the neighbourhood of 1,300 deg. C. and that very 
rapid wear resulted. Tungsten-carbide tools which 
also contain titanium carbide are more resistant to 
wear because they contain grains of a titanium- 
tungsten carbide solid solution which resists the 
formation of the alloy at the temperature mentioned 
above. 

Although a considerable amount of research has 
been, and is being, done on the friction of non- 
metals, less is known of the phenomenon in their 
case than in that of metals. Many non-metals 





flow and weld under pressure, but others do not 


appear to do so and yet have frictional properties 
similar to those of metals. Crystalline substances 
are frequently anisotropic as regards their cocffi- 
cients of friction; in other instances, adsor)ed 
films or layers of contaminant appear to play a 
decisive part. Dr. Bowden contributed a paper 
to the conference on the influence of adsorbed 
films on the friction of diamond, graphite and 
carbon. The coefficient of friction of diamond 
surfaces is normally very small but, if the films 
which are normally present are removed, it rises 
to a high value. The same is true of carbon and 
graphite when surface films are removed by out- 
gassing in the laboratory, but the friction is restored 
to its normal value when a small quantity of oxygen 
or water vapour is admitted to the apparatus. 
Mr. K. V. Shooter gave an account of the frictional 
properties of plastics. Deviations from Amontons’ 
law occur when, the normal loading is small but, at 
higher pressures, the frictional properties of most 
plastics are similar to those of metals. The frictional 
force per unit area is found to be roughly equal to 
the shear strength of the plastic, which suggests 
that adhesion may occur during sliding, and trans- 
ference of material from the softer surface to the 
harder has been observed in some cases. An 
important exception to the above generalisation, 
however, is found with polytetrafluoroethylene, 
otherwise known as Teflon, or Fluon. This is one 
of the most recently discovered of the vinyl polymers 
and consists exclusively of carbon and fluorine. 
As it is non-polar, it has important applications in 
the high-frequency electrical field where it is being 
used increasingly as a low-loss, as well as flexible, 
insulating material for radar cables. In addition 
to its valuable electrical properties, it has an out- 
standingly high resistance to chemical attack 
and a comparatively high softening point (over 
300 deg. C.). Last, but not least, its coefficient 
of friction (= 0-04) is remarkably low—indeed, 
the friction of Teflon on, Teflon is comparable with 
that of ice on ice—and, surprisingly enough, its 
shear strength is not proportionately low. As the 
material is also resistant to seizure right up to its 
softening point, at which thermal decomposition 
sets in, it may have important future applications 
as an anti-friction and anti-seizure material in 
bearings. Its use in conjunction with copper as a 
lining in bearings has already been described. 
When the load ona lubricated bearing is high, or 
the speed of sliding low, or the viscosity of the 
lubricant reduced by the presence of a high tempera- 
ture or by rapid shearing, the oil film may become 
very thin, so thin, indeed, that some of the surface 
asperities may protrude through it. If, as fre- 
quently happens, the thickness of the lubricant 
film is of molecular order, hydrodynamic lubrication 
gives place to boundary lubrication. Under such 
conditions, the friction is not determined solely or 
even principally by the bulk viscosity of the lubri- 
cant. The mechanism of boundary lubrication was 
discussed by Dr. Tabor. His view is that, although 
the load is supported mainly on the boundary film, 
some metallic contact takes place and results in the 
formation of metallic junctions in the manner des- 
cribed by Dr. Bowden. He concludes that these 
junctions contribute to the frictional resistance 
and largely determine the wear of the lubricated 
surfaces. Studies of the effect of temperature 
showed that the best lubrication is obtained from 4 
solid boundary film having a closely-packed and 
strongly oriented molecular structure. When the 
film melts, the friction, transfer of metal and wear 
all increase markedly. Fatty acids are generally 
better lubricants of metals than hydrocarbons or 
alcohols, for they react with the surfaces to form 
metallic soaps which have a relatively high melting 
point. A marked deterioration in lubricating 
qualities then does not set in until the melting pont 
of the soap is reached, and it is this, rather than 
polarisation, that determines the effectiveness of 
the fatty acids as lubricants. The formation of the 
soap, and the difference between a physically 
adsorbed layer and one formed by chemical action 
have been studied by radiographic methods. It 
has also been found that a further rapid deterioration 
of lubricating qualities occurs at a higher temper 
ture than that already mentioned, as a result © 





desorption of the lubricant. 
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Dr. J. S. Courtney-Pratt has used inteferometric 
methods to study the uniformity and thickness of 
thin films adsorbed on solid surfaces. By careful 
attention to detail, he was able to measure the 
thickness correct to the nearest Angstrom. Dr. F. T. 
Barwell gave an account of research conducted 
by the Mechanical Engineering Research Organisa- 
tion, Glasgow, on the effect of surface structure, 
composition and texture on friction under boundary 
conditions. It is customary for research workers 
to try to eliminate as many unknown factors as 
possible from their experiments by using, for 
example, only pure and carefully prepared materials 
and studying them under exactly controlled condi- 
tions in a laboratory. Dr. Barwell suggested that 
research conducted in this way might not be the 
most useful from the point of view of the practical 
engineer and thought that more research was 
required on materials and under conditions represen- 
tative of ordinary engineering practice. He believed 
that the friction between surfaces lubricated under 
boundary conditions was affected considerably by 
the amount of working to which the materials had 
been subjected previously, as well as by the nature 
of the oxide film and the degree of surface roughness. 
Experiments had shown that, in certain cases, the 
friction of metal surfaces was increased by working. 
As regards the oxide film, it has been shown that, 
when the constitution of the film of oxide on an 
aluminium surface was modified by changes in the 
ambient conditions, the friction also altered. 

As is well known, the maximum load that can 
be supported by a film of lubricant between two 
surfaces, without excessive wear occurring, may be 
increased many times by the addition of suitable 
chemicals to the lubricant. These additives react 
chemically with the sliding surfaces and, since the 
process is accelerated by the rapid rise in tempera- 
ture which accompanies incipient seizure, they 
afford protection exactly where and when it is most 
required. Extreme-pressure lubricants, formed in 
this way, were discussed by Dr. C. G. Williams, 
Thornton Research Centre, Chester. Dr. Williams 
summed up present day tendencies in mechanical 
engineering as an attempt to put ever-increasing 
powers through mechanisms of ever-decreasing size. 
He said that the boundary lubrication provided 
by hydrocarbons was often ineffective owing to 
desorption of the lubricant, and that better results 
could be obtained by the use of additives which 
reacted with the metal surfaces. Chlorine was a 
good example of such an additive. A chlorinated 
hydrocarbon was readily soluble in mineral oils and 
was inert towards most metals under ordinary run- 
ning conditions. If the temperature should rise, 
however, and conditions bordering on seizure 
result, chemical reaction occurred and a film of the 
chloride of the metal was formed which protected 
the surfaces. It was his opinion that, for satisfactory 
results, a film formed in this way must have a high 
melting point and high plasticity. It must also be 
formed rapidly, so that any rupture which might 
occur would be repaired quickly. Most metal 
chlorides were solids which could be sheared easily 
at temperatures below their melting points and, 
therefore, had low coefficients of friction. Their 
melting points, however, were relatively ‘low. 
Sulphides were better in this respect, and many 
organic sulphides could be dissolved in oil. Extreme- 
pressure lubricants were very satisfactory when 
bearing surfaces of steel were employed but wére 
liable to corrode sensitive metals such as bronzes. 
They were also ineffectual when used as lubricants in 
high-speed cutting if there were insufficient time for 
the chemical action to take place. 

Although it has not been possible to report on 
more than a small part of the discussion at the 
conference, it will be evident from what has been 
said that the phenomena of friction and lubrication 
are far from simple. Moreover, although an immense 
amount of relevant information has been, and con- 
tinues to be, accumulated, it is clear that. scientists 
are often far from being in agreement on its correct 
interpretation. The number of permutations and 
combinations of bearing materials and lubricants is 
certainly large enough to keep all the research 
Workers and programmes going for many years to 
come, and the ordinary engineer may be pardoned 
for wondering if all the effort now being expended 





on the subject is likely to prove remunerative. In 
the extreme-pressure field, however, research has 
already produced lubricants without which the 
operation of certain types of gear would be virtually 
impossible. It may be argued that it is sufficient 
to know that such lubricants are satisfactory without 
understanding fully why this is so and, certainly, 
there is always the danger that the urge to get down 
to fundamentals may lead to an unending multiplica- 
tion of research divorced from practical applications. 
Those who are closely connected with the subject, 
however, are convinced that, in other fields besides 
that of extreme-pressure lubrication, developments 
important for practical engineering are to be 
expected in the near future. 





ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


V.—Tue “Sxyton” at THE SoutH Bank 
ON. 


CoNnCEIVED by the architects, Messrs. Powell and 
Moya, as a vertical feature symbolising aspiration, 
the Skylon is a novel structure which presents 
several unusual points of design. It is a steel-lattice 
cigar-shaped structure, pointed at the top and bot- 
tom, and clad with aluminium-alloy louvre panels, 
It is 250 ft. long, 13 ft. wide at the middle, and its 
base is 40 ft. above the ground. In cross-section, it 
is 12-sided. Its weight, 36 tons, is carried on three 
steel-wire ropes passing through the base and arran- 
ged over three inclined struts, and it is held vertically 
by three wind guys attached about half-way up. 
Adequate stability in a wind is ensured by applying 
tension to the three guys, thereby increasing the 
tension in the suspension ropes to a value consider- 
ably greater than that due simply to the dead weight. 
The inclined struts are not supported laterally, as 
they are naturally stable due to the proportions and 
angles of the various members of the Skylon. Fig. 50, 
on page 590, shows the Skylon by day, and Fig. 51 
shows it by night; in the latter circumstance an 
illusion is created, under favourable conditions, of a 
slender beacon illuminated from within and poised 
above the earth without apparent means of support. 

The architects, whose original design was des- 
cribed in ENGINEERING, vol. 169, page 49 (1950), 
have worked with the consulting engineer, 
Felix Samuely, A.M.LC.E., in collaboration with the 
consulting engineers to the South Bank Exhibition, 
Messrs. Freeman, Fox and Partners. The contract 
for the Skylon was awarded to British Insulated 
Callender’s Construction Company, Limited, 21, 
Bloomsbury-street, London, W.C.1, whose experi- 
ence on radio and television masts is well known and 
was invaluable in working out the details of the 
structure. Messrs. Painter Brothers, Limited, 
Hereford, an associate firm, were responsible for the 
fabrication. 

Wind-tunnel tests with a model of the Skylon, 
carried out at the National Physical Laboratory, 
showed that the average wind load in a 75-miles-an- 
hour wind is 17 Ib. per square foot of projected area. 
An adjustment was then made for a wind velocity 
of 80 miles an hour; allowing also for a live-load 
factor of 1-6, the average wind load becomes 
30-9 Ib. per square foot of projected area. By 
prestressing the main guys sufficiently, the con- 
dition has been reached where, in an 80-m.p.h. wind, 
there is still residual tension in the guy on the lee- 
ward side; under this condition, the two guys on 
the windward side share the increased load. Thus, 
the prestressing is analogous to that of prestressed 
concrete. Fig. 53, page 590, and Table III, here- 
with, show the loads and strains in the various ropes, 
etc. 
To reduce the number of rope connections to the 
minimum, the ropes are arranged in the following 
manner, as illustrated in Fig. 52, on page 590. 
Starting from one ground anchorage, a rope extends 
over the top of ap inclined strut to the pointed base 
of the Skylon itself; thence the rope continues over 
one of the other struts to the adjacent ground 
anchorage. There are three ropes arranged in this 
fashion, each terminating at both ends at ground 
anchorages. Thus, at each anchorage there are 
two suspension ropes, and in between them is one 


cf the guy ropes, which passes through the top of 
strut where it is registered only. Fig. 59, on 
Plate XLVITI, illustrates the false point, or cover, 
being fitted to the fabricated spider base of the Sky- 
lon ; this base was machined as shown to allow the 
three suspension ropes to be accommodated behind 
integral lips. As the ability of these lips to carry 
the load is vital, they were tested by Messrs, Kir- 
kaldy to a considerable overload. The disposition 
of the three ropes at one of the ground anchorages is 
shown in Fig. 60, on Plate XLVIII, with a tensioning 


TABLE III. Loads and Strains. 























Load, Tons. Strain, In. 
Mem- 
ad P 
e- , ° 
stress,| Wind. | Dead. | Total. | 5". | Dead. |Total. 
A | 55-3] 55-3 — | 110-6 | 2-320] — | 2-32 
B |100-5| 5-25 | 19-70 | 125-45 | 1-170 | 0-23 |- 1-40 
C .}| 155-8} 60-55 | 19-70 | 236-05 | 1-880 | 0-28 | 2-06 
D |161-8| 7-74 | 30-50 | 200-04 | 0-358 | 0-072 | 0-426 
E | 159-0] 18-10 | 30-00 | 199-10 | 0-363 | 0-069 | 0-432 














frame which was used during erection to align the 
three eyes ready for inserting the pin. The arrange~- 
ment of the upper ends of the struts is shown in 
Figs. 65, 66 and 67, on page 591. Three sheaves to 
take the ropes are shown in Fig. 65; the suspension 
ropes wrap round the outer sheaves and are retained 
by clamp plates, but the guy rope simply passes 
straight through and is held by a bar. The guy- 
rope attachments to the Skylon are shown in 
Fig. 62, on page 591, and Fig. 57, on Plate XLVII. 
The general arrangement of the concrete founda- 
tion is shown in Figs. 68 and 69, on page 591. 
The principal elements are three sets of anchorages 
for the ropes and three bases for the struts, with a 
compression member between each base and the 
corresponding anchorage. The strut bases are 
adjustable to enable prestress to be applied to the 
ropes. The design for this purpose is shown in 
Fig. 61, on Plate XLVIII. Each strut is supported 
on @ hinged pedestal which is raised by a 100-ton 
hydraulic jack; the raising of the strut tensions 
the suspension ropes and, in consequence, the guy 
ropes. Meanwhile, a cylindrical support is drawn 
up, under the pedestal, by a screw device, and 
finally supports the pedestal when the correct: 


Mr. | prestress has been reached. 


Reference to Fig. 53, on page 590, will show why 
lateral support to the struts is not necessary : 
since the base of the strut is below a line joining the 
base of the Skylon itself and the rope anchorage, 
any tendency for the top of the strut to move 
laterally is corrected by the resultant increase in 
tension in the suspension ropes. In constructing 
the Skylon, the ropes, with end connections, were 
made to the exact length, and no adjustment was 
either provided or necessary subsequently. The 
suspension ropes, each approximately 239 ft. long, 
are of a special multi-strand construction, using 
galvanised high-tensile steel wire; they are 2§ in. 
in diameter (74 in. in circumference) and have a 
specified breaking load of 192-96 tons. The ends 
are fitted with anchorage sockets machined from 
solid-forged steel, and the ropes were prestressed 
at the rope-makers’ works to @ load of 60 tons. 
The guy ropes, each approximately 175 ft. long, 
are also of galvanised high-tensile steel, but of full- 
locked-coil construction, and are fitted with 
anchorage sockets. They are 2} in. in diameter 
(7% in. in circumference) ; the specified breaking load 
was 276 tons and the ropes were prestressed to a 
load of 100 tons. All six ropes were supplied by 
Wright’s Repes, Limited, Birmi le 

The steelwork of the Skylon consists of seven 
units and three types of structure, namely, the 
foundation grillages, the supporting struts, and the 
main feature. The three structures were produced 
in that order and, with the exception of the founda- 
tion grillages, all the steelwork was extremely 
unorthodox, consisting of welded units, either deli- 
vered and erected complete or bolted together on 
the site. The material was painted with one coat of 
red oxide before dispatch and was finally painted 
after erection. Complete details for the foundation 
grillages were received on October 17, 1950, and the 
assemblies were dispatched on October 30. Little 
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Fie. 50. View From THE EXHrIsITIon By Day. 


difficulty was experienced during fabrication, apart 
from that of attaining the accurate tolerances 
required by the specification. 

The struts consist of a parallel-sided centre 
section, 44 ft. long, and two tapered end sections, 
12 ft. long, butt-welded one to each end of the 
centre section. The struts are triangular in section, 
as shown in Fig. 64, opposite, and each main leg 
consists of a 6-in. by 6-in. by $-in. angle, with a 
4-in. by 4-in. by j-in. angle nesting into the root 
and continuously chamfered along the heel to give 
the necessary clearance. The three legs are spaced 
and reinforced by }-in. mild-steel plates welded in 
T-section and bevel-cut at the ends to 105 deg. 
On each face of the strut, a }-in. thick continuous 
mild-steel skin plate is fillet-welded to the main legs. 
The total weight of each of the centre units was 
3-7 tons, and the first problems of fabrication were 
those of handling and distortion. Two sizes of 
manipulator jigs were constructed to take the heels 
of the three legs and clamp into the roots. In 
these jigs, any of the sections could be rotated 
through 360 deg. and all welds could therefore be 
made in the down-hand position. After placing 
the legs in each section on the jigs, the T-spacers 
were inserted between the faces of the legs, and 
tack-welded into position. Owing to the weight of 
the units, it was necessary to make clamps spanning 
the two legs to restrain and space them during this 
operation. As scon as the lengths had been checked 
over for alignment and straightness, the spacers 
were welded continuously to the face of the legs. 
Before the unit was removed from the jigs, the skin 
plates were laid out on each face and tack-welded 
into position. Alignment was again checked before 
final welding. 

The struts then consisted of three separate 
sections, together with the cap and base bearings, 
which had to be welded together to form a complete 
structure. To facilitate this, assembly jigs were 
constructed which located the cap and base bear- 
ings for each strut and restrained them to keep 
them in alignment during welding. This assembly 
jig consisted basically of two pairs of trunnions, 
each taking a slave pivot pin and lined and levelled 
on a concrete road with surveyor’s instruments. 
Before assembling the struts, the ends of the main 
angles were chamfered back in preparation for butt 
welding. Some difficulty was experienced in lining 
the sections, owing to their awkward size, weight 
and section, but this was finally effected by fixing 
two profiles, one at each main joint, and lining in 
from datum lines in two planes. When finally 
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aligned, the assemblies were welded in the jig; 
each was then a complete unit 70 ft. long, approxi- 
mately 2 ft. 4 in. across the face, and 6-2 tons in 
weight. No distortion was experienced in these 
last operations, 

Most of the body of the main feature of the Skylon 
is built up of rectangular welded frames 12 ft. long, 
which, when bolted together, form a series of 12- 
sided rings, all with their own plan bracing, as 
shown in Figs. 62 and 63, opposite. On some of 
these plan bracings, platforms have been provided, 
and a “spiral” staircase runs through all the plat- 
forms in the feature. Each of the panels consists of 
two mild-steel angles placed vertically in the struc- 
ture, and three rolled-steel sections spaced between 
them and lying horizontally. They are braced by $-in. 





diameter mild-steel rods, which are tensioned by 


AT THE SOUTH BANK EXHIBITION. 


INSULATED CALLENDER’S CONSTRUCTION COMPANY, LIMITED, LONDON. 


VIEW FROM THE NortTH BANK BY NIGHT, 


————= 
>. aA 








/ 
f 


/ 


/ 








“ENGINEERING” 


hook-bolt attachments at the intersection points. 
As the panels are bolted end face to end face in the 
structure, with their sides toe to toe of the vertical 
angles, great accuracy was necessary to prevent 
“growth” during erection. To overcome this 
difficulty, three jigs were constructed, capable of 
lateral adjustment to accommodate the various 
widths of panels. These were set up from tem- 
plates by platers before each set of panels was 
fabricated. 

All the component members of the frames were 
cropped and punched to jigs to ensure @ maximum 
tolerance of gi in. in back marks and hole centres. 
The units were then assembled in the welding Jigs. 
and, after welding, removed and checked against 4 
master template. All mating surfaces were ground 
to ensure a flush face, and each ring was assembled 
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Fie. 56. AERIAL View During ERECTION. Fig. 57. 
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with the plan bracing for checking purposes before 
dispatch. 

At the base of the main feature, the supporting 
cables are anchored in the spider unit (Fig. 59), 
which was fabricated by Messrs. E. G. Porter and 
Sons, Limited, Dartford, Kent. This was forwarded 
to Messrs. Painter Brothers’ works to be assembled 
to the bottom cone, which consists of 12 1-in. thick 
plates welded into a truncated cone. The axial 
loading at this point is estimated to be about 
200 tons, and great care was taken to ensure com- 
plete soundness .of the junction weld and exact 
alignment between the two sections. Another jig 
was therefore constructed, capable of swinging the 
two units through 360 deg. Before assembling in 
the jig, both halves of the base unit were preheated, 
and it was found that, due to the mass of the 
Sections, sufficient heat was retained to allow them 
to be transferred to the jig for welding. They were 
then aligned, tacked and finished with a multi-run 
weld made in prepared ends. At Messrs. Painter 
Brothers’ testing station, the joint was subjected to 
a shear load of 7} tons. 

One of the most difficult sections to fabricate was 
that adjacent to the guy point (Figs. 62 and 63). 
Each guy is attached to the structure by two 
Plates, 8 in. by % in. by 8 ft. 9 in. long, bolted face 
to face. This enabled the internal bracings taking 
the load from these plates to be fabricated and 
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into three sections, each spanning 120 deg. The 
internal framework taking the guy load is very 
complicated, as it develops from a triangular frame- 
work at the top of the guy plate to a 12-sided figure 
at its junction with the main members of the 
feature. The internal frame was built up mainly 
of mild-steel angles welded toe to toe to form a 
square, and lengths of this section were prepared 
before assembly in the structure. They were then 
marked to templates which had been laid out 
beforehand, and flame-cut to conform with the 
many angles of the connections. Heavy reinforce- 
ment required at some of the joint positions was 





Welded to the main ring of panels and then broken 


added after the assembly of the main framework, 
the whole unit being checked for accuracy from 
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time to time. Each of the three sections at the 
guy point weighed 1-14 tons and measured approxi- 
mately 13 ft. by 14 ft. by 6 ft. overall, 

The steelwork was transported by road from 
Hereford to the South Bank. A temporary tower, 
46 ft. high and 4 ft. square, was erected on the 
centre of the foundation, with a 2-in. steel ball 
interposed, to facilitate erection of the Skylon, 
The strut bases, each weighing about 23 cwt., were 
placed, grouted, and the nuts tightened the fol- 
lowing day. The struts were then erected, using 
tackle on two derricks and the temporary column 
and were temporarily stayed for the remainder 
of the erection. The first, lowest, section of the 





feature, 35 ft. long and weighing 3 tons 15 cwt., 








592 


ENGINEERING. 


May 18, 1951. 








together with the spider, was raised on to a steel 
ball on the top of the column, using tackle attached 
to the column and to the struts, which were tem- 
porarily luffed inwards towards the column for 
this purpose, as shown in Fig. 54, on Plate XLVII. 
This section was supported by four sets of tem- 
porary guys. 

A 465-ft. derrick pole, erected inside the first 
section and stayed from its head, was then used, in 
conjunction with a power winch and a controlling tail 
rope, to lift subsequent sections of the feature, the 
derrick being lifted at each stage of erection, up to 
the guying point at approximately mid height. 
In due course, the suspension ropes were erected, 
followed by the guy ropes. A “landing” load 
of about 15 tons was simultaneously applied to the 
three ropes at each anchorage, using the tackle 
shown in Fig. 60, on Plate XLVIII, and the pins 
were driven home. The ropes were then stressed, 
as already described, using the adjustable pedestal 
bases. Thereafter, the remaining sections of the 
feature, except the peak section, were erected in 
the same manner as for previous sections (Fig. 55). 
For the peak section, the derrick pole was trans- 
ferred to the outside of the feature, where it was 
used to lift the section. Fig. 58, on Plate XLVIII, 
shows the Skylon at this stage. 

Aluminium-alloy louvres, made of 16 and 24 s.w.g. 
sheet and mounted on panels 6 ft. long, cover the 
framework of the Skylon, giving it a sufficiently 
solid appearance by day, but allowing the light from 
internal lamps to show at night. Fig. 57, on Plate 
XLVI, illustrates the general arrangement of the 
louvre panels. They were hoisted up in two cages, 
made to fit an erection chair. The panels were 
secured by 16 4-in. nuts and “ Palnuts,” using a 
Desoutter electric drill adapted for the purpose. 
Fig. 58, on Plate XLVIII, shows the sheeting in 
progress. 

Electric lamps, arranged in clusters of three 
around a central steel tube on the vertical centre- 
line, illuminate the Skylon from within. Aluminium 
reflectors, in the form of inverted cones, each with a 
cluster of lamps inside, reflect the light on to the 
louvres. The central tube also supports the steel 
ladder. 

The struts arrived on the site on February 6 this 
year, and were followed by the feature sections. 
The fixing of the louvre panels was commenced on 
April 3 and completed on April 25. 

(To be continued.) 





FACTORY FOR THE PRODUCTION 
OF SINGLE AND TRIPLE 
SUPERPHOSPHATES. 


(Concluded from page 561.) 


THE two previous articles on Messrs. Fisons’ new 
single and triple superphosphate factory dealt mainly 
with the process _ but little reference having been 
made to the utility buildings, storage buildings and 
material-handling plant. Dealing first with the utility 
buildings, the most important of these, is, undoubtedly, 
the power house. This comprises a boiler house 
114 ft. long by 72 ft. wide, which accommodates four 
Super Lancashire boilers with room for a fifth, and a 
generator room 105 ft. long by 75 ft. wide, containing 
three steam turbines manufactured by Messrs. W. H. 
Allen, Sons and Company, Limited, and each arranged 
to drive a Bruce Peebles 1,750-kVA alternator ; 
the boiler room is illustrated in Fig. 12 and the turbine 
room in Fig. 13, on this page. The turbine room also 
contains a water-treatment section, a switchroom, etc. 

Each of the four Lancashire boilers has an evaporative 
capacity of 12,500 lb. per hour at 260 lb. per square inch 
and 700 deg. F. They are supplied with coal from 40-ton 
overhead bunkers through chutes fitted with Romer Lea 
recorders and each boiler is provided with a Hodgkinson 
coking stoker. Ash is removed by hand and deposited 
in a submerged ash conveyor which takes it to an 
elevated hopper outside the building for removal either 
in rail wagons or lorries. All the instruments for the 
boilers were installed by the Thermocontrol Installa- 
tions Company, Limited, and are arranged so that they 
deal not only with the boilers but also with the steam 
from the waste-heat boilers used in connection with the 
sulphuric-acid plant which, under full load, supply 
some 25,000 Ib. of steam per hour. The boilers operate 
under forced and induced draught. 

Steam from the boilers is required primarily for 
process p' ; the turbines, therefore, are of the 
pass-out type, the full-load rating in each case being 
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Fig. 13. Turso-GENERATOR Room. 


33,000 Ib. per hour of which 18,000 Ib. per hour can be 
passed out at 15 lb. per square inch for process work and 
space heating throughout the factory. The condensers 
are cooled with water obtained from Immingham dock 
and fed to the power house through a 21-in. diameter 
main, the pumps for this purpose being situated in a 
separate pump house located some distance from the 
main building. Three pumps, each capable of dealing 
with 4,500 gallons a minute, are provided. These are 
of Messrs. W. H. Allen’s vertical-spindle type and are 
protected against the entry of trash by twin rotary 
screens supplied by Messrs. Glenfield and Kennedy, 
Limited, any trash, etc., collected from the screens 
being returned to the dock by two small debris pumps. 

The pump house also contains two surface-water 
pumps supplied by Gwynnes Pumps, Limited, one of 
which is capable of delivering 2,500 gallons per minute 
and the other, 1,000 gallons per minute. These two 
pumps return all the surface water to the dock, but 
when this is excessive the surface-water collector 
sump overflows into the dock-water sump and enters 
the cooling system. It was found necessary to install 
& pumping system for dealing with the surface water 
as the high-water level at Immingham is only 2 ft. 
below that of the factory floor and 18 in. below the road 
level. The cooling-water main, which feeds the sul- 
phuric-acid plant in addition to the power house, is 





33 in. in diameter and, to prevent the growth of mussels, 
the water is treated with chlorine as it leaves the pump- 
house. The generator room also contains the feed 
pumps for the boilers, a de-aerater and three booster 
pumps. These boost the dock water to a head of 
110 ft. for subsequent circulation to the several gas- 
washing towers and the fire hydrants. The water- 
treatment plant, which was supplied by the Permutit 
Company, Limited, comprises a Spiractor unit with 
brine tank and twin filters, chemical pumps and boiler- 
feed conditioning apparatus. 

As previously indicated, there are a number of 
storage buildings situated in the various parts of the 
factory for the reception of the raw materials and the 
finished products. In general, the materials are 
delivered to the storage buildings by overhead con- 
veyors. The method of extraction, however, varies ; 
in some cases, for example, mechanical shovels are 
used, and in others, overhead-grabbing cranes, while 
in certain instances, drag scrapers deliver the material 
to a sub-floor hopper. The last-named method is the 
cheapest as it enables an A-frame building to be used 
which conforms closely to the shape of the heap thereby 
avoiding waste space internally and reducing wind loads. 
Such a structure is used for storing the phosphete 
rock; this building, which has a capacity of 20,000 
tons, is illustrated in Fig. 14, opposite. It is of three- 
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Fie. 15. Butx Store ror SINGLE AND TRIPLE SUPERPHOSPHATES. 


pin arch construction, having a span of 110 ft., and is 
clad externally with asbestos sheeting and patent 
glazing, except for the bottom 8 ft. of the side walls 
which are constructed from concrete precast panels. 
A steel rail is installed 3 ft. up from the base of the 
arch ribs to accommodate the tail sheave for the drag- 
line scraper, the ropes of which, in certain conditions, 
can exert an impact of 16 tons. The operator’s cabin 
18 situated at one side of the building as shown in the 
illustration, and the controls are arranged so that the 
sheave can be brought to any position on the rail 
without the operator leaving the cabin. ; 

The superphosphate fertiliser and compound fertiliser 
Stores, the capacities of which are 22,000 tons and 
20,000 tons, respectively, measure 58 ft. 6 in. from 

cor to eaves, each being a twin-bay building. The bays 
are 60 ft. wide and 280 ft. and 320 ft. long, respectively; 
they are divided from each other by a central conveyor 
arca_ and the material is abstracted by two 5-ton 
Overhead travelling grab cranes. These discharge 
in'> six elevated hoppers served by slow-moving 
conveyors which feed the material on to either of two 
conveyor belts located in the central area and arranged 
to carry the material out of the store. Part of the 
8uperphosphate store is shown in Fig. 15, on this page. 
ach store is designed so that the material can be 





heaped against the retaining walls to a height of 15 ft. 
above floor level. The walls are of reinforced concrete 
built up from large flat precast panels each weighing 
about 7 tons. These panels, which are 5 in. thick, were 
cast in stacks, one upon the other, and separated by a 
layer of builders’ paper ; after curing, they were lifted 
upright by crane and placed in their correct positions 
with the reinforcing bars projecting beyond the edges. 
The projections from adjacent slabs, or panels, were 
then intermeshed and joined solidly together by pouring 
in concrete, the shuttering being fixed to the precast 
panels. This method saved a large amount of timber 
which would have been needed had conventional 
shuttering been employed with the usual buttress 
timbering. 

The salts store, which has a capacity of 10,000 tons, 
is a three-bay building, each side bay being 60 ft. wide 
and the centre bay 30 ft. wide. It is divided into bins 
by 15-ft. concrete walls ; these, however, extend along 
only three sides of each bin, the fourth side being left 
open to give access for mechanical shovels which 
transfer the materials into the batching-plant hoppers 
arranged at one end of the building. The sulphur 
store is similar in most respects to the salts store, 
but has only one bay, 100 ft. wide, and is designed to 
give a capacity of 8,000 tons. 


The complete conveyor system is 2} miles long, being 
made up from 68 belts ranging in width from 20 in. to 
42 in. and running at s of from 15 ft. per minute 
to 230 ft. per minute. The main incoming conveyors, 
to which reference was made in the first of ets articles, 
are designed to handle 320 tons per hour from the dock- 
side to the stores. For the outgoing conveyors, a 
centralised control is provided; this is arranged in a 
ventilated control room and includes a diagram with 
signal lights showing the layout of the conveyors. 
Any one of a number of sequences can be selected and 
fully interlocked so that if a conveyor stops for any 
reason, all preceding conveyors are brought auto- 
matically to a standstill, thereby preventing piling up 
of material. 

Coal is brought into the factory by rail and the 
trucks discharged into a hopper by a 20-ton Rotaside 
wagon tippler supplied and installed by Messrs. Strachan 
and Henshaw Limited. Inclined conveyors remove 
the coal from the hopper and feed it either to the 
power-house bunkers, a road bunker or to a swivelling 
chute discharging into a coal store. This has a capacity 
of 8,000 tons, the coal being marshalled by a dragline 
scraper. Reclaiming is effected by reversing the 
scraper bucket and discharging the coal into a hopper 
located beside the wagon-tippler hopper, both of 
which are served by a common conveyor system capable 
of handling 75 tons per hour. 

Fresh-water storage for 22,000 gallons, which repre- 
sents the peak demand for one hour, is provided by an 
elevated Braithwaite tank 90 ft. high divided into two 
sections to give maintenance facilities. It is fed by 
two bores situated a mile from the factory site and 
served by two Beresford submersible pumps each 
capable of delivering 18,000 gallons per hour. The 
town main, however, has been connected to the tank 
for use in emergency, the pressure being boosted by a 
Pulsometer pump capable of delivering 160 gallons per 
minute. The water is distributed from the tank by a 
system of asbestos pressure pipes, ring mains being 
installed to ensure continuity of supply. 

The factory effluent is collected from the wash 
towers used in connection with the single-super- 
phosphate plant, the phosphoric-acid plant, the triple- 
superphosphate plant and the granulating plant in 
open reinforced-concrete flumes 2 ft. wide lined with 
special asphalt and faced with acid-resistant bricks 
bedded in Rubex cement. These flumes discharge into 
a main flume of the same general construction but 
3 ft. wide and 1,500 ft. long arranged to fall towards 
the effluent pump house. This contains three pumps 
each capable of dealing with 2,250 gallons per minute, 
two of the pumps normally being in use and the third 
acting as a standby. The effluent is pumped through 
one of two 24-in. diameter pipes to a junction chamber 
situated some 3,000 ft. away on the river side of the 
main dock road. 

The effluent junction chamber, which receives the 
two 24-in. diameter pipes, is a reinforced-concrete 
structure lined with special asphalt and faced with 
acid-resistant brickwork. It provides means for 
isolating either, or both, pipe-lines by stoplogs for 
maintenance and permits either pipe to be 
selected at will. The outfall is connected to the junction 
chamber by two 18-in. diameter rubber-lined cast-iron 
pipes which are carried 700 ft. out in the estuary on a 
wooden jetty. Sewage is collected in a central 
chamber from which it is discharged by ejectors 
to a septic tank. It then gravitates to the effluent 
pump house. 

Gypsum, which, as previously mentioned, is a by- 
product of the phosphoric-acid plant, is slurried on 
extraction from the filters and pumped through 5-in. 
diameter rubber-lined cast-iron pipes for a distance of 
approximately one mile where it is discharged into a 
reservoir formed by 12-ft. high earth banks. The 
water content is drained into a sump in the return- 
liquor pump-house and returned by means of Wilkinson 
Linatex rubber-lined pumps to the effluent pump house ; 
there are three such pumps, each capable of delivering 
130 gallons a minute. The total length of pipework 
involved is 44 miles, which is divided into four lines 
the route involving one culvert 150 ft. long under 
existing railway tracks and another 86 ft. long under 
the main dock road. 

As already mentioned, the factory is the largest of its 
type in the United Kingdom, having been designed for 
an annual output of 70,000 tons of triple super- 
phosphate, 50,000 tons of single superphosphate and 
75,000 tons of granular compound fertilisers. In a 
brochure issued on the occasion of the official opening, 
Messrs. Fisons paid tribute to the joint consulting 
engineers, namely, Sir Alexander Gibb and Partners 
and Messrs. Maunsell, Posford and Pavry, and to the 
main contractors, Messrs. A. Monk and Company, 
Limited, who, it is pointed out, did much to bring this 
undoubtedly large undertaking to a successful con- 
clusion. Triple superphosphate has not been manu- 
factured hitherto in this country, so the new plant 





should be of material assistance to British agriculture. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


Sree. INpusTRY.—The Scottish output of steel ingots 
and castings declined in April to 46,230 tons weekly 
(2,389,900 tons per annum) as compared with 49,630 tons 
(2,581,000 tons) in the corresponding month last year. 
Production in March was 47,430 tons (2,466,400 tons). 
Reflecting ore-supply shortages, pig-iron output dropped 
from 14,840 tons a week in March to 13,770 tons last 
month. In April, 1950, when one large furnace was off 
for relining, the production reached 13,180 tons. 

CoaL MINING IN GLASGOow CrTy.—Boring operations 
by the National Coal Board, at Queenslie Bridge, Glas- 
gow, to a depth of 2,240 ft., have proved the continuity, 
beyond a 720-ft. downthrow fault, of the three seams 
at present worked at Cardowan Colliery, Stepps. The 
seams range in thickness from 25 in. to 34 in. The 
results enhance the prospects of a new colliery within 
the city boundaries, where* Garscube Mine is the sole 
remaining unit in production. 

> 





INDUSTRY AND EMPLOYMENT IN SCOTLAND.—The 
annual White Paper on industry and employment in 
Scotland points out, inter alia, that, by the end of 1950, 
19 United States and Canadian firms had begun pro- 
duction in Scotland since the end of the war, their 
products including tractors, razor blades, accounting 
machines, and electric motors. 


WELDING SHOP FoR DIESEL ENGINES.—A new smithy 
and welding shop, likely to employ 300 men, is to be 
established in a Greenock factory to be provided by 
Scottish Industrial Estates, Ltd., for John G. Kincaid 
and Co., Ltd., marine engineers, Greenock. The welding 
shop will be used chiefly for fabrication work in connection 
with the Diesel engines made by the firm. 


THe LaTeE Mr. J. P. REYNOLDS.—We regret to 
announce the death of Mr. John Pickworth Reynolds, 
which occurred after a short illness at his home at Esher, 
Surrey, on May 1. Mr. Reynolds, who was 65 years of 
age, was chairman and managing director of the Scottish 
Machine Tool Corporation, Ltd., and sole partner of 
Reynolds and Wilson, the London representatives of 
Denham’s Engineering Oo., Ltd., Halifax; John Pickles & 
Son (Engineers), Ltd., Hebden Bridge; Fredk. Town & 
Sons, Ltd., Halifax; and other firms. Mr. Reynolds’s 
first connection with the machine-tool industry was 
made in 1912, when he was appointed London repre- 
sentative of Loudon Brothers, Ltd., now merged in the 
Scottish Machine Tool Corporation. He continued to 
act in this capacity until 1923 when, in partnership with 
the late Mr. Thomas Wilson, he founded the firm of 
Reynolds and Wilson and took over the London repre- 
sentation of the Yorkshire firms mentioned above. 
Soon after the formation of the Scottish Machine Tool 
Corporation, in 1937, Mr. Reynelds was elected to the 
board, and, in 1944, he was appointed joint managing 
director, with the late Mr. Osbourne Bennie. Mr. 
Reynolds became managing director in 1945, and on the 
death of Sir Harry Greer, in 1947, he was appointed 
chairman and managing director. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


First VoyaGE or 8.8. “‘ Parricta.”—The new Swedish 
Lloyd turbine steamer Patricia, built for the North Sea 
service between London and Gothenburg, by Swan, 
Hunter, and Wigham Richardson, Ltd., at Newcastle- 
upon-Tyne, received a special welcome on her first 
arrival at Gotbenburg on May 7. At a lunch held after 
the vessel docked at the new London Pier, speeches in 
which her builders were congratulated were delivered 
by the Prime Minister of Sweden, the British Consul 
General at Gothenburg, and others. The Patricia is 
capable of accommodating over 400 passengers and is 
described as a most teaworthy and comfortable ship. 
She will sail on her maiden voyage on May 23. 

NORTHUMBERLAND COUNTY WATER SUPPLIES.—A 
long-term scheme, drawn up by a committee of the 
Northumberland County Council for augmenting the 
water supplies available in the County, has not been 
approved by the Government. The scheme, which 
would have cost some 7,000,0001., envisaged the con- 
struction of impounding reservoirs in the Cheviot foot- 
hills, and, in its place, a system of boreholes has been 
suggested. It is felt that this solution will not only 
provide all the water needed but will give speedy relief 
to areas in which the lack of supplies has been most 
keenly felt. 


RESEARCH ON IRON AND STEEL PRODUCTION.—The 
British Iron and Steel Research Association have 
arranged meetings, at Middlesbrough, to conduct 
inquiries concerning the yields of iron and steel producing 
plants, and, some months ago, scientific equipment was 
moved into premises on Tees-side. The new laboratory 
constitutes a base for field teams investigating problems 
of iron and steel production and ore beneficiation. Dr. 
P. K. Gledhill, who joined the Association from Sheffield 
University, some time ago, is in charge of the laboratory. 
Messrs. Dorman, Long & Co,, Ltd., are working in close 
co-operation with the Association and have made avail- 
able a large building at their Redcar works for use as the 
experimental establishment. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


HieH CoaL OvutTput.—With the aid of the Saturday 
shift, Yorkshire collieries raised 1,021,000 tons of coal in 
the Whitsuntide “‘ bull ’ week. It was the third time in 
four weeks, and the seventh time since nationalisation, 
that the million-ton mark had been passed. The total 
was 44,000 tons more than in the previous week and 
40,000 tons more than in the corresponding week of last 
year. 


MINING REcRuITS.—It is estimated that Yorkshire 
collieries need between 15,000 and 20,000 new employees 
before December if recruitment is to exceed the rate of 
wastage. The rate of recruitment this year, so far, has 
averaged 200 a week. A regional publicity committee 
for coal mining has been formed to further recruitment 
and increase the labour force to the estimated need of 
139,600. Three campaign committees bave been set up 
in the Doncaster, Rotherham and Carlton areas of the 
North-Eastern Division of the National Coal Board. 
These are the pit areas with the heaviest labour demands. 





MintnG InDusTRY’s SCRAP CONTRIBUTION.—The coal- 
mining industry is proving to be one of the most prolific 
sources of much-needed iron and steel scrap, and the 
South Yorkshire coalfield is contributing handsomely. 
During the first three months of this year, the quantity 
of scrap collected from pits in the North-East Division 
of the National Coal Board rose by nearly 50 per cent. 
as compared with the first quarter of 1950. Last year, 
the mining industry, with 165,000 tons, was one of the 
largest sources of the country’s 10,000,000 tons of scrap. 
Of this quantity, the North-East Division contributed 
30,647 tons, or nearly one-fifth. 


* TIDYING-UP ” AT A WORKS.—Good results attended 
“ spring-cleaning ” week at the works of Newton, 
Chambers and Co., Ltd., Sheffield. All departments 
concentrated on tidiness for its own sake and its contri- 
bution to the scrap drive and safety in the works. In 
the heavy construction shop, which normally turns out 
60 tons of scrap each month, 52 tons were collected in a 
fortnight. In the other engineering shops, 72 tons of 
scrap were gathered, in the same fortnight, against a 
normal monthly collection of 50 tons. 





THE MIDLANDS. 


THE SAVING OF Brass.—Schemes to utilise the reduced 
supplies of brass to the best advantage are particularly 
welcome in Birmingham, the home of the brass industry. 
The announcement by Dr. Dalton that the Government 
will not in future confirm local by-laws enforcing the 
use of water taps to British Standard Specification No. 
1010 has been received with satisfaction. In future, 
lighter types of tap will be made, witb a saving in brass 
estimated at 250,0001. a year. 


DIE-CaASTING PRODUCTIVITY TEAM.—A productivity 
team from the die-casting industry sailed for New York 
on May 8. There are 17 members, and half of them are 
from the Midlands. The team leader is Mr. C. R. Lyons, 
of the Imperial Smelting Corporation, and the Midland 
members are: Mr. H. E. Robinson (foundry manager of 
Sterling Metals, Ltd., Coventry), Mr. N. H. List (foundry 
superintendent, Northern Aluminium Co., Ltd., Birming- 
ham), Mr. E. T. Cox (chief planner, W. & T. Avery, Ltd., 
Birmingham), Mr. J. C. Caudle (operator, Perry Barr 
Metal Co., Ltd., Birmingham), Mr. N. E. Judge (pressure 
die-caster, Birmingham Aluminium Casting (1903) Co., 
Ltd.), Mr. E. C. Blamey (gravity die-caster, Northern 
Aluminium Co., Ltd., Birmingham), and Mr. F. Carpenter 
(sales manager, Sterling Metals, Ltd., Coventry). 


Losses DUE TO POWER Cuts.—The power cuts which 
were reported last week have again been widespread, as 
a result of the continued cold weather. On several days 
there have been lengthy cuts in different areas, the 





places affected being mainly in the Black Country; 





Wolverhampton, Wednesbury and Darlaston were 
among the worst. A factory in Bilston was entirely 
without power for three separate periods on the same 
day. Over the whole district, thousands of working 
hours have been lost. Some of the larger factories have 
had 600 to 700 men idle for varying periods, and, as more 
than one management has pointed out, the time lost 
cannot be made up, as the maximum possible hours are 
being worked already. Some easing of the situation 
has been possible by the use of private generating plant, 
but the capacity of this plant in the Black Country does 
not approach the amount of load shed by the Midlands 
Electricity Board. Where private generating plant 
exists it has had to be used to keep in operation processes 
which were vital, and, if interrupted, would cause 
valuable material to be scrapped. 





THe LATE Mr. J. D. FinpLay.—We note with regret 
the sudden death of Mr. James Duffus Findlay, the 
system operation engineer for the Birmingham Grid 
Control Area, which occurred on Thursday, April 26. 
Mr. Findlay served his apprenticeship with Messrs. A. H. 
Avery, Tunbridge Wells, and his pupilage with Messrs. 
Johnson & Phillips, Ltd., and the British Thomson- 
Houston Co., Ltd., joining the Newcastle Electric Supply 
Co. in 1912 as an indentured pupil. From 1912 to 1917 
he was employed first as a junior, and then as a senior, 
shift engineer with the Newcastle Electric Supply Co. 
He served during the War of 1914-18 as an instructor 
in military electrical engineering. On demobilisation 
he wert to the Fulham Borough Council as an assistant 
station engineer for twelve months, and then to Plymouth 
Corporation as a generation and mains engineering 
assistant, serving in this position until 1927. From 
1927 to 1932 he was employed by the South Wales 
Power Co. as a system control engineer. In 1932 he 
joined the operation staff of the Central Electricity 
Board in the Central England District as system contro! 
engineer, and in 1936 he was promoted, as a result of 
outstanding merit, to chief control engineer, which 
position he held until January, 1942, when he was 
appointed chief assistant operation engineer. In 1949 
he became system operation engineer for the Birmingham 
Grid Control Area. Mr. Findlay was a member of the 
Institution of Electrical Engineers, and a member of the 
Institute of Fuel. He was honorary secretary of the 
West Midlandé branch of the Engineers Guild. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


WELSH CoAL PropucTiIon.—In the first 17 weeks of 
this year, miners in the South-Western Divisional Coal 
Board, the bulk of which comprises the South Wales and 
Monmouthshire coalfield, produced 8,453,000 tons, com- 
pared with 8,228,900 tons in the corresponding period of 
last year. 

WELSH IRON AND STEEL INDUSTRY.—Pig-iron pro- 
duction in South Wales fell by 1,760 tons a week from 
March to April, according to a statement by the British 
Iron and Steel Federation. In April, production was at 
the weekly average rate Of 24,300 tons, compared with 
26,040 tons in March and 24,030 tons in April, 1950. 
Production of steel ingots and castings, on the’ other 
hand, increased from 68,180 tons a week in March to 
68,530 tons in April, this comparing with 68,320 tons in 
April of last year. 





CLOSING OF THREE STEELWORKS.—On account of 
shortage of raw materials, three West Wales steelworks 
are to close down. The works are the Bryngwyn Works, 
Gorseinon; the Landore Works, Swansea ; and the 
Briton Ferry Old Works. A joint statement issued by 
Sir Lewis Jones and Mr. A. E. Vincent, joint secretaries 
of the South Wales Siemens’ Steel Joint Board, said it 
was estimated that about 12,000 people would be affected 
by the closing down. On the question of reabsorption 
of the displaced men, the statement added, “ there is 
satisfaction to be gained from the fact that the Steel 
Company of Wales has promised leaders of the industry 
in West Wales that priority of consideration for employ- 
ment at their new plant shall be given to men now 
unfortunately to be displaced.” It was made clear 
that, while the closing of the three works will result in 4 
reduction in the production of steel ingots, the supply of 
bars to the tin-plate industry will be fully maintained as 
this industry obtains first priority in production. 





GLAMORGAN RIVER BoaRD.—Improvement works to 
the Ely and Taff rivers, costing 10,0001., are to be under- 
taken by the newly-formed Glamorgan River Board, 
Ald. P. J. Smith, the chairman, announced at a m« eting 
of the Board. The Board, he said, would gradually 
build up an organisation to do a big job of work. Engi- 
neering staff was needed and several appointments w‘ yuld 
be made, though, for the present, staff would not be 
engaged up to the full establishment. 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Ozford Branch: Saturday, May 19, 3 p.m., Offices of 
Southern Electricity Board, George-street, Oxford. 
“Neon Sign Estimating, Erection and Maintenance by 
Contractors,” by Mr. H. Langdon-Down. Central 
London Branch: Monday, May 21, 6.50 p.m., St. Ermin’s 
Hotel, Caxton-street, Westminster, S.W.1. Discussion 
on “‘ Suburban-Railway Electrification.” 


INSTITUTION OF WATER ENGINEERS.—South-Eastern 
Section: Monday, May 21, 5.30 p.m., Institution of Civil 
Engineers, Great George-street, Westminster, S.W.1. 
Joint Meeting with the Socnttr® pes INGENIEURS CIVILS 
DE FRANCE (BRITISH SECTION). ‘“‘ The Genissiat Dam 
and Hydro-Electric Plant,”” by Mr. M. P. de Lattre. 

INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section : Monday, May 21, 7 p.m., Savoy-place, 
Victoria-embankment,W.C.2. Annual Meeting and Film 
Display. Supply Section: Wednesday, May 23, 
5.30 p.m., Savoy-place, Victoria-embankment, ~W.C.2. 
Lecture on ‘‘ Hydro-Electric Power Development in 
Scotland,” by Sir Edward MacColl. North Midland 
Centre: Wednesday, May 23, 6 p.m., Lighting Service 
Bureau, 24, Aire-street, Leeds, 1. Education Discussion 
Meeting. ‘“‘ The Selection of Students for Courses,” by 
Dr. R. Harper. Scottish Centre: Wednesday, May 30, 
7 p.m., Heriot-Watt College, Edinburgh. Annual 
Meeting and Film Display. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Mid- 
lands Centre: Monday, May 21, 7.15 p.m., Crown Inn, 
Broad-street, Birmingham. Annual Meeting and Annual 
Dinner. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, May 22, 
5.30 p.m., Great George-street, Westminster, S.W.1. 
Annual Meeting. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 22, 
5.30 p.m., 85, The Minories, E.C.3. The 1950 Parsons 
Memorial Lecture on “ Sir Charles Parsons and Cavita- 
tion,” by Professor L. C. Burrill. 

INSTITUTION OF PRODUCTION ENGINEERS.—W olver- 
hampton Graduate Section: Tuesday, May 22, 7.30 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wulfruna-street, Wolverhampton. ‘“‘ Metrology,” by 
Mr. G. H. Rutland. Shrewsbury Sub-Section : Wednes- 
day, May 30, 7.30 p.m., Technical College, Shrewsbury. 
“Commercial Possibilities of the Lost-Wax Process,” by 
Mr. A. Short. 

INSTITUTE OF ECONOMIC ENGINEERING.—Sheffield 
Branch: Tuesday, May 22, 7.45 p.m., Rotherham House 
Hotel, Exchange-street, Sheffield, 2. ‘‘ Impressions of 
South Africa,” by Mr. S. M. de Bartolome. 

RoyaL SANITARY @xerrrvre.— Wednesday, May 23, 
2.30 p.m., 90, Buckingham Palace-road, Westminster, 
8.W.1. “The Pimlico District Heating Scheme, West- 
minster: An Important Hygienic Development,” by 
Dipl.-Ing. A. E. Margolis. 

ROYAL MIOROSCOPICAL SOCIETY.— Wednesday, May 23, 
5.30 p.m., Tavistock House South, Tavistock-square, 
W.C.1. “* Histological Techniques for the Electron 
Microscope,” by Mr. M. S. C. Birbeck. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—London 
Section: Thursday, May 24, 6.30 p.m., School of Hygiene 
and Tropical Medicine, Keppel-street, W.C.1. “ The 
Resistance Wire Strain Gauge in the Measurement of 
Physical Quantities,” by Mr. J. L. Thompson. 

INCORPORATED PLANT ENGINEERS.—Birmingham 
Branch : Friday, May 25, 7.30 p.m., The Imperial Hotel, 
Birmingham. ‘“ Laundry Engineering,” by Mr. F. Q. 
Wheatcroft. West and East Yorkshire Branch: Monday, 
Miy 28, 7.30 p.m., The University, Leeds. ‘‘ Recent 
Developments in Metallurgy,” by Dr. K. J. Irvine. 

ENGINEERS’ GUILD.—North Western Branch : Friday, 
May 25, 7.30 p.m., Queen Hotel, Chester. Address on 
“ The Aims and Achievements of the Engineers’ Guild,” 
by Mr. W. L. Henderson. 

SOCIETY OF INSTRUMENT TECHNOLOGY.—Tuesday, 
May 29, 7 p.m., Manson House, 26, Portland-place, W.1. 
Annual Meé¢ting and Film Display. 

[RON AND STEEL INSTITUTE.—Wednesday, May 30. 
10 a.m. and 2.30 p.m.; Thursday, May 31, 10 a.m. and 
-.°0 D.m.; and Friday, June 1, 10 a.m., 4, Grosvenor- 
gardens, Westaninster, S.W.1. Annual Meeting. Wed- 
hesday, May 30, 7 for 7.30 p.m., Dorchester Hotel, Park- 


lane, W.1, Annual Dinner. For programme, see page 465, 
ante, 





“CORROSION GUIDE”: ADDENDUM.—We have been 
asked to state that the Corrosion Guide, by Dr. Erich 
Rabald, noted in our “ Books Received ” column, on 
Page 548, ante, may be purchased in the United Kingdom 
“\ a price of 90s. from the Cleaver-Hume Press Limited, 
42a, South Audley-street, London, W.1. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering intereet 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 

Colour Identification of Pipe Lines.—During the 
past 20 years three specifications dealing with the identi- 
fication of piping have been published, and certain 
anomalies have arisen. In order to remove these diffi- 
culties and to co-ordinate requirements, a new British 
Standard Cede, B.S. No. 1710 : 1951, has been prepared. 
It replaces B.S. No. 457 : 1932, covering the identifi- 
cation of chemical pipe lines; B.S. No. 617: 1942, 
which was concerned with the identification of pipes, 
conduits, ducts and cables in buildings ; and B.S. No. 
3011: 1929, which dealt with identification colours 
for engine-room piping. The new Code, however, 
does not supersede the specification covering identi- 
fication colours for gas cylinders (B.S. No. 349) or that 
concerning medical gas cylinders (B.S. No. 1319), nor 
does it affect the provisions of B.S. No. 158, which 
deals with the colour identification of switchgear 
*bus-bars, main connections ahd auxiliary wiring. 
The new specification provides primary identification 
colours which indicate the class of content in pipe lines, 
these colours being applied along the length of the pipe 
or in broad rings as desi Detailed identification 
of the contents of the pipes by narrow rings or letters 
and other matters of special application are considered 
in appendices. [Price 28. 6d., postage included.] 

Fixing Accessories for Building Purposes.—A revision 
of B.S. No. 1494, which is concerned with the dimensions 
of fixing accessories in general use in the building 
industry and with the materials from which they are 
made, has now been published. The items covered 
include hook bolts and nuts; drive screws; roofing 
bolts and nuts; gutter screws; pipe brackets, clips 
and hooks; coach, hand-rail and dowel screws; 
cup, ruler and square hooks; gate, shutter and wall 
hooks and wire staples, brass-head nails and escutcheon 
pins. The specification is in two main . Part 1 
lays down general requirements applicable to all 
fixings and Part 2 sets out, by means of tables, the 
requirements for specific items. Part 2 is again sub- 
divided into three sections, dealing respectively with 
fixings for corrugated roofing sheets, fixings for pipes 
and sundry other fixings. [Price 6s., postage included.) 

Nomenclature of Drawing Instruments.—A further 
specification in the series relating to drawing-office 
equipment and materials has recently been issued. 
This, B.S. No. 1709, consists of a nomenclature of 
drawing instruments. The specification contains the 
names and descriptions of upwards of 80 drawing 
instruments. Compasses are dealt with first, these 
being divided into six classes, namely, half sets, com- 
passes, dividers, bows, bow half sets and spring bows, 
each class being defined. The remaining instruments 
are sub-divided into five classes, namely, ruling pens, 
prickers, steel tracers, beam compasses, and propor- 
tional dividers. A description of each instrument is 
given. The scales most commonly appearing on 
proportional dividers are included in an appendix. 
[Price 2s., postage included.] 

Cast-Iron Economisers.—A new specification, B.S. 
No. 1712, relates to cast-iron economisers having 
extended surface horizontal tubes with flanges, and 
having a maximum water design pressure of, up to, 
and including, 650 lb. per square inch (gauge). It is 
concerned solely with non-steaming cast-iron econo- 
misers. The primary purpose of the specification is to 
clarify the position in regard to the permissible pres- 
sures and temperatures for the type of economisers 
covered. The limitations given are based upon experi- 
ence with the use of cast-iron economisers extending 
over many years. Requirements regarding materials 
and workmanship are laid down. In the section con- 
cerning construction, formule are included for deter- 
mining the minimum thicknesses of economiser tubes 
with gills or other extended surfaces, connector bends 
and manifold pipes. Formule for determining flange 
dimensions and the number of bolts and studs to be 
used are also given. Installation requirements are 
specified, together with details of the mountings. 
Inspection during construction is also stipulated, 
together with details of hydraulic tests. [Price 2z., 


postage irtcluded.] 





RoyaL AERONAUTICAL SocieTy.—At the annual 
general meeting of the Royal Aeronautical Society, 
4, Hamilton-place, London, W.1, held on May 10, 
Major F. B. Halford, C.B.E., took office as President and 
Air Commodore F. R. Banks, Mr. E. B. Dove, Mr. G. H. 
Dowty, Dr. E. S. Moult, Mr. W. E. W. Petter, Mr. J. G. 
Roxburgh and Mr. W. Tye were elected to fill vacancies 





on the Council. 


PERSONAL. 


H.R.H. THe DvuKE or EpinsurGH, K.G., has been 
elected a Fellow of the Royal Society. 


Mr. T. G. N. HALDANE, M.A.(Cantab.), M.I.C.E., 
M.LE.E., has accepted an invitation to continue as 
President of the Association of Supervising Electrical 
Engineers for a second year. 


Mr. J. G. HOLMES has been elected President of the 
Illuminating Engineering Society, 32, Victoria-street, 
London, 8.W.1, for the session 1951-52, in succession to 
Mr. L. J. Davies. Dr. J. W.T. Wats has been elected 
an honorary member of the Society. 

Dr. J. S. Tart, B.Sc., A.R.T.C., A.M.1.E.E., A.M.I. 
Mech.E., at present head of the electrical-engineering 
department, Northampton Polytechnic, London, E.C.1, 
has been appointed Principal of the Woolwich Poly- 
technic, London, 8.E.18, as from September 1. 


Mr. F. E. ROWLAND, M.I.E.E., manager of the agri- 
cultural department of the General Electric Co., Ltd., is 
the new President of the Institution of British 
Agricultural Engineers. 


Mr. G. E. BEHARRELL, deputy chairman and managing 
director of the Dunlop Rubber Co., Ltd., has been elected 
President of the Society of Motor Manufacturers and 
Traders, 148, Piccadilly, London, W.1, in succession to 
Mr. W. Lyons, who has become deputy president. 
Mr. H. SPURRIER is to continue as a vice-president for a 
further year. while Sm JonN BLACK has succeeded Mr. 
Beharrell as a vice-president. Mr. W. R. BLACK has been 
re-elected treasurer. 


Str CHARLES CoLsTON, C.B.E., M.C., D.C.M., chairman 
and managing director of Hoover Ltd., has accepted an 
invitation to join the board of the American organisation, 
the Hoover Co., North Canton, Ohio. 


Mr. H. R. Lupron, M.C., M.A.(Cantab.), M.I.C.E., 
M.I.Mech.E., who, as stated on page 531 ante, has 
resigned his position as mechanical engineer to the 
Metropolitan Water Board, informs us that he hopes to 
undertake consulting work, particularly in connection 
with pumping and allied problems. His address is 
36, The Avenue, Kew, Surrey. (Telephone: RIChmond 
4000). 

Mr. W. Ecoies, M.Se., A.M.I.C.E., M.I.Mech.E., 
A.M.1.E.E., hitherto chief engineer, genera] engineering, 
Metropolitan-Vickers Electrical Co., Ltd., Trafford Park, 
Manchester, 17, has been appointed chief engineer, energy 
application engineering. Mr. G. H. JoLiey, formerly the 
Metropolitan-Vickers Export Company’s representative in 
Malaya, is appointed assistant chief engineer of this new 
department. Mr. N. R. D. GurNEY, A.C.G.1., M.LE.E., 
has been appointed chief engineer, electrical general 
engineering, and Mr. W. E. TAYLOR becomes consulting 
engineer, rolling mills, in this department. Mr. 
W. J. Prics, B.Sc., is appointed chief engineer, mechani- 
cal general engineering, dealing with power-station 
installations. 


Mr. H. BRANTON, previously generating-station 
superintendent, London Transport Executive, Neasden, 
has been appointed generating-station superintendent, 
Lots Road. Mr. W. WARD, assistant generating-station 
superintendent, Lots Road, has been appointed genera- 
ting-station superintendent, Neasden. Mr. D. 8. RYALL, 
A.M.I1.E.E., assistant distribution engineer (tramways and 
trolleybuses), Northern division, has been appointed 
substations engineer. Mr. G. H. Lona, assistant dis- 
tribution engineer (tramways and trolleybuses), Southern 
division, has been appointed electrical equipment engi- 
neer in charge of northern and southern electrical divi- 
sions (tramways and trolleybuses). 

The 1951 Schofield Travel Scholarships of the 
Institution of Production Engineers, 36, Portman-square, 
London, W.1, have been awarded to Mr. F. W. WaLTon, 
of Liverpool, and Mr. A. H. NEEDHAM, B.Sc.(Eng.) 
(Lond.), of Lincoln. 

Mr. J. NEwTon has been appointed a member of the 
Transport Users Consultative Committee for the North- 
Western area. 

Davip Brown & Sons (HUDDERSFIELD) LTD., Park 
Gear Works, Huddersfield, inform us that the Davip 
BROWN CORPORATION LTD., formed in March, has 
announced the establishment in Canada of a new Com- 
pany, DAvip Brown (CanaDA) LtD., Toronto, Repre- 
sentation in Western Canada, however, will continue to 
be handled by GoRDON RUSSELL, LTD., Vancouver, 
while A. C. WicKMAN (CANADA) LtD., Toronto, will 
continue to handle David Brown machine and precision 
tools. It is also announced that, as from May 21, all 
correspondence on advertising and publicity matters for 
the Group should be addressed to the David Brown 
Group, Publicity Services, Meltham, Yorkshire. 

“CHAMBERLAIN INDUSTRIES LTD., Staffa Works, Staffa- 
road, Leyton, London, E.10, have appointed the GENERAL 
AND OVERSEAS TRADING CORPORATION, LTD., 50, Gres- 
ham-street, London, E.C.2, to be their agents in the 
United States, Egypt, Italy, British West Africa, Tan- 





ganyika, Iran, Iraq, and Turkey. 
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KEADBY POWER STATION. 
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Fic. 1. Generat View or Sire, SHowrne Coat TIPPLERS UNDER CONSTRUCTION. : 
a 
& 
NEW POWER STATIONS FOR THE | 
B.E.A.: XII._KEADBY. | 
Tue Keadby station in the Yorkshire Division of 
the British Electricity Authority is situated about 
} mile from the village of that name in Lincolnshire, on 
the Stainforth and Keadby Canal. It is designed for al 
an ultimate capacity of 360 MW, of which one 60-MW Pp 
set and one 550,000-lb. boiler are due for commission- 
ing during the present year. 
The coal supplies will be rail-borne along the main 
line from Doncaster to Scunthorpe and will be delivered 
to sidings with a standage of about 650 wagons at the | 
western end of the site. They will be taken thence 
to the boiler house by tipplers and conveyors, which | 
are shown under construction by Messrs. Spencer 
(Melksham), Limited, in Fig. 1. The steam-raising 
plant will consist of six Stirling boilers, each with an al 
output’ of 550,000 Ib. of steam per hour at a pressure al 
of 925 lb. per square inch and a temperature of W 
915 deg. F. Each boiler will be connected to its own th 
turbine and there will be no cross connections with Ww 
the other units. Continuous loop  superheaters, ve 
economisers, grit arresters and Howden regenerative la 
air hoaters will be installed. A complete system of | 
automatic control will be provided and firing will be h 
by pulverised fuel, which will be supplied from four " 
Babcock and Wilcox mills for each boiler to eight 
multi-jet down-flame burners. : i , ‘ ik ‘ . li 
The 60-MW sets with their condensers are being : aes ' -*¥ 
manufactured by Messrs. C. A. Parsons and Company, OE co a ~ Saceies if 
Limited, Newcastle-on-Tyne, and will consist of a l 
three-cylinder reaction turbine coupled directly to a r 
main alternator and, through gearing, to main and - 
pilot exciters. Each condenser will have a cooling at 
surface of 60,000 sq. ft. and they will be supplied with oe 
circulating water from the River Trent, about } mile 32 
away, by six Drysdale pumps, each with a capacity 
of 2,700,000 gallons per hour. The water will be 
returned to the river through an outfall chamber, a | 
view of which is given in Fig. 2. The condensate will 
be dealt with in feed-heating equipment, some of which 
is being supplied by Messrs. Hick Hargreaves and Com- 
pany, Limited, Bolton. There will be a total of T 
nine Mather and Platt feed pumps, each of which will 
be capable of pumping 35,000 gallons of water per | 
hour against a pressure of 1,225 lb. per square inch. | 
The alternators, which will be hydrogen-cooled, will | * 
generate at 11 kV and will be solidly connected to th 
transformers in which the voltage will be raised to 
132 kV. The main switchgear, which is being manu- ad 
factured by Messrs. A. Reyrolle and Company, Limited, Te 
Hebburn, will be installed in an outdoor enclosute, | lic 
which is shown under construction in Fig. 3. House | pr 
supplies will be obtained from auxiliary transformers | 
through high and low voltage switchgear, which will for 
be supplied by the English Electric Company, Limited, th 
Queen's House, Kingsway, London, W.C.2. Fic. 3. Srre or Ourpoor SwircHInG ENCLOSURE. 
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THE ENGINEERING 
INDUSTRY IN EUROPE. 


THE United Nations organisations of various 
kinds have produced a great deal of printed matter 
of somewhat doubtful permanent worth; but no 
such criticism can be made regarding the latest 
publication of the United Nations Economic Com- 
mission for Europe, namely, the General Survey 
of the European Engineering Industry. It has 
been prepared by the Industry and Materials 
Committee of the Commission, who have been 
engaged on the task of compiling it for nearly two 
years. The idea of such a general survey originated 
in the realisation that, while the more fully indus- 
trialised countries were beginning to experience 
shortages Of various kinds—materials, manpower 
and productive capacity—there were still reserves 
of capacity in some parts of Europe, which might 
be brought into use. The matter was fully discussed 
by the Industry and Materials Committee in June, 
1949, and it was then that the decision was taken to 
attempt a survey of the European engineering 
industry as a whole. Technical experts were 
nominated by the various Governments to confer 
with the Secretariat of the Economic Commission, 
a draft report was prepared and circulated for 
comment in a little more than a year, and the com- 
ments received were embodied in the volume now 
printed. The survey is put forward as “a descrip- 
tive and, in some parts, analytical study of certain 
of the economic problems of the European engi- 
neering industry,” and, though it is necessarily based 
to a great extent on assumptions and approxima- 
tions—the desired statistics not being available, in 
many cases—it presents a broad picture that is 
worth studying in itself, and which will probably 
reveal even more than its sponsors realise or ex- 
pected, when examined in detail by readers who 





have specialised knowledge of particular sections. 





The survey is divided into eight main chapters, 
which are followed by a large number of statistical 
tables and sundry appendixes. The first chapter 
is quite brief—a four-page review of “The Im- 
portance of the Engineering Industry in the Euro- 
pean Economy”; desirable as an introduction, 
no doubt, though hardly needing to be pointed 
out as an economic fact. Chapter II, however— 
“Trend of Production ”"—plunges forthwith into 
the very difficult task of attempting to correlate the 
masses of data covering, first, the period from 
1938 to 1948, and then 1949 and 1950. The work 
has been done conspicuously well, bearing in mind 
the almost complete lack of co-ordination between 
countries in the presentation of such statistics, and 
the absence, in many instances, of the few much- 
desired figures which might have served to complete 
larger sections of the puzzle. Where assumptions 
and estimates have had to be made, however, the 
fact is clearly indicated ; so that, in the section of 


o00 Chapter IIT which discusses “‘ Planning and Plan 


Fulfilment,” it is possible to obtain a fairly good 
mental picture of the general scene, as a guide to 
the study of the Tables. 

The next facet to be considered is the “‘ Pattern 


604 lof Trade,” this being the title of Chapter III, in 


which separate consideration is given to the general 
course of trade, intra-European trade, the export 
of European engineering products to countries 
overseas, and the concurrent imports into Europe 
of engineering products from the United States. 
From this section of the survey some interesting 
facts emerge, not the least interesting being that 
the United Kingdom is the only European producer 
to make substantial progress in increasing exports 
to the “dollar area,” though most of the European 
producers bave improved their positions in Latin- 
American markets, whereas, in those markets, the 
United States share in the business done has been 
declining. Concurrently, however, there has been 
a marked increase in engineering imports from the 
United States into practically every one of the 
western European countries. In swelling the 
volume of European engineering exports, it 1s 
stated, the United Kingdom has played 4 pre- 
ponderant part, but “‘ Western Germany has lost 
ground considerably”; a state of affairs, however, 
which may not persist much longer. 

Chapter IV of the survey deals with “ The 
European Engineering Industry by Sectors, 
separate consideration being given to equipment 
for road transport, rail transport, electric power 
generation and distribution, mining and quarrying 
(with which are also discussed building construction, 
and mechanical handling plant), machine tools, 
agricultural equipment, and textile and garment- 
making machinery. We will revert to some of 
these sections later, after briefly summarising 
the remaining chapters. Of these, Chapter V is 
complementary to Chapter IV, as it reviews “ The 
Engineering Industry by Countries ” ; though, 
naturally, the amount of factual information given, 
or available to the compilers, has differed widely 
between, for example, the United Kingdom or the 
Netherlands and Russia, Czechoslovakia, Hungary 
or Poland. There has been sufficient, however, to 
warrant an attempt, in Chapter VI, to indicate the 
“Trends in Specialisation between Countries and 
in Sectors” and to classify the countries into five 
categories, according to their degree of specialisa- 
tion. In the first category come the United King- 
dom, Western Germany and France, wherein “ the 
engineering industry covers all the main sectors In 
reasonably balanced proportion ” and specialisation 
is extensive. Next come Austria, the Benelux 
countries and Italy, which can cover most of their 
own domestic needs, but cannot expand their 
engineering industries greatly unless they can 
increase their exports. The third category consists 
of the U.S.S.R. alone, where the engineering in- 
dustries bas a large home demand, but does 
comparatively little export trade—although, the 
report adds, ‘‘Soviet exports of machinery to 
eastern European countries and China are assuming 
growing importance.” In the fourth category are 
Denmark, Sweden and Switzerland—all producers 
of highly specialised machinery; and the fifth 
comprises Czechoslovakia, Hungary and Poland. 
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where, it appears, a serious attempt is being made 
to promote industrial co-operation. 

Chapters VII and VIII deal, respectively, with 
“The Possible Course of Demand in Certain 
Regions” and ‘‘Some Lines of International 
Action.” That they both contain much that is 
of interest goes without saying, but, Of necessity, 
they are largely expressions of opinion, based on 
circumstances which may not develop in the manner 
assumed in the report; and, in attempting to 
predict the course of events in China and India, the 
reviewers are trying to see ahead in a way, and over 
a period of time, that the governing authorities in 
both countries might be only too glad to do if they 
could. In every direction, as the report admits, 
‘a discussion of productivity on an international 
or even on a national basis is limited by lack of 
systematic information’; indeed, it continues, 
“there is virtually no reliable statistical data on 
the European engineering industry to enable pro- 
ductivity to be compared between one country and 
another, between plants in the same country or 
between plants over a period of time.” This is, 
perhaps, rather a sweeping statement, with which 
some members of the Operational Research Club 
(whose recent conference was reported on page 568, 
ante) might not agree; but the more detailed 
review in Appendix IV, under the heading of 
“* Methods of Studying Productivity in the Engineer- 
ing Industry,” would appear to be generally in 
accord with the facts recorded in the three papers 
discussed by the Operational Research Club. 

Reference has been made above to the compara- 
tive statistics relating to various “sectors ” of the 
European engineering industry, e.g., transport 
equipment, electric power equipment, macbine 
tools, ete. The chapter in which these are sur- 
veyed must have been a difficult one to write, not 
least because, as the survey observes, a great deal 
of engineering production does not lend itself to 
such precise classification ; for example, much of 
the equipment supplied to the chemical industry, 
specialised though it is, is not necessarily manu- 
factured by one particular “‘ sector ” of the engineer- 
ing industry. Another factor of increasing signi- 
ficance is the expenditure in western Europe on 
defence and re-armament, the effect of which on 
the trends discussed must be considerable. An- 
other feature of this chapter which makes com- 
parison rather more difficult than it might other- 
wise be is that, while some outputs (e.g., motor 
vehicles) are quoted in units Or thousands, others, 
such as machine tools, are compared by value, and 
in United States dollars. Since the survey extends 
from 1938 onwards, this presents rather a complica- 
tion, even though the comparison is made in dollars 
at 1948 prices. Moreover, no figures are given for 
the production of machine tools in eastern Germany, 

There are, however, a few general conclusions 
which may be quoted. Regarding Russian produc- 
tion, it is stated that both the “ population” of 
machine tools and the rate of production have 
increased and are increasing rapidly ; the “‘ target ” 
for the end of 1950 was a stock of 1,300,000 tools 
and an annual production of 95,000, both of which 
are claimed to have been achieved. In western 
Europe generally, where the pre-war production 
was already high, the rate of increase has been less 
marked, and there appeared to be some possibility 
that, by 1952-53, there would be an over-produc- 
tion; the incidence of the various defence pro- 
grammes, however, has introduced a change in 
circumstances which largely nullifies this prediction, 
and some delivery dates now being quoted are so 
far ahead as to be almost meaningless. Throughout 
western Europe, aad especially in the United 
Kingdom, there is increased emphasis on the pro- 
duction of automatic and other bighly specialised 
machine tools, and it is stated that, since 1945, 
some 2,000 new types have been put into production. 
Notwithstanding the inevitably vague nature of 
some of the summaries and predictions, however, 
the survey that the Industry and Materials Division 
of the Economic Commission have produced is a 
valuable document, which should repay a careful 
perusal by all concerned in the planning of a unified 
production programme in western Europe as a 
whole, and in the United Kingdom in particular. 





WEIGHTS AND MEASURES. 


THE seemingly innocuous injunction of the 
President of the Board of Trade to the Committee 
on Weights and Measures Legislation, ‘‘to review 
the existing weights and measures legislation and 
other legislation containing provisions affecting 
weights and measures and the administration 
thereof, and to make recommendations for bringing 
these into line with present-day requirements,” has 
led to a number of far-reaching recommendations 
which, if carried into effect, will introduce a dis- 
turbing element for many years into industry and 
especially into the engineering industry. In their 
report,* published recently, the committee advocate 
the abolition of the Imperial system of measure- 
ment in favour of the complete adoption of the 
metric system over a period of about 20 years; 
the re-definition of the Imperial yard and pound 
in terms Of the international metre and kilogramme ; 
and the appointment of a commission on units and 
standards of measurement. 

The committee were appointed in 1948, under 
the chairmanship of Mr. E. H. Hodgson, and heard 
evidence from a total of 189 sources. They found 
that the existing principles of weights and measures 
law, founded mainly on the Act of 1878, are soundly 
based and require no fundamental revision, in the 
senses that they provide a reasonable protection to 
all engaged in trade, and that the machinery of 
administration seems to have worked well in the 
past. Nevertheless, the law is considered to be in 
need of consolidation, and an element of flexibility, 
not possible with Acts of Parliament, is required 
to enable the law to be kept abreast of new manu- 
facturing techniques and public needs. The metric 
system, it is pointed out, is a compact, closely- 
defined and universally-recognised system of mea- 
surement under the guidance of an international 
body consisting of representatives of all countries 
subscribing to its activities ; whereas the Imperial 
system—“‘a conglomeration of units which have 
been found convenient for particular types of 
measurement ”—actually covers five different sys- 
tems of weight and three of capacity at present 
lawful in Great Britain. 

The advantages of a proposed rational system, 
whether of measurement or anything else, are 
readily propounded, and may be expected to make 
a strong prima facie appeal to engineers and scien- 
tists, but the/shortcomings only come to light 
fully when the system is completely adopted. 
Furthermore, the ‘‘ conglomeration of units” of 
the Imperial system reflects the conglomerated pat- 
tern and great diversity of all industries, the practical 
needs and infinite diversity of which have fostered 
the development of these units. For a committee 
that should present both sides of the picture, their 
report is disappointing. They admit that half, if 
not more, Of the world’s trade is conducted in the 
Imperial system; that the engineering industry 
would be peculiarly affected by the exclusive 
adoption of the metric system; and that “it can, 
with some justification, be maintained that the 
actual units of the Imperial system are more con- 
venient for everyday use than the metric”; but 
insufficient attention is paid to what the change- 
over would involve. The committee have, of 
course, recognised that difficulties would arise, and 
they do, in fact, state that, during the transition 
period, the engineering industry of this country 
would operate at a disadvantage so far as inter- 
national trade is concerned. They suggest that the 
changeover should be effected at a time when the 
necessary re-equipment would not be a serious 
burden on the country’s economic capacity. No 
such period is foreseeable at present. 

The problem, as the committee see it, is not 
whether to adhere either to the Imperial system 
or to the metric system, but whether to maintain 
two legal systems of measurement or to establish 
world-wide uniformity by changing over completely 
to the metric system and abolishing the Imperial 
system. The committee consider that the metric 
system is “‘better”; that a change from Im- 


* Board of Trade. Report of the Committee on Weights 
and Measures Legislation. Cmd. 8219. H.M. Stationery 
Office, Kingsway, London, W.C.2. ' [Price 3s. 6d. net.) 








perial to metric for all trade purposes is sooner 
or later inevitable ; and that the long-term advan- 
tages due to an organised change in the near future 
would far outweigh the inconveniences of the 
change itself. These arguments, if they be true, 
are conclusive, but in view of the tremendous 
repercussions involved in taking the plunge, an 
earnest attempt should first be made to assess the 
losses and gains, short-term and long-term, however 
intractable the problem of assessment may appear 
to be. The committee have evidently considered 
that the answer is a foregone conclusion, but not 
everyone who has studied the problem will agree with 
this, as was shown by the papers presented at the 
1948 meeting of the British Association, and by the 
discussions which took place.* A leading article 
on the subject in ENGINEERING, vol. 168, page 339 
(1949), drew attention to some of the many practical 
advantages, peculiar to the ‘conglomeration of 
units,” which, in toto, are not generally appreciated. 

A less revolutionary recommendation of the 
report is that “‘the fundamental units of length and 
mass in the Imperial system should cease to be 
independently defined and that they should in 
future be defined in law as being specific fractions 
of the metre and kilogramme respectively.” The 
argument which leads to this conclusion is given in 
detail, but in brief it is this: that the Imperial 
Standard Yard (the original bar of 1845 and its 
copies) has not remained constant ; that the defining 
lines are inferior in quality ; and that, as there is 
no known legal definition of the Fahrenheit tem- 
perature scale, the provision of the Act of 1878 
that the yard shall be measured at 62 deg. F. cannot 
be implemented in practice. The Imperial Stan- 
dard Pound, also, compares unfavourably with 
the International Prototype Kilogramme so far as 
workmanship and material are concerned, and the 
Standard is defined in the Act as a weight, instead 
of a mass, which would be scientifically deter- 
minate. There are also defects in the legal defini- 
tions of the Imperial and metric fundamental units 
as used in Great Britain. As a result, the com- 
mittee can justifiably report that “it is no mere 
scientific pedantry to say that Britain and the 
U.S.A. now have different standards of length, 
though the differences are of the order associated 
with accurate metrology. These difficulties arise 
from the unsuitability of physical standards as the 
ultimate reference for fundamental units. Unfortun- 
ately, the adoption of a natural constant, such 4s 
the wavelength of light, for linear reference would 
still leave some difficulties, and, in any case, there 1s 
also the problem of reconciling the divergence 
between the British and U.S. pounds and of pre- 
scribing an enduring table of metric equivalents 
both of length and of mass. The committee, there- 
fore, have no hesitation in recommending that the 
fundamental units of length and mass in the 
Imperial system should cease to be independently 
defined and that they should in future be defin : 
in law as being specific fractions of the metre 4” 
kilogramme, respectively. : 

saree i deals with “‘ derived ” units (of 
area, volume and capacity) and with temperature, 
heat and electricity. The permanent ong a 
which, it is advocated, the President of the — 
of Trade should appoint, would advise him on the 
most suitable legal definitions of the derived units 
of capacity, temperature, heat and electricity, and we 
the possibility of defining in law the unit of time ; “ , 
on the nature and construction of primary standards 
which would be actual representations of the — 
mental and derived units. The commission wou £ 
consist of the Astronomer Royal, the wer 
the National Physical Laboratory, the Presi = 
of the Royal Society, two members nominated | 
the Lord President of the Council, one by the Lo 
Chancellor, and three members and the chairman 
nominated by the President of the Board of Trade. 
The task to be entrusted to this commission f 
largely the result of advances in the — 
metrology, and, as such, it requires attention, uw 
the question of changing over to the metric Sy me 
warrants deeper consideration than it appears 
have been given by the committee. 


— 





* See ENGINEERING, vol. 166 (1948) and vols. 167 and 
168 (1949). 
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NOTES. 


Tue M.K.S. System or Units. 

Atv a meeting of the International Electrotechnical 
Commission in Paris last July, Technical Committee 
No. 24 (Electrical and Magnetic Magnitudes) came 
to several decisions regarding the M.K.S. system of 
units. According to the official minutes of this 
Committee, which have recently been received by 
the British Standards Institution, it was decided, 
in the light of replies from the National Committees 
to the inquiry made by the Commission’s central 
office, finally to adopt the “‘newton” as the name of 
the unit of force in the M.K.S. system. The Com- 
mittee also considered it convenient to base the 
M.K.S. system for electrical quantities on four 
principal units and recommended that for the 
purpose of developing the definition of these units 
the fourth principal unit should preferably be the 
ampere. Rationalisation was adopted for the 
M.K.S. system the result being the adoption of the 
following formula : 

bo = 47 10-" for the permeability of free space 

(henries per metre). 





f= -" a for the permittivity of free space 
(farads per metre). 
c being the velocity of light in free space and ¢ the 
International Electrotechnical Commission’s symbol 
for permittivity. 
Tue Royat InstirvtTion. 

The Friday Evening Discourse at the Royal 
Institution’ last week was given by Professor O. R. 
Frisch, O.B.E., F.R.S., who chose as his subject 
the Artificial Acceleration of Atomic Particles. A 
stream of such particles, travelling at high speed 
and possessing great energy, is one of the most 
powerful tools of modern atomic research, and the 
lecturer traced the development, over the past 
20 years, of the various multiple accelerators which 
are employed to produce such streams. The earliest 
of these devices was the Linear Accelerator, con- 
sisting of a number of short metal tubes of gradually 
increasing length set up in line within an evacuated 
chamber and connected alternately to two terminals 
across which an alternating potential of appropriate 
frequency is applied. Protons produced at one end 
of the chamber by ionisation of hydrogen are 
accelerated through the tubes by means of the 
alternating potential. The disadvantage of this 
arrangement is that, if particles of significant 
energies are to be produced, the apparatus becomes 
impracticably long but, if a magnetic force is applied 
perpendicular to the direction of motion, the 
resulting force perpendicular to both the current 
and the field, turns the path of each particle 
into a circle of radius proportional to its velo- 
city. This consideration led to the invention 
of the Cyclotron, by E. O. Lawrence, by which 
particles of relatively high energy can be ob- 
tained. Attempts to push the principle too far, 
however, by increasing the diameter of the accelera- 
tor, are defeated by the relativistic increase in mass 
of the particles as their velocities become com- 
parable with that of light. As a result, their period 
of rotation lags behind that of the electric field 
rendering a further increase in their speed impos- 
sible. This difficulty was overcome by the invention 
of the Synchro-cyclotron, in which the frequency 
of the field is modulated continuously by means of 
a rapidly rotating condenser. In this case, however, 
the particles no longer emerge in a steady stream, 
but in a rapid succession of pulses of short duration. 
Instead of protons, deuterons may be used. These 
are the nuclei of the heavy isotope of hydrogen 
and probably consist of a proton and neutron. 
If a beam of deuterons falls on lithium, a stream of 
fast neutrons is released owing to absorption of the 
protons. The neutrons, being uncharged and mas- 
Sive, casily penetrate atomic fields, causing fission. 
On the other hand, an a-particle (the nucleus of 
the helium atom) which reached the surface of a 
uranium nucleus would experience a repulsive force 
of about 1 ewt., the electric potential there being 
4pproximately 15 million volts. Electrons, though 
attracted to the nucleus, are not sufficiently massive 
to cause fission, but they can be employed to 
produce hard X-rays which, in their turn, can be 
used for atomic research. Electrons are easily 


accelerated to velocities comparable with that of 
light so that, in their case, the Linear Accelerator is 
a practical proposition. Electrons of energy exceed- 
ing 100 MeV have been produced with an apparatus 
known as the Betatron, which resembles a high- 
ratio step-up transformer with the secondary 
winding replaced by a circular tube of glass or 
porcelain in which the electrons circulate about a 
million times. However, when an electron moves 
in a curved path, it loses energy by radiation and 
this loss acts on the motion like friction. Above 
energies of 100 MeV, the Betatron is inefficient 
and the acceleration has to be promoted by a high- 
frequency electric field as in the Cyclotron. A 
combination of the two methods is effected in an 
apparatus known as the Synchrotron, by means of 
which electrons of energy 300 MeV, or more, can 
be produced. This equipment is used mainly to 
produce a beam of hard X-rays which is extremely 
sharp. Thanks to the development of radar, it is 
now possible to produce very short electric waves 
of great intensity. Using a Magnetron for this 
purpose, and a corrugated tube along which the 
waves pass, a linear accelerator for electrons is 
being built at Stanford University, U.S.A. Elec- 
trons of energy 130 MeV have been obtained with 
the firs® section of this accelerator which has been 
completed. During the past few years, a new 
atomic particle known as the meson has been dis- 
covered of mass intermediate between those of the 
proton and electron. At first, mesons were observed 
only in cosmic radiation, but, with the development 
of high-energy accelerators, they can now be pro- 
duced artificially. So far, mesons of three kinds 
have been discovered, but their role in atomic 
physics is not yet fully understood. 


OprntInGc oF KirKwaLt Power SrarTion. 

Tue hydro-electric works of the North of Scotland 
Hydro-Electric Board need no introduction to 
readers of ENGINEERING. On Tuesday, May 15, 
a new Diesel station—the Board’s largest—was 
opened at Kirkwall, Orkney, by the wife of 
Mr. Arthur Woodburn, M.P., formerly Secretary of 
State for Scotland. The station bas been built 
on land reclaimed from the sea. Overburden from 
& quarry was dumped in the Peerie Sea—an inlet from 
the harbour, now enclosed—to form a cofferdam, 
the water was pumped out and the station built on 
the rock foundation, using Orkney stone. The 
building is 154 ft. long and 79 ft. wide, and houses 
three 1,540-h.p. Diesel engines made by British 
Polar Engines, Limited, Govan, with alternators, 
supplied by Messrs. Bruce Peebles and Company, 
Limited, Edinburgh, generating three-phase 50-cycle 
current at 11,000 volts when running at 300 r.p.m. 
The station has an initial capacity of 3,520 kW, 
but the building is capable of housing plant 
with a capacity of 10,000 kW. To meet the night 
load, an 800-h.p. two-stroke Crossley engine and a 
520-kW Bruce Peebles alternator are to be installed. 
Salt water from the Peerie Sea is circulated through a 
heat exchanger, which handles the fresh water of the 
cooling system. The station will operate on gas oil 
delivered through a 5-in. pipe-line from a pier a 
quarter of a mile away. Messrs. Strain and Robert- 
son, Glasgow, were the electrical consultants and the 
building contractors were Orkney Builders, Limited, 
Kirkwall. 


LocaTiInG PIPELINE CLEANER BY 
RADIOACTIVITY. 

An interesting industrial application of one of 
the radioactive isotopes produced at the Atomic 
Energy Research Establishment at Harwell has 
been brought to our notice recently. At the oil 
installation of Messrs. C. C. Wakefield and Com- 
pany, Limited, Stanlow, Cheshire, a pipeline about 
a mile in length is used to connect sea-going tankers 
with the shore plant. After one class of oil has 
been pumped through a pipe, a “ mole” is forced 
through it by compressed air in order to clean the 
pipe before pumping another oil through. It is 
hardly surprising that the mole occasionally becomes 
stuck at a bend or at some obstruction, and when 
this occurs considerable time is occupied in locating 
it. Such delays are particularly serious when a 
ship is kept waiting in dock and their effect upon 





production is also a matter of concern. Recent 
trials have shown. however, that the mole can be 


easily and quickly located by fitting into it, before 
inserting it in the pipe, a small piece of the radio- 
active isotope Cobalt 60, the rays from which are 
readily detected by a Geiger counter carried by a 
man walking along the length of the pipeline. 
Cobalt 60 is not particularly costly and has a half- 
life of 5-3 years. 


Tue First Century ofr ALUMINIUM. 

As a contribution to the Festival of Britain, an 
exhibition illustrating the growth of aluminium 
from the chemical curiosity which it was in 1851 to 
tts present position of industrial importance, has 
been arranged by the Aluminium Development 
Association at their headquarters, 33, Grosvenor- 
street, London, W.1. The first object on view is 
an aluminium medallion struck in the early “ eigh- 
teen fifties” to commemorate H. Ste. Claire 
Deville’s method of producing aluminium on 2 small 
scale with the aid of metallic sodium. Deville’s 
aluminium was shown publicly at the Paris Exhi- 
bition of 1855 and samples of it were also on view 
at the Royal Institution in May of that year, when 
the price was about 201. a lb. Between 1877 and 
1891 the metal was made in much greater quantities 
by James Fern Webster at a refinery situated near 
Birmingham. Towards the end of this period, 
Webster’s aluminium was being sold at 41. or 5l. 
a lb., quantities being exported to France at this 
price. Objects made of this metal are on view in 
the present exhibition. Aluminium remained an 
expensive metal until the electrolytic process was 
discovered in 1886, simultaneously, but indepen- 
dently, in France by Paul Héroult, and in the 
United States by Charles Martin Hall. The process 
was adopted commercially during the subsequent 
ten years in France, Switzerland and the United 
States and by the British Aluminium Company, 
Limited, in Scotland. The price quickly fell to 
1s, 8d.alb.in 1894, The next step was to strengthen 
the metal by adding small quantities of other 
elements to it, and, between 1904 and 1907, Alfred 
Wilm discovered the first age-hardening alloy which 
was taken up at an early date in Great Britain. 
During the war of 1914-18, high-strength light alloys 
became increasingly important for aircraft, and the 
exhibition includes a small section of an aluminium 
alloy strut, developed experimentally ‘in 1916. 
Another exhibit is one of the first aluminium-alloy 
aircraft propellers, produced in 1925, for the Hawker- 
Heron machine. The exhibition will remain open 
from 9 a.m. until 6 p.m., from Mondays to Fridays, 
until September 28. 


Smoke ABATEMENT. 

The continuing development of the smoke 
abatement movement is described in a new publica- 
tion—the Year Bool:, 1951—of the National Smoke 
Abatement Society, Chandos House, Buckingham 
Gate, London, S8.W.1. In the first place, 1950 was 
marked by coming of age celebrations, which 
included a Fuel Efficiency Exhibition in Man- 
chester, the inauguration of the Das Voeux Memorial 
Lectures and the strengthening in many ways of the 
Society’s position. The Des Voeux lectures have 
been inaugurated in honour of the body’s Founder- 
President and the first, which was delivered during 
the annual conference at Margate, by Dr. D. T. A. 
Townend, director-general of the British Coal 
Utilisation Research Association, included a survey 
of progress in the scientific study of coal and of the 
practical applications which had led to its utilisation 
with greater efficiency and without smoke. A 
resolution, which was passed at the Harrogate 
conference in 1949, urging local authorities to 
encourage the use of smokeless fuels in new houses 
equipped with approved appliances was sent to 
1,740 of these bodies in Great Britain. Only 90, 
however, replied and a consideration of these 
indicated that there was a serious lack of under- 
standing among many of them regarding the nature 
and usefulness of coke as a smokeless fuel; that 
in some areas the price of smokeless fuels, compared 
with coal, was a handicap to publicity for their use ; 
that the quality of coke varied considerably and 
deliveries were difficult in some cases ; and finally, 
that despite the directive of the Ministry of Health 
of November, 1948, some authorities were continuing 
to install obsolete grates in new houses, instead of 





the modern appliances on the approved list. 
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LETTERS TO THE EDITOR. 


JOINT INSTITUTION MEETINGS. 
To THE Eprror oF ENGINEERING. 


Srr,—Would it not appear that there must be 
thousands of members of the three major engi- 
neering institutions, throughout the many provincial 
towns in this country, whose only contact with the 
institution is the journal they receive ? If they are 
among the more fortunate, they may have a meeting 
in their town once, or possibly twice, in one year. 

May I venture the opinion that one of the essential 
and most valuable features of an engineer’s life 
should be the contact with his fellow professional 
men? Such contact being technical in the first 
instance, as well as social, the result would inevitably 
be a gain in human as well as professional experience. 
The denial of this type of meeting with men of 
similar outlook and background is a serious handicap 
under present arrangements, and is one which other 
professions have long tackled. 

Would it be too fantastic to propose that in all 
towns of, say, 100,000 or more inhabitants, joint 
inter-institution town committees be formed from 
members there resident, with the sole object of 
arranging technical meetings and visits at frequent 
intervals ? In towns of this size there should be 
generally at least a total of 200 to 300 members from 
the three institutions—sufficient for reasonable 
average attendances. All meetings could be kept to 
a general nature, or such that they might be of 
value to colleagues in other fields. 

If such a scheme were adopted, it would greatly 
stimulate professional activity. It would bring 
together men from different branches, and, not least, 
our profession as a whole. 


Yours faithfully, 
R. M. L. Extxan, 
B.Se.(Eng.). 
Beverley Court, 
66, Surrey Road, 


Bournemouth, W. 
May 10, 1951. 





ENGINEERING IN THE FESTIVAL 
OF BRITAIN. 


To THE Epiror or ENGINEERING. 


Str,—In the article on the Dome of Discovery 
which appeared in ENGrneERtne for April 20, 1951, 
there occurs, on page 455 (second column), a refer- 
ence to “Pop” rivets, but no indication is given 
that ‘“‘ Pop” is a trade mark. We would therefore 
draw your attention to the fact that “‘ Pop” is one 
of this Company’s registered trade marks, it being 
registered under No. B639608 in respect of 
“ Rivets,” and you will appreciate that we must 
necessarily object to any use of the word “ Pop” in 
conhection with rivets in any manner other than as a 
trade mark of the Company. 

We shall be glad, therefore, if you will kindly draw 
attention to the fact that the word is a registered 
trade mark used in connection only with rivets 
manufactured by this company. ; 

Yours faithfully, 
Gro. Tucker Eyevet Company, Limirep. 
R. Ruppocg, 
Chairman. 
Geo. Tucker Eyelet Company, Limited, 
Walsall Road, 
Birmingham, 22. 
May 3, 1951. 





INSTITUTION OF ELECTRICAL ENGINEERS GARDEN 
ParTYy.—To mark the occasion of the Joint Engineering 
Conference, which is taking place in London frem Monday, 
June 4, to Friday, June 15, the Institution of Electrical 
Engineers is arranging to bold a Garden Party at 
St. John’s Lodge, Regents Park, from 6.15 to 10.30 p.m. 
on Wednesday, June 6. This function will be in sub- 
stitution for the Annual Conversazione. Members 


registering for the Conference should apply for tickets to 
the party on the detailed conference reply form. Other 
members should use the form circulated with the April 
issue of the Journal. The price of admission is 12s. 6d. 


THE GAUGE AND TOOL 
EXHIBITION. 


(Continued from page 572.) 


Tue exhibits of Messrs. B.S.A. Tools, Limited, 
Mackadown-lane, Marston Green, Birmingham, at 
the Gauge and Tool Exhibition which, as was men- 
tioned in our previous issue, opened in the New Hall 
of the Royal Horticultural Society, Vincent-square, 
London, 8.W.1, on Tuesday of this week and will 
remain open till Friday, May 25, includes a wide 
variety of engineers’ small tools, including twist 

















Fic. 6. “Smntox”-BLapED MILLING CUTTER; 


B.S.A. Toots, Liw1rep. 

















Fie. 7. Cast-Streei. Minuinc Currers; B.S.A. 


Toots, Limrrep. 

















Fic. 8. Two-Sprrp Evectric Dritt; DrsouTreR 
Brotuers, LIMITED. 


drills, reamers, milling cutters, saws, screwing 
tackle, dieheads, broaches, etc. In addition to these, 
a new cutting material, known as Sintox, is on 
view. This is a product of Messrs. Lodge Plugs, 
Limited, Rugby, and is a ceramic (sinter alumina) 
which is particularly suitable for machining abrasive 
materials, including plastics, especially those filled 
with wood fibre or minerals, and substances such as 
graphite and asbestos. A range of B.S.A. Sintox 
turning and boring tools is displayed. Each of 
these is tipped with Sintox which is metallised on to 
a shank of high-tensile steel. Sintox-tipped mil- 
ling cutters, which have been produced for machin- 
ing graphite, have been proved to have a life between 





for each ticket. 





successive grindings at least twice that of tungsten 


carbide or high-speed steel cutters. A built-up 
cutter with Sintox-tipped blades is illustrated in 
the photograph reproduced as Fig. 6, on this page. 
Sintox is stated to be extremely hard, to have a 
coefficient of friction which is low compared with 
those of conventional tool materials and to have a 
thermal conductivity less than half that of tungsten 
carbide. Its non-metallic and chemically unreac- 
tive nature are said to prevent the cut material] 
from welding to the surface of the tool during 
machining and thus producing build-up and wear, 
Sintox tools are said to produce a good finish on the 
workpiece and to be particularly suitable for fine- 
finish turning of brass bearings and magnesium 
alloys. Special shapes of tool can be produced to 
suit customers’ requirements. 

The company also include in their display another 
new product, namely, cast-steel milling cutters. 
They were led to investigate the possibility of pro- 
ducing such cutters by considerations of cost and 
the present shortage of alloying elements, notably 
tungsten and molybdenum. Obvious economies in 
manufacture would result if the cutter could be 
made from a blank which had been cast nearly to 
the finished size and shape instead of a forged blank 
on which more machining and grinding would be 
necessary. As a result of a year’s intensive research 
by the firm, satisfactory cast cutters have been 
produced and are available in 14 standard sizes at 
prices roughly 20 per cent. less than those of con- 
ventional high-speed steel cutters. The material 
used is based on an alloy containing 1-3 per cent. 
carbon and 13 per cent. chromium, and it is under- 
stood to contain about 3 per cent. tungsten—com- 
pared with 18 per cent. in standard high-speed steel 
cutters—and a small percentage of vanadium. The 
method of casting is stated to be unconventional 
but to produce excellent results. It enables stag- 
gered-tooth side and face cutters to be produced as 
easily as straight-tooth cutters. Examples of 
form-relieved cast-steel cutters are illustrated in 
Fig. 7 on this page. 

Messrs. Desoutter Brothers, Limited, The Hyde, 
Hendon, London, N.W.9, are exhibiting ranges of 
electrically and pneumatically-operated power tools 
and die sets. In particular, they are showing four 
types of a general-purpose portable electric drill of 
recent design. One of these is illustrated in Fig. 8, 
on this page. They are all two-speed heavy-duty 
tools and differ by being of either § in. or } in. 
capacity and being fitted with either a key-type 
chuck or a Morse taper sleeve. The fact that two 
running speeds are available makes the drills general- 
purpose tools and they may be used for drilling 
not only steel but also concrete and masonry, 
provided carbide-tipped drills are employed, as well 
as for drilling wood. Each tool is driven by a 
universal electric motor which consumes 490 watts 
and develops about 0°35 h.p. The armature 1s 
mounted in ball bearings and carries a cooling fan. 
It drives the chuck spindle through helical gears 
which are made of heat-treated chrome-nickel- 
molybdenum steel and are mounted on ball or 
roller bearings. The thrust on the drilling spindle 
is taken by a heavy-duty double-row ball-bearing. 
The speed is changed by turning a switch which 
engages one or other of two sets of helical gears. 
The light running speeds of the §-in. drill are 
1,080 r.p.m. and 415 r.p.m., those of the 4-in. drill 
being proportionately higher. The motor is fitted 
with interference suppressors and the motor and 
gearbox are housed in a die-cast silicon-alloy casing. 
The weight of the complete tool is roughly 104 lb. 
Drill stands can also be supplied, by means of which 
any of the four models can be used as a drill press. 
Messrs. Precision Grinding, Limited, Precision 
Works, Mill Green-road, Mitcham Junction, Surrey, 
are exhibiting a number of optical aids for product ion 
and inspection work. A new product of this com- 
pany is the optical dividing-head illustrated in 
Fig. 9, opposite, which is designed for use on 
surface grinders or light milling machines, and m 
inspection departments. The angle of rene 
imparted to the head by a turn of the handwhee 
may be determined to an accuracy of + 10 seconds, 
the distance between the finest graduations on 
the measuring drum being 6 seconds. The prim ipal 
parts of the instrument are made of good quality 








cast iron or hardened and ground steel, but fittings 
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Fie. 9. Optican Diviptne-HEap ; 
PRECISION GRINDING, LIMITED. 

















Fie. 11. Co-orprnaTE TaBLE; Prrrer GAUGE 
AND Precision Toot Company, LIMITED. 


unimportant from the point of view of rigidity are 
made from light alloy. The instrument comprises 
steel centre spindle which is hardened, ground and 
lapped, and mounted rigidly on a cast-iron bracket. 
A bronze-bushed sleeve rotates on the centre spindle 
and carries @ glass annulus graduated in degrees. 
The sleeve is driven from a handwheel by means of 
a worm and wormwheel and also serves to rotate the 
workpiece. The glass annulus is illuminated, and an 
image of the graduations is projected through an 
optical system on to a glass screen mounted in the 
aluminium cover Of the dividing head. The screen 
is graduated with 9 pairs of double lines at a distance 
apart between centres equivalent to 6 min. It has 
limited longitudinal movement, being mounted on a 
ball-race slide and moved by means of a micrometer 
screw. The latter is furnished with a drum gradu- 
ated into 60 divisions, each of which represents 
6 sec. The micrometer screw and drum are con- 
nected through bevel gears to a control knob. 

_ Inreading the instrument, the operator brings the 
image of the graduation on the main scale into the 
centre of the nearest pair of parallel lines on the 
auxiliary scale by moving the latter. The final 
reading is then obtained by adding the readings on 
the screen and on the fine scale. To assist the 
operator, the scale indications are magnified by a 
lens mounted on the cover. The main handwheel is 
used only to rotate the sleeve and the workpiece, 
Which is supported between stationary centres and 
rotated by means of a carrier drive. The latter is 
provided with two screws for fine adjustment ; the 
handwheel, also, can be finely adjusted by means of 
& serrated ring which surrounds it. Once set, the 
sleeve may be locked in position by means of a 
brake applied through a second knob on the instru- 
ment. The dividing head and its associated tail- 
stock mounted together on their baseplate are 
illustrated in Fig. 10. The tailstock is adjustable in 
both the vertical and horizontal planes and, like 
the dividing head, carries a No. 2 Morse taper centre. 
The base is made from high quality cast iron 
annealed to remove internal stresses. The central 
T-slot is accurately parallel-sided and the flatness 
of the top face of the plate is checked optically. 
Other equipment displayed by the firm includes 














Fie. 10. Drvmpmyc-Hrap anp TaILsTock ON BASEPLATE; PRECISION GRINDING, 
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Fie. 12. Comprnation Srvz-Square; PITrer 
GAUGE AND Precision Toot Company, LIMITED. 


toolroom microscopes, graticules, gauges, cutting 
tools, dies and punches for the manufacture of small 
gear wheels, and rack-type gear cutters. 

The Pitter Gauge and Precision Tool Company, 
Limited, 23, Market-street, Woolwich, London, 
§.E.18, are exhibiting a range of slip gauges, stan- 
dard measuring equipment, and examples of tools, 
jigs and fixtures manufactured to customers’ 
requirements. Two recent products of the company 
are illustrated in Figs, 11 and 12, on this page. The 
co-ordinate table, shown in Fig. 11, assists accurate 
drilling. It can be mounted on a faceplate or used 
otherwise for production or inspection purposes. 
Each of the two component slides has a traverse of 
5 in., the directions of motion being accurately at 
right angles, and the positions of the tables are 
determined by means of slip gauges. The com- 
bination square, illustrated in Fig. 12, is employed 
in the machining or measurement of angles between 
0 and 360 deg. It can also be used for indexing and 
checking dividing heads, as a squareness tester, and 
for many other purposes. The company also 
manufactures comparators and interferometers to 
the designs of the National Physical Laboratory. 
Examples of these are on view. 

Messrs. B.I.P. Tools, Limited, 147, Tyburn-road, 
Erdington, Birmingham, 24, are a company speciali- 
sing in the manufacture of moulds, tools and dies for 
the moulding of plastics. Their exhibits include too] 
parts produced by various processes, complete 
moulding tools, together with mouldings made from 
them, and examples of induction-heated tools. 
Three large moulds are on view. One is used for 
moulding beakers by compression methods, the 
second is also a compression-moulding tool used to 
manufacture an electrical component, and the third 
is an injection mould for making combs. The photo- 
graph reproduced in Fig. 15, on page 602, shows an 
induction-heated tool used for moulding telephone 
handsets. Its novel features include temovable 
coring pins which are inserted to form the passages 
for the cable. This particular example is destined 
for Holland. Other exhibits on the company’s 





stand include cold-hobbings and examples of shape 
turning, thread-milling and other production 
processes, including precision casting. 

The exhibits of the Plessey Company, Limited, 
Ilford, Essex, include die sets and standard drilling 
jigs. The pillar-type bolster set illustrated in Fig. 
16, on page 602, combines the advantages of pillar- 
type press tools with the economies of the inter- 
changeable standard die set. The top and bottom 
bolsters can be used indefinitely and die sets not 
currently required can be stored in less space and 
handled more conveniently. The bolsters are 
manufactured from cast iron and the pillars and 
bushes, which are disposed at the rear of the sets 
to provide maximum clearance, are of cast steel 
and are hardened and ground. Oil reservoirs with 
wick feeds are fitted on each bush. The die set is 
clamped to the top bolster by forged high-tensile 
steel dogs, and to the bottom bolster by a cast-steel 
strip which is hardened and ground. Longitudinal 
registers are provided to assist setting. The die is 
supported on the filler plate and a series of the 
latter, which the die maker can cut to suit his require- 
ments, can be supplied for use with each size of 
bolster. In the case of thin blanks, or when it is 
necessary to build up the shape with die inserts, the 
special filler plate required is attached to the die by 
replacing two of the standard dowels by longer 
dowels extending through the filler plate. In 
addition to pillar-type die sets, standard open-type 
bolster sets are also manufactured by the company, 
and examples of these are on view. The company 
is also exhibiting a hand-operated crimping tool 
used for making solderless connections in electrical 
wiring. The possibility of damage to components 
by heat during soldering or, subsequently, by the 
corrosive action of the flux, is obviated by the use 
of this tool, and the electrical and mechanical 
efficiencies of the resulting joint are said to be 
unaffected by heavy vibration or abnormal handling ; 
neither is the reliability of the joint dependent on 
the skill of the operator. 

The exhibits of Messrs. Redman Tools and 
Products, Limited, St. Martin’s Gate, Worcester, are 
designed to illustrate the Redman Unitool system, 
in which units for piercing and cropping are set up 
in @ power or other press. The piercing units 
pierce round or irregularly-shaped holes and can be 
supplied to perform a second operation such as 
dishing, countersinking or extruding in conjunction 
with the first. The cropping units crop the edges 
and corners of sheets of material and can be supplied 
in a variety of forms. There are various methods 
of using the units in all types of presses. When the 
requirements are temporary, or the arrangement 
must be adjustable, a die set is employed with 
separate punch units, dies and dieholders, but when 
press brakes are used, it is customary to employ 
self-contained units which are not attached to the 
top ram of the press but are located, instead, by 
dowels, under the units, which fit into holes in a 
template drilled to the same centres as those to be 
pierced in the component. An example of an 
arrangement of this kind is illustrated in the photo- 
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Fic. 13. Press-Braxe Set-Up; Repman Toots annv Propwcts, 


LIMITED. 


graph reproduced in Fig. 13, on this page. On 
press brakes, several bending and piercing operations 
can be performed simultaneously and standard 
press tools may be used in conjunction with the 
units. The units may be employed to pierce and 
crop metal, asbestos or plastic sheets, angles, 
channels, etc. The company also manufacture 
bolsters, templates, and stops for use with the 
units, and a range of press tools, press brake forming 
tools, jigs, fixtures and other special tools. 

A disadvantage of many forms of hardness- 
testing is that test pieces have to be cut from the 
material the hardness of which has to be determined. 
This process is often laborious and wasteful, and 
frequently impracticable. In order to avoid it and 
make hardness determinations possible in places 
otherwise inaccessible from this point of view, the 
Cabul Tool Company, Limited, 46-48, Battersea 
Bridge-road, London, S8.W.11, have developed an 
instrument known as the Penetrascope, which is 
portable, makes the test in situ, and is claimed to 
give highly accurate results. The instrument is 
illustrated in Fig. 14, on this page. As indenter, 
it employs a diamond having faces cut at 136 deg., 
which is applied to the material by hydraulic 
pressure, controllable by means of a light handwheel. 
The indentation is examined subsequently by the 
aid of a microscope incorporated in the instrument, 
and the width across the diagonal of the indentation 
is determined, as a decimal fraction of a millimetre, 
by means of a built-in micrometer. The measure- 
ment is then converted to a diamond-pyramid 
hardness number by the aid of British Standard 
tables supplied with the instrument. Conversion 
tables are also supplied for use when it is desired to 
express results in other units. The instrument 
weighs 11 lb., approximately, and can be supplied 
with various forms of clamp which make it suitable 
for testing specimens of widely varying shapes and 
dimensions. 

(To be continued.) 





ERINOID POLYSTYRENE.—A valuable plastic material 
known as Polystyrene, formerly produced mainly in the 
United States, is now being manufactured at Partington, 
near Manchester, in a plant owned by Styrene Products 
Limited, a company formed jointly by Petrochemicals 
Limited and Erinoid Limited, in 1950, with offices at 
96, Piccadilly, London, W.1. Polystyrene is marketed 
under the trade name “ Erinoid ” and is supplied in the 
form of moulding powder, sheets and rods. The raw 
material used in the manufacture of Polystyrene is 
monomeric styrene, which is at present imported, but will 
be manufactured eventually in the adjacent petroleum- 
chemicals plant of Petrochemicals Limited. Polystyrene 
is said to be the lightest of all thermoplastics, to be 
unaffected by moisture, to have good resistance to heat, 





Fra. 14. 





Fie. 15. TELEPHONE Hanpset Movutp; B.LP. 


Toots, LIMITED. 

















Fie. 16. Pr.ar-Typs Botster Diz Set ; PLEssEY 
Company, Lim1TEp. 


and to have electrical properties of an exceptionally high 
order, It can be made fully transparent, in which form 
it is able to “ pipe ” light, as well as in a wide range of 
colours from pastel shades to black. Objects of all 
shapes, sizes and colours can be made from this material, 
usually by injection moulding, but it can be machined, 
etc., and parts can be cemented together. 
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STRUCTURES LABORATORY OF 
THE CEMENT AND CONCRETE 
ASSOCIATION. 


THE Cement and Concrete Association was formed 
in 1935 to assist users of cement and to encourage the 
attainment and maintenance of high standards in 
concrete construction. It also aimed at promoting 
new uses for concrete and improving the efficiency and 
economy of established practice in the industry. The 
Association drew up plans for research and develop- 
ment work, but these had to be postponed owing to 
the war. A start was made, however, in 1946, when 
premises were acquired at Wexham Springs, Stoke 
Poges, and opened as a research station. The property 
consisted of a country house, now used as offices and 
laboratories, and some 31 acres of grounds containing 
a number of outbuildings which have since been 
adapted to similar uses pending the completion of 
further laboratories and workshops. The research 
work at Wexham Springs falls into four main cate- 
gories: physics and chemistry, concrete and concrete 
materials, structures and engineering. A fifth section 
of the establishment is concerned with development. 

On Thursday, May 10, the first of the extensions 
which are being built in the grounds of the house was 
officially opened by the Minister of Works, the Rt. Hon. 
G. A. Brown, M.P. The photographs reproduced in 
Figs. 1 and 2, opposite, show the exterior and interior 
of the building, which will be used for structural 
research. There are two main laboratories, the larger 
being 100 ft. long, 30 ft. wide and 26 ft. high. It 
will be used for research on structural design, and 
the smaller, adjoining laboratory, which measures 
30 ft. by 30 ft. by 14 ft. 3 in. high, is for experimental 
work on problems related to the development of precast 
concrete. The two wings which abut on the main 
building contain staff offices and stores. The con- 
struction of the main building is of some interest. 
Basically, it is a reinforced-concrete frame, the main 
members of which are columns of T-section spaced 
10 ft. apart. Besides carrying the roof, these columns, 
which were cast in situ, support the rails for an over- 
head hand-operated crane of 5 tons capacity, supplied 
by Messrs. Herbert Morris and Company, Limited, 
Loughborough. The main beams of the roof, which 
were precast and pretensioned according to the Hoyer 
system, have an unsupported span of 29 ft. 6 in. 
They are connected by T-section joists of similar 
construction in order to support the roof, which 
consists of unreinforced concrete blocks. The walls 
of the building are supported within the side frames on 
ground beams and, for the most part, carry no load. 

The floor in the smaller laboratory and that part 
of the floor of the main laboratory which is used for 
test work are isolated from the rest of the structure by 
strips of impregnated felt. Movement of the ‘lor, 
therefore, is not restrained by the framework of the 
walls, and the latter are not subjected to impact and 
vibration arising from the test work. The main test 
floor, which measures 40 ft. by 27 ft. in plan, 1s 
2 ft. 6 in. thick and is reinforced with two lattices of 
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1-in. diameter steel bars, the lower set being s 

6 in. apart, both laterally and longitudinally, and the 
upper 21 in. apart. Twenty-four 1}-in. diameter ducts, 
spaced | ft. apart, and running parallel to the length 


of the building, have been included in the concrete in| fi 


order to accommodate prestressing cables which may 
be passed through these ducts should it be necessary, 
for any reason, to strengthen the floor. Viewed in 
the vertical plane, each duct is shaped like a catenary 
with the base 20 in. and the ends 6 in. below floor 
level. The ducts terminate in two channels at the 
ends of the floor, which are covered with steel chequer- 
plates and accommodate the cable-tensioning jacks. 
Steel sockets which form an array of equilateral 
triangles have been cast into the test floor and anchored 
by hook-bolts to the lower mattress of the reinforce- 





ment. Numbering 263 in all, and screwed with a 
1}-in. diameter thread, they are each capable of with- 
standing a direct pull of 5 tons. They will be used for 
anchoring test frames and other equipment to the 
oor. 

The frames on which large structures are tested are 
built up according to requirements from steel members 
previously drilled in a number of patterns. This was 
felt to be the most economical way of carrying out a 
wide range of tests, because the patterns of holes 
permit the steelwork to be assembled in a variety of 
ways and added to as desired. The aim has been to 
make the framework fit the specimen rather than the 
opposite. The framework can be erected to enclose 
the experimental structure, so that point loads or 
distributed loads can be applied directly, or it can be 





used for direct compression tests on columns, or 
racking tests on frames. By erecting two separate 
frames and fixing a cross member to the specimen to 
take the thrust of two jacks, torsion tests can be made. 
It is possible also to make tests on large beams by 
laying them on the floor and loading them by jacks 
acting sideways and anchored to the floor. 

For the first tests that are being carried out in the 
new laboratory, the frame has been erected as shown 
in Fig. 2. The steelwork was supplied by Messrs. 
Matthew T. Shaw and Company, Limited, Ferry-road, 
Millwall, London, E.14. The four main beams form a 
rectangle supported by columns at the corners, which, 
in turn, are attached to short ground beams. The whole 
framework is held down to the floor by a system of 
saddle beams, connecting rods and distributing beams, 
each of which is anchored to two sockets in the floor. 
With this particular arrangement, the whole frame is 
held to the floor at 32 points. The test specimen con- 
sists of four main longitudinal beams, each of 20-ft. 
span, spaced 2] in. apart and ee by the Magnel 
system. These beams are freely supported at their 
ends. Between them, and situated at the quarter, half 
and three-quarter points, are transverse interconnecting 
beams, prestressed by the Lee-McCall system. Vertical 
loads are applied by hydraulic jacks, of 50 tons maxi- 
mum capacity, supplied by Munnglenn Engineering 
(Machine Tools), Limited, 103, Old-street, London, 
E.C.1, which act at points equidistant from the centre 
of the span. Loads may be applied to one, or more, of 
the beams. The deflection of the structure is mea- 
sured at 36 points by vernier .gauges mounted at the 
top of a tubular scaffolding which surrounds the equip- 
ment, and connected to the beams by lengths of 
cable which pass over pulleys and terminate in counter- 
balance weights. These are visible in the illustration. 
The deflections can be determined to an accuracy of 
0-01 in., which is sufficient forthe purpose. The strain 
in the structure is recorded at 174 points, at 50 of 
them by electrical-resistance strain gauges, and by 
mechanical strain gauges at the remainder. The leads 
from the electrical-resistance strain gauges run to a 
50-channel recorder which is connected to an auto- 
matic plotting table. This equipment was supplied 
by Messrs. Savage and Parsons, Limited, Watford 
By-pass, Watford, Hertfordshire. At 13 points the 
twist of the beams relative to one another is recorded 
by a mechanical] strain gauge. 

The ancillary hydraulic equipment was supplied by 
Messrs. Towler Brothers (Patents), Limited, Electraulic 
Works, Rodley, Leeds. The jacks are operated by a 
hydraulic system fed from a 100-gallon tank by an 
axial-plunger pump driven by a 10-h.p. motor. The 
output of the pump consists of two separate deliveries, 
one of 750 and the other of 188 cub. in per minute, 
and the rates of strain applied by the jacks are con- 
trolled by metering valves. The high-pressure flexible 
pipelines which supply the hydraulic fluid to the jacks 
are a product of Messrs. Avica Equipment, Limited, 
50, Pall Mall, London, 8.W.1, and the high-pressure 
pipe couplings were supplied by the British Ermeto 
Corporation, Limited, Hargrave-road, Maidenhead, 
Berkshire. The pressures in the lines give an indica- 
tion of the force applied by each jack but, in order to 
determine the force accurately, pressure capsules are 
inserted between the jack andthe specimen. Other pres- 
sure capsules are located under each of the main beams 
at one end. Jhese 50-ton capsules are a product of 
Messrs. A. Macklow-Smith, Limited, 8, Malbrook-road, 
Putney, London, 8.W.15, and were described in 
ENGINEERING, vol. 170, page 573 (1950). The working 
fluid is a mixture of glycerine and water. The capsules 
installed under the ends of the beams, and their 
associated gauges, are clearly visible in Fig. 2. 

For convenience of operation, all the controls and 
gauges relating to the hydraulic system have been 
assembled in one mobile unit. Oil is supplied through 
flexible pipes to the unit and is there metered, reduced 
in pressure, and distributed throughout the system. 
The control unit was designed, largely manufactured 
and wholly assembled by the staffs of the research sta- 
tion, and is a credit to all concerned. Other equip- 
ment housed in the laboratory includes a 50-ton 
Universal] testing machine by Messrs. Samuel Denison 
and Son, Limited, Hunslet Foundry, Leeds, 10, Other 
research being undertaken in the laboratory includes 
experimental work on shell roofs, and determinations 
of the redistribution of the stresses in redundant 
reinforced-concrete frames after plastic hinges have 
been formed. 

Space does not permit an account of the many other 
activities of the Research Station, but mention must 
be made of the exhibits of conerete having a variety 
of surface finishes and colourings, which were much 
admired by the visitors on May 10. Although some 
of these finishes are relatively costly to produce, they 
do show that concrete buildings, etc., need not have 
the somewhat drab appearance often associated with 
them. Some of these special finishes have been applied 
to the walls of the new laboratory with good effect. 
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ANNUAL REPORT OF THE 
INSTITUTION OF ELECTRICAL 
ENGINEERS. 


THE report of the Council of the Institution of 
Electrical ineers for the year ended March 31, 1951, 
which was presented at the annual general meeting on 
Thursday, May 17, records that the many activities of 
that body, both at home and abroad, have been 
extended. Changes in the by-laws, which are mainly 
concerned with the requirements for entry to the 
various classes of membership and the number of 
ordinary members who may serve on the Council, were 
approved by the Privy Council. The problem of the 
future development of higher technological education 
received close attention, and the Report of the National 
Advisory Council on Education for Industry and 
Commerce was discussed with representatives of the 
Minister of Education. Attention is called to the value 
of the Conference of Engineering Institutions of the 
British Commonwealth, which was heldin Johannesburg 
in April, 1950, in drawing these bodies closer together. 
Mention is also made of the nomination by the Presi- 
dent, under the Wireless Telegraphy Act, 1949, of a 
Panel from which the Postmaster-General has appointed 
two Advisory Committees dealing respectively with the 
ignition systems of certain types of internal-combustion 
engines and with refrigeration apparatus. These 
bodies will give advice on the measures which should be 
taken to control radio interference from these sources. 
A preliminary draft of an International Code for 
Electrical Installations in Ships has been prepared ; 
and it is interesting to note that, since May 1, 1950, 
36,600 copies of the 12th Edition of the Re tions for 
the Electrical Equipment of Buildings have been sold. 
On a more domestic note, it may be mentioned that the 
first group of houses and flats, which have been erected 
at “The Chesters,’”” Ne Malden, Surrey, from sub- 
scriptions to the Homes Fund, are now occupied. 

The rate of increase in the membership of the 
Institution has been well maintained, the number of 
newly elected members during the session being 2,431, 
compared with 2,559 in 1949-50. On April 1, 1951, the 
total membership was 36,558, of whom 26,339 were 
corporate members or graduates. During the 12 
months ended March 31, 1951, 1,162 meetings of 
various types were held. These included the Heaviside 
Centenary meeting and the Faraday and Kelvin 
lectures. The membership of the four specialised 
sections continued to grow and their activities included 
a symposium on “ Radiation Monitoring Apparatus,” a 
conference on “ Electricity as an Aid to Production ” 
and a number of papers on automatic control and servo 
systems. South Midland Centre attained the 
jubilee of its foundation, which was celebrated by an 
exhibition at the Birmingham College of Technology 
and the publication of a history of the Centre. Increases 
in the attendance at the Students’ Sections meetings 
are noted. This is ascribed in part to the enthusiasm 
with which the recommendations of the ad hoc commit- 
tee appointed to consider this question have been 
adopted. 

A committee has been set up to propose, consider, 
suggest and co-ordinate arrangements for exhibitions, 
whether permanent or temporary, dealing with the 
history and progress of electrical science and engineering 
and their applications. This body has reviewed the 
arrangements at the Science Museum for the display of 
collections of electrical engineering intétest and have 

resented an interim report conveying their proposals 
for the re-staging and extension of the electrical power 
collection. It is proposed to consider other collections ; 
for example, those dealing with electricity and mag- 
netism, telecommunication and electric transport. 

The technical york undertaken by the Institution 
included the consideration of Codes of Practice for 
buildings, flameproof equipment, street lighting, over- 
head lines and other matters; regulations for the 
electrical equipment of aircraft ; basic design tempera- 
tures for space-heating installations ; and model forms 
of general conditions of contract. Close collaboration 
was maintained with a number of other bodies, 
including the British Standards Institution, the 
Technical and Scientific Register and the Professional 
Engineers’ Appointments Bureau. The work under- 
taken under various headings in the field of education 
is set out in full detail. The assessment of the labora- 
tory report books of candidates taking the associate 
membership examination has now become an integral 
part of the examination and the assessor has reported 
on a gradual improvement in the standard of the work 
submitted. During the summer vacation the Council 
invited the students, who had come to this country to 
obtain industrial experience under the scheme operated 
by the International Association for the Exchange of 
Students for Technical Experience, to a joint meeting 
with the London Students’ Section. This meeting was 
addressed by Sir Arthur Fleming, who took for his 
subject the history of engineering training in Great 
Britain and the progress made in industrial research. 





LABOUR NOTES. 


Demanps for fundamental changes in the control of 
the nationalised industries were made by Mr. Harold 
Taylor in his idential address to the Co-operative 
Congress at Blackpool on Monday last. The Congress 
was attended by over 2,000 delegates, who represented 
most of the ten-and-a-half million co-operators in the 
United Kingdom and the Republic of Ireland. Mr. 
Taylor, who is the President of the Co-operative 
Productive Federation, urged that the next step in the 
ee ownership of the nationalised industries should 

the formation of a co-operative organisation for their 
control, and that this body should represent work- 
people in the respective industries and consumers of 
their products, as well as the Government. All three 
sections should participate also, Mr. Taylor considered, 
in the financing of the industries concerned. 

After the original purchase of an industry by the 
Government, this joint participation could be secured, 
Mr. Taylor suggested, by the workpeople and consumers 
taking up shares in the industry in question, the cost 
of these being met out of “‘ profits and bonus.” There- 
by the Government would be repaid its initial invest- 
ment over a stated period of years, but this should be 
accomplished in such a manner that, at the end of the 
stipulated time, each of the three types of shareholders 
would own equal shares in the industry. He stated 
that it was his firm conviction that co-operatively- 
owned public industries of the character he suggested, 
would be both practical and efficient. They would 
possess the great advantage of giving to workpeople 
and consumers that sense of real ownership and partici- 
pation in management, which was the essential feature 
of ‘co-operative enterprise and democratic public 
ownership.” 


Dissatisfaction with the increases in earnings in the 
foundry pero | during 1950 is expressed by Mr. J. 
Gardner, general secretary of the Amalgamated Union 
of Foundry Workers, in the Union’s Monthly Journal 
and Report for May, which was published on Tuesday 
last. After stating that the Garrett Committee for the 
industry was set up in the period immediately following 
the recent war, when the demand for castings was 
expanding and there was a need to render the industry 
more attractive to new entrants, Mr. Gardner reminds 
his readers that the process is now reversed and that 
the country’s economy is being reconverted to the 
requirements of war. Economic prospects for 1951 
are described in the Government’s Economic Survey 
as harsh and unpleasant. The Survey visualises, 
states, a decline in the rate of increase in national 
— a worsening of the balance of payments, a 
decline in the supply of some consumer goods, and a 
continuing increase in prices. The policy of restraint 
in personal incomes is to continue in face of an expected 
price rise of 7 per cent. 








These forecasts are made, Mr. Gardner continues, on 
the assumption that supplies of raw materials will be 
available to the extent estimated by the Survey, and 
that Britain’s exports can be maintained. That 
document expresses no optimism, however, that either 
of these assumptions will be attained and it is, in fact, 
he states, gong pessimistic regarding the main- 
tenance of supplies of raw materials. Should the 
assumptions of the Survey fail to be realised, the 
economic situation would be worse than the Survey’s 
forecast. A policy of wage restraint while prices 
increase should be considered against the results of 
1950. These show an increase of 7 per cent. in produc- 
tion, 5 per cent. in wages, and 8 per cent. in profits. 
More goes in profit increases, Mr. Gardner concludes, 
than is given in increases to the whole population of 
wage and salary earners. Even with the increased 
wages won in 1950, wages are still lagging behind 
the cost of living. 





Demands that fresh claims for a “ substantial ” 
wage increase for all employees in the engineering and 
shipbuilding industries should be presented to the 
employers immediately were made in a resolution 
passed by the Electrical Trades Union, on May 11, at 
its annual conference at Hastings. The resolution also 
expressed the Union’s dissatisfaction with the result of 
the claim for an all-round increase of 20s. a week for 
the personnel of these industries, made by the Con- 
federation of Shipbuilding and Engineering Unions in 
November, 1949. It may be recalled that, as a result 
of that claim, increases of up to 8s. a week for unskilled 
men and of up to 11s. a week for craftsmen were con- 
ceded by the engineering employers at the end of 
November, 1950. Increases of similar amounts were 
granted shortly afterwards to shipbuilding employees. 





Among the views expressed during the discussion on 
the resolution asking for a new wage demand to be 
put forward, was one which declared that the “ limited 


gains * obtained in November last had been wiped 
out by the rising cost of living. It was also stated that 
the employers were trying to re-impose the stabilisation 
of wages, despite the fact that profits were “ soaring.” 
The same delegate also appealed to the members of 
the conference not to allow themselves to be forced 
into arbitration in connection with the new claim. He 
asked that, instead, it should be backed “ by the 
organised power of the unions ” in the engineering and 
shipbuilding industries. There was some discontent at 
the conference with the way in which the Confederation 
of Shipbuilding and Engineering Unions had handled 
last year’s claims for an all-round wage increase, but 
a motion that the Electrical Trades Union should leave 
the Confederation was withdrawn. The five-day 
conference ended on May 11. 





Women members of trade unions affiliated to the 
Trades Union Congress numbered 1,217,083 at the 
end of 1950, which was 19,570 fewer than at the close 
of 1949, when there was a total of 1,236,653. A con- 
ference of women trade unionists, to which they 
appoint their own delegates, is held each year. The 
twenty-first of the series was opened in London to-day 
and will continue until to-morrow. As is usually the 
case with trade-union conferences, its agenda covers a 
fairly wide field and contains a number of resolutions 
pressing the claims of women to receive payment for 
their services at the ruling rate for corresponding male 
labour. A short exhibition, not open to the public, 
was arranged to celebrate the coming of age of the 
conference. This was held at the Caxton Hall, Victoria- 
street, London, this morning, prior to the conference, 
and was designed to illustrate the progress which has 
been achieved by women, during the past 70 to 80 years, 
in their remuneration, hours of-labour and working 
conditions. 


Criticisms of the National Coal Board, for “ its 
interference with the private lives” of some of its 
staff, were contained in the presidential address of 
Mr. 8. Walton-Brown to the annual conference of the 
British Association of Colliery Management, which 
opened at Harrogate on May 11. Mr. Walton-Brown 
considered this interference to be a fault inherent in 
most large undertakings and, in the case of the Board, 
it took the form of endeavouring to prevent certain 
members of its staff from being trade unionists. The 
Board should realise, however, Mr. Walton-Brown 
stated, that the officials referred to would perform 
their duties conscientiously, whether they were mem- 
bers of a trade union or not, and he objected to the 





he | freedom of the individual being sacrificed to nationali- 


sation. Referring to the recognition granted by the 
Board to the British Association of Colliery Manage- 
ment, in respect of some grades of the Board’s em- 
ployees, Mr. Walton-Brown complained that this had 
not prevented attempts being made by interested 
people to divert particular sections of the employees 
from the Association to another union. The Associa- 
tion, however, was vigorously contesting this state of 
affairs. 





Man-power problems in the coal-mining industry 
were discussed at some length by the delegates to the 
conference. Mr. E. H. Browne, the director-general of 
production to the National Coal Board, stated that, 
whatever might be accomplished in other directions 
to improve efficiency of the industry, it was upon the 
labour of the men in the pits and upon their will to 
produce results that the future of the industry really 
depended. “Sheer starvation” faced Great Britain 

ess a higher rate of productivity could be secured. 
The most vital need in the industry was to secure 
the entry of numbers of boys and young men. It was 
stated in the national plan for the coal-mining industry 
that a labour force of about 618,000 men would be 
required by the industry during the period from 1961 
to 1965, but this forecast did not allow for the many 
technical improvements which were expected to take 
place during the intervening years. 





The number of men required by the industry during 
the years in question ought to be less than that stated 
in the plan, but it had to be remembered that the 
country’s best coal seams had already been widely 
worked and that fact would add considerably to the 
man-power problem. Previously to 1925, the age 
distribution of the industry’s labour force was evenly 
balanced, but that was far from being the case at 
present, and it gave cause for serious concern. Less 
than one-quarter of the men now in the mines were 
under thirty years of age and nearly one-quarter of 
them were over fifty. If wastage continued at the 
level it reached during the years 1949 and 1950, some 
800,000 recruits would be needed before the end of 
1965. This represented an average of about 55,000 a 
year, which was double the rate of recruitment in 1950. 
In these circumstances, everything had to be done to 





check wastage and encourage the entry of new recruits. 
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CONSTRUCTING THE 
DE HAVILLAND ‘“‘ COMET.’’* 
By H. Povey, A.F.R.Ae.S. 


Irw as intended originally to fly the first production 
Comet aircraft six months after the prototype had 
flown. In fact, the first of the production batch of 
alrcralt flew exactly twelve months after the proto- 
type ; the flying control system on the first production 
aircrait underwent extensive changes in design which, 
> agg with many other alterations, accounted for a 
th “y of a few months. During this period, most of 

© tooling was nearing completion. 

Pe importance is attached by the de Havilland 
z aa to design and production liaison. The 
uthor and the chief production engineer attended all 
deo eres conferences, which enabled the pro- 
Fae ‘on team to obtain an advance knowledge of the 
— 2 Tequirements, and to assist the experimental 


es L cture entitled “‘ Planning and Production Methods 
¢ a in the Construction of the de Havilland Comet,” 

ven before the Royal Aeronautical Society on Thursday. 
April 12. Abridged. : 





THE “COMET” 
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department by the early tooling of difficult parts. The 
spar booms of the prototype aircraft were fully tooled 
for spar milling from the beginning. This required an 
early decision by the design department. The door 
jamb and door frames and the window frames required 
the development of drop-hammer technique and the 
production of heavy tools. The fuselage rings were 
fully tooled on the Hufford machine. The pressure 
dome was produced from drop-hammer pressings, and 
the Redux method of jointing the panels was developed. 
Three-stage drop-hammer tools were produced for the 
nose portion of the fuselage. A test wing and a 24-ft. 
section of the fuselage were constructed for testing. 
The Redux process of Messrs. Aero Research Limited, 
Cambridge, which was used on the wing skin and 
fuselage, had already been partly developed and 
was in production on the Dove aircraft. The tech- 
nique used on the Dove, however, was only in its 
infancy, compared with the application of the Redux 
rocess to the Comet. To produce the wing and fuse- 
age skins presses had to be designed and manufactured 
by de Havilland. One 35-ft. long press, illustrated in 
Fig. 1, is used for the wing skin, and two 25-ft. long 
presses for the double-curvature skins on the fuselage. 
Accurate full-scale plaster models were used for 
developing the drop-hammer, stretcher-press and 
Hufford tools on all major components. Loft plates 
printed on sheet metal were cut out and assembled 
into three-dimensional structures. They were then 
filled with plaster. The fuselage-nose plaster model is 
accurate to within ¥, in., and gives a complete replica of 
the position and shape of all the stringers and panels. 
The stringers are represented by grooves which are 
formed in the plaster. In the side view the centre line 
of the fuselage nose structure is a curve ; thus separate 
left- and right-hand tools were required for each 
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stringer. Sixty-four pairs of tools were produced from 
this model for Redux purposes only. 

The Redux process consists of applying heat and 
pressure by suitable tools to the parts to be bonded 
together. The mating surface of the top and bottom 
tools has to be a perfect fit, since every part of the 
surface to be joined must have equal pressure. The 
form of tool used is shown in cross section in Fig. 2. 
The main pressure bars are made from hollow Duralu- 
min extrusions ; steam can be supplied through the bore 
of the extrusion for heating and curing the Redux. For 
economy only one pair of master pressure bars is used, 
formed to the average curvature of the fuselage nose, 
as determined by the plaster model. The master 
pressure bar is fitted with a number of loose cappings. 
Each capping represents the double curvature of the 
stringer flange and forms a separate tool. 

The variation of curvature of the capping is made by 
casting easily fusible metal on to the face of the plaster 
model and into dovetail grooves in the capping. The 
hollow extrusion and capping, formed as a unit, is 
supported on an adjustable table, the nearest part of 
the unit being }-in. away from the plaster model. 
The ends of each extrusion are equally distant from the 
model, as shown in Fig. 3. The lower extremity of the 
gap formed between the plaster and the tool is filled 
with fire clay on a plywood support, thus forming a 
cavity between the plaster and extrusion. This cavity 
is then filled by casting with a fusible metal which 
keys itself into the dovetails. When cooled and set, 
an accurate cast face representing the stringer flange 
has been obtained on the capping. Since the tools 
operate at a temperature of 140 deg. C. and therefore 
change their shape, it is necessary to heat the extrusion 
prior to, and during, the casting operation to ensure 
that the same shape is obtained during casting as when 
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in operation in the press. This temperature is obtained 
by passing steam at a controlled pressure through the 
bore of the extrusion. 

The pressure bars are made by supporting the tool 
on a table, re-heating, and casting the mating face of 
the pressure bar right on to the previously-formed face 
on the capping strip, using a parting compound of 
graphite. The tools are easily set up in the presses ; 
steam is supplied to the top tools and hydraulic pres- 
sure to the bottom tools. Fig. 4, on page 605, shows 
the tools set up in the press. 

The deep-drawn fuselage nose, in DTD.610, is 
unsymmetrical in shape and the depth to be drawn 
from a flat sheet is 15 in. The draw is made in three 
operations. The only change of tools during the three 
operations is the top punch. The ring attachment 
between the nose and the main fuselage is one of the 
most successful rubber-press achievements. The ring, 
approximately 38 in. in diameter, of variable contour 
and bevel with a returned edge on the centre diameter, 
is made in two operations. To produce the outer face 
without wrinkling or ripples, the initial drawing is a 
tension operation, instead of the more conventional 
method of compressing the material over the top of 
the tool. 

Rings of the type of the main-fuselage rings have 
usually been formed on special equipment, such as the 
geodetic machine used by Vickers, or the Avro special 
ring-rolling mill. It is doubtful whether a section of 
such thin gauge as is employed on the Comet, with a 
web 3} in. deep, could have been formed without 
ripples on the surface of the flat web by such machines. 
The method adopted was to produce the straight sec- 
tions in a set of standard rolls. These straight sections 
were then formed by stretching and bending the fuselage 
rings of varying radii on an A.10 Hufford machine. 
Economy was exercised by producing one basic tool 
which, by adding different radii segments, adjusted 
the tool to all diameters of rings. Fig. 5 shows the tool 
in operation on the Hufford machine. It is believed 
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that this is the first time such a technique has been 
employed in Great Britain. The rings are bent round 
the tool while under tension. Buckling of the web is 
thus avoided; the webs of these 10-ft. 3-in. diameter 
rings in 20 s.w.g. steel are perfectly flat. 

The manufacture of the main bulkhead was also 
carried out on the A.10 Hufford machine. Fig. 6 
shows a section of the main bulkhead. A composite 
tool was designed, as shown in Fig. 7, on which each 
element of the unit is formed. This ensures an excellent 
fit of the mating faces. All that needs to be done after 
the elements have been pulled on the Hufford machine 
is to rivet them together in a jig. 

The fuselage components are made in simplified 
building jigs, which are designed for low cost and 
simplicity, easy access for the operator, ease of move- 
ment of large components and the elimination of man- 





CoMPLETED FUSELAGE UNDERGOING PRESSURE TEST. 


handling. A series of parallel tracks was devised, 
connected by transverse tracks at suitable intervals. 
To feed the track, a number of components, such as 
the fuselage nose, the canopy, the forward section 


of the fuselage, the centre section and pressure floor, 
the fuselage sides, front keel, rear keel, rear fuselage 
sides, rear cone, and pressure dome, have to be made in 
static jigs; only these components are man-handle 


on to the track trolleys at the head of the assembly 
line. 

The window frames, which are deep-drawn drop- 
hammer pressings, are Redux-bonded to the fuselage 
skins in situ while the skin is being assembled n the 
fuselage side jig. The equipment used for this — 
tion consists of two castings ; one is located ac: urately 
in the side jig and determines the position ©! re 
window frames, while a mating hollow casting. hic 
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forms a steam box, is drawn into position by two 
standard 4-in. Mosquito hydraulic flap jacks, which 
apply the necessary pressure for the ux process. 
Fluid pressure to the jacks is supplied by Nn old 
Mosquito hand pump. The steam which supplies the 
heat enters from a pipe located over the top of the jig, 
and the exhaust passes out through steam traps at the 
base. The whole apparatus is mounted on a trolley 
which can be wi into position at any required 
station. The complete operation is carried out in 
approximately 25 minutes. After the Redux operation 
has been completed, the outer tool is withdrawn, but 
the inner one is left in position to locate a router 
template which enables a simple hand routing operation 
to remove surplus metal from the window orifice. 

The fuselage side panels consist of four skins, 30 in. 
wide and 22 ft. long, on to which all stringers are 
Redux-bonded. The panels are then formed into one 
large skin by riveted la) joints on the three internal 
edges of the four panels, with two single rows of stag- 
gered coun rivets, the skins being dimpled. 
Riveting is carried out by a standard Erco automatic 
dimple and rivet machine, modified by special adaptors 
to allow for the weight of the large panel, which mea- 
sures 10 ft. 2 in. by 22 ft. when completed. The 
heavy panels are supported during riveting so that 
they are quite flexible and no undue load is placed 
on the riveting head of the machine. Magnetic clamps 
hold the panel securely and prevent vibration during 
punching, dimpling, and riveting, but release the 
panel immediately the operation is completed. This 
allows the panel to be transferred to the next pitch 
for subsequent riveting operations. A hand-control 
adaptation enables the operator to move the panel 
one pitch at a time as desired ; the pitch of the rivets 
is controlled by an electronic cell. The usual pedals are 
supplemented by a hand-operated control so that the 
Operator can work the machine by remote control. 
The pedals are operated by solenoids. 

The whole of the fuselage floor building area forms 
& surface table, the accuracy and flatness of which 
depends upon the alignment of a number of V-blocks 
and smali flat surface stools. The horizontal plane of 
this area is accurate to within + in. The jigs which 
are used to locate the various elements of the fuselage 
can be employed as mobile trolleys and can be trans- 
ported, complete with components, between station 
and station on the track lines. The jig trolleys are 
each fitted with V-blocks and surface pads, which can 
be mated with any of the V-blocks and surface-plate 
stools on the line. 

By adding four track wheels, each fuselage 
building jig becomes a substantial trolley. A simple 
Screw jack attached to the wheel of each trolley, 
> scape by a standard spanner, enables the jig trolley 
; be raised on to or lowered off the track rails and 
placed in position on the V-blocks, which locate them 
in relation to a static portion of the jig which is built 
into the floor. 

In order to transfer the jig trolleys from one track 





to another, a 9-in. square steel plate, placed at intervals 
in the rails, enables the trolley wheels to be turned 
through 90 deg. and wheeled from track to track on 
the transverse rails. Fig. 8, opposite, shows a model of 
the tracks complete with components. The front and 
rear keels have been man-handled on to the jig trolle 

on track A, where any internal parts which could 


not be com in the fixed building jigs are finished. 
They are t moved to track B, where the fuse 
side skins, 


pressure dome and canopy are completed. 
On tracks C and D, the attachments of the front feciees 
to the canopy, the pressure floor and centre section, 
the front and rear , the final operations to 
the fuselage sides and the rear cone, are carried out. 

The alignment of the fuselage centre-section, to 
which the wings are attached, in relation to the centre- 
line of the is extremely important. Before 
the centre section is attached to the fuselage, a tubular 
straight-edge is mounted on the centre section, square 
with its centre line ; with the centre section in position 
a or plumb bobs are : 

m. le oO straight-edge to register wit 
index plates fixed in the floor, the centre section bei 
adjusted by shims under the centre fittings unti 
alignment is obtained. Exceptionally good results 
have been achieved with this method. 

When the centre section is finally attached, all the 
other jig trolleys are removed, leaving the fuselage 
standing on the centre-section trolley only. 
fuselage is then moved on to track E where the final 
operations are completed, and a preliminary “ leak ” 
test at an internal pressure of 2 lb. per square inch 
above atmosphere is made. The fuselage is then 
wheeled out of the shop, still on the track, to the 
aerodrome where a test pressure of 11 lb. per square 
inch is applied. This test cannot be performed in the 
shop as, should a failure occur under the high pressure, 
the bursting of the fuselage would be catastrophic. 
Fig. 9, opposite, shows the, fuselage, which has been 
wheeled into the open for the pressure test. 

(To be continued.) 





AERATED CONCRETE.—The April issue (No. 29) of the 
Building Research Station Digest contains the second 
part of the notes on aerated concrete, the first part being 
published in the March issue and noted on page 429, 
of our issue of April 13. The uses of pre-cast aerated- 
concrete blocks, and aerated concrete cast on site, cutting 
and nailing aerated concrete, are discussed and methods 
are described for plastering and rendering. 





CALENDAR.—In connection with the Festival of 
Britain, the engineering sales department of the Eyre 
Smelting Company, Limited, Tandem Works, Merton 
Abbey, London, 8S.W.19, have issued a decorative monthly 
tear-off wall calendar. This is current until March, 
1952, and contains a sketch map of London and the 
home counties, showing the positions of the firm’s works 
and of a number of features of interest. 


BLAST-FURNACE OPERATION AT 
HIGH TOP PRESSURE.* 
By R. P. Townprow, M.Sc. 


(Concluded from page 576.) 

As most of the equipment hitherto used for pressure 
operation has been developed by one company in the 

nited States, it is not surprising to find a fair degree 
of uniformity on most details. Experience has shown, 
however, that certain items could be considerably 
improved and it is not proposed at this stage to describe 
the various items of plant already in use or the con- 
siderations which led to the eventual selection of 
particular alternatives at the Clyde Iron Works. 

The following, therefore, is a brief description of the 
equipment actually installed, the arrangement of 
which is shown in Fig. 1, on this page. The throttling 
valve consists of three butterfly valves set in parallel 
between two septum plates inserted in the gas main 
immediately after the wet washer a and immediately 
prior to the Bailey goggle valve b, which serves to 
isolate the furnace Bagg oe gas-cleaning plant. Fig. 2, 
on page 608, shows the septum valve and furnace 
isolation valve. Of these three valves, one is operated 
by a remote hydraulic control from the furnace control 
house. The other two are operated by the Askania 
regulator c, either separately or together, to maintain in 
the furnace a top gas pressure that may be varied at 
will by a remote control from the control house. The 
Askania regulator for this purpose is of the conven- 
tional type and receives its impulse from a gas line 
leading from the wet washer top, Fig. 2. 

The washer water level is regulated by a rubber- 
surfaced butterfly valve located in the effluent dis- 
charge pipe. The valve is controlled by an Askania 
regulator d, which in this instance is governed by the 
water head in the washer, the effect of varying gas 
pressure being balanced by a connection from the 
gas space to the opposite side of the Askania diaphragm. 
In the event of failure of this regulator system, the 
entire unit may be isolated from the washer by means 
of a Saunders valve. In this event, the water level 
rises and ultimately discharges through a U-seal pipe 
of sufficient depth to allow a water seal to be main- 
tained against all gas pressures likely to be encountered. 
This device is known as the barometric leg. If, there- 
fore, the Askania fails in service, a warning device 
notifies the attendant who then opens a by-pass valve 


lage |in the oil supply to the Askania power cylinder, 


after which the butterfly valve can be closed by hand, 
thereby safeguarding the water seal from blowing and 
also causing the barometric leg to come into operation. 
The by-pass and hand control are located at a safe 
distance from the water discharge point so that they 
may be operated even if the seal has blown. The 
barometric leg and the Askania impulse lines are con- 
tinuously flushed with clean water at constant head to 
obviate fouling with sludge. 

Three bleeder valves are provided on the furnace top 
and one at the top of the 36-in. line which brings washed 


ped |gas to the furnace top for equalisation purposes 


(e, Fig. 1). Of these bleeders two are of the inward- 
opening type, the Stellite-surfaced seats of which are 
held firmly in contact by the gas pressure from below. 
These valves are opened by hydraulic cylinders when 
the pressure, as measured by special pressure-sensitive 
switches, exceeds a pre-determined value. The third 
bleeder on the furnace top is of the spring-loaded 
safety-valve type but may, if required, be opened by 
a hydraulic cylinder under manual control from the 
control room. The semi-clean or washed-gas bleeder is 
also of the spring-loaded safety-valve type, but is in 
addition actuated by a hydraulic cylinder controlled by 
@ pressure-sensitive switch. It depends, therefore, on 
the rate of progress of the pressure wave through the 
system whether this valve opens under dead-weight 
control or hydraulic control. In any event, the desired 
effect is that this valve should normally open before 
either of the power-operated bleeders on the furnace 
top (in order to avoid dust erosion on the latter) and 
the pressure-sensitive switches are set with this object 
in view. All bleeders may, if desired, be opened or 
closed by manually-controlled push button from the 
furnace control room, and the semi-clean bleeder may 
be opened by a cable and hand winch. 

As mentioned above, a 36-in. diameter line brings 
washed gas from the wet-washer top to furnace bleeder 
level. A branch pipe from this supplies three valves in 
parallel which admit gas to the seal between the large 
and small bells. It is anticipated that two of the three 
valves will be in service at a time. On the opposite 
side of the gas seal two similar valves allow the gas to 
pass from the seal to atmosphere, the exhaust line 
being taken up to the bleeder level. Non-return valves 
are provided both in the equalising line and in the 
relief line. All these valves are operated by hydraulic 
cylinders located at furnace deck level, the operation 





* Paper read before the West of Scotland Iron and 
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being controlled electrically in sequence with the 
operation of the large and small bells. The three 
equalising valves are seen in Fig. 3, on this page, and 
their position is indicated by fin Fig. 1. The two relief 
valves are shown in Fig. 4, opposite, and their position 
at g, in Fig. 1. 

The hydraulic equipment for the operation of the 
bleeder, equalising and relief valves comprises two 
independent sets of pumps, oil tanks, and accumulators. 
One set serves the equalising valves, the other the 
relief and bleeder valves. In each set the normal 
condition is for one pump to be running, the second 
pump starting automatically when valve operation 
places a load on the system. The hydraulic fluid is 
controlled by solenoid valves impulsed from the charging 
cycle in the equalising and relief valves, and from the 
pressurestats or manual control switches of the bleeders, 

The large bell (h, Fig. 1) is cast in one piece and a 
recess machined round the seating face is filled with 
Stellite welding. The one-piece hopper has the 6-in. 
wide seating ring surfaced with Stellite welding, and 
the Stellite surfaces are subsequently machined to a 
very accurate fit. The bell is carefully balanced after 
installation to ensure its coming squarely on to the seat. 
The gland packing between the distributor and the gas 
seal is arranged with special provision for lubrication 
and is further protected from the action of hot dusty gas 
by the provision of a labyrinth grease seal below’ the 

acking. In addition to the Farvalube system which 
aeades the distributor mechanism, together with 
all working parts of the furnace top, the distributor 
packing and grease seal are supplied with grease from an 
independent continuously operating grease pump. The 
distributor is provided with additional hold-down 
rollers and some 10 tons of dead-weight loading is 
added to the distributor by welding containers filled 
with steel punchings around the outside, as shown in 
Figs. 5 and 7, opposite. To minimise the escape of 
gas between the large bell rod and small bell tube, the 
large bell rod is machined and a gland fitted to the 
small bell tube at the top with special provision to 
allow for slight lateral float. 

The principal difficulty in obtaining an effective seal 
for the stock-depth recorder is due to the long travel 
required on the rod. As it appeared simpler to obtain 
a seal on a revolving machined shaft it was decided to 
enclose completely the stock rod and its winch drum, 
the shaft of the winch drum in this instance being 
situated vertically over the stock-rod hole. The 
extended shaft of the drum passes through a gas-tight 
gland and has keyed on to it a second identical drum 
from which a cable is taken down to the normal 
stock line recorder drum in the winch house. Special 
provision is made in the construction of the gas-tight 
enclosure for inspection of the rope and for changing 
the rope and the rod when necessary. The arrangement 
is shown in Fig. 6, opposite. 

In addition to the normal instruments provided for 
furnace operation a special panel is installed with the 
following instruments and controls. On the left of the 
panel are mounted three pressure gauges showing the 
pressure in the impulse lines from the furnace top to 
the pressurestats controlling the bleeders ; the pressure- 
stats are mounted immediately below their respective 
gauges. Adjacent to the pressure gauges are the four 
push-buttons for manual control of each of the four 
bleeder valves. Special provision of valves is arranged 
on the panel to allow the impulse lines to be vented to 
atmosphere or blown out with compressed air. This 
section of the panel also houses the indicator and 
recorder for the top gas pressure. 

In the centre of the panel are mounted the controls 
for the pressure at the furnace top. These comprise 
the remote control for the septum-valve Askania, the 
remote control for the hand-controlled septum valve, 
an indicator for the position of the hand-controlled 
valve, a light to indicate that the Askania controller is 
supplied with power, and a gauge showing the gas 
pressure immediately after the septum valve. On the 
right of the panel are housed the instruments concerned 
with the operation of the bells and equalising equipment. 
These comprise gas-seal pressure indicator and recorder, 
and a bank of lights to show the operation of equaliser 
and relief valves, and the opening and closing of the 
large and small bells, te gether with lights to show that 
power is on the hydraulic system. Indicators are pro- 
vided to show the oil level in the hydraulic supply 
tanks. A low hydraulic pressure alarm and cancel 
alarm switch are also fitted. From this panel, therefore, 
the operator can see at a glance that all sections of the 
equipment are functioning correctly and can control 
from the panel the pressure on the furnace top and 
the operation of the bleeder valves. 

[We hope, at a later date, to publish results obtained 
under high-pressure operations compared with those 
for normal operation. The author and the Institute 
feel that so much attention is being paid to this work 
that the figures of results obtained should cover an 
appreciable period in order that reasonable conclusions 
may be drawn from them.—Ep. E.] 
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SAFETY IN MINES.* 
By Str Anprew Bryan, F.R.S.E. 


ALTHOUGH, in his later years, the name of John 
Cadman, Baron Cadman of Silverdale, was a household 
word in the petroleum industry, he was first and fore- 
most a mining engineer. His contributions and 
services to progress in the art and science of mining 
were outstanding, particularly in relation to safety in 
mines. Perhaps his greatest contributions in this 
field were his valuable and comprehensive reports to 
the Royal Commission on Mines, 1906-1911. At the 
request of the Commissioners, and in consultation 
with Dr. J. S. Haldane, F.R.S., Cadman made a series 
of careful observations on the ventilation of a large 
number of mines throughout the United Kingdom. 
His inquiry was partly concerned with general questions 
of ventilation, especially with the object of ascertaining 
to what extent the ventilation is usefully expended 
at the face, at what point the impurity finds its way 
into the atmosphere of the mine, to what extent the 
air is polluted by the presence of men, animals and 
lights, and the variation of temperature at different 
stages in the air current. He also made a series of 
observations as to the amount of firedamp which can 





* Cadman Memorial Lecture delivered at a meeting of 
the Royal Society of Arts, London, on April 25, 1951. 
Abridged. ; 


be detected on the flame of a safety lamp and the 
amount which was, in practice, detected by firemen 
and other mine officials during their examinations. 
For this report, he made a series of classic illustrations 
of the appearance presented by the “cap” with 
proportions of firedamp varying from | to 4 per cent., 
and he tabulated in detail the results of his observations 
of the appearances presented by the safety-lamp flames 
in proportions of firedamp varying from 0-45 to 5-5 
per cent. 

Later, and again at the request of the Royal Commis- 
sioners, he made two further inquiries. The first was 
into the ventilation of “naked light ” mines, and the 
second, in conjunction with Dr. A. E. Boycott, in 
relation to the prevalence of the industrial disease, 
ankylostomiasis, in the coal mines of this country. 
The results of all three inquiries were published in the 
official reports of the Royal Commission and added 
greatly to their interest and value. ati! 

There have been coal miners in Great Britain tor 
nearly 800 years. During the first half of this period, 
little or nothing was recorded of the conditions under 
which the miners did their work or of the dangers the) 
encountered, nor are there sufficient records relating 
to loss of life or personal injury to permit an assessment 
of the position in this respect. The industry was 
small and widely dispersed throughout the country. 





and the number of persons employed in it was few !0 
| relation to the population as a whole. The first rapid 
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expansion of the industry began in Elizabethan times 
and later, with the coming of the steam engine, and 
of the industrial revolution which followed, the coal- 
mining industry rapidly expanded. As shafts were 
sunk deeper and the workings extended to much 
greater distances from the shafts, dangers increased 
and disasters claimed a heavier toll in human lives. 
It was in the Seventeenth Century that we first read 
of miners losing their lives by accidents in pit shafts, 
from falls of roof, by irruptions of water, from suffo- 
cation by “‘ choke-damp ” and by explosions of “ fire- 
damp.” The mining technique of the time was unable 
to supply an effective defence against these dangers. 
_ The only effective way of dealing with noxious gases 
in @ mine is to circulate constantly through all the road- 
ways and working places an adequate amount of fresh 
air. To achieve this and to maintain the air in a 
fit state for breathing, it is not unusual, in many coal 
mines in this country, to find that the volume of air 
circulating through the underground workings amounts 
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to 250,000 cub. ft. per minute during every day of |gas; a quantity which, if it could be extracted from 
the year or about 8} tons of air per minute or 12,000 tons | the air stream, would meet the needs of a fairly large 
a day. For every ton of coal produced, from 5 to 6|town. In some mines, too, the weight of water raised 
tons of air must be circulated ; and in the very large | is several times that of the mineral itself. 

mines these figures may be doubled. From one| There are no reliable accident figures for the first 
relatively large coal mine with a steady yield of fire- | half of the Nineteenth Century, but, from the meagre 
damp, the air current may carry out of the mine every | information available, there is no doubt that the 
year as much as 1,000 million cub. ft. of inflammable | major hazards at the beginning of the century were— 
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in order of importance, as measured by the number of 
lives lost—explosions, inundations, raising and lowering 
persons in shafts, and falls of ground. By 1850, 
because of the maintenance of better plans, ‘‘ inunda- 
tions” had become a minor hazard; “ explosions,” 
“ shaft accidents ” and “ falls of ground ” still remained 
the principal sources of accident and loss of life. The 
earliest accident statistics date back to the establish- 
ment of the Mines Inspectorate, just over 100 years 
ago. During every decade from 1850 to 1930, the 
ave annual toll of the coal mines was around 
or a little above 1,000 lives. The man-power em- 
ployed, however, was increasing all the time, from 
about 250,000 in the 1850’s to rather over a million in 
the 1920’s; in consequence, the fatal accident rate 
per 1,000 persons fell steadily from about four in the 
1850’s to just over one in the 1920's. 

In the 1930's, the average annual fatal accidents 
figure had fallen to about 870, with a rate per 1,000 
persons still around one, while since 1940 there has 
been a more or less continuous reduction. The figure 
of 460 in 1949 was the lowest ever recorded for a full 
year’s working of the mines. Two major accidents, 
involving 93 deaths, brought up the 1950 figure to 
493. The current death rate per 1,000 persons employed 
is down to about 0-7. The accident rate based on 
manshifts worked rather than persons employed is 
tg the most mr a measure of risk. i 

gure was not available before 1922. From that time 
until 1940, the number of fatal accidents per 100,000 
manshifts worked remained around or rather above 
0-40. In 1941 and 1942, the rate reached 0-43 and 
0-46, respectively. Since then, a more or less 
steady and continuous decline has reduced the rate 
to 0-26 in 1948 and in 1949, a record low figure. The 
provisional rate for 1950 is slightly up at 0-28. 

Equally striking is the trend of the figures for serious 
injuries. Under the Coal Mines Act, 1911, all accidents 
causing fracture of a limb or other serious personal 
injury, and also all accidents resulting in any personal 
injury, however, slight, but caused by certain specified 
happenings, such as an explosion of gas or duct, shot- 
firing, or an over-wind of a cage, must be reported to 
the Inspector of Mines and be classified by him as 
“serious.” It thus happens that a proportion of the 
serious injuries recorded each year are ly minor 
or trivial injuries, classified as serious accidents on 
account of the circumstances which caused the acci- 
dent. “Serious injury” statistics on this basis are 
available from 1900. For the first decade to 1910, the 
average annual figure was about 5,700 ; for the second 
decade, about 5,000; for the third, about 4,400; for 
the fourth, about 3,200; and for the fifth, 2,500. For 
1950, the provisional figure is 2,020, which is the 
lowest figure ever recorded for a full year’s working of 
the mines. The serious injury rate has fallen corre- 
spondingly from about 5-5 per 1,000 persons — 
at the beginning of the century to just under 3-0 last 
year. On a man-shift basis, there were about 1-65 
serious injuries per 100,000 man-shifts worked between 
1920 and 1930, while by 1950 this had fallen to 1-14. 
It seems fair on these figures to claim considerable 

rogress, i during the t 50 , with a 
pated > Tae one-half “Byres tot gumiber of 
deaths and serious injuries as well as in the rate per 
1,000 persons employed. 

With the decrease in accidents since 1850, there has 
been a striking change in the distribution by causes. 
In 1851, out of 940 underground fatalities, 321 persons 
were killed by explosions, 327 by falls of ground, 217 in 
shaft accidents and 73 by other causes, among which 
underground haulage was a comparatively small 
contributor. In 1950, explosions caused six deaths, 
falls of ground 186, shaft accidents 16, and other causes 
241—of which 92 were due to haulage, 80 to the fire 
at Creswell Colliery, and 13 to the inrush of moss at 
Knockshinnoch Castle Colliery. In 1949, the com- 
parable figures of lives lost were: explosions 4, falls 
of ground 238, shaft accidents 12, and other causes 
156, of which no fewer than 109 were due to under- 
ground haulage. 

The two kinds of accident in respect of which the 
greatest progress has been made are those arising 
from raising and lowering miners between the surface 
and underground workings, and from explosions of 
firedamp and coal dust At least half-a-million miners 
are raised and lowered every working day, starting 
and stopping slowly, but running in mid-journey at 
high speeds. There are several mines at which a shift 
of 1,000 men is wound regularly, 50 or 60 at a time, 
from shafts more than 2,000 ft. deep, in an hour or less ; 
but the number killed yearly in these operations can, 
on an average, be counted on the fingers, and, in 
many years, on the fingers of one hand, as compared 
with an average figure a century ago of more than 
100 deaths per annum when only about one-third the 
present number of miners was employed. Deeper 
shafts, more powerful engines and heavier loads, with 
considerably more than 100 men riding at one time, 
introduce fresh problems which, however, are not 





fully solved, and with a situation where one mishap 
may cause as many deaths as a major explosion. 

The dangers of winding in shafts are relatively 
localised and thereby the less difficult to master, but 
the dangers of explosions are widespread. Over an 
area measured in square miles, some of which may 
have become partly or wholly inaccessible, there is 
risk of an explosion being started anywhere. The 
first line of defence is by doing everything possible to 
remove or neutralise the explosive agent. The usual 
method of dealing with firedamp is to remove it by 
copious quantities of air, but experiments are now being 
made in a few gassy mines to develop means of draining 
some of the firedamp directly from boreholes in the 
solid coal and its associated strata, and conveying it 
out of the mine by pipes to the surface. The explosive 
property of the coal dust is neutralised by repeatedly 
covering it with an inert dust, commonly fine limestone. 
The second line of defence is to make sure that all the 
tools, gear and machines are so made or protected that 
they cannot F ssers a light or spark which would be 
capable of inflaming an explosive atmosphere. 

Over the ten years 1941-50, the annual average 
number of deaths from explosions was 43, and, for 
the ten years 1851-60, the corresponding figure was 
nearly 250, when the number of persons employed was 
only one-third of the 1950 total. That is progress, 
but much remains to be done and is being done. Mining 
disasters, like the explosion at Whitehaven William 
Colliery in 1947, the conveyor fire at Creswell, and the 
inrush of moss at Knockshinnoch Castle Colliery in 
1950, by which 103, 80 and 13 lives were lost, respec- 
tively, are of a spectacular and sensational character ; 
but, for considerably more than half a century, falls 
of ground, haulage and other causes, by which only 
one or two persons are killed, have been responsible 
for more accidents than any other cause. A little over 
half the annual number of fatal accidents is due to 
falls of ground, while slightly less than half the number 
of serious injuries arise from the same cause. For the 
period 1851 to 1892, the average annual death rate 
due to falls of ground was one per 1,000 persons em- 
ployed ; from 1893 to 1942, the rate was about 0-75 ; 
and during the past five years it has fallen below 0-5. 

Statistically, the next most important source of 
accidents in mines is underground haulage or transport, 
which, though not so complicated by the presence of 
unknown or uncontrollable factors as are many other 
branches of mining operations, is responsible for nearly 
one-quarter of the total accidents, the remaining 
quarter being shared between explosions, fires, explo- 
sives and shot-firing, shaft accidents, and other sundry 
causes. Underground haulage has shared in the general 
reduction in accident figures, for, during the past 
20 years, the number of accidents due to haulage has 
been more than halved. There is still too much primi- 
tive haulage operating on narrow, tortuous and undu- 
lating underground roadways, but it is steadily being 
replaced by well-planned modern systems operating on 
better graded and dimensioned roadways. As a result, 
a further significant reduction in accident figures can 
be expected in the next few years. 

Mining methods, however, never remain stable and 
each new departure produces its own particular hazards. 
For example, the use of rubber-belt trunk conveyors 
and of locomotives has grown rapidly in recent years. 
At the end of 1950, there was in use underground in 
the coal mines of this country about 3,000 miles of 
conveyor belting, 340 Diesel locomotives and 50 electric 
storage-battery locomotives; and now pilot installa- 
tions of electric-trolley locomotives are under con- 
sideration. These developments have produced such 
safety problems as methods of keeping the toxic con- 
stituents from a Diesel-engine exhaust within permissi- 
ble limits; methods of eliminating or minimising the 
danger from stray electric currents and from electric 
shock where trolley locomotives are used, and means 
of reducing the fire risks associated with the operation 
of belt conveyors and various types of locomotives. 

Perhaps the greatest danger that has arisen from the 
increased mechanisation of mines is the additional fine 
dust uced, which magnifies the explosion hazard, 
and also gives rise to the lung disease, pneumoconiosis, 
which has caused more deaths among miners in recent 
— than any other single mining hazard. The pro- 

ms of reducing the amount of dust made in mining, 
and of preventing as much of the dust that is inevitably 
made from becoming air-borne, are the most important 
awaiting solution in the mining industry to-day. 

It might sometimes be thought that the demands of 
safety and of increasing production are in opposition. 
There can, of course, be conflict between them and 
there has been with disastrous results to both, but, 
fortunately, in general, that is not so. Apart altogether 
from its cost in money, every accident which disables 
or kills one or more skilled workers reduces the indus- 
try’s capacity to that extent; it results in effort in 
unwanted directions and interrup*s the normal cycle 
of work, while the restoration of the place where the 
accident occurred may take a considerable time—in 





an extreme case, such as a fire or a flooding, a whole 
mine or a large section of it may be either lost com- 
pletely, or be sealed off for months. Further, normal 
work is not interrupted only by mishaps, such as falls 
of ground which kill or maim, but by those in 
which no one is injured. It is a sound and well-estab- 
lished conclusion that an efficient and productive mine 
will also be a safe mine. 

All accidents are personal tragedies for some one. 
Perhaps the most tragic feature of all, however, is the 
fact that so many need not have happened. Year 
after year, Inspectors of Mines estimate that the 
proportion of accidents which were avoidable by 
attention to rules and by taking a reasonable degree 
of care is as high as one-half of the total. It is to be 
hoped that the efforts now being made to afford 
facilities for more education and training for all em- 
ployed in mines will eventually pay good dividends by 
producing a higher regard for safety. 

In the earlier part of this lecture, I sketched the 
difference between a coal mine and a factory in relation 
to the complexities of their safety problem. I went on 
to illustrate the progress which has been made in 
making our mines more safe. Despite this progress, 
however, coal mining remains, and is likely to remain, 
our most dangerous industry—employing less than one- 
twentieth of the working population yet accounting 
for roughly one-quarter of all industrial ‘accidents. 

concerned with the mining industry are fully 
resolved to make the mines safer. I, for one, have 
faith that much can and will be done, but there is no 
easy road. Qn general grounds you may consider 
that a nationalised industry under unified and en- 
lightened control should be able to make speedier 
general progress in that, for example, improvements 
tested out and proved in a small way, should be capable 
of much quicker general application than in the days 
of a multiplicity of owners of varying calibre and 
capacity. There is something in that, but much of it 
depends on effective organisation and on the calibre, 
the integration and harmonious instruction of the very 
large personnel involved. 

For the safe and efficient mining of mineral, there 
must be in command, on the spot, a man of capacity 
and character with powers and full responsibility for 
dealing with the problems that arise from day to day. 
Equally, however, in a national enterprise there must 
be—as indeed there always has been—higher control 
in matters of finance, general policy and practice ; and 
there must be a whole range of technical and research 
services essential to the running of the mine, which 
cannot, however, be efficiently provided except on the 
basis of units larger than the individual mine. Rimilarly, 
as regards relations between personnel—there is much 
that should be done at the individual mine and much 
on broader bases. All this has to be reconciled and 
harmonised. It is, indeed, at most, one aspect of the 
age-long problem of the relations between society and 
the individual—and at heart mining men are strong 
individualists. 

It is in the solution to such problems as these—a 
solution which is steadily being sought and worked out 
in the coal-mining industry—that the further success 
of that industry—in safety and all else—will largely 
depend. Here is indeed a matter which would have 
been after the heart and fitting to the capacity of 
John Cadman, and like him, we shall have no doubt 
that with good will and hard work we shall go steadily 
forward towards full accomplishment of our ideals. 





EARTHING SEAL FOR ELECTRIC CABLES.—Messrs. Crane 
Packing, Limited, Slough, have recently developed a 
form of packing for sealing and earthing the aperture 
round an electric cable where it enters a switch or fuse 
box or passes through a bulkhead. This consists of a 
semi-plastic material which is liberally impregnated 
with copper dust and, besides being a conductor, is 
resistant to moisture or other contamination. 





THE INSTITUTE OF PETROLEUM.—The third Cadman 
Memorial Lecture of the Institute of Petroleum will be 
delivered by Dr. Robert E. Wilson, at the Royal Institu- 
tion, 21, Albemarle-street, London, W.1, on Thursday, 
June 21, commencing at 4.30 p.m. The subject will be 
“Management and Research in the Petroleum Indus- 
try.” Dr. Wilson, who is chairman of the Standard Oil 
Company, Indiana, U.S.A., will receive the Cadman 
Medal at the conclusion of his address. 





INSTITUTION OF ELECTRICAL ENGINEERS: CIRCULA- 
TION OF NOTICES.—We are asked by the secretary of the 
Institution of Electrical Engineers to state that it is 
proposed, in order to save envelopes and postage, to 
continue the recent practice of circulating notices relating 
to the Institutions activities in the wrapper containing 
the monthly Journal and Proceedings. Members would 
therefore be well advised to open these wrappers imme- 
diately on receipt, so as to acquaint themselves at once 
with any notices that may be contained therein. 
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“MEZZO” FOLDING DECK AND GRAIN DIVISION. 
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TRADE PUBLICATIONS 


Terminal Link Blocks.—A pamphlet issued by 
Standard Telephones and Cables, Ltd., Connaught 
House, Aldwych, London, W.C.2, deals with the terminal 
link blocks which have been designed for joining stranded 
vulcanised india-rubber cabling to single-core telephone- 
type wiring. 

Fuse-Switchboards.—Tbe combination fuse-switch- 
boards designed by them for protecting distribution 
points on medium-voltage electric systems are fully 
described and illustrated in a publication received from 
the English Electric Co., Ltd., Queen’s House, Kingsway, 
London, W.C.2. 


Induction Tracer—A leaflet issued by Addison 
Electric Co., Ltd., 163, Holland Park Avenue, London, 
W.11, describes an instrument which has been designed 
for tracing the unknown paths of cables and pipes, for 
the location of faults and other similar purposes by the 
induction method. 


Anti-Skid Treatment of Roads.—The Metropolitan 
Construction Company, Limited, 66, Queen-street, 
London, E.C.4, have prepared a booklet on their method 
of treating road surfaces that have been worn smooth. 
The Mcttexture process, as it is now called, was described 
on page 401, ante, in our issue of April 6. 


Small Power Transformers.—A catalogue giving details 
of the various types of transformer they manufacture, 
with capacities from 10 VA to 100 kVA for engineering, 
agricultural, shipbuilding and other purposes, has beep 
Teceived from the Transformer and Electrical Co., Ltd., 
gag Works, Eastern Road, Walthamstow, London, 

pal. 


Industrial Space Heater.—The Expanded Metal Co., 
Ltd., Burwood House, Caxton-street, London, 8.W.1, 
have issued a leaflet describing their industrial electrical 
Space heater. This incorporates the firm’s expanded- 
metal clement which, it is pointed out, is robust and 
ensures effective air circulation. The dimensions of the 
heater and other particulars are given. 


Slitting Shears.—Briet descriptions of Weybridge 
rotary gang slitting shears, for use in the metal-box 
making industry and for the slitting of laminated mica 
Sheet, ferrous and non-ferrous metals in sheet form, brass 
gauze, silicon iron and other materials, are contained in 
a leaflet sent to us by the sole world distributors of the 
machines, George Cohen, Sons & Co., Ltd., Sunbeam- 
toad, London, N.W.10. 














Tool Steels.—A revised edition of their catalogue 
entitled ‘‘ Tool Steels,’”’ has recently been issued by the 
English Steel Corporation Ltd., Sheffield, 9. This con- 
tains in succinct and readily accessible form a good deal 
of useful information on the application, manipulation 
and heat treatment of the firm’s high-grade cobalt, 
tungsten, chromium-molybdenum, plain high-carbon 
and other tool steels. 


Electric Traction Batieries.—A catalogue just published 
by Chloride Batteries, Ltd., Exide Works, Clifton 
Junction, near Manchester, gives full details of the 
secondary batteries made by them for traction purposes. 
Dimensions, weights, capacities, charging rates and 
voltages at various discharge rates are set out, and the 
illustrations include charge and discharge curves for the 
different types of cell. 


Fan Equipment.—Two catalogues have come to us from 
Keith Blackman, Ltd., Mill Mead-road, Tottenham, 
London, N.17. One, publication No. 20, is entitled 
“Tornado” fan-engineering equipment and contains 
illustrated particulars of axial, propeller, centrifugal and 
paddle-wheel type fans; air heaters, washers and filters ; 
and blowers and exhausters. In the other publication, 
No. 21, are set out data regarding the firm’s neat 
Extravent window fan, for domestic, office and general 
light industrial ventilation. 


Gas Analysis.—The Cambridge Instrument Co. Ltd., 
13, Grosvenor-place, London, 8.W.1, have sent us a 
monograph on the thermal conductivity method of gas 
analysis. This is No. 3 of a series being issued to record 
the company’s association with prominent men of science 
in the development of various scientific instruments. 
Some copies of Nos. 1 and 2, entitled “‘ Fifty Years of 
Scientific Instrument Manufacture ” and “‘ The Develop- 
ment of the Duddell Oscillograph,” respectively, are still 
available, and will be sent, free of charge, on request. 


Safety in the Laboratory.—This is the title of a booklet 
which has been issued by the Dunlop Rubber Co., Ltd., 
in connection with an exhibition at present being staged 
at the Dunlop Research Centre, Fort Dunlop, Birming- 
ham, which remains open till May 20. The object of the 
exhibition is to demonstrate safe and unsafe methods of 
working in the laboratory. The exhibits are grouped 
under five headings, namely: Electrical, First Aid, Fire, 
Chemical, and Mechanical, and there is also a demonstra- 
tion of how staff may be trained to correct methods of 
procedure. The Company are arranging for technical 
staffs of associated companies to visit the exhibition. 


THE ‘** MEZZO”’’ FOLDING DECK 
AND GRAIN DIVISION, 


A signiricant development in the economy of this 
country since the war has been the remarkable 
increase in the export of manufactured articles such 
as cars and tractors and the corresponding decline in 
the export of coal. So great has been the increase that 
difficulty is being experienced at present in finding 
shipping space for this class of export. Unfortunately, 
Britain’s considerable fleet of tramp steamers cannot 
help much here as the normal tramp has a series of 
deep holds, usually divided by a centre-line bulkhead, 
with either no *tween-deck spaces or, at most, a single 
tier of *tween decks. This design has been built up 
over the years and is well suited to the carriage of 
export cargoes such as coal outward, and import bulk 
cargoes homeward like grain. Deep holds, however, 
are not so suitable for carrying manufactured articles, 
and if coal is not available as a cargo on the outward 
run, only those articles which can be stacked one on 
the other can be accommodated in the holds. This 
means that when cars, for example, are carried in 
deep holds they must be contained in strong cases, an 
expensive method and not always possible to accom- 
plish. Obviously, cars, tractors, etc., are best carried 
on their wheels in ’tween-deck 8 , but in the past 
it has not proved possible to di a vessel ey a 
both deep stowage for bulk cargoes and ’tween-dec 
stowage for manufactured articles. 

It will be apparent, therefore, that any scheme 
which makes it possible readily to instal *tween decks 
in the deep holds of a tramp without upsetting its 
original characteristics has much to commend it as 
it will increase materially the available deck space 
and render the vessel considerably more versatile. 
The introduction of a new form of folding deck, known 
as the Mezzo deck-grain division, comes at an opportune 
time as it has been designed expressly for this purpose. 
The Mezzo deck, which was invented by Mr. Ronald 
Kendall, editor of the Shipping World, in collaboration 
with Mr. W. Stanley Hinde, a London shipowner, 
consists of a system of hinged panels which, when 
vertical, form a fore and aft bulkhead to prevent grain 
shifting in the deep holds, and, when horizontal, form 
an extra deck which divides the holds into two ’tween 
decks. The ship can be transformed in a matter of 
hours and, if necessary, part of the cargo spaces can 
be left as deep holds for the carriage of grain and the 
remainder as tween decks for the stowage of cased 
goods. 

A typical installation is shown in the drawing repro- 
duced in Fig. 2, on this page, this design having been 
evolved by Messrs. John I. Thornycroft and Compan 
Limited, Smith-square, London, 8.W.1, for the 8.8. 
Burmount. The drawing shows the panels arranged 
as a deck and it will be noted that, when in this 
position, they are supported from the double bottom 
by tubular starchions. Details of the arrangements 
adopted for connecting the stanchions to the tank tops 
and mezzo deck are shown in Figs. 3 and 4, respec- 
tively. When required as a centre-line bulkhead, the 
inboard portions of the deck hinge about the centre-line 
of the vessel, the port inboard panel forming the lower 
portion of the bulkhead and the corresponding star- 
board panel the upper portion of the bulkhead. To 
allow for the difference between the width required 
for the deck and the depth of the bulkhead, the hinge 
points are arranged so that they can slide in the vertical 
direction. The outboard portions of the deck hinge 
against the ship’s side and, here again, the hinge points 
are designed so that they can slide vertically to allow 
the tok fold flush against the ship’s side. In 
Fig. 2, the itions adopted by the various parts of 
the deck when used as a centre-line bulkhead are 
shown in chain-dot, and it will be noted that the 
portions which fold against the ship’s side are held in 
position by claw bolts permanently attached to the 
ship’s frames. 

The inboard panels are hinged to, and, when in the 
vertical position, held against, the pillars provided on 
the centre-line of the vessel for accommodating the 
longitudinal bulkhead; this bulkhead, of course, is 
required by international regulations when carrying 
grain and similar cargoes. No capacity is lost, there- 
fore, as the inboard panels merely replace the bulkhead 
sections and the grain can be stowed between the out- 
board panels and the ship’s side when the former are in 
the folded position. The panels and pillars in way of 
the hatches are, of course, portable and are removed 
when filling, or discharging, the lower part of the hold. 
This feature is illustrated in Fig. 1, where the portable 
components are shown dotted, while details of the 
centre-line pillar foot connection are given in Fig. 5. 
Once the lower hold is filled, the pillars and panels in 
way of the hatch are replaced and the upper part of 
the hold filled with cargo, the complete hold then being 
closed by the normal hatch covers. 

It is not necessary, however, to use hinged panels, 





as portable panels can be used with equal facility 
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and, when not in use, stowed in any convenient 

of the ship. The panels can be made from steel or 
aluminium alloy; when steel is used, it may be 
advantageous to use the ship’s winches for raising 
and lowering them, a method already adopted with 
some forms of steel hatch covers. When aluminium is 
used, the panels required for a vessel of 10,000 tons 
deadweight only weigh between 8 and 9 cwt. each and 
they can, therefore, be raised and lowered manually by 
means of ordinary blocks and tackle, as indicated in 
Fig. 2. To meet the requirement for the light-alloy 
type of structure, T.I. Aluminium, Limited, have 
developed special extrusions designed to facilitate 
manufacture of the panels but at the same time give 
maximum strength for a given weight. Aluminium 
construction naturally saves weight, the panels are 
easier to handle and the upkeep is less. It costs more 
than steel construction, however, and each case must, 
therefore, be judged on its merits. 

Use of the Mezzo deck in tramp ships can increase 
the deck space by as much as 70 per cent. without 
impairing the original characteristics. It should, 
therefore, prove of distinct value, particularly in 
wartime as it will permit all types of military vehicles 
and equipment to be carried ready for service; the 
extra decks could also be used as temporary troop 
decks. The Mezzo deck may, with advantage, be 
incorporated in cargo liners thereby rendering the 
vessels more suitable for the carriage of bulk cargoes. 
In a three-deck ship with the third deck constructed on 
the Mezzo principle, for example, Nos. 2 and 3 spaces 
could be arranged to provide two "tween decks and 
a shallow hold and the remaining spaces a single tween 
deck and a deep hold. Even closer subdivision could 
be provided by fitting part of a hold with the Mezzo 
deck. The use of the deck certainly narrows the 
difference between cargo liners and tramp steamers 
and, if it is adopted generally, a time may arrive when 
there is little, if any, difference in the construction of 
the two classes of vessel. 





DUAL-CAPACITY GOODS LIFT. 


A goons lift which is being manufactured by the 
Express Lift Company, Limited, Greycoat-street, 
London, 8.W.1, is designed to raise loads of 2 tons 
at 150 ft. per minute and of 5 tons at 50 ft. per minute, 
the counterweight being balanced for the maximum 
load of 5 tons. When operating under the first of these 
conditions, an additional weight of 14 tons is fixed 
beneath the car, but this can be deposited in a cradle 
at the bottom of the lift pit when it is desired to deal 
with the heavier load. The release of the weight is 
effected from within the cage by moving a small lever, 
thus saving the time otherwise occupied in adding 
weights to the counterweight and adjusting the back- 
gear on the winding machine. 

The lift system is fully interlocked electrically to 
ensure that the weight carried beneath the car cannot 
be released unless it is at the bottom of the shaft. The 
lift cannot be started unless the release mechanism is 
properly connected, or run at the high speed of 150 ft. 
per minute unless the weight is in position under the 


oar. 

The lift itself is operated on the Trulevel power 
system and in both cases is brought to rest from a 
“ levelling ” speed of 12 ft. per minute. It is driven by 
two motors, one of which—a single-speed squirrel-cage 
machine—is connected to the worm shaft, while the 
other—a two-speed pole-changing machine—is con- 
nected to the Trulevel clutch. The single-speed motor 
provides full speed running at 150 ft. per minute for 
a load of 2 tons, while the high-speed winding of the 
second motor gives a speed of 50 ft. per minute with a 
load of 5 tons and the slow-speed winding the levelling 
speed for both loads. 





CONGRESS OF THE INTERNATIONAL SCIENTIFIC FILM 
ASSOOCIATION.—The fifth congress of the International 
Scientific Film Association will take place in the Munici- 
pal Museum, The Hague, Holland, from Saturday, 
September 15, to Saturday, September 22. Meetings of 
the general assembly of the International Scientific Film 
Association and of the Association’s permanent commit- 
tees dealing with medisal, research, technical, and indus- 
trial films, will take place during that week. A 
“ Festival of Scientific Films ” will also be held during 
the period of the congress, and a special committee of the 
British organisation, the Scientific Film Association, 
is to be set up to consider films for exhibition at the 
Festival. This Association would be pleased to receive 
information respecting films which are considered suitable 
for the purpose. Full details, including running time, 
gauge, date of production and brief synopsis, should be 
sent to the secretary, the Scientific Film Association, 
4, Great Russell-street, London, W.C.1. The Association 
would also like to obtain details of specialised research 
and record films, with a view to their being shown at 
meetings of the various permanent committees. 





NOTES ON NEW BOOKS. 


Modern Bridge Construction. 

By F. JOHNSTONE-TAYLOR. Second edition. The 

Technical Press, Limited, Gloucester-road, Kingston 

Hill, Surrey, [Price 30s. net.] 
Tus book, first published in 1930, is described as 
having been “ revised,” but unfortunately the revision 
has not been taken nearly far enough; indeed, the 
author appears to be largely unconscious of much of 
the progress made during the past 20 years. For 
instance, his description of Waterloo Bridge as “a 
series of elliptical arches, with a span of 120 ft.”, 
obviously refers to Rennie’s old bridge, which Bernard 
Shaw once characterised as no bridge at all, but an 
embankment with holes in it. This slackness in 
revision is endemic rather than occasional. There is 
no reference to the Howrah cantilever, one of the more 
outstanding British contributions of recent date to 
large-span design and construction ; and the names of 
Bailey, Inglis and Hamilton will be sought in vain in 
the index. As an example of modern German con- 
struction, the author might well have included the 
interesting plate-girder cantilever which has now 
replaced one of the former Rhine suspension bridges 
in Cologne. It may be noted, too, that the chapter 
on suspension bridges contains no reference to Tacoma 
Narrows. The general conception of a book of this 
kind, which aims to present a bird’s-eye view without 
the burden of detail, is not without merit, though the 
“large number of engineers, such as consultants, 
railway engineers, municipal engineers, . . . who have 
from time to time to deal with bridge construction,” 
and to whom the book is addressed (vide preface), will 
gain little from a purely descriptive treatment which 
makes no attempt to ren | with the economic problems of 
weight, cost and functional efficiency. Some parts 
of the book make interesting light reading, but there 
is little that the average engineer will not have 
assimilated already by personal observation in travel 
by road or rail, and by perusing the technical Press. 
The author explicitly makes no appeal to the designer, 
because, as he says, “Men can be readily hired to 
make calculations.” 





Steam-Plant Operation. 
By EVERETT B. WOODRUFF and HERBERT B. LAMMERS. 
Second edition. The McGraw-Hill Book Company, 
Incoporated, 330, West 42nd-street, New York 18. 
[Price 7 dols.]; and McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 59s. 6d.] 
For many years it has been necessary in the United 
States and Canada for every man responsible for the 
operation of stationary steam plant to hold a licence 
from the authorities of the State or Province concerned. 
These licences are granted as the result of an examina- 
tion in the broad field of practical knowledge covered 
by the present book. The volume, however, is likely 
to be just as useful to men in the boiler house or engine- 
room who have no examinations to pass, for it is a 
thoroughly practical treatise on the operation and 
maintenance of all kinds of apparatus likely to be met 
with in an American steam plant. This restriction 
to American plant has to be made, because Lancashire 
and Cornish boilers, and high-speed engines (as the 
term is understood in this country), are not included, 
and the whole of the equipment illustrated is of 
American manufacture ; this is not of great importance, 
however, as the duties of a steam-plant operator are 
much the same in every country. The English reader, 
however, will have to accustom himself to such words 
as “‘ gigs” for jigs, “‘ tram ”’ for trammel, and “ taped 
hole” for tapped hole. About half of the book is 
taken up with matters relating to boiler plant, includ- 
ing a chapter on combustion. The advice and informa- 
tion given are commendably explicit and free from 
generalities ; for example, the process of cutting out 
and renewing a boiler tube is explained, with eight 
illustrations, and in sufficient detail to enable any 
competent mechanic to do the job. Pumps and 
injectors are next dealt with. The method of setting 
the valves of a duplex pump is described clearly, though 
not quite so concisely as in the old workshop rule to 
“* Put everything in the pump that is movable exactly 
in the centre of its stroke, then shift either of the 
slide valves sufficiently to open a port; replace the 
valve-chest covers and the job is done.” Steam 
engines naturally get their fair share of attention and 
the reader is told how to renew the white-metal linings 
of bearings, how to check the squareness of the crank- 
shaft with the centre line of an engine, how to take and 
interpret indicator diagrams, etc. In a subsequent 
section on steam turbines, however, there is an illus- 
tration, attributed to one of the American oil companies, 
which invites criticism; it purports to show that, 
whereas a jet of liquid exerts an impulsive force when 
it strikes a flat plate, it produces an additional reactive 
force when it is turned backwards by striking a curved 





surface. The legends to this effect, shown on the 
illustration, would certainly mislead a student, even 
though it is made abundantly clear elsewhere that the 
derivation of power from the reactive force of a steam 
jet depends on the expansion of the steam in a moving 
element. Apart from this, the book contains just the 
kind of information that a man needs to operate tur- 
bines and their auxiliaries with safety and efficiency. 
The last of the 13 chapters deals with feed-water 
heaters, evaporators, pipe-work, steam traps and 
lubrication. At the end of each chapter there are 
practical questions, 543 altogether, with answers given 
separately to the relatively few that depend on arith- 
metic. The book is of a nature likely to appeal to 
every steam-plant operator who is interested in his 
work. No mathematical knowledge is needed for its 
understanding, and, for the benefit of those who have 
“ forgotten their schooling,” the rules of arithmetic are 
exemplified in an appendix. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ STANHOPE.”—Single-screw cargo vessel, built 
by Short Brothers, Ltd., Sunderland, for the Stanhepe 
Steamship Co., Ltd., London, E.C.2. Main dimensions : 
435 ft. between perpendiculars by 58 ft. 9 in. by 29 ft. 6 in. 
to upper deck ; deadweight capacity, about 10,250 tons 
on a draught of 25 ft. 9 in. N.E.M.-Doxford four- 
cylinder opposed -piston oil engine, to develop 3,300 b.h.p. 
constructed by the North Eastern Marine Engineering 


Co. (1938), Ltd., Wallsend-on-Tyne. Speed, about 
13 knots in service. Launch, April 20. 
M.S. “* BESKIDY.”—Single-screw oil tanker, built by 


Bartram & Sons, Ltd., Sunderland, for the Gdynia- 
America Shipping Lines, Ltd., Gdynia, Poland. Second 
vessel of an order for two. Main dimensions: 445 ft. 
between perpendiculars by 60 ft. 6 in. by 34 ft. to upper 
deck; deadweight capacity, about 11,000 tons on a 
draught of 27 ft. 6 in. N.E.M.-Doxford four-cylinder 
opposed-piston airless-injection: oil engine, to develop 
4,250 b.h.p. at 110 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Co. (1938), Ltd., 
Wallsend-on-Tyne. Speed, 13} knots. Launch, April 23. 

M.S. “‘ BRITISH PIONEER.”’—Single-screw oil tanker, 
built by the Blythswood Shipbuilding Co., Ltd., Scots- 
toun, Glasgow, for the British Tanker Co., Ltd., London, 
E.C.2. Main dimensions: 463 ft. between perpendicu- 
lars by 61 ft. 6 in. by 34 ft. ; deadweight capacity, about 
12,500 tons on a summer draught of 27 ft. 6 in. Six- 
cylinder four-stroke single-acting Burmeister and Wain 
Diesel engine developing 3,200 b.h.p. at 115 r.p.m., 
constructed by John G. Kincaid & Co., Ltd., Greenock. 
Speed, about 12 knots. Launch, April 24. 

H.M.S. “‘ EpDYBEACH.”—Single-screw vessel for carry- 
ing oil in bulk, built by the Caledon Shipbuilding and 
Engineering Co., Ltd., Dundee, for the Naval Store 
Department, the Admiralty, London, S.W.1. Main 
dimensions : 286 ft. overall by 44 ft. by 18 ft. 6 in. ; dead- 
weight capacity, 2,050 tons on a draught of 17 ft. 2 in. ; 
gross tonnage, 2,300. Triple-expansion steam engines 
and two oil-burning cylindrical boilers, constructed by 
Lobnitz & Co., Ltd., Renfrew. Speed, 12 knots. Launch, 
April 24. 

M.S. “ BRITISH SEAFARER.”—Single-screw oil tanker, 
built and engined by R. and W. Hawthorn, Leslie & Co., 
Ltd., Hebburn-on-Tyne, County Durbam, for the British 
Tanker Co., Ltd., London, E.C.2. Main dimensions: 
547 ft. overall by 69 ft. 6 in. by 37 ft. 6 in. to upper deck ; 
deadweight capacity, about 16,000 tons on a draught of 
30 ft. Hawthorn-Doxford six-cylinder combined-stroke 
oil engine to develop 6,400 b.h.p. at 115 r.p.m. in service. 
Speed, about 14 knots. Trial trip, April 25 and 26. 

S.S. “ Burron.”—Single-screw cargo liner, with 
accommodation for twelve passengers, built by the 
Caledon Shipbuilding and Engineering Co., Ltd., Dundee, 
for the Far Eastern services of N. V. Stoomvaart 
Maatschappij Nederland, Amsterdam. Main dimen- 
sions: 493 ft. overall by 66 ft. by 42 ft. to shelter deck ; 
deadweight capacity, 10,900 tons on a mean draught of 
13 ft. 6 in.; gross tonnage, 7,444. Cross-compound 
double-reduction geared turbines constructed by the 
International General Electric Co., Schenectady, U.S.A.. 
to develop 9,350 s.h.p. at 87-7 r.p.m., and two Foster 
Wheeler oil-fired boilers. Service speed, 16 knots. 
Trial trip, April 27. 

8.8. “ Patricia.”—Single-screw vessel, accommodating 
over 400 passengers and cargo, built by Swan, Hunter, 
and. Wigham Richardson, Ltd., Newcastle-upon-Tyne, 
for the Rederiaktiebolaget Svenska Lloyd, Gothenburg, 
Sweden. Fifth ship built for these owners. Main 
dimensions: 415 ft. 6 in. between perpendiculars by 
58 ft. by 31 ft. 9 in. to “ B ”’ deck; deadweight capacity, 
about 2,430 tons on a mean draught of 19 ft.; cargo 
capacity, 105,300 cub. ft. Parsons steam turbines with 
single-reduction gearing and two Babcock and Wilcox oil- 
fired water-tube boilers, installed by the shipbuilders, to 
develop 7,850 s.h.p. at 127 r.p.m. Speed on trial, 
19 knots. Trial trip, April 29. 
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THE TOPOCK-MILPITAS GAS 
PIPELINE, CALIFORNIA. 


A PHENOMENAL post-war increase in the demand 
for gas, for both industrial and domestic purposes, 
has been experienced in the United States, and, 
naturally, it has been greatest in the three main 
industrial areas, namely, the Eastern States, the 
mid-West, and the very rapidly developing Western 
States of Washington, Oregon and California, This 
demand has been partly satisfied hitherto by natural 
gas, found in many parts of the United States ; 





now a network of pipelines and pumping stations 
exists, which supplies the Eastern and mid-Western 
States with abundant and cheap gas. One of these 
pipelines, that of the Tennessee Gas and Trans- 
mission Company, which is 24 in. in diameter and 
extends for 1,265 miles from Corpus Christi, Texas, 
to Cornwell, West Virginia, was described on page 97 
of our 163rd volume, in the issue of January 31, 
1947. 

Two years ago, the Pacific Gas and Electric Com- 
pany started work on a new pipeline from Topock, 
Arizona, to Milpitas, California. As shown’in the 
map, Fig. 6, on page 614, it connects at Topock, on 





extending from the California-Arizona border 
through the Mojave Desert, across the Tehachapi 
Mountains, northwards across the floor of the 
San Joaquin Valley,sover the Coast Range Moun- 
tains to Hollister, and thence to the company’s key 
metering system at Milpitas. The first delivery of 
natural gas is now taking place, at the rate of 
200 million cubic feet per day; but when, in a 
few months’ time, three compressor stations at 
Topock, Hinkley and Kettleman Hills are in 
service, it is expected that 400 million cubic feet per 
day will be delivered. The designed inlet pressures 





at the compressors vary between 440 Ib. and 500 Ib. 








Fig. 2. Prats Rotts. 


but in California the supply of natural gas has been 
dwindling, and the Pacific Gas and Electric Com- 
pany, @ great private power company serving some 
2,386,000 customers in Northern California with 
electricity and gas, were confronted with the 
problem of bringing in gas from fields in parts of 
Texas, Colorado and New Mexico. Where natural 
gas is released as a by-product of an oil field, 
It is frequently burned off as waste, and at one 
time this was done in the rich Texas fields: but 





the California-Arizona border, with an existing net- 
work of the El Paso Natural Gas Company, so that 
gas is now brought some 1,600 miles from Texas and 
New Mexico to the San Francisco Bay area. The 
Pacific Gas and Electric Company’s part of the 
line is known as the ‘“‘ Super Inch Pipeline,” as it 
is 34 in. in diameter and is the largest welded and 
expanded pipe yet fabricated for the transmission 
of natural gas under high pressure. 

The “Super Inch” line is about 501 miles long, 





Fic. 3. Ovutstpe Szeam WELDING MACHINE. 

per square inch, and the maximum designed dis- 
charge pressure is 790 lb. per square inch. The 
pipeline contains about 50 main valves, by which 
any section can be completely shut off. The total 
cost of the Pacific Company’s part of the project is 
some 63 million dollars, but, taking into account 
the E] Paso Company’s investment, the total capital 
involved in the scheme is about 150 million dollars. 

The scheme is almost entirely Western in concep- 
tion, design and execution. The plates were rolled 
at the Geneva Steel Company’s mill in Utah, and 
formed into pipe at the South San Francisco plant 
of the Consolidated Western Steel Corporation. 
Both these steel companies are subsidiaries of the 
United States Steel Corporation. A special con- 
tracting organisation—Bechtel, Price and Conyes— 
was formed to undertake the work of laying the 
line: it comprised the Bechtel Corporation, engi- 
neers and constructors, of San Francisco; the 
Conyes Construction Corporation, of San Pablo, 
California; and the H. C. Price Company, of 
Bartlesville, Oklahoma. The actual work of con- 
struction was done, to the requirements of the 
engineers of the Pacific Gas and Electric Company, 
by the Bechtel Corporation, who, it may be noted, 
are now constructing the Kirkuk-Banias pipeline, 
30 in. and 32 in. in diameter and 556 miles long, 
for the Iraq Petroleum Company. 

The main points of engineering interest in the 
‘Super Inch ”’ California scheme lie in the fabri- 
cation methods used for the pipe, and in the con- 
tractor’s plant and methods. The 34 in. pipe is 
fabricated from high-manganese steel plate of 
thicknesses varying from jf in. to } in., according 
to the maximum pressures in the different parts of 
the pipeline. The lengths of individual pipes are 
30 ft. or 32 ft. Apart from the special handling and 
welding equipment used, there is much of interest 
in the hydraulic stretching or cold-working process, 
which increases the strength of the steel and thus 
resulted in a considerable saving in the cost of 
the pipeline. Much of the machinery used to make 
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the pipe was constructed in the Maywood, California, 
factory of the Consolidated Western Steel Cor- 

See, od OA Be teeta d tes hor wad he NATURAL-GAS PIPELINE, CALIFORNIA. 
Eastern plants of the United States Steel Cor- 
poration. 

The steel plates, 32 ft. long, and nearly 9 ft. wide, 
were transported by rail from Geneva, Utah, to 
South San Francisco, where they were stored and 
thereafter progressed automatically, or nearly so, 
down a _ 1,000-ft. production line. The accom- 
panying illustrations, Figs. 2 to 5, on page 613 
and on this page, show some of the machines used. 
From the head of the production line, the plates 
are moved by electro-magnet to end shears and 
thence to an edge planer, which machines the plate 
to exact width and with a slight bevel on one side, 
so that, when the pipe is rolled, a shallow V is 
formed on the outside for welding. The first 
bending operation is done in edge-breaking rolls, 
which curl the edges upwards for about 8 in. from 
each edge. This preliminary operation takes a 
heavy initial load off the subsequent plate roller, 
and ensures that the edges of the plates are formed 
to correct curvature. Fig. 1 shows a plate emerging 
from the breaker rolls. The plate is then passed 
into, and back again from, a plate roll (Fig. 2), to 
form it into a cylinder nearly 34 in. in diameter. 
Fully automatic hydraulically-operated handling 
equipment takes ihe plate from one machine to the 
next. 

The first weld is on the outside. The pipe is fed 
into an automatic longitudinal seam-welder from a 
form which holds the edges in alignment for a down- 
hand weld. The arc is submerged in a flux deposited 
in a continuous stream ahead of the rod, and the 
pipe is moved along at a controlled rate. Fig. 3 
shows & pipe emerging from this machine. The 
piece of equipment to be seen inside the pipe is 
water-cooled back-up shoe or chill-bar, which is 
pressed up against the interior seam. The weld 
penetrates about half-way down the bevelled edges 
and takes place without any visible evidence, being 
covered by the flux. Thence the pipe is moved to 
an inside seam welding machine, using the same 
submerged-arc process. On the way, the pipe is 
manually rotated through 180 deg. (the only manual 
handling that it receives in the whole line), so 
that the second weld is also downhand. The 
welding head (Fig. 4) is fixed on a long cantilever 
arm, and the pipe is automatically moved under 
the point of welding on a carriage. 

From the welding machines the pipe is taken to 
the expanding or cold-working equipment, where 
it is stretched hydraulically from about 33}-in. in 
diameter to the finished size of 34 in. A substantial 
increase in the yield point of the steel is so obtained, 
with the result that a plate of thinner gauge can be 
used for the same pressure. The pipe is closed 
by being placed between a fixed head and a movable 
head (Fig. 5) and is surrounded by a cylindrical die, 
made in semi-circular sections each about 4 ft. wide. 
The pipe section is then filled with water containing 
a soluble oil, and hydraulic pressure is applied until 
the pipe makes contact with the die, which restrains 
it from further stretching. It will be appreciated 
that, in addition to increasing the strength of the 




























metal, this operation makes the pipe uniformly 6. T ee — 
round and straight, and acts as a test of the welded Fig .. a Existing po huge u 
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roughly, two miles of pipeline per day. 
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Ground was broken for the 500-mile line on June (326 +.) 
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| TOPOCK-MILTIPAS NATURAL-GAS PIPELINE, CALIFORNIA. 


(For Description, see Page 613.) 
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Fic. 7. THe STart OF THE PIPELINE. 











Fic. 8. ‘Buckryr’’? TRENCHING MACHINE, Fic. 9. Trencu-Bottom BULLDOZER. 




















| Fic. 10. Hanpiina Pire at “TRIPLE-ENDING”’ YARD. 
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TOPOCK-MILTIPAS NATURAL-GAS PIPELINE, CALIFORNIA. 


(For Description, see Page 613.) 
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Fig. 11. Stpe-Boom Tractors Layina PIper. 





























Fig. 12. Preg-Strinerng Crew at Work. 
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Fie. 14. Weuprne Prant at “ Trrecz-Enpine’”’ Yarp. 


29, 1949, and it was just 500 days later when the 
line was completed. About 86,000 welds were 
made. For the most part, the terrain was rugged, 
and difficulties were encountered with the climatic 
conditions, for there were blistering desert tempera- 
tures and sandstorms. Some idea of the terrain is 
given by the illustrations which appear on Plates 
XLIX and L. Delivery of natural gas from the 
El Paso network is made at the California-Arizona 
border, at the middle of the Colorado River. An 
abandoned road bridge was acquired to support the 
pipe over the river ; the left-hand bridge of the three 
shown in the aerial view, Fig. 7, on Plate XLIX, is 
the one used for the crossing. At this point, the 
pipe is 30 in, in diameter, and it extends in this size 
to the peak of the first hill on the California side, the 
site of the Topock compressor station, where the 
34-in. main begins. The route of the 34-in. pipeline 
is seen extending into the distance in the upper 
left-hand part of the illustration. 

At the point of delivery on the bridge over the 
Colorado River, the elevation is about 500 ft. The 
main rises for the first seven miles through rough 
eroded country on the flank of steep and rocky 
mountains before reaching easier country on the 
Toute across the Mojave Desert. Climbing gradu- 
ally, it reaches an elevation of 3,200 ft. about 36 
miles west of Topock, dips to 800 ft. at Amboy, 
and cuts through rocky hills at Ludlow. East of 
Tehachapi, it reaches its highest elevation, about 
4,600 ft. In the next 25 miles it traverses the 
roughest country of all, until it drops to an eleva- 
tion o/ 200 ft. on the floor of the San Joaquin Valley. 
Thence it passes through farm lands and sage- 
brush plains to the Kettleman Hills. 

Bulldozers first cleared the route and, in moun- 
tainous sections, cut numerous access roads to a 
bench, from 54 ft. to 75 ft. wide, along the right 





of way. This wide space was needed for the passage 
of the trenching machines and other heavy equip- 
ment. In the canyon-cut slopes, cut-and-fill 
methods were used to avoid sharp bends in the pipe, 
and numerous steel or concrete structures were 
erected to support the line. 

As rapidly as the right of way was cleared, wheel- 
type trenching machines followed. Two Buckeye 
trenchers, each weighing 32} tons and the largest 
of their type yet built, were used to cut a mile or 
more a day of trench to a width of 44 in. and to a 
depth of 5 ft. 6 in. or more. The general construc- 
tion of the trenching machines is shown in Fig. 8, 
on Plate XLIX. There is a minimum pipe cover of 
24 in. in rock and 30 in. in earth, but where the line 
passes through cultivated land the cover is greater, 
occasionally increasing to 5 ft. to avoid underground 
irrigation pipes. The trenchers were used for the 
first 8 ft. 6 in. depth of trench, and excavators and 
trench hoes for greater depths or in places where 
there were exceptionally steep gradients. In parts 
of the Tehachapi Mountains, even backhoes were 
unable to handle the rock, and drilling and blasting 
were necessary. In these sections, soft earth had 
to be hauled from a distance to protect the wrapping 
of the pipe in the trench. Down the Tehachapi 
slope towards Arvin, gradients up to 57 deg. made 
it necessary to ease the backhoe down from tractors 
above. 

An early innovation was the use of two very 
small bulldozers for preparing the trench bottom 
(Fig. 9, Plate XLIX). They were specially made by 
the Cletrac Division of the Oliver Corporation, and 
were only 44 in. wide overall. Each was equipped 
with a drag to give the bottom a smooth, soft 
surface. They were known to the pipe gangs as 
** doodlebugs.” 

Concurrently with the trenching, the pipe was 





prepared for welding and laying. Originally, the 
contractor’s plan called for the pipe to be trans- 
ported from the mill to a double-ending plant in 
the field. This plant was set up at Santa Clara; 
pipe was moved to it by road and 30-ft. lengths 
were welded together in pairs, or ‘“‘ double-ended.” 
On completion of the northern 80-mile section of 
the line, the plant was successively transferred to 
Barstow and Coalinga, where the pipes, here 32 ft. 
long, were ‘“‘triple-ended,” or welded three at a 
time into lengths of 96 ft. From these yards, the 
double-ended or triple-ended lengths were trans- 
ported by lorry and trailer to the right of way. At 
the yards, fork-lift trucks were used to stack and 
handle the pipes (Fig. 10, Plate XLIX). They were 
capable of unloading three 32-ft. lengths of pipe at a 
time, carrying them to an inclined runway about 
600 ft. long and fitted with stops, and releasing them. 
The automatic stops ensured that the pipe lengths 
rolled into place strictly in line. These fork-lift 
trucks also carried the pipe to and from the triple- 
ending plant, easily picking up a 96-ft. length of pipe. 
Their lifting capacity is 7} tons, and a single 32-ft. 
pipe weighed from 1} to 2} tons, according to the 
wall thickness. 

At the double-ending and triple-ending plants, the 
welds were made first with two hand passes, followed 
by an automatic submerged-are weld (Fig. 14). 
Machine welding under controlled conditions at the 
yards greatly hastened the progress of construction 
by reducing the number of field welds to be done. 

There are no expansion joints anywhere on the 
line, and it was specified that the pipe was not to 
be lowered and covered at temperatures greater 
than 70 deg. F. At one time, in the desert, the 
temperature did not drop below 80 deg. for twelve 
days, even at night. Normally, a pipe-string up 
to 4,500 ft. long was laid in at a time, but under 
such conditions the length of each string was 
reduced to less than 3,000 ft. and the necessary 
temperature increase in length had to be calculated. 
A “loop” was then formed in the line, by holding 
up the ends of the laid-in string and the new string. 
Between 1 o’clock and 6 o’clock in the morning, 
the ends were joined by welding and the pipe was 
lowered in. This work was done by artificial light. 

A refinement in the initial survey, not usual in 
pipeline engineering, was the complete setting out 
of grades on the right of way and the trench. All 
vertical curves were calculated and the pipe was 
carefully bent, using the wrinkle type of bending 
machine, before being lined up and welded. This 
was done because the pipe metal is more highly 
stressed than is usual for such work, and it resulted 
in a strain-free line, not subject to stresses of un- 
known amount at sections where acute vertical 
curvature occurred. 

While the trench was being prepared, the pipe- 
stringing and line-up crews were busy in the field, 
setting up the pipe, aligning it and making the 
successive field welds. Fig. 12, Plate L, illustrates 
the difficulties encountered on the steeper slopes. An 
interesting piece of equipment, familiar to pipeline 
engineers, but perhaps not to others, is the internal 
line-up clamp (Fig. 13, on Plate L), which was pro- 
pelled by electric motors on a carriage within the 
pipe, the head being expanded against the pipe wall. 
The expanding action was by a lever system 
within the head of the clamp, operated by an electric 
motor and a worm gear. A long metal conduit 
contained the cables carrying power to the clamp 
and also the control cables, which were connected 
to push-button controls. A mobile generating 
set supplied the power. 

In use, the clamp was inserted within the new sec- 
tion of pipe, at the end of the pipe remote from the 
old section. It then travelled through the pipe 
under its own power to the far end, where the joint 
was to be welded, until the head protruded enough 
to mate with the inner diameter of the main line 
of pipe. The head was then expanded until internal 
rings, made as narrow as possible to minimise heat 
transfer, pressed outwards against the new and old 
sections of pipe, aligning them and leaving a gap of 
exactly 4 in. between them for the welding of the 
stringer bead. On completion of the weld, the head 
was collapsed and the clamp run out to the open 
end of the pipe under its own power. 

To hold the pipeline aloft for coating and wrap- 
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Fie. 15. CLEANING AND PRIMING THE Pips. 


ping, and to lower it into the trench, a fleet of nine 
specially-designed side-boom tractors was used. 
These tractors (Fig. 11, Plate L) were Caterpillar 
D.8 Diesel machines with Trackson side-booms, 
but modified by having the left-hand track offset 
outwards some 22 in., and by increasing the counter- 
weight on the other side from 3,500 Ib. to 16,000 Ib. 
Other minor changes were made to strengthen the 
structure, with the result that it was capable of 
lifting some 82,000 lb. before tipping over, as 
compared with about 54,000 lb, before the changes 
were made. 

Before being lowered into the trench, the pipe was 
cleaned and primed by a machine which is shown in 
operation in Fig. 15, on this page. It was held aloft 
by a side-boom tractor, but was self-propelled 
along the pipe by a petrol engine. The pipe was 
cleaned by wire brushes and then a coating of hot 
asphalt was applied. The design of this macnine 
is conventional as far as pipeline engineering is 
concerned, but it was larger than any such machine 
previously made. 

Between the clean-and-prime and the wrap-and- 
coat operations, still another important piece of 
equipment was used—a batch of old-fashioned 
feather dusters, wielded by pairs of men walking 
along the right of way. They brushed off any 
accumulations of dust and, at the same time, 
inspected the work of the priming machine. Any 
spots left untreated were dealt with, thus ensuring a 
proper bonding of the asphalt and the wrapping to 
follow. 

The coating ard wrapping machine is illustrated 
in Fig. 16, herewith. The wrapping consists 
of a coating of asphalt, a wrapping of asphalt- 
impregnated rag felt, a second coating of asphalt, 
and a final wrapping of kraft paper, to a total 
thickness of } in. Through an area of the Mojave 
Desert where ground water was encountered, and 
in crossings under the Mojave and Kern Rivers, 
additional protection was given by a third coating 
of asphalt and another wrapping. The machine 
was a self-propelled three-pump model, made by 
Perrault Brothers, of Tulsa, Oklahoma. One main 
pump discharged asphalt to a well, and two other 
pumps fed arrangements of fishtail and shoe distri- 
butors to flood the asphalt round the pipe. 

Finally, the string of pipe was lowered into the 
trench, and the valves and other fittings inserted 
as required. Before bringing the line into ser- 
vice, long sections were purged by suddenly 
releasing gas under a pressure of 600 lb. per square 
inch. A spectacular eruption of dust, dirt and 
debris resulted on these occasions, as shown by 
Fig. 17, herewith. To prevent an explosion 
occurring, a small amount of inert gas was first 
admitted to the line, to act as a buffer between 
the dust-laden air and the natural gas. 

The work has now reached a preliminary stage 
on the compressor or booster stations at Topock, 








Fie. 17. 


Hinkley and Kettleman Hills. At Topock, there 
will be six compressors, aggregating 15,000 h.p. ; 
at Hinkley, seven compressors of 17,500 h.p.; 
and at Kettleman Hills, eight compressors, of 
slightly smaller size, aggregating 12,320 h.p. They 
will all be G.M.W. two-cycle V gas-driven units, 
made by the Cooper-Bessemer Corporation, of 
Mount Vernon, Ohio, and Grove City, Pennsylvania. 
The Bechtel Corporation are constructing the 
booster stations. When the compressor stations 
are in service, gas will be transmitted at the rate of 
400 million cub. ft. per day, as previously mentioned, 
and will travel the 500 miles from Topock to 
Milpitas in a little more than one day, as compared 
with 2} days for the same journey without boosting. 





ELECTRONICS EXHIBITION.—The sixth annual elec- 
tronics exhibition of the north-western branch of the 
Institution of Electronics will be held at the College of 
Technology, Sackville-street, Manchester, 1, on Tuesday, 
Wednesday and Thursday, July 24, 25 and 26. The 
exhibition will open at 2.30 p.m. on the first day and at 
10 a.m. on subsequent days, and will close, on each day, 
at 9p.m. Displays by universities and scientific associa- 
tions will be included in the exhibition, in addition to 
those sent by commercial undertakings. The programme 
will include the showing of scientific films, demonstra- 
tions on an electronic organ, the working of the Ferranti 
logical computor, and reception on home-constructed 
television receivers. Further particulars may be obtained 
from the honorary secretary of the branch, Mr. W. 





Birtwistle, 17, Blackwater-street, Rochdale. 





BLow1na Dust FROM PIPELINE. 


LITERATURE. 


The Economic Design of Rectangular Reinforced 
Concrete Sections. 

By T. P. O’Sullivan, Ph.D., B.Se.(Eng.), A.M.I.C.E. 

Sir Isaac Pitman and Sons, Limited, Parker-street, 

Kingsway, London. W.C.2. [Price 12s. 6d. net.] 
Tuts is a welcome addition to the literature of 
design, in which its special place lies midway 
between that large class of elementary text-books of 
theory and practice which cater for the needs of 
the engineering student and the rather more esoteri¢ 
group in which research investigators with no direct 
design responsibilities publish advanced theories of 
design, some of which eventually become adopted 
in practice while some fall by the wayside. The 
practising designer is naturally well versed in appli- 
cations of elementary principles, and will always 
keep an open mind for the possible reception of the 
advanced theories of the professors and research 
specialists. His main function, however, is to satisfy 
the requirements of his clients within the rules of 
existing codes of practice and under the sensibility 
of his professional conscience; though there 
always scope for individuality and the exercise of 
personal initiative. 

In this monograph, Dr. O'Sullivan has amply 
demonstrated the possibility of obtaining consider- 
able economies without resort to heterodox theories. 
The limitation of his terms of reference is clearly 
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displayed in the title, and he defines his problem 
even more explicitly by assuming elastic concrete, 
an absolute bond, a fixed modular ratio, no resistance 
in tension and no initial stresses. He determines 
the optimum proportions and placing of reinforce- 
ment for every possible or likely combination of 
loadings, and includes a considerable number of 
design charts or nomograms, which can be readily 
applied to give rapid solutions of particular design 
problems. The treatment is admirably concise, 
though in one or two passages the, development of 
the formule might be easier to follow with a fuller 
explanation. There are too few books of this type, 
and it may be hoped that this monograph will meet 
with a reception which will encourage the autbor to 
deal with other design problems in a similar way. 
The example that he has set might be noted with 
advantage by those responsible for applied research 
in engineering and technological faculties, where 
the tendency has sometimes been to keep a little 
too far in front of the immediate requirements of 
practical designers. 


Transformers: Their Principles and Design for 
Light Electrical Engineers. 

By F. C. CONNELLY, Ph.D., A.M.I.E.E., A.R.C.S., 

D.1.C. Sir Isaac Pitman and Sons Limited, Pitman 

House, Parker-street, Kingsway, London, W.C.2. 

[Price 35s. net.] 

TuIs is a very thorough book, treating every aspect 
of its subject except actual workshop operations. 
Possibly ‘‘ light electrical engineering ’’ would have 
been a more apt expression in its title than “light 
electrical engineers,” but the meaning intended is 
clear. ‘‘ Light electrical engineering,” of German 
parentage, is not itself an altogether happy term, 
but apparently no one has been able to invent a 
better. In the beginning, probably before the 
introduction of the expression “‘ light electrical engi- 
neering ” meant telegraphy ; to this, in due course, 
telephony was added. To-day, the term covers the 
vast field of application of radio-transmission, 
radio-frequency heating, electro-medical equipment, 
measuring instruments of innumerable kinds, and 
the mass of apparatus used in controls, ranging 
from machine tools to illumination, which is com- 
prised in the general term “‘ electronics.” 

A large proportion of the range of apparatus 
employed in these various fields embodies some 
type of transformer and it is the achieved purpose 
of this book to provide guidance to the designer in 
meeting the very different. requirements represented 
in the range between, say, a power-station current 
transformer and the scanning transformer of a 
television receiver. This is not an elementary 
treatise and the reader is expected to have “a 
general knowledge of Magnetism and Electricity, 
including the use of the operator ‘9,’ and a working 
acquaintance with Calculus.’’ It is pointed out, 
however, that it is not essential that a transformer 
designer should be capable of working out the 
theoretical basis of all his methods. By accepting 
the results developed in the mathematical sections 
of the book, he can produce reliable designs by 
empirical methods. 

The first two chapters of the book deal with 
fundamental principles and the magnetic properties 
of iron and steel. They are followed by a chapter 
containing a simplified treatment of the theory of 
a transformer. It might be contended, in view of 
the mental equipment demanded from the reader, 
that this early matter is unnecessary, but apart 
from the fact that some engineers who have been 
many years in practice may be a little rusty in their 
basic theoretical knowledge, it is both logical and 
useful that Dr. Connelly should have based his 
treatment of the many problems of design on funda- 
menta| theoretical principles. In succeeding chap- 
ters, such matters as losses, efficiency, temperature 
mise and magnetic leakage are covered. The first 
actual design dealt with is that of a small power 
transformer, an output of 1 kVA being taken as 
falling within the “light” range. The design of 
this, the simplest type of transformer in the sense 
that the frequency and input voltage are both 
fixed, forms a useful introduction to the design of 
Variable-ratio, audio-frequency, intervalve and the 
Various other special types which are dealt with in 
later chapters. This excellent treatise is not to be 





described as a text-book; that term suggests 
students and technical colleges. It will certainly 
be of value to the more-advanced student, but 
it is not specifically intended for him. It is a 
book for practical designers and is likely to establish 
a firm place for itself in a field of application which 
is continually growing in extent. 





AMERICAN WEIGHTS AND 
MEASURES CONFERENCE. 


THE official Conference on Weights and Measures, 
held annually under the sponsorship of the National 
Bureau of Standards, is an event of considerable 
importance to a large proportion of the commercial 
activity in the United States of America, and has a 
corresponding interest for all in this country who are 
concerned with the manufacture, inspection and 
verification of weighing and measuring equipment. 
From this standpoint, last year’s conference, which 
is the subject of a recent report* by the United 
States Department of Commerce, has much to 
commend it, as regards technical developments in 
weighing and metering practice, and the application 
of regulations to new or specialised industries, The 
conference was attended by delegates from State, 
City and County Weights and Measures Authorities, 
and also from the National Bureau of Standards, 
as well as by guests from various associated Govern- 
ment bodies and industries. It may be accepted, 
therefore, that the opinions voiced in discussion 
were as representative as the presentation of subjects 
was authoritative. 

The Director of the National Bureau of Standards, 
surveying in his presidential address to the con- 
ference the relationship of the Bureau to local 
jurisdiction in matters affecting the regulation of 
weights and measures, mentioned some of the mili- 
tary researches, outside the field of standardisation, 
which now comprise the major part of the Bureau’s 
activities. Among them are a naval guided-missile 
project, work on proximity fuses for non-rotating 
missiles, and a vast programme of radio-frequency 
measurements, radio standardisation, and long- 
distance propagation of radio waves, for which a 
44-million dollar laboratory is being constructed on 
a 220-acre site at Boulder, Colorado. As regards 
commercial weighing practices, perhaps the most 
urgent matter raised by the President was the 
policy to be adopted for testing railway track scales. 
His view was that such work could best be carried 
out on a national or interstate basis by the Bureau 
of Standards in co-operation with the Office of 
Weights, for the reasons that railway track scales 
control interstate commerce, and that the necessary 
testing equipment is unduly expensive for a single 
State to buy, operate and maintain. It has con- 
sisted, hitherto, of two specially constructed railroad 
cars provided with standard weights. A satis- 
factory service for the whole of the United States 
has been maintained for some years with them, and 
it may be found practicable to do the work in the 
future with only one. Accordingly, a small com- 
mittee of the Conference has been appointed to 
study and report on State supervision over railway 
track scales and their use, after consultation 
with the railway industry to ascertain what is 
required. 

Among the technical papers presented to the 
Conference, one of outstanding interest dealt with 
developments in electronic weighing. The basic 
principle of this type of apparatus, now well estab- 
lished in experimental engineering and _ stress 
analysis, consists in translating a force, first into an 
elastic displacement of magnitude proportional to 
the force, and thence into an electrical signal by a 
corresponding change of resistance, capacitance, 
mutual inductance, or other convenient electrical 
quantity. The signal is amplified to give measurable 
indications and records of the force, and may 
additionally be used, if desired, to actuate a servo- 





* Report of the Thirty-Vifth National Conference on 
Weights and Measures. United States Department of 
Commerce, National Bureau of Standards. Miscellaneous 
Publication 199. Obtainable from the Superintendent of 
Documents, United States Government Printing Office, 
Washington 25, D.C. [Price 50 cents.] . . 





control system or other auxiliary equipment. For 
weight measurement, this principle offers the 
important advantages of obviating most of the 
complicated precise mechanisms and moving parts 
embodied in conventional weighing machines, and of 
simplifying remote indication and recording. On 
the other hand, electrical weighing is not yet capable 
of the remarkably high and consistent accuracy 
attained with mechanical scales. Development is 
therefore proceeding cautiously and the electrical 
weighing machines so far put into commercial use 
have been either of an experimental character, for 
use by an operator competent to ensure that the 
optimum accuracy is obtained, or designed for 
rather special applications where their peculiar 
advantages are particularly valuable and where 
something less than the highest degree of accuracy 
can be tolerated. 

The paper referred to was presented by the 
Supervisor of Scales and Weighing in the Packers 
and Stockyards Division of the U.S. Department of 
Agriculture. It was mainly concerned with the 
design principles and performance characteristics of 
one type of electronic scale, developed by an 
American firm, in co-operation with the Department 
of Agriculture, for weighing livestock at public 
stockyards. In this example, the electrical elements 
employed are the now familiar and well-tried wire 
resistance strain gauges of the grid type, of which a 
matched pair are bonded to the cylindrical surface 
of a short steel column while another, inactive, pair 
are similarly bonded to an outer casing to compen- 
sate for superimposed unavoidable changes of 
circuit resistance due, for example, to variations 
in ambient temperature and humidity, conditions 
at switch contacts and the like. The four gauges 
are connected in a Wheatstone bridge from which 
flexible leads pass through a small terminal box at 
one side of the outer casing. The latter, with its 
robust base, supports the inner weighing pillar or 
column both vertically and laterally. The upper 
end of the column has a central conical seating for 
a hard steel ball through which the vertically 
downward force to be measured is applied axially. 
The whole assembly is protected by a plastic 
compound against ingress of moisture. 

The appliance described incorporates four such 
weighing cells, mounted one under each corner of ' 
the rectangular platform on which the livestock, 
in a cage with gates, stand while being weighed. 
The cells are electrically connected so that the four 
separate force measurements, which in general 
will differ slightly, are added to yield a single 
electrical signal corresponding to the total weight 
on the machine. A single cable connection passes 
to an indicator unit, which may be remotely situated 
at any convenient point and duplicated if necessary, 
and which contains a servo system of the “ Selsyn ” 
type. The incoming weight signal causes the 
receiver motor to rotate, thus producing a corre- 
sponding rotation of the follower which is geared 
to the visible pointers moving over circular gradu- 
ated scales. In this particular weigher there are 
two concentrically mounted pointers, analagous 
to the hands of a clock. The long-hand scale is 
graduated in increments of 10 lb. up to 1,000 lb. 
for a complete revolution of the poitter, while 
the short-pointer scale is graduated at 1,000 lb. 
intervals. It may be of interest to remark that 
the power absorbed in driving the gear-connected 
pointers is taken from the mains supply to the 
Selsyns and thus does not affect the weight indica- 
tion. The indicator unit also contains a device 
to damp out the disturbing effects of movements 
of the animals (which would otherwise diminish 
the accuracy of weighing), and means for electrical 
adjustment to correct for systematic weighing 
errors disclosed by calibration. On the outer 
case of the indicator unit is a control knob or push 
button which automatically balances the scale 
when the load is removed. Another press button 
actuates a printer. 

The latter, in the form of a separate unit, is 
cable-connected to the indicator unit so as to 
print the weight indicated at the instant when the 
button is pressed. In addition, it has a number 
of finger-operated keys, much on the principle 
of a cheque writer, whereby such particulars as the 
number and type of animals, the symbol of the selling 
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firm, the date and time of weighing, and the sequen- 
tial number of the weighing operation, are pri 
simultaneously with the weight on the scale ticket. 
Here again, of course, the power absorbed by the 
printing mechanism is derived from the mains supply 
and does not influence the weight indication. 

The total weight of the four cells, the indicator 
cabinet and the printer is only some 85 lb. Each 
item is thus readily portable and, if built as a 
standardised component, can be easily serviced or, 
if need be, replaced by a new unit with a minimum 
interruption in the use of the weigher. The weighing 
cells, in particular, are individually calibrated by 
the makers and carefully matched so that, if one 
should fail in service, only that one need be removed 
and a sound one installed in its place. The cells 
are operated well within their rated capacity, the 
maximum loading of the four-cell livestock weigher 
being 32,000 Ib. Over the full e the accuracy 
of weighing is claimed to be within 5 lb., with tbe 
meritorious feature that the sensitivity and accuracy 
are practically independent of the magnitude of 
the load being weighed. An unsuspected advantage 
of the absence of levers in the “‘ bottom-work ” of 
an electric weigher is that an undetected error 
due to a rat or a temporary lodgment of dirt under 
the weigh deck structure is never more than its 
actual weight, whereas in a conventional machine 
with multiplying levers, a 1-Ib. rat near the end 
of the final lever might introduce an error of several 
hundred pounds in weight indication. 

The wire resistance strain gauge has been very 
extensively used for stress analysis and developed 
to a high degree of perfection, so that it was natural 
for scale makers to turn first to this device. Other 
and analagous principles are, however, in course of 
application by several manufacturers in the United 
States. Other types of weighing machine than 
livestock scales are also being designed for electrical 
operation, one mentioned in this paper being a 
railway track installation, having a “live” deck 
over 60 ft. long supported on eight cells, which can 
weigh vehicles in motion. One or two electronic, 
scales are now in use for weighing bulk coal at 
mines and for weighing billets in steel mills. For 
many such applications, the absence of marked 
effects of the deflection of the weighbridge under 
load, and the rapidity with which weight is indicated, 
are important advantages, The author states that 
installations of various sorts in commercial use 
have been found consistently to fulfil the accuracy 
requirements adopted for large-capacity scales, and 
that trial use over extended periods of time, under 
extreme conditions of weather and temperature, 
has not significantly affected performance or caused 
changes in calibration. He is careful to add, 
however, that the very highest standards of manu- 
facture, assembly and inspection must be observed 
if electronic machines are to give the quality of 
performance exhibited by conventional weighers. 
Even more so than in mechanical scales, inferiority 
in manufacture or calibration will have reper- 
cussions on weighing results and maintenance costs. 
For the same reason, and because of the relatively 
experimental nature of production at present, it is 
likely that, for some time to come, electric weighing 
equipment will cost rather more than equivalent 
mechanical scales, 

Recent modifications of the regulations governing 
the loads carried by road vehicles in certain of the 
United States have raised some questions about the 
practice to be adopted for verifying portable wheel- 
load weighers, and also the methods of using the 
weighers themselves, which were the subject of 
instructive discussion at the Conference. It was 
pointed out by a manufacturer of such weighers, 
known by the trade name of “ Loadometers,” 
that the weighing operation raises a wheel nearly 
4 in., and that significant error in integrating total 
vehicle weight will occur unless all wheels (or, at 
least, all four wheels of a tandem axle) are weighed 
simultaneously or chocked-up to the same height 
as those actually being weighed. The outcome of a 
survey of methods used by various authorities for 

_ testing wheel weighers has revealed a preference in 
favour of test weights specially designed to fit 
properly on the platform of the machine. This 
method is beyond reproach and has the merit of 
verifying the full capacity range of the machine 





as well as many intermediate graduations. The 
same can be said of calibration by a screw-type 
testing machine, although the accuracy in that 
case is not certain to be better than about 1 per 
cent., and the method is therefore warranted only 
if fairly wide loading margins are tolerated by the 
authority concerned. The lower accuracy of many 
hydraulic testing machines is regarded as inadequate 
for similar calibrations. The method recommended 
in the National Bureau of Standards Handbook 
(H37: “Testing of Weighing Equipment ”’) con- 
sists in positioning the wheel weighers on an accurate 
weighbridge, counter-balancing their weight, and 
then bringing some pairs of wheels of a loaded road 
vehicle to rest on the weighers, ensuring that all 
wheels not on weighers are clear of the weighbridge. 
The combined indications of the weighers are then 
compared with that of the weighbridge. This 
procedure entails a good deal of trouble to cover 
the full loading range of the weighers, but it has 
the advantages of testing them under conditions 
of load application closely similar to those obtaining 
in normal practice, and of taking account of errors 
due to differences in height between wheels that 
are being weighed and others that are not. Discrep- 
ancies disclosed may be used as working corrections 
for application to each pair of weighers so tested. 

One of the most deeply technical discussions of 
the Conference took place on the subject of testing 
equipment and procedure for verifying liquid 
petroleum gas (L.P.G.) measuring devices. The gas, 
obtained directly from oil fields or as a refined pro- 
duct, consists either of straight propane, or a mix- 
ture of propane and butane. Liquid propane has a 
calorific value of about 91,000 B.Th.U. per gallon 
and under atmospheric pressure vaporises or boils 
at about — 43 deg. F. Butane mixtures average 
about 100,000 B.Th.U. per gallon and vaporise at 
temperatures from 0 to 32 deg. F. At normal 
ambient temperatures they are liquid only under 
considerable pressure, one gallon producing about 
35 cub. ft. of vapour at normal temperature and 
pressure. Manifestly, the routine metering of these 
liquids for retail sale, and still more so the verifica- 
tion of commercial meters, raises formidable pro- 
blems. For example, “ L.P.G.” has practically no 
lubricating properties, so that rapid wear takes place 
in the moving parts of meters, leading to erroneous 
measurement, Again, if proper installation is not 
carried out, a meter may pass vapour and register 
it as liquid, or, alternatively, liquid may be by-passed 
through the vapour line without registering on the 
meter. 

The practices followed by a number of State 
authorities for inspecting and proving L.P.G. 
meters were concisely described to the Conference, 
from which it appears that of three principles— 
gravimetric, volumetric and water displacement— 
the first two predominate at the present time, 
though not without some sharp differences of 
opinion as to which of the two is the better. In 
the State of California, both methods are concur- 
rently in use, the equipment in each case being 
portably mounted on a trailer for towing behind a 
road vehicle. 

The gravimetric method consists, essentially, in 
passing, by means of an L.P.G. pump driven by an 
explosion-proof electric motor, exactly 50 gallons 
of the liquid, as registered by the meter under 
test, into a pressure vessel mounted on a weighing 
machine, This nominal volume is then accurately 
weighed. The specific gravity of the liquid is 
determined by pre-cooling a sample, by the aid of 
solid carbon dioxide, well below its boiling point, 
taking a hydrometer reading at several different 
temperatures as the sample warms up, and hence 
deducing from physical tables the density corres- 
ponding to the measured temperature of the liquid 
as it was passing through the meter. The true 
metered volume so derived is compared with the 
meter indication and the error noted. During the 
pumping operation the rate of delivery, as indicated 
by meter readings and stop watch, is recorded at 
the start and at about the 40 or 45-gallon reading, 
in order to check the uniformity of the meter; a 
second similar run is made to check its repeat per- 
formance ; and a slow run, at low pumping speed, 
is made to ascertain whether the meter permits 
significant slip of liquid at low metering speeds, 





Corresponding to the observed errors, the meter is 
adjusted until subsequent tests bring its performance 
within the permitted tolerances or require it to be 
rejected. 

The equipment for volumetric testing includes a 
nominally 70-gallon vessel, designed for a working 
pressure of 225 Ib. per square inch and fitted with an 
external reflex gauge glass having 4 gallon 
graduations over the range from 69-5 to 71-5 
gallons. The vapour space at the top of this test 
vessel is connected by flexible pressure hose to the 
vapour space of the dispensing tank. After a pre- 
liminary filling and emptying of the test vessel to 
equalise temperature and pressure, about 70 gallons 
are pumped into the vessel through the meter under 
test, and all valves except those in the vapour 
equalising line are closed. The gauge glass, cooled 
in hot weather, is read as soon as the liquid inside it 
ceases to boil, any discrepancy from the meter 
reading being noted. A repeat test is made at a 
filling rate about one-third that of the previous 
normal rate. The meter is appropriately adjusted 
to correct any errors disclosed, and is adjudged 
satisfactory if, on subsequent trial at norma! pump- 
ing rate, the meter error does not exceed 3 cub. in. 
per indicated gallon. 

While there is no doubt that either method, if 
properly carried out, will give sufficient accuracy 
for meter proving, one user of volumetric equip- 
ment expressed the opinion that the gravimetric 
principle could be expected to yield higher accuracy 
and was therefore preferable, since tolerances of 2 per 
cent.—which are higher than those permitted on 
metering systems for fuel oil, kerosene and gasoline 
—have to be allowed with volumetric proving of 
L.P.G. meters. On the other hand, the Weights 
and Measures authority of one State which operates 
both types of testing equipment favoured the volu- 
metric principle for the reasons that it avoids the 
trouble and possibility of experimental error in 
determining the density of the liquid fuel, that it 
corresponds more closely to the delivery and meter- 
ing procedure followed in making an actual sale to 
a consumer, and that the proving equipment is more 
fool-proof and rugged, and adaptable to variations 
of design in dispensing installations. 

The remaining discussions at the Conference were 
concerned, for the most part, with questions affect- 
ing administrative and public relations aspects of 
the work of weights and measures officials. Sundry 
industrial problems were briefly considered, all of 
obvious value to those taking part, but of general 
interest mainly as indicating the very wide range 
of technical as well as legal knowledge demanded of 
weights and measures inspectors. The annual 
Conference evidently fulfils a useful service in 
extending such knowledge, materially enhancing 
thereby the value of the weights and measures 
inspectorate to the public. Equally clearly, the 
active co-operation of the National Bureau of 
Standards is of great importance and its various 
contributions to the Conference can hardly fail to 
produce good results. 





CONSTRUCTION OF WOODHEAD TUNNEL.—The two 
pilot tuunels, which have been driven from each end for 
the new Woodhead tunnel under the Pennines on the 
main railway line between Mam hester and Sheffield, were 
joined on Wednesday, May 16. They will now be opened 
out to a width of 31 ft. and a height of 24 fc. and lined 
with concrete to form the three-mile main tunnel, some 
1,300 ft. of which bas been excevated already on the 
Yorkshire side. It is expected that the work, which 
forms part of the electrification scheme, will be com- 
pleted towards the end of next year. 





Tae INSTITUTION OF STRUCTURAL ENGINEERS.—The 
examinations of the Institution of Structural Engineers 
will be held, at centres in the United Kingdom and over- 
seas, on Tuesday and Wednesday, July 17 and 18, for 
the graduateship, and on Thursday and Friday, July 19 
and 20, for the associate membership. The closing date 
for the receipt of entry forms from candidates desiring to 
take these examinations at centres abroad has already 
passed, but candidates sitting at centres in the United 
Kingdom may submit entry forms until May 31. Entry 
forms and further particulars may be obtained from the 
secretary of the Institution, 11, Upper Belgrave-strect, 
London, S8.W.1. 
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DIRECT-READING LOW- 
RANGE LIQUID FLOWMETER. 


By J. G. Lavenper, B.Sc.(Eng.), and 
C. R. Wess, B.Sc.(Eng.), A.M.I.Mech.E. 


In the measurement of the fuel consumption of 
internal-combustion engines on the test bed, some 
form of direct-reading instrument is necessary in 
order to note changes as they occur. Commercial 
instruments are available to deal with large engines, 
but they are not suitable for smaller units consuming 
fuel at a very low rate. The common practice, with 
small engines in particular, is to measure the 
quantity consumed over a period of time by passing 
the supply through some form of burette, and then 
calculate the average rate of flow. It is fre- 
quently desirable to make changes in the control 
settings of the engine while running under given 
conditions, and information on the change in the 
fuel-demand rate should be available simultaneously. 
A fluctuating consumption rate is immediately 
apparent on a direct-reading instrument; but 
where it is necessary to measure quantity and time, 
no indication of fluctuations is shown, and the 
response to change of control setting must take some 
time to determine. 

Commercial instruments are of two main types. 
The first makes use of the reduction in pressure at 
the throat of a Venturi tube. Precautions are 
necessary to see that the supply head above the 
float chamber incorporated in the instrument is 
between close limits, in order that the calibration 
shall be accurate. An accuracy of + 2 per cent. 
is claimed, provided the temperature is within + 5 
per cent. of a specified figure and the specific gravity 
of the fuel does not exceed a certain amount. The 
instrument is only suitable for fuels of the petrol- 
benzol family, the varying viscosity of different 
fuel-oil sam making a fixed calibration very 
unreliable. The smallest meter will measure down 
to a rate of one pint per hour. 

The second type uses an accurately-tapered tube 
set vertically with the small end at the bottom. 
The fluid is passed upwards through this tube, and 
lifts a float against gravity to a position in the tube 
depending on the flow. The meters measure gas 
and liquid down, to three pints per hour (using water) 
with a claimed accuracy of + 2 per cent. Meters 
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supplied but only in the larger sizes: that is to 
measure above about 400 pints per hour of water, 
which is outside the scope of this article. 

The meter described below is of relatively much 
simpler construction and requires very little man- 
facturing precision compared with the commercial 
types. It makes use of the laws of viscous flow, 
already used for metering gases, and is particularly 
suited to the measurement of very small rates of 
flow. The effect of viscosity changes with tempera- 
ture inherently affects the calibration, but a simple 
device overcomes this difficulty and renders the 
instrument useful over a wide range of temperature. 
The meter is equally suitable for measuring fuel 
oil, petrol, and water, and the instrument described 
will measure down to 0-2 pint per hour (about 
20 drops per minute) of water. It has been 
developed in conjunction with tests on water injec- 
tion using a small experimental engine. One 
flow scale is used for both petrol and water and a 
second for fuel oils of all origins. In the event 
of large temperature changes frequently met with 
in the vicinity of an engine, the method of taking 
flow readings obviates the necessity of applying a 
temperature-correction factor. The instrument has 
a maximum error of + 3 per cent. over a scale range 
of 30 to 1, using the three kinds of liquid over the 
entire temperature ranges provided. 

The measuring element is a small-bore pipe fixed 
horizontally or otherwise in the supply line, as 
shown in Fig. 1. This has a bore of diameter d 
and is of length 7. The liquid flows through this 
pipe with laminar motion, and the head lost in 
friction is given by :— 

32luy 
A= oa” 
where v is the average velocity of flow, and y is the 
kinematic viscosity. Since / and d are fixed in any 
particular element, and » is constant at a fixed 
temperature, h varies as v or as Q, where Q is the 


flow rate, equal to <a? v, 80 that 
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1281Qy 
~~ agd* @) 
This shows that if h is to remain fixed for the same 
Q in different measuring elements, / must be made 
proportional to d‘. 
Connections to a manometer are taken from holes 
drilled into the pipe near the ends. The level 








difference in the manometer shows the friction-head 
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loss only, if due care is taken to clear the burrs in 
the pipe at the tapping points. Poor manufacture 
or siting of the tapping holes too near the ends 
produce additional losses, which result in a curve 
instead of the essential straight-line law for Q 
against h. Using a measuring element with d = 
0-063 in., and J = 7-65 in., calibration curves were 
taken for all the liquids covered, and in each case 
the theoretical straight-line law was followed 
precisely. Fig. 2 shows three typical calibration 
lines for the measuring element used. These 
remain straight for higher flows than indicated 
provided Reynolds number (“*) is kept below 2,000, 
i.e., in the laminar range. Larger or smaller flow 
ranges can be provided by suitably altering / or d, 
or both, in accordance with equation (2). Fig. 3 
shows the arrangement of the manometer, means 
being provided to alter the slope rapidly. Two 
flow scales are provided, one to cover petrol and 
water, and the other for fuel oils. Adjustment of 
slope is provided only to take into account viscosity 
changes affecting the head due to change of liquid 
and change of temperature. The slope angle « is 
made 25 deg. for water, 17 deg. 13 min. for petrol, 
and 29 deg. 52 min. for fuel oil sample “ A,” all at 
70 deg. F. The two scales are linear, the petrol and 
water scale reading 7-40 pints per hour for a length 
of 13 in., and the fuel-oil scale 1-50 pints per hour 
for thesamelength. A temperature scale (a separate 
one for each of petrol, fuel oil, and water), is 
arranged vertically to read against the edge of the 
sloping platform. This can move bodily along the 
base of the instrument, which carries a scale of 
viscosities for fuel oil in Redwood No. 1 seconds 
at a fixed temperature of 60 deg. F. and a point 
marked P.W., in Fig. 3, at which the vertical scale 
is set for petrol or water. Ourves of kinematic 
viscosity plotted against temperature are shown in 
Figs. 4 and 5. The curve for petrol covers all 
grades, but those for fuel oil are given for samples 
from different origins. These latter are of similar 
shape, and one temperature scale for all fuel-oil 
samples suffices provided it is set at the correct 
point on the horizontal viscosity scale. Separate 
temperature scales are used for water and petrol, 
the scale being set horizontally at the same point 
marked P.W. 

In calculating the temperature scales, use is 
made of the fact that h is proportional to v, when v 


is constant. Then 
c 
==, a 
tan « é (3) 


and - (4) 


where a, b, and c are the lengths shown in Fig. 3. 
For a change in v only, a is fixed, since for the same 


ain a = <, 
a 





flow the sloping scale is required to read the same 
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value. The value of ¢ in fact determines the head 
measured, and this is then proportional to sin «. 
But A varies as v and thus sin « varies as »v. 

Tables I to V show the derivation of the tempera- 
ture scales. Tables I and II refer to a flow of 
7-40 pints per hour and Tables III to V to 1-50 pints 
per hour. From the previous graphs, the value of c 
is known at 70 deg. F. for the chosen value of «, 
so that one set of figures in the first four columns 
can be written down, and the remainder computed. 
If distance 6 is now fixed, distance c, giving the 
temperature scale, can be calculated from a know- 
ledge of tan «. These are shown in the last two 
columns of each table. In the case of petrol and 
water, distance 6 was made 12 in. For fuel oil 
sample A, 8 in. was chosen, and the chosen values 
for samples B and C resulted in the same tempera- 
ture scale. In Fig. 6, the graduated temp2rature 
scales are shown half full size. 

The horizontal viscosity scale for fuel oil at 60 deg. 
F. is derived from equation (3). If c is kept at a 
fixed temperature, changes in viscosity can be 
accommodated by scale 6, since 

b cota 
Y = sina 

Table VI shows the computation of the horizontal 
scale, b being fixed at 8 in. for fuel oil A. _ Kinematic 
viscosity in stokes is derived from 0-0026 T — — ? 


where T is Redwood No 1. seconds. Fig. 7 shows 
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the graduated viscosity scale for fuel at 60 deg. F. 
at half full size. 

Confirmatory tests were carried out on, the instru- 
ment using a variety of liquids at different tempera- 
tures from 50 deg. to 110 deg. F., providing it with 
two sloping rate scales, one horizontal viscosity 


scale, and three vertical temperature scales, as: 


TABLE VI.—CALCULATIONS FOR VISCOSITY SCALE. 


78 deg., and 105 deg. F., and for water, 55 deg., 
81 deg., and 103 deg. F.; those for fuel oil A were 
54 deg., 83 deg., and 109 deg. F. The close agree- 
ment between test points and calculated curves 
indicates the degree of accuracy obtainable. 


TABLE I.—Water. b = 12-0 in. 








v x i 

Ry (sq.ft. | sina. a. | tana. Scale 

ae | per sec.) | (in.) 

l Ve & ‘enn pees 

7 1-06 0-4226 | 25° 0’ 0-4663 5-59 
110 | 0-665 0-2650  =15° 22’ 0-2748 | 3-30 
90 0-82 0-3270 19° 5’ 0-3460 4°15 
50 1-42 | 0-5660 34° 28’ 0-6882 8°25 


TABLE II.—Petrol. b = 12-0 in. 











| vw x 105 | Temp. 
aa'k) (sq. ft. sin a. a. tan a. | Scale 
8. *)| per sec.). (in..). 
7 0-72 0-2960 | 17°13’ | 0-3100| 3-73 
110 0-585 0-2407 13° 56’ | 0©-2481 | 2-98 
90 0-649 | 0-2662 15° 26’ | 0-2760 3-31 
50 0-812 0-3340 18° 31’ 0-3544 4-26 

TABLE [II.—Fuel Oil “‘A.”” b = 8-0 in. 

—_—_—_——_—- — — — a —.- 
‘ | vy x 105 | | Temp. 
(dee F) (sq. ft. | sina. a. tan q.- Scale 
aide | per sec.). | (in.). 
70 6-15 | 0-4980 | 29° 52’ 0-5742 | 4°59 
110 3-74 | 0-3024 | 17° 36’ 0-3170 2-53 
90 4-58 0-3714 21° 48’ 0-3990 3-19 
50 8-36 0-6771 42° 37’ 0-9200 | 7°36 

TABLE IV.—Fuel Oil “‘ B.” b = 7:07 in. 

—- : —_ 

vy x 105 | Temp. 
— | (sq.ft. | sina. a. tana. | Scale 
(re. F-) per sec.). | | | |  (in.). 

| | | 
70 | 6-72 0-5440 32° 57’ 0-6481 | 4-59 
110 4-17 | 0-3370 19° 42’ | 0-3581 2-53 
90 | 5-08 | 0-4105| 24° 18° | 0-4515| 3-19 
50 | 8-92 0-7210 46° 8’ 1-0404 7-36 

ee SS ve 

TABLE V.—Fuel Oil “CC.” b = 5-43 in. 
|» x 105 | Temp. 
pe (sq. ft. | sina. a. tana Scale 
(deg. F.)) per sec.). (in.). 

| | 

7 7-96 0-6450 | 40° 10’ 0-8441 | 4-59 
110 §-21 | @©-4221 24° 58’ | 0-4655 | 2-53 
90 6-25 | 0-5060| 30° 24’ | 0-5870| 3-19 
9-91 7-36 





50 | 9- | 0-8046 | 53° 34’ 1+3550 | 
| | 











: | re | ; b 
r ane 1-715 v 3 | sina. cota. | in. 
(sec. | 0 -0026 T. Tt | (stokes). " (in.) 
a a = —_—__—_—— 
| 3 (Cd 5 > 755 -3683 | 5-21 
s ) 47 +1222 0-0365 0-0857 49° 2 0-7550 0-3 
— : 46-1 0 1200 0-0372 | 0-0828 «=6| =| 47 0" 0-7320 0-9325 - 
. 46 0-1199 0:0373 =| —-0-0826 46° 43’ 0-7280 0-9418 3.19 
me 45 | 0-1170 0-0381 0-0789 44° 6" 0-6960 1-0819 6.72 
” 44 0-1145 0-0390 0-0755 41° 45’ 0 -6660 1 1204 4 
Sample B 43-1 0-1122 0-0397 0-0725 39° 42" 0 -6380 1-2 67 7-29 
» 43 0-1119 0-0399 0-0720 39° 25 0-6350 1-2167 ‘2 
= 0-1092 0-0408 | 0-0684 87° 9" 0 -6040 Poo 3-0 
Sample A 41-9 0-1088 0-0409 0-0679 36° 48 0-5990 - ae 3.56 
v 41 0- 1068 0-0418 | 0-0650 35° 2’ 0-5740 a oe 9-32 
9 40 0-1041 0-0428 | 0-0613 32° 45’ 0-5410 s aeas 10-22 
» 39 | 0-1014 0-0440 | 0-0574 30° 24’ 0-5060 1.8872 11-11 
> 33 0-0989 0-0452 | = -0-0537 28° 18 0-4740 72 


calculated. The liquid was collected over a mea- 
sured time. Fuel-oil samples were first tested by 
Redwood viscometer at 60 deg. F. and the horizontal 
scale set accordingly. The vertical scale was set at 
the temperature recorded by a thermocouple at the 
measuring element (see Fig. 1). The results are 
shown plotted in Fig. 8. The points plotted for the 





three fluids are for three different temperatures in 


Fig. 9 shows the gauge as constructed. she 
measuring element illustrated in Fig. 1, on page 619, 
is fitted with a thermometer, and is fixed horizontally 
or otherwise at any convenient position above or 
below the manometer unit, between the supply 
tank and the engine. Copper-tube connections 
are made from the measuring element to the mano- 





meter tubes, short lengths of synthetic-rubber tubing 


each case, the temperatures for petrol being 52 deg., 
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Fig. 2. Macutne For Firttne Sprit Rims. 


being used for the joints to allow flexibility. The 
manometer tubes are connected together at the upper 
end, and a Schrader type non-return air valve is 
fitted to adjust the quantity of air in the manometer 
by means of a hand-operated tyre pump. The flow- 
rate scales are arranged to slide under the mano- 
meter tubes so that the zero line can be held under 
one meniscus and the reading taken at the other. 
The three temperatures scales can be interchanged 
quickly, being clipped into appropriate slots on the 
frame. The horizontal scale on, the base of the 
instrument is fixed. It is evident that by choosing 
various lengths and diameters for the capillary hole 
in the measuring unit, the instrument could be 
calibrated to read smaller or larger ranges than the 
particular instrument described. 

To set up the manometer, the base is first levelled 
using the three adjusting screws, the exit cock on 
the measuring element is closed, the manometer 
air valve is opened, and the liquid is allowed to 
“bleed” freely through the manometer until all 
air bubbles have disappeared. The air valve is 
closed and a little air is pumpedin. The exit cock is 
opened to give a rate of flow equal to the upper read- 
ing of the flow scale, and the air in the manometer 
adjusted so that both minisci are visible. If the 
exit cock is now closed, the menisci should become 





opposite each other within a few seconds ; otherwise 
air still exists in the tubing or some connections are 
imperfect. The instrument requires no further 
attention until the liquid is changed. To take a 
reading, the temperature at the measuring element 
is noted, the slope is adjusted accordingly, and the 
difference in liquid levels is read by the sliding rate 
scale, taking care to read against the same end of 
the meniscus in each tube. This gives the rate of 
flow in pints per hour, without further correction 
or calculation. 

The work described above was carried out at 
Queen Mary College, University of London, and the 
authors are indebted to the Shell Petroleum Com- 
pany for viscosity data on petrol and fuel oils. 





THE TALYLLYN Ramway.—The Talyllyn Railway, 
Merionethshire, which recently passed into the hands of 
a Birmingham group, the Talyllyn Railway Preservation 
Society, was formally re-opened on May 14. The Society, 
a non-profit-making organisation formed to prevent the 
railway from closing completely, have relaid the track as 
far as Rhydyronen, a distance of 24 miles, and the first 
train run by the new owners travelled to the station of 
that name. It was drawn by one of the original loco- 
motives, “ Dolgoch,” which was built in 1865. The 
track relaying is proceeding, and the Society expect to 
be able to open the line for its whole length in June. 


MECHANICAL-HANDLING PLANT 
FOR WHEELS AND TYRES. 


AN interesting new storage and handling system for 
commercial-vehicle wheels and tyres has just been 
completed in Vauxhall Motors’ new factory at Luton, 
Bedfordshire. This factory, the general layout of 
which was described in ENGINEERING, vol. 170, page 518 
(1950), now accommodates most of the production and 
assembly operations for Bedford trucks, the new wheel 
and tyre store being located at one end of thé building 
close to the point where the vehicles are driven off the 
assembly line. Thirteen different sizes of tyres and 
eight of wheels are stored, the maximum stocks of 
tyres and wheels held, in normal circumstances, being 
sufficient for 3 days and 9} days production, respec- 
tively, 1,000 complete wheel assemblies being fed to 
the production line each day. 

For descriptive purposes, the handling system may - 
be considered as consisting of four parts, namely, 
reception of the tyres and wheels, their dispatch to the 
wheel and tyre assembly section, assembly of tyres to 
wheels, and inflation and delivery of the complete sets 
to the commercial-vehicle assembly line. Both tyres 
and wheels are delivered to the factory by road and, 
on arrival, the tyres are unloaded by hand and packed 
in specially-designed pallets each of which holds 14 tyres. 
The loaded pallets are then transferred to the storage 
area by fork-lift trucks and stacked according to size 
and make of tyre. Similarly, the wheels, which are of 
the pressed-steel ventilated type with split-ring, are 
loaded into pallets and transferred to the stores. 

Approximately 11,500 square feet of floor space are 
allocated for stacking pallets in the storage area. The 
pallets, which contain unit loads of tyres and wheels, 
respectively, are carried from the stores by a fork-lift 
truck to two power-driven conveyors arranged one 
above the other, the lower conveyor handling wheels 
and the other, tyres; this arrangement can be seen 
from the photograph reproduced in Fig. 1 on this page. 
The tyre conveyor is flanked at each side by a platform 
on to which the pallets containing the tyres are loaded 
by the fork-lift truck, the tyres subsequently being fed 
to the conveyor by hand. The tyre conveyor is a 
double unit consisting of two lengths 64 ft. long separa- 
ted by a narrow catwalk, each length being constructed 
from two Renolds-type chains linked together by 
freely-mounted rollers similar to those used in gravity 
systems. This type of conveyor was adopted so that 
there is no need to stop the driving motor should there 
be a hold up when carrying a full load. At the end of 
the elevated tyre conveyor, a short length of gravity- 
roller conveyor carries the tyres to the assembly point. 

The wheel conveyor is similar in construction to that: 
for the tyres but consists of a single unit 28 ft. longer, 
the extra length constituting the loading section. At 
the discharge end, each wheel is raised to a convenient 
working level by an automatic lift operated by com- 
pressed air and designed so that only one wheel can be 
lifted at the same instant. Each wheel, on reaching 
the working level, is passed to the assembly point on a 
gravity-roller conveyor having a gradient of 1 in 33. 
The assembly point, or station, comprises a 50-ft. 
length of roller conveyor on which three separate 
operations take place, namely, removal of the split- 
ring from the wheel, location of tyre and tube on the 
wheel and replacement of split-ring and inflation to the 
correct pressure. For the second operation, the tyres 
and wheels, of course, meet, the flow of tyres being 
regulated by means of the end portion of the conveyor 
which is designed to slide and is controlled by an air- 
operated ram. A pedal actuates a series of plungers 
arranged to hold back the flow of tyres but leave the 
leading tyre free ; this is carried forward by the sliding 
portion of the conveyor within reach of the operator who, 
after locating the valve in the wheel valve-hole, 
depresses a pedal which causes the slide to retract and 
allows the tyre to drop over the wheel. At the same 
time, the plungers release the next tyre for assembly. 

The split rim is replaced on the wheel assembly by a 
Pfauter gear hobber modified for the purpose b 
Vauxhall Motors. It comprises a turntable whic 
carries the wheel and tyre under a roller fitted to the 
work-head of the machine. The roller is then brought 
into contact with the split rim at the point of the split. 
so that, by rotating the turntable, the rim is pressed 
home. This machine is shown in the process of fitting 
a rim in the photograph reproduced in Fig. 2, on this 
page. Once the rim is fitted, the machine operator 
inflates the tyre to the correct pressure and passes 
the assembly to a short curved length of gravity-roller 
conveyor which delivers it to an overhead power- 
driven conveyor. This conveyor can be seen in Fig. 2 
just behind the rim-fitting machine ; it is 280 ft. long 
and carries the wheel assemblies to the Bedford 
commercial-vehicle assembly line. It deposits the 
wheels automatically at each side of the assembly line 
through an electrically-controlled gate which delivers 
the wheels down chutes. Counters, actuated by the 





wheels, distribute them in proper sequence. 
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. MUSEUM OF SCIENCE AND INDUSTRY, BIRMINGHAM. 





Fig. 1. 


BIRMINGHAM MUSEUM OF 
SCIENCE AND INDUSTRY. 


For many years it has been a matter for regret in 
Birmingham that the city, which has contributed so 
much to the advancement of science and the develop- 
ment of its industrial applications, did not possess a 
museum in which to portray the growth of its charac- 
teristic manufactures and to preserve suitable relics of 
its industrial history. Schemes in plenty have been 
discussed, but always some difficulty prevented their 
realisation. At last, however, the reproach has been 
removed, and on Thursday, May 17, the Lord Mayor 
(Alderman A. Paddon Smith) officially opened the 
first section of what is designed to be a Museum of 
Science and Industry truly worthy of the technical 
progress that it is to illustrate. The building which 
has been acquired for the purpose is the former factory, 
in Newhall-street, of Messrs. Elkington and Company, 
Limited, the silversmiths and electroplaters, which is 
sufficiently spacious to meet all probable requirements 
for many years to come ; the section which the Lord 
Mayor opened occupies, in fact, only a small portion of 
the accommodation that the Director, Mr. N. W. 
Bertenshaw, has at his eventual disposal. 

The section of the Museum that was chosen to be the 
first opened to the public is that dealing with firearms, 
for which Birmingham has long enjoyed a world-wide 
reputation. The display is based on the collection 
formerly belonging to the Birmingham Proof House, 
and includes examples of English, European and 
American arms of many kinds, together with compo- 
nents such as gun locks, and accessories such as bullet 
moulds and powder flasks. A partly-finished ‘ twist ” 
or “‘ Damascus ” barrel illustrates how this method of 
manufacture, now obsolete, was carried out ; and there 
is also a scale model, illustrated herewith and described 
in more detail below, of a Birmingham gunsmith’s shop 
of half a century ago. An interesting feature of the 
Museum is the manner in which two cases of guns are 
displayed. The cases are built against a wall and are 
illuminated by concealed fluorescent lighting, but 
they are unglazed at the front to enable the exhibits 
to be examined closely. Each exhibit, however, rests 
on (and conceals) an electrical contact, so that any 
attempt to move an item causes a bell to ring, thus 
warning the attendants. Whether this will prove to 
be sufficient protection when the Museum has expanded 
and the attendants have a greater area to patrol, 
remains to be seen; »ut it is effective enough in the 
present circumstances, as an inquisitive youth had 
proved before the Museum had been open for many 
minutes. ¥ 

The Lord Mayor, in his opening address, mentioned 
that he was himself a descendant of one of the early 
gunmakers of the district, his maternal grandfather, 
Paul Cashmore, having operated a gunsmith’s “‘ manu- 
factory” near the old church at West Bromwich. 
How many of these establishments there once were, 
we are not aware, but the number has diminished 
greatly during the t half century; there are, 
however, several still in existence, and a detailed 
photographic survey of them was made before com- 
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the model is typical of those used throughout the 
trade, though it is not a copy of any actual structure. 
The method of carrying on a gunsmith’s business in 
** manufactories ” of this kind was somewhat peculiar, 
in that each individual craftsman rented a room or 


missioning the construction of the model which we 
illustrate. By courtesy of the Director, we reproduce 
two of these photographs in Figs. 1 and 2, herewith, 
for comparison with Figs. 3 and 4, which are from 
photographs of the model. The building portrayed in 
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even part of a room, in which he operaged indepen- 
dently. The guns passed from one craftsman to 
another, each performing his particular part of the 
construction—boring the barrels, shaping the stock, 
fitting the action, etc.—but no one man processing a 
complete gun. 

The model, which is to the scale of 1} in. to a foot, 
was made by Mr. C. A. Mills, 18, Manor-road, Ruislip, 
Middlesex, whose model of James Watt’s “lap” 
engine of 1788, for the same museum, was described 
and illustrated in our issue of September 1, 1950. It 
measures in plan about 3 ft. by 6 ft., and stands 3 ft. 
high, and, as will be seen, has openings cut in the 
walls to show the shops devoted to action making, 
engraving, boring, hardening and polishing, and 
stocking, screwing and finishing. There are 15 figures 
of workmen, each engaged on a particular task, and 
each having at hand the appropriate tools of his 
trade ; accuracy in this respect, it may be remarked, 
involved a considerable amount of careful research, 
especially in view of the fact that the model is a 
“period piece,” representing the practice of 1900, 
when many of these specialist craftsmen were using 
tools designed, and even made, generations before. 
As a reminder to the observer of the period of the 
model, there lies upon one bench a photographically 
reduced copy of a Birmingham newspaper, having on 
its front page an illustration showing soldiers of some 
of the regiments engaged in the Boer War: its date— 
easily legible, though so much reduced in size—is 
January 6, 1900. 

Birmingham’s contribution to arms production 
reached its height during the American Civil War and 
the Franco-Prussian War, though the trade had been 
an important one since the beginning of the Eighteenth 
Century. It is still important, but new methods have 
now almost completely superseded those on which the 
industry was built up. It must be a matter for satis- 
faction, therefore, to all who are interested in the 
historical aspects of industrial development that the 
minutie of the craft have been placed on visual record 
in so authoritative a manner. Eventually, other 
trades will be similarly portrayed, so that, in course of 
time, the industrial side of the Museum will show the 
evolution of local crafts, and the influence upon them of 
the introduction of steam and other forms of motive 
power. The Science section will be devoted to an 
exposition of the basic principles underlying all scien- 
tific development and the increasingly close connection 
between science and modern industrial processes. 





INSTITUTE OF PHysics.—The summer meeting of the 
Industrial Radiology Group of the Institute of Physics 
will be held at the Institute’s headquarters, 47, Belgrave- 
Square, London, S.W.1, on Monday, Tuesday and Wed- 
nesday, July 23, 24 and 25. Programmes may be 
obtained from Mr. B. N. Clack, Radiochemical Centre, 
Amersham, Buckinghamshire. 








VESSEL ON TRIAL. 


POST-GRADUATE COURSES IN 
STRUCTURES AND MATERIALS. 


THE main purpose of a post-graduate course in the 
theory of structures and the strength of materials, to 
be held in the Department of Engineering of the 
University of Cambridge during the forthcoming 
session from October 8, 1951, until June, 1952, is to give 
engineers having some industrial experience a sound 
and critical appreciation of modern ideas on the designs 
of all kinds of welded structures and the properties of 
materials required in welded fabrication. These 
subjects, it is pointed out, cannot receive adequate 
attention in engineering undergraduate courses on 
account of their advanced and specialised character. 
No attempt is to be made to teach conventional 
methods of design; on the other hand, present-day 
practice, here and abroad, and possible future develop- 
ments will be the subject of judicious study. It is 
emphasised that the object of the course is not to 
train research workers but engineers of independent 
outlook, who can apply the latest knowledge. 

The syllabus of the course covers materials, welding, 
structures and experimental methods, and, in all cases, 
emphasis will be placed on a closely critical examination 
of accepted views. Under the subject of “‘ materials ” 
will be considered mechanical properties ; the theory 
of plasticity and plastic properties, the dynamic 
properties of materials including impact and fatigue ; 
and notch-brittleness, temper-brittleness, ageing and 
corrosion. The subject of “ welding ”’ will include the 
consideration of welding methods and weld metals ; the 
fundamentals of welding metallurgy of ferrous and 
non-ferrous metals ; distortion and residual stresses ; 
and inspection and testing. The topics dealt with under 
“* structures ’’ will comprise the rational elastic design 
of framed structures; the elasto-plastic behaviour of 
framed structures ; the development of plastic methods 
of design; static and dynamic loading; the fatigue 
strength of components and assemblies ; and welding 
as a method of fabrication for civil and mechanical 
engineering. Under the general heading of “ experi- 
mental methods ”’ will be discussed mechanical-stress 
analysis; photo-elastic methods; strain gauges ; 
model and full-scale testing and fatigue testing. The 
syllabus will be covered by lectures, discussions and 
laboratory work. Each student will be required to 
make a number of reports on specialised subjects and 
will be encouraged to make a detailed theoretical and 
experimental study of some problem of particular 
interest tohim. These reports and results of individual 
studies will be made available to all participants and 
will be discussed. In this manner each student will 
benefit not only from his own work but also from that 
of his colleagues. Applications for admission to the 
course should be addressed to the secretary, Faculty 
Board of the Engineering Laboratory, University of 
Cambridge, from whom further particulars may also 
be obtained. 





THE TWIN-SCREW PASSENGER 
LINER ‘‘ ORONSAY.”’’ 


THE second 28,000-ton Orient Line ship to be built 

since the war, the Oronsay, left on her maiden v e 
to Australia on Thursday, May 17. The Oronsay’ was 
built at the Barrow-in-Furness yard of Messrs. Vickers- 
Armstrongs Limited for the Orient Steam Navigation 
Company, and is the second vessel to be so named ; 
her predecessor was sunk as the result of enemy action 
during the Second World War. The new Oronsay is a 
sister ship to the Orcades, also built by Messrs. Vickers- 
Armstrongs Limited, and as will be seen from Fig. 1, 
above, bears a distinct resemblance to this vessel, 
particularly with regard to the location of the bridge, 
which is integral with the funnel superstructure. Only 
two classes of passenger are carried, namely, first class 
and tourist B class, the former occupying the ’midship 
spaces and the latter the spaces aft of the engine-room 
casing. 
The vessel has been constructed in accordance with 
the latest requirements of Lloyd’s Register of Shipping 
and has obtained their highest class certificate. The 
length overall is 708 ft. 8 in., the moulded breadth 
90 ft. 6 in. and the depth moulded to “ E ” deck, 50 ft. 
The gross registered tonnage is approximately 28,200. 
Eight main decks, “ A ” to “ H,” inclusive, are arranged 
for use by the passengers and crew, and the vessel is 
subdivided below “F”’ deck into a series of water- 
tight compartments. There is a continuous double 
bottom, divided longitudinally and transversely into 
compartments for storage of the oil fuel, boiler water, 
etc., and, in addition, a series of tanks to port and 
starboard provides a double skin up to the waterline 
over the length of the machinery spaces. During the 
construction of the hull, prefabrication methods were 
used, units up to a weight of 40 tons being built in this 
way before being fitted into place on the berth. 

The vessel is propelled by twin screws, each driven 
by a set of Parsons-type triple-expansion geared 
turbines. The turbines and the associated reduction 
gears were built by Messrs. Vickers-Armstrongs and 
have been designed to give a normal total output of 
34,000 shaft horse-power at a propeller speed of 
130 r.p.m., and an overload power of 42,500 shaft 
horse-power at 140 r.p.m. of the propellers. The 
designed service speed is 224 knots, but during trials 
the vessel achieved a mean speed of 25-23 knots, an 
achievement which makes her one of the fastest vessels 
in the British Merchant Service. In general, the design 
of the machinery is similar to that for the Orcades. The 
high-pressure turbines are of the impulse-reaction 
type, the first stage consisting of an impulse wheel 
with two rows of blades, followed by 27 rows of end- 
tightened reaction blading mounted on a solid drum 
of forged steel. The intermediate turbines are of the 
all-reaction type, each with 35 rows of end-tightened 
blading fitted to a hollow forged-steel drum. The 
low-pressure turbines are of the double-flow type, 
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each half comprising 11 rows of segmental reaction 
blading mounted on a common forged-steel drum. 
A high-pressure astern impulse wheel is incorporated 
in each intermediate-pressure turbine and a low- 
pressure impulse wheel in each low-pressure turbine 
casing, the total astern power available being 65 per 
cent. of the normal ahead power. Part of the port 
turbine set and associated gearing can be seen in Fig. 2, 
on this page. Fig. 3 shows a general view of the 
manwuvring platform. 

The reaction blading is made from Monel metal 
and the impulse blading from Macloy steel. Steam 
glands are fitted to the ends of the turbine casings, 
the inner pockets being connected to a suitable receiver 
and the outer pockets to the gland-steam condensers. 
Two such condensers are fitted; these were supplied 
by Messrs. G. and J. Weir, Limited, and each is capable 
of dealing with the vapour from one set of turbines. 
The main condensers are of Messrs. Weir’s regenerative 
type and have a total cooling surface of 35,000 sq. ft., 
sufficient to maintain a vacuum of 28 in. of mercury 
with a sea-water temperature of 86 deg. F. There are 
four motor-driven main circulating pumps ; these were 
supplied by Messrs. W. H. Allen, Sons and Company, 
Limited, and each is capable of delivering 12,000 
gallons a minute against a total head of 26 ft., or 
16,000 gallons a minute against a head of 20 ft. They 
are driven by vertical-spindle electric motors rated 
at 155 h.p. 

Each turbine is connected to the gearing by a 
flexible coupling of the claw type. The double-reduc- 
tion gearing for each high-pressure turbine com- 
prises an independent primary set of gears driving 
a secondary pinion meshing with the main wheel. 
The gearing for the intermediate and low-pressure 
turbines is of the single-reduction type. The primary 
gearing for each high-pressure turbine is enclosed in a 
cast-iron gearcase, independent of the main case, and 
consists of a nickel-steel pinion meshing with a forged- 
steel wheel. The main gearwheels are iron castings 
with forged steel rims shrunk in position, and the 
pinions are of nickel-steel. Independent castings are 
used for the bearing bushes and these are arranged so 
that they can be removed without lifting the main 
ge cover. The high-pressure turbines run at 
3, r.p.m. and the intermediate- and low-pressure 
turbines at 1,931 r.p.m. the gear ratios being such that 
the propeller speed is 140 r.p.m. when the turbines are 
developing a total of 42,500 shaft horse-power. All 
shafting is of solid forged steel, the intermediate 
shafts being 21% in. in diameter. Both the thrust 
blocks and tunnel-bearing blocks are of the Michell 
self-lubricating pattern. Solid four-bladed manganese 
propellers are fitted ; they have a diameter of 19 ft. 

Steam for the main turbines and auxiliary machinery 
is supplied by two large and two smaller water-tube 
boilers of Messrs. Foster Wheeler’s controlled-superheat 
design. The steam pressure at the superheater outlets 
is 525 lb. per square inch and the superheat temperature 
can be controlled from approximately 600 deg. F. to a 
maximum of 850 deg. F. The total heating surface for 
each large boiler is 12,780 sq. ft. and the superheat 
heating surface, 2,515 sq. ft., the corresponding figures 
for each smaller boiler being 7,805 sq. ft. and 1,960 
sq. ft., respectively. All boilers are fitted with cast-iron 
gilled economisers, supplied by Messrs. E. Green 
and Son, Limited, and designed for a feed-water inlet 
temperature of 280 deg. F. and an outlet temperature 
of approximately 400 deg. F. Air preheaters of the 
vertical-tubular type are fitted in the boiler uptakes 
and are provided with by-passes for use when steaming 
at slow speeds or in harbour. In accordance with 
modern practice, the four boilers are arranged to burn 
oil fuel under Messrs. James Howden’s balanced system 
of forced and induced draught. Two forced-draught 
fans, driven by 100-h.p. motors, and two induced- 
draught fans driven by 173-h.p. motors are provided 
for the large boilers. For the smaller boilers there 
are two 46-h.p. forced-draught fans and two 70-h.p. 
induced-draught fans. All the fans were made by 
Messrs. James Howden and Company, and the motors 
were supplied by Messrs. W. H. Allen, Sons and 
Company. The oil-fuel installation comprises two 
pumping and heating po each of which is capable 
of dealing with all fuel requirements when running at 
full power; some of -he pumps and heaters can be 
seen in Fig. 4, opposite, which shows part of the boiler 
room. Messrs. G. and J. Weir’s closed-feed system is 
employed, there being four turbine-driven feed pumps, 
one of which is for use in harbour. 

With the exception of the feed pumps, all the 
auxiliary machinery is electrically driven, current for 
this purpose and for the ship’s hotel services being 
provided by four self-contained turbo-generators. 
These were constructed by Messrs. W. H. Allen, Sons 
and Company, and each can develop a normal full-load 
output of 850 kW at 220 volts; two of the sets can 
be seen in Fig. 5, opposite. In contrast to the Orcades, 
the four sets are installed on the tank tops forward of the 
boiler room in a separate compartment. The turbines, 





—— 


wenn 


. 


=i 
* 


a hae 


at. 


é 
a 
aie 


which are designed for a steam pressure of 500 Ib. per 
square inch gauge and a maximum temperature of 
850 deg. F., drive compound-wound direct-current 
generators throug]: double-helical gearing giving a speed 
reduction of 10 to 1, the turbines running at 6,000 r.p.m. 
Each turbine is mounted on its own self-contained sur- 
face condenser, capable of sustaining at full load a 
vacuum of 28 in. mercury when supplied with cooling 
water at 86 deg. F. Cooling water is delivered by three 
auxiliary circulating pumps, manufactured by Messrs. 
W. H. Allen and each capable of delivering 3,325 
gallons a minute against a head of 30 ft. Two Allen 
emergency Diesel-driven generators are installed in 
addition to the turbo-generators. These are situated 
in an emergency-dynamo room, situated high up in 
the forward part of the ship and each comprises a 
four-cylinder four-stroke engine coupled directly to a 
100-kW direct-current generator operating at 500 r.p.m. 
Each set is entirely self-contained, cooling being 
effected by a radiator and engine-driven fan. To- 
gether the two sets are capable of meeting the sea 
emergency load. 

As in all Orient Line vessels, the carriage of cargo 
forms an important function. Refrigerated cargo can 
be carried in the three forward holds and the ’tween- 
deck spaces, and the ’tween decks over the refrigerating- 
machinery room are sub-divided into small insulated 








compartments for the carriage of stores. The refriger- 
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ating machinery, comprising four CO, compressors, 
together with ancillary condensers, evaporators, etc., 
was supplied by Messrs. J. and E. Hall, Limited. Each 
compressor is driven by a 150-h.p. Allen motor with 
an automatic-type controller mounted on a sub-switch- 
board. There are two salt-water cooling pumps and 
five main and auxiliary brine pumps, together with 
twelve Thermotank fans for cold-air circulation in the 
refrigerated spaces. 

Other auxiliary machinery installed in the engine 
room and elsewhere includes a sea-water distilling 
plant, two motor-driven alternators and a sanitary- 
water system designed to dispense with the usual 
gravity tanks. The distilling plant was constructed 
by Messrs. G. and J. Weir, Limited, and the asso- 
ciated pumps by Messrs. Drysdale and Company. 
It can provide 150 tons of distilled water daily and 
is arranged so that one of the main feed heaters 
is utilised as a distiller for the vapour from the sea- 
water evaporator. The alternators are fitted in 
the engine room and are used in connection with 
the fluorescent lighting of the public rooms, each set 
being rated at 50 kVA. Sanitary water is provided 
by two Allen vertical-spindle pumps, each designed 
to deliver 220 tons per hour against a head of 120 ft. 
The motor controller is of the ratchet-operated drum 
type and is fitted with a special control to adjust 
the pump speeds automatically to the water demand. 
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BOILERS AND GENERATORS FOR 8.8. “ORONSAY.” 








Fic. 4. Bormerr Room. 








Fig. 5. Turso-GENERATOR Room. 


To effect this, a water-pressure speed controller is 
fitted which works in conjunction with a motor- 
operated shunt regulator. Any increase or decrease 
in the demand imposes a pressure bias on the controller 
mechanism, thus raising or lowering the speed and 
adjusting the output. 

As previously mentioned, the Oronsay carries two 
classes of passenger, namely first and tourist B class, 
the number of passengers in each class being 668 and 
833, respectively ; in this respect, she differs from the 
Orcades, which was designed to carry 773 first-class 
and 772 tourist-class passengers. The first-class pas- 
Sengers are accommodated mostly in single-berth and 
two-berth cabins arranged in a deckhouse on “ C ” deck 
and amidships on “D,” ““E” and “F” deck, but 
there are a few three-berth cabins, designed specially 
for family use. Many of the cabins have private bath- 
rooms or showers, and all have hot and cold running 
water laid on to wash basins. They are furnished in 
accordance with modern ideas, and the standard 
fittings include dressing tables, cot beds, easy chairs 
-_ telephones. Some of the cabins are provided with 
arge windows let into the ship’s side and are inter- 
connected so that, if required, they can be converted 
- ° Suites. All the cabins are force-ventilated and 77 
aa air-conditioning installed. Heating is by means 
ema te 7 oy Thermovent heaters, supplied by 
seman - Cole, Limited, being employed for this 
The layout of the vessel has been arranged so that 
‘he first-class passengers are allocated the amidships 
‘paces, the tourist “B” passengers the spaces aft of 





the engine-room casing, and the crew the forward end 
of “G” deck. All of the boat deck is reserved for 
first-class passengers. At the forward end of this 
deck there is a sun lounge with a glazed front, the deck 
being raised slightly to give a clear view forward and 
overside. This structure is designed to throw the 
slipstream, caused by the forward motion of the vessel, 
upwards and over the sports arena situated immediately 
aft of the sun lounge. The arena, which is approxi- 
mately 60 ft. square, is bounded on the port and star- 
board sides with sliding-folding glazed screens. Aft of 
the sports arena is the bridge and bridge house, the 
latter accommodating the navigating officers. Two 
large sports areas are situated to port and starboard, 
aft of the bridge, each of which measures 81 ft. by 
30 ft. and is overlooked by a covered grandstand. 
Farther aft is a deckhouse containing the lounge and 
restaurant, both of which are air conditioned; the 
roof of the deckhouse is laid out as a sports deck 
measuring 68 ft. by 44 ft. 

The main first-class public rooms are situated on 
**B” deck, at the forward end of which is the children’s 
playroom. Aft of this is the main lounge, which is 
joined at the forward end to a small lobby and at the 
after end to the ’midship entrance hall. From the 
entrance hall, two galleries port and starboard lead 
aft to the dancing space, the sides of the latter being 
enclosed by glass screens which can be folded back 
during hot weather. Aft of the dancing space, and 
embracing the engine-room casing, is a verandah 
café arranged to overlook the swimming pool situated 
on “C” deck below. The first-class dining saloon 


is situated approximately amidships on “F” deck, 
and extends the full width of the ship. Entrances are 
provided at both the forward and after ends and, to 
give a feeling of spaciousness, extra head-room has 
been given to the ‘tween deck and there is ‘a dome 
over the centre. An auxiliary dining room is provided 
aft of the main saloon on the starboard side and a 
children’s saloon in the corresponding position on the 
port side. The main saloon and the auxiliary and 
children’s saloons are air-conditioned. 

Tourist-B passengers are accommodated in two-berth, 
three-berth and four-berth cabins on the after parts 
of “F,” “G” and “H” decks. Of these, 128 are 
two-berth cabins, five are three-berth cabins and 
73 are four-berth cabins; there are, in addition, a 
few six-berth cabins situated on “‘H”’ deck. Amenities 
provided for the tourist rs include an open-air 
swimming pool at the after end of “ C ” deck, a dancing 
space on “DD” deck and a café on “E”’ deck. The 
dining saloon is at the after end of ““F” deck and 
is separated from the first saloon by the main galley. 
The general hospital, which is situated at the port side 
of ‘‘ EK” deck, has five separate wards which, together 
with the surgery, dark room, consulting room, doctor’s 
cabin, etc., form a self-contained block. Special 
attention has been paid to the accommodation for the 
crew. All navigating and engineer officers are pro- 
vided with separate cabins, and the petty officers and 
leading hands are accommodated in two-berth cabins. 
All cabins are comfortably furnished and well ventilated, 
those for the engineer officers situated inboard being 
air-conditioned. 

As is to be expected on a vessel of this class, the 
navigating equipment is exceptionally comprehensive. 
It includes a gyro compass with repeaters, echo- 
sounding gear, directional wireless and a radar set. 
In many respects, the wireless installation, which was 
supplied by the Marconi International Marine Com- 
munication Company, Limited, is similar to that of the 
Orcades. The main communication equipment com- 
prises a Worldspan high-power short-wave and medium- 
wave transmitter, with Mercury and Electra receivers. 
A type-TGY2 radiotelephony transmitter and a 
“Yeoman ” receiver provide the link with shore tele- 
phone services and a Reliance battery-operated set is 
installed for emergency use. The Marconi Company 
also supplied a Radiolocator radar set, a Lodestone 
direction-finder and a Visagraph echometer, the last- 
named being a combination of their Seavisa and Sea- 
graph equipment. 

Ten 145-person and four 99-person lifeboats are 
carried together with two 136-person motor lifeboats 
and two 40-person emergency boats. All are of steel 
construction and, with the exception of the two motor 
boats, are fitted with Fleming hand-propelling gear. 
They are carried under gravity-lowering davits supplied 
by Messrs. Welin-MacLachlan Davits, Limited. A 
complete system of Grinnell automatic sprinklers and 
fire alarms is installed throughout the passenger and 
crew accommodation ; and in the holds and "tween-deck 
cargo spaces there are a Lux fire-detecting system and & 
steam fire-extinguishing equipment. Cargo-working 
arrangements comprise 5-ton derricks for each hatch 
with the addition of two 10-ton and two 20-ton derricks 
for the forward hatches. Other deck machinery 
includes a large electric windlass forward, with two 
capstan heads and extended ends for warping, and 





two warping capstans on “ E” deck aft. The steering 
gear, which is of the electro-hydraulic type, was 
supplied by Messrs. Brown Brothers Company, Limited, 
and is arranged to be operated by the Gyro-pilot. 





BRUNSWICK WHARF POWER SrTaTION.—The British 
Electricity Authority have received the consent of the 
Minister of Fuel and Power to the extension of the 
Brunswick Wharf power station, London, by one 
60-MW turbo-alternator and two 320,000-lb. boilers. 
The ultimate capacity of the station will be 330 MW. 





Four-ENGINE JET-PROPELLED HEAVY BOMBER.—The 
first flight of Britain’s first heavy bomber jet-propelled 
aircraft was carried out successfully on May 18. The 
new aircraft, the Vickers 660, is built by Messrs. Vickers- 
Armstrongs Limited, Weybridge, Surrey, and is powered 
by four Rolls-Royce Avon axial-jetengines. The aircraft, 
which was ordered “‘ off the drawing board ” by the Air 
Ministry, for the Royal Air Force, is now in production ; 
it will ultimately replace the Avro Lincoln and Boeing 
B 29 aircraft now in service in Bomber Command, No 
performance or loading data have been revealed except for 
a statement in Parliament that the aircraft will be faster 
than the Canberra twin-jet bomber—and greatly superior 
in load and range. A photograph of the aircraft shows 
that it has swept-back high wings, the engines being 
buried in the wings, and a single fin carrying the tail- 
plane. The shape of the nose and canopy is reminiscent 
of the Canberra. It has a tricycle undercarriage, the 
main-wheel units consisting of twin wheels arranged in 





tandem. 








626 


ENGINEERING. 


MAY 25, I9Q5I. 








NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


POSITION OF THE STEEL INDUSTRY.—Colvilles Ltd. 
announced on May 18 that because of the scrap shortage, 
steel production within their group was to be reduced 
by about 18 per cent. as from the present week. This 
will be effected by reducing the number of furnaces 
immediately and by closing the melting shop at Blochairn 
Steel Works, Glasgow, as from Sunday, May 27, until 
further notice. The plate mill will continue in operation, 
but rolling and re-rolling mills generally will be affected, 
and it is expected that the reduced supply of the resulting 
raw materials will mean a further encroachment on week- 
end work, probably the cancellation of the Friday and 
Sunday evening shifts. The firm are responsible for over 
80 per cent. of the Scottish steel output, which, last 
month, was at an annual rate of 2,389,900 tons. 





ScorrisH Coat Exports.—Notwithstanding a slight 
improvement in colliery production, the higher inland 
consumption of coal because of the extended wintry 
weather has prevented the expansion in cargo shipments 
from local ports which is usual at this time of the year. 
During April the total exported amounted to 56,722 tons, 
compared with 57,146 tonsin March. In April last year, 
86,863 tons were dispatched. Shipments during the 
first four months of 1951, namely, 191,818 tons, represent 
a decline of some 38 per cent, on the corresponding total 
for 1950. 

GLASGOW UNIVERSITY EXTENSIONS.—Considerable 
changes at Glasgow University may be made within the 
next 20 or 30 years, according to a report on expansion 
and redevelopment prepared by Sir Frank Mears on 
behalf of the University. A central court over Univer- 
sity-avenue is projected, with more lecture rooms, a 
greatly extended medical building, and a theatre, art 
gallery, and music room. The report recommends, inter 
alia, the extension of the University into the adjoining 
residential area, where already sites have been acquired. 

FIRE DAMAGE AT ROYAL TECHNICAL COLLEGE.—A 
laboratory of the chemistry department of the Royal 
Technical College, Glasgow, was damaged to the extent 
of several thousands of pounds by an outbreak of fire on 
May 17. Records of important research work being 
conducted in the laboratory, and instruments and material 
in a store room, were lost. 

Scottish UNEMPLOYED.—The number of unemployed 
persons in Scotland has fallen by 4,155 since March 12, 
and, as at April 16, stands at 54,667, including 3,104 
temporarily unemployed! This is the lowest April 
figure since the war. 





PROPOSED FITTING-OUT WHARF AT GREENOCK.—The 
Provost of Greenock has received a letter from Mr. 
Hector McNeil, Secretary of State for Scotland, stating 
that the Minister of Transport does not feel that the 
construction of a proposed new fitting-out wharf at the 
Great Harbour, Greenock, would result in sufficient 
economy to justify the capital expenditure involved. 





ScoTTisH BUILDING RESEARCH LABORATORY.—To 
ensure that the work of the Thorntonhall laboratory of 
the Building Research Station, at Glasgow, serves the 
special requirements of Scotland, and to help to link it 
closely to the building industry, the Department of 
Scientific and Industrial Research have appointed a 
Scottish advisory committee of eight members. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


IMPROVED Dock FACILITIES AT THE HARTLEPOOLS.— 
A scheme for improving the dock facilities at the 
Hartlepools was presented at a meeting of the Hartlepools 
Docks Advisory Committee, held on May 16. Mr. 
T. S. Roberts, manager of the Middlesbrough and 
Hartlepool docks has announced that a berth at the old 
harbour would be reconstructed to accommodate vessels 
of up to 12,000 tons. The berth would be deepened, the 
adjoining quay lengthened and widened, the railway 
facilities improved and new electrically-operated cranes 
installed, The estimated cost of the scheme is 333,0001. 





Raw MATERIALS.—Shortages of iron and steel scrap 
and raw materials are still seriously hampering operations 
at Tees-side steelworks, but some improvement in 
deliveries of scrap from home sources is reported ahd 
rather better parcels of raw materials are obtainable. 
The dearth of shipping at foreign-ore ports, however, 
and the continued high freights still occasion much 


complaint. The cost of imported ore is a heavy financial 
burden on the North-East Coast industry. 

NORTH-EASTERN TRADING ESTATES.—In a speech made 
at Middlesbrough on May 10, Mr. S. A. Sadler Forster, 
chairman of the North-Eastern Trading Estates, Ltd., 
Gateshead-on-Tyne, and a former secretary of the 
Tees-side Chamber of Commerce and the Tees-side 
Development Board, stated that upwards of 300 new 
factories had been established in recent years in North- 
Eastern England. These factories were spread through- 
out Northumberland and Durham, and some employed 
as many as 2,500 persons. Altogether, 41,000 persons 
were employed in factories on the trading estates. 





CLOSING OF A DURHAM COLLIERY.—Arnghyll Colliery, 
near Bishop Auckland, in the South-West Durham area 
of the Northern Division of the National Coal Board, was 
closed down on May 12, its coal reserves being exhausted. 
For some time past the colliery had been worked at a 
financial loss. The few remaining employees are being 
transferred to other pitsin the area, although some 20 men 
will be retained for the present on dismantling work. 

NEW POWER STATIONS AT BLAYDON-ON-TYNE.—The 
British Electricity Authority have received the consent 
of the Minister of Fuel and Power to the establishment 
of two new power stations at Blaydon-on-Tyne, Co. 
Durham. These stations will be known as Stella North 
and Stella South. The ultimate capacity of the former 
will be 240 MW, the plant consisting of four 60-MW 
turbo-alternators, with four 550,000-Ib. boilers and 
four cooling towers. The ultimate capacity of Stella 
South will be 300 MW, made up of five 60-MW sets and 
five 550,000-lb. boilers. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


THE STEEL PosiITION.—It has been necessary to 
take out of production a fifth open-hearth steel furnace 
at the works of the Steel, Peech and Tozer branch of 
the United Steel Companies, Sheffield, because the 
stocks of raw materials are exhausted and the current 
deliveries are insufficient to keep the present number 
of furnaces in operation. The cogging and billet mill, 
which operates, under normal conditions, on a basis 
of 17 shifts a week, has been working 15 shifts in the 
past few weeks and is now to be reduced to a 12-shift 
basis. The decreased mill output will mean a loss of 
production amounting to between 8,000 and 10,000 tons 
of steel billets and slabs a week. This will deprive a 
number of smaller rolling mills of the material required 
to supply the needs of the file, cutlery and other trades. 

STEEL RaTIONING.—The immediate introduction of a 
rationing system in the alloy and other steel trades of 
Sheffield is being urged. Mr. Denis Fletcher, joint 
managing director of W. T. Flather, Ltd., states that his 
and other steel firms have proposed, through trade asso- 
ciations, that the Government should institute a system 
of priorities for raw materials. At present, orders for 
steel, known to be needed for essential purposes, are 
having to be turned away. 

SHEFFIELD LIGHTER TRADES.—Supplies of cutlery, 
spoons and forks to the home market last year rose to 
370,7001. a month, an increase of 32,0001. worth a month 
on 1949 and nearly double the value of the supply in 
1946. Purchase tax has been a limiting factor in the 
home trade, and, at present, Sheffield exports are being 
delayed by dock strikes in Australia, New Zealand and 
elsewhere. Warehouses are filling up with tools, cutlery 
and other steel products, and shippers are indisposed to 
accept further goods. Matters are made worse by the 
diversion of ships to take supplies to Korea, 

ALLOCATION OF GOVERNMENT FACTORY AT BLACKPOOL. 
—The Board of Trade announce that the Squires Gate 
Factory, Blackpool, has been allocated to the Hawker 
Aircraft Co., Ltd., Kingston-on-Thames, for the produc- 
tion of aircraft. The Squires Gate factory was built 
during the war and covers an area of approximately 
1} million sq. ft. It was used by Vickers-Armstrongs 
Ltd. for the production of aircraft and later for the 
manufacture of aluminium houses. The factory has 
been empty since March, 1948. 

RIVER WYRE CABLE CroOsSING.—British Insulated 
Callender’s Cables, Ltd., have recently completed, for 
the North Western Electricity Board, the laying of two 
33-kV three-core cables and a single-core armoured 
auxiliary (telephone) cable across the estuary of the 
River Wyre at Fleetwood. The width of the estuary 
at the crossing is 1,050 yards. The cables connect an 
existing 6-6-kV system at the Fleetwood generating 
station with an overhead line, also being constructed 
by the same firm, on the opposite bank. When the power 





station is completed, the voltage will be stepped up to 





33 kV, to cater for heavy loads in the Preesal neighbour- 
hood of the Fylde district. 


THE MIDLANDS. 


More EFFEcTS OF IRON AND STEEL SHORTAGE.—The 
increasing shortage of steel has caused 700 employees 
of the Talbot-Stead Tube Co., Ltd., of Walsall, to be 
put on a four-day week from May 21. This represents 
half the total number employed by the company, a 
constituent of the Tube Investments Group. The step 
has been taken to prevent unemployment, and no 
employees will be dismissed. Pig-iron is now ranking 
with steel as a source of difficulty in the Midlands, and 
foundries all over the district are reporting increasing 
trouble in obtaining supplies. One firm in Walsall have 
eased the position by undertaking their own scrap 
collection. They bave rented a field in which to store 
scrap and break it up for use. The scrap ranges from 
old internal-combustion engines to agricultural equip- 
ment and railway material. 

INDUSTRIAL SAFETY EXHIBITION.—The Birmingham 
Industrial Safety Group have organised an exhibition 
which will be held at Bingley Hall, Birmingham, from 
May 30 to June 2. Mechanical safety devices and the 
prevention of accidents when moving goods will be given 
particular prominence. About half of the available 
space will be occupied by a combined exhibit of the 
member firms of the Birmingham Safety Group, and 
examples will be shown of practice in their works. 
There will be a continuous display of appropriate cine- 
matograph films. Arrangements have been made to 
receive parties from factories and schools, and there will 
be an information bureau at Bingley Hall, with a staff 
to deal with all industrial safety questions. Further 
information can be obtained from the honorary secretary 
of the exhibition, Mr. A. G. Cogswell, Dunlop Rubber 
Co., Ltd., Fort Dunlop, Erdington, Birmingham, 24. 





REMOVAL OF MoToR-cAR FactorRy.—Work has begun 
on the transference to their new factory, on the north- 
eastern boundary of Coventry, of the motor-car manu- 
facturing plant of Jaguar Cars, Ltd. The test depart- 
ment moved into its new quarters last week-end and 
will be followed almost immediately by the tool room. 
By August, it is expected, the whole of the machine 
shop will have been transferred, and the removal of the 
plant should be completed in the late autumn. Though 
the transfer involves the movement of more than 10,000 
tons of machinery and stores, it is hoped to accomplish 
the change without interrupting normal production. 





‘WELDING MACHINE FOR 80-IN. STEEL STRIP.—A flash- 
butt electric welding machine recently completed by the 
British Federal Welder and Machine Co., Ltd., Dudley, 
Worcestershire, for the Steel Company of Wales, left the 
makers’ works by road for South Wales on May 11. It 
has been designed to weld steel strip up to 80 in. in 
width and is stated to be the largest of its type yet 
constructed in this country. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


WAGES IN THE TIN-PLATE INDUSTRY.—AS a result of 
an agreement reached by the joint standing committee 
for the Welsh tin-plate industry, which met in Swansea 
last week, more than 13,000 employees in the industry 
will receive wage increases. These range from 6s. 7d. 
a week for labourers to about 15s. for the highest-paid 
men. The agreement provides that the sliding scale 
shall be advanced from 20 to 26 per cent. and the cost-of- 
living bonus from 1-2d. to 1-3d. per unit of the cost-of- 
living index. Labourers will receive about 1 per cent. 
extra on their present 7} per cent. ex gratia percentage. 

WELSH COAL TRADE.—AS was to be expected, the 
production of coal in South Wales, last week, waé 
considerably affected by the holidays and the usual 
subsequent increase in absenteeism. The pits were 
officially closed for one day only—except those in the 
anthracite area round Swansea, where they were idle for 
two days—but on the day that work was resumed in the 
steam coal district about 23 per cent. of the men were 
absent. This was about equal to the Easter boliday 
figure, but was slightly greater than that in the post- 
Whitsun period of last year. 

CLOSURE OF WEST WALES STEELWORKS.—Workmen 
engaged at the three West Wales steelworks which, it 
was announced in these Notes last week, were to close, 
have decided to pursue by every means the prevention 
of the closure. The plants involved are the Landore 
Works at Swansea, the Bryngwyn Works at Gorseinon, 
and the Briton Ferry Old Works. The redundancy 
expected in the industry, following the closure, was 
discussed at a meeting of steelworks employees, held in 
Morriston, Swansea. 
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NOTICES OF MEETINGS. BRITISH STANDARD PERSONAL. 
ane SPECIFICATIONS. 


Iv is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


ENGINEERS’ GUILD.—North Western Branch: To-day, 
7.30 p.m., Queen Hotel, City-road, Chester. Address on 
“The Aims and Achievements of the Engineers’ Guild,” 
by Mr. W. L. Henderson. 


INCORPORATED PLANT ENGINEERS.—Birmingham 
Branch: Today, 7.30 p.m., The Imperial Hotel, Temple- 
street, Birmingham, 2. ‘‘ Laundry Engineering,” by 
Mr. F. Q. Wheatcroft. West and East Yorkshire Branch : 
Monday, May 28, 7.30 p.m., The University, Leeds. 
“Recent Developments in Metallurgy,” by Dr. K. J. 
Irvine. London Branch: Monday, June 4, 7 p.m., 
Shell Mex House, Strand, W.C.2. Discussion on “ Oil 
Refineries.” Hast Lancashire Branch: Tuesday, June 12, 
7.15 p.m., Engineers’ Club, Albert-square, Manchester, 2. 
Discussion on “‘ Maintenance of Industrial Instruments.” 
Newcastle-upon-Tyne Branch: Thursday, June 14, 
7.30 p.m., Roadway House, 8, Oxford-street, Newcastle- 
upon-Tyne. Discussion on “ Industrial Photography.” 

INSTITUTION OF ELECTRICAL ENGINEERS.—Measure- 
ments Section: Monday, May 28, 5.30 p.m.; Tuesday, 
May 29, 2.30 p.m. and 5.30 p.m.; and Wednesday, 
May 30, 2.30 p.m. and 5.30 p.m., Savoy-place, Victoria- 
embankment, W.C.2. Conference on “ Electrical-Instru- 
ment Design.” For programme, see page 559, ante. 
Scottish Centre ; Wednesday, May 30, 7 p.m., Heriot-Watt 
College, Edinburgh. Annual Meeting and Film Display. 

SocrETY OF INSTRUMENT TECHNOLOGY.—Tuesday, 
May 29, 7 p.m., Manson House, 26, Portland-place, W.1. 
Annual Meeting and Film Display. 

INSTITUTE OF INDUSTRIAL ADMINISTRATION.—Wednes- 
day, May 30, 6.30 p.m., Fyvie Hall, The Polytechnic, 
Regent-street, W.1. ‘‘ Control Chart Techniques in 
Industry, with Special Reference to Quality Control,” 
by Dr. B. P. Dudding. Wednesday, June 6, 6.30 p.m., 
Fyvie Hall, W.1. ‘‘ Cost Control,” by Mr. H. H. 
Norcross, 

INSTITUTION OF PRODUCTION ENGINEERS.—Shrewsbury 
Sub-Section : Wednesday, May 30, 7.30 p.m., Shrewsbury 
Technical College, Abbey Foregate, Shrewsbury. Lecture 
on * Commercial Possibilities of the Lost-Wax Process,” 
by Mr. A. Short. Wolverhampton Graduate Section: 
Tuesday, June 19, 7.30 p.m., Wolverhampton and 
Staffordshire Technical College, Wolverhampton. “ In- 
dustrial Economics,” by Mr. C. Tragen. 


IRON AND STEEL INSTITUTE.—Wednesday, May 30, 
10 a.m., and 2.30 p.m.; Thursday, May 31, 10 a.m. and 
2.30 p.m.; and Friday, June 1, 10 a.m., 4, Grosvenor- 
gardens, Westminster, S.W.1. Annual Meeting. Wed- 
nesday, May 30, 7 for 7.30 p.m., Dorchester Hotel, 
Park-lane, W.1, Annual Dinner. For programme, see 
page 465, ante. 

RoyaL SANITARY INSTITUTE.—Swansea: Friday, 
June 1, 10 a.m., The Guildhall, Swansea, (i) ‘‘ Problems 
in Port Health Administration,” by Dr. E. B. Meyrick ; 
and (ii) “‘ Swansea Main-Drainage Scheme,” by Mr. D. J. 
Milford. Sheffield: Friday, June 8, 10 a.m., The Memo- 
rial Hall, Barker’s Pool, Sheffield. (i) “A Survey of 
the Problem of Smoke Abatement in Low-Temperature 
Furnaces,” by Professor R. J. Sarjant; and (ii) “ Prob- 
lems Arising from the Treatment and Distribution of 
Milk,” by Mr. G. A. Knowles. 

RoyaL INSTITUTION.—Monday, June 4, 5 p.m., 21, 
Albemarle-street, W.1. General Meeting. 

JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Thursday, June 7, 7 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham, 3. Special 
meeting to commemorate the Festival of Britain. 

CHEMICAL SOCIETY.—Thursday, June 7, 7.30 p.m., 
The Royal Institution, 21, Albemarle-street, W.1. The 
Tilden Lecture on “A Chemotherapeutic Search in 
Retrospect,” by Dr. F. L. Rose. 

INSTITUTE OF ECONOMIC ENGINEERING.—London 
Branch: Friday, June 8, 7 p.m., George Hotel, Kings- 
bury. “ First Things First,” by Mr. A. G. Northcott. 





LINCOLN BRIDGE-DESIGN AWARDS.—In 1950 the 
James F. Lincoln Arc We Foundation, Cleveland, 
Ohio, sponsored a programme to promote the building 
of better bridges for less money and less steel, and 
invugurated a competition for the design of an all-welded 
highway bridge 250 ft.long. Entries for this competition 
wcre received from 16 countries and it is now announced 
that the first prize of 5,000 dols. has been awarded to 
Mr. J - H. Jennison, head of the Development Engineering 
Division, United States Naval Ordnance Test Station, 
Pasadena, California, for a tied arch with a rise of 45 ft. 
“ the centre line, 13 panels and a stiffening tie girder. 
Second and third prizes of 2,500 dols. and 1,250 dols. 
have also been awarded, while ten honourable mentions, 
to which prizes of 200 dols. were attached, were made. 





Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 

Tolerances for Steel Drop Forgings and Upset Forgings. 
—A new specification, B.S. No. 1718, covering toler- 
ances for steel drop forgings and upset forgings, has 
been prepared at the request of the National Association 
of Drop Forgers and Stampers. It is based on agreed 
tables previously issued by that Association and used 
by its members. The compilers of the specification 
express the hope that the inclusion of these tables, in 
one publication, will satisfy a real need by simplifyi 
the application of limits to drawings which, in 
the past, have often been deficient in this respect. The 
tolerances given are designed to cover the general range 
of forgings of average form in all ordinary specifications. 
Drop forgings are dealt with under thickness, width and 
length, draft angles, fillet and male edge radii, and 
quantity. Horizontally-upset forgings are dealt with 
similarly, under thickness, die wear and shrinkage, 
eccentricity and offset, and quantity. [2s. 6d., postage 
included. ] 

Method of Specifying Helical Compression Springs.— 
The main purpose of a new specification, B.S. No. 1726 
entitled a ‘‘ Guide to the Method of Specifying Helical 
Compression Springs,” is to clarify the specification of a 
spring by the designer, so that the manufacturer and 
the inspector may give him exactly what he requires. 
The publication applies to (a) hot-coiled springs, 
hardened and tempered after coiling; (6) cold-coiled 
springs, not hardened and tempered after coiling ; and 
(c) cold-coiled springs, hardened and tempered after 
coiling. Most springs are made of steel, but the 
recommendations given in the specification apply, in 
general, to springs made from other materials. The 
publication is concerned with the decision as to which 
dimensions require tolerances and as to what the extent 
of the tolerances should be. It is recommended that 
the essential data be presented in tabulated form, 
distinguishing between those which are required to 
define the finished article and those which are given 
merely for the information of the manufacturer or 
inspector. In a correctly drafted specification of a 
spring, some indication of the duty of the spring will 
be apparent, but, in order to assist the manufacturer 
and inspector as far as possible, the designer should 
state the purpose for which the spring is intended as 
the simplest way of drawing attention to his principal 
requirements. For the purpose of the specification, 
“light ” i are regarded as those made from 
material of below 4 in. in diameter or } in. by } in. in 
section, and “heavy” springs as those above these 
dimensions. [Price 48., postage included.] 

Seamless Steel Furnace Tubes for Petroleum Industry. 
—Two further specifications in the series which is 
being prepared for the petroleum industry have been 
issued, namely, B.S. No. 1730, covering seamless low- 
carbon and carbon-molybdenum steel furnace tubes ; 
and B.S. No. 1731, covering seamless alloy-steel 
furnace. tubes. No. 1730 provides for one grade of 
low-carbon and one grade of carbon-molybdenum tubes, 
based on specification No. A.161 : 1946 of the American 
Society for Testing Materials. No. 1731 provides for 
two grades of alloy-steel tubes, one being a 2}-per cent. 
chromium, 1 per cent. molybdenum, and the other a 
5 per cent. chromium, } per cent. molybdenum steel, 
based on A.S.T.M. specification No. A.200: 1946. 
Both specifications contain full chemical analyses, as 
well as the mechanical properties required of the tubes, 
together with tolerances and methods of test. [Price 
of each publication, 2s., postage included.] 

Electroplated Coatings of Cadmium and Zinc on Iron 
and Steel.—A new specification, B.S. No. 1706, deals 
specifically with protective electroplated coatings of 
cadmium and zinc on iron and steel articles. It does 
not cover coatings on sheet, strip and wire. It is 
pointed out that cadmium and zinc each have special- 
ised fields of service, and, therefore, the metal and 
class of coating should be chosen to suit the intended 
purpose. The publication covers the essential qualities 
of coatings, stipulating limits for their purity, the 
finish and appearance of the plated surface, and the 
thickness and adhesion of the deposit. Methods of test 
are contained in appendices and a section dealing with 
the passivation of zinc coatings is also included. The 
compilers point out that it is impossible at t to 
specify completely every factor affecting perfor- 
mance of a coating, but, in view of the urgent demand 
for some basis of comparison for these coatings, the 

ification is being published in its present form for 

assistance of manufacturers and purchasers. It is 
considered that the publication provides for the 
essential qualities of the coatings in question. [Price 
2s. 6d., postage included. ] 





Mr. A. B. B. VALENTINE, B.A. (Oxon.), M.Inst.T., 
the member of the London Transport Executive respon- 
sible for operation and commercial matters, has been 
elected President of the Institute of Transport for 1951-52 
and will assume office on October 1 upon the retirement 
of Mr. J. S. Wiis. 


PROFESSOR W. E. Curtis, D.Sc., A.R.C.Se., F.R.S., 
who occupies the chair of physics at King’s College, 
University of Durham, Newcastle-upon-Tyne, has been 
re-elected President of the Institute of Physics, 47, 
Belgrave-square, London, S.W.1. 


Mr. D. McCatu, M.B.E., M.I.N.A., managing director 
of Menzies & Co., Ltd., Leith, has been elected chairman 
for 1951-52 of the Dry Dock Owners and Repairers 
Central Council. Mr. A. P. Trat1, O.B.E., of Manches- 
ter Dry Docks Co., Ltd., has been elected senior vice- 
chairman, and Mr. W. B. JOHNSTONE, of Alexander 
Stephen & Sons, Ltd., Glasgow, has been appointed 
junior vice-chairman. 


Mr. O. W. Humpureys, B.Sc., F.Inst.P., M.I.E.E., 
who has been manager of the research laboratories of 
the General Electric Co., Ltd., for the past two years, 
having been appointed to that position following the 
death of Smr CLIFFORD PATERSON, has now been made 
director of the laboratories. 


Mr. H. T. CHapMAN, F.R.Ae.S., M.I.Mech.E., has been 
appointed to the board of the Hawker Siddeley Group of 
Companies. He is managing director of Armstrong 
Siddeley Motors Ltd., Coventry. 


Mr. Maurice J. BRENNAN, B.Sc., A.M.I.Mech.E., 
A.F.R.Ae.S., has been appointed deputy chief designer 
of Saunders-Roe Ltd., Osborne, East Cowes, Isle of 
Wight. 


Mr. W. C. HANDLEY, B.Sc. (Tech.) (Manch.), M.I.E.E., 
has been appointed an executive director of British 
Insulated Callender’s Cables Ltd. 


Mr. Doveias SHARP, M.I.Mech.E., has been appointed 
chairman of the Scottish Machine Tool Corporation Ltd., 
124, St. Vincent-street, Glasgow, C.2, in succession to 
the late Mr. J. P. ReyNotps. Mr. H. M. M. Hysiop 
has been made managing director. 


Mr. O.'S. Woops, A.M.1.E.E., A.M.I.Mech.E., genera- 
tion engineer (operation) of the North-Western Division 
of the British Electricity Authority, has been appointed 
chief generation engineer (operation) of the East Midlands 
Division of the Authority. 


Mr. FRANK BURGESS, a member of Valve Manufac- 
turers’ Productivity Team, which recently visited the 
United States, has been appointed a director of Whites- 
Nunan Ltd., Church-street, Pendleton, Manchester, 6. 
He will be in charge of the technical department and his 
duties will cover design development and pre-production 
work. 


CapTAIN REGINALD TERRELL, a director of the sub- 
sidiary company, Gerrard Safe Seal (Overseas) Ltd.. 
has been appointed a director of the holding company, 
Gerrard Industries Ltd., Harlequin-avenue, Great West- 
road, Brentford, Middlesex. Mr. J. G. S1.G. Syms, a 
director of the holding company, has been elected also 
a director of the subsidiary company. 


Proressor I. C. F. SraTHAM and Mr. V. Smmons have 
been elected vice-presidents of the Sheffield University 
Mining Society, as well as Mr. C. R. HEWITT, as an- 
nounced on page 531, ante, 

Mr. T. W. STANTER has been appointed general sales 
manager to Marshall Sons & Co., Ltd., Gainsborough, 
and John Fowler & Co. (Leeds), Ltd. His future activities 
will be conducted from Britannia Works, Gainsborough. 


Mr. L. HatLipay has been appointed representative 
of F. J. Edwards Ltd., 359-361, Euston-road, London, 
N.W.1, for the Lancashire, Cumberland, and North 
Wales areas. He will be based on the firm’s office at 
Lansdowne House, 41, Water-street, Birmingham, 3, 
but, if his services are required at short notice, he may 
be reached at his home address, 90, Yew Tree-road, 
Ormskirk, Lancashire. 


THE TREVOR JOHNSTONE Co., LTD., 169-174, Sloane- 
street, Knightsbridge, London, 8.W.1, have been 
appointed exclusive distributorsin England and Wales for 
the Dictorel dictating machines produced by A.C.E.C., 
56, Victoria-street, London, 8.W.1. 


THE PULSOMETER ENGINEERING CO., LTD., Nine Elms 
Iron Works, Reading, have acquired the total share 
capital of Jos—EPH EVANS AND SONS (WOLVERHAMPTON), 
Lrp., pump makers since 1810, Wolverhampton. Each 
organisation, however, will continue to operate separately. 


The products of the NEWALL GROUP OF COMPANIES, 
comprising the NEWALL ENGINEERING Co., LTD., Peter- 
borough; OpTicaL MrasurinG Toors Ltp., Slough ; 
and KEIGHLEY GRINDERS (MACHINE TooIs), LTD., 
Keighley, are now being distributed in the Midlands area 
solely by NEWALL Group SALEs Lrp., Peterborough. 
(Telephone : Peterborough 3227-8-9.) 
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BARKING “C’’ POWER STATION. 
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NEW POWER STATIONS FOR THE 
B.E.A.: XIII.—BARKING * C.”’ 


Tue Barking ‘“ C ” station of the British Electricity 
Authority is situated on the north bank of the River 
Thames, on a site where abundant water supplies, 
facilities for unloading sea-borne vessels and good 
railway connections are all available. It adjoins 
the “A” station, which was opened by H.M. King 
George V in 1925 and now contains 237-5 MW of 
plant, and the “B” station, the capacity of which 
is 300 MW. The “C” station will have a capacity of 
225 MW, bringing the total for the site up to the large 
figure of 763 MW. 

Owing to the nature of the ground, it was necessary 
to excavate 250,000 cubic yards of earth and to dredge 
18,000 cubic yards, while, in the construction of the 
reinforced-concrete foundations, 66,200 cubic yards 
of concrete and 3,300 tons of steel were used 
The buildings are of steel construction with concrete 
and brick filling, and their condition in the early part Fic. 2. Exrenstons To Coatine Jerry. 
of this year is shown in Figs. 1 and 3. Coal will be 
brought to the site by colliers, and, after being unloaded 
by crane at the jetty, illustrated in Fig. 2, will be 
taken by conveyors to the boiler house, where it 
will be pulverised in Babcock and Wilcox mills. There 
will be three of these mills to each boiler, and each 
mill will have at. output of 9 tons per hour. The 
steam-raising plant will consist of five Babcock and 
Wilcox boilers, each of which will have a maximum 
continuous rating of 405,000 lb. of steam per hour at a 
pressure of 950 lb. per square inch and a temperature 
of 940 deg. F. The heat release at the maximum 
continuous rating will be 16,620 B.Th.U. per cubic foot 
per hour, and 80 per cent. of this figure at the most 
economic rating. One of the boilers will be fitted 
with a Cyclone burner, to give a rating of 540,000 Ib. 
per hour, and horizontal multi-loop superheaters, 
multi-loop economisers and tubular air heaters will 
be installed on each unit. There will be a balanced 
draught system consisting of electrically driven forced 
and induced draught fans. 

The generating plant will comprise three 75-MW 
B.T.H. turbo-alternators, each of which will exhaust 
:nto two Hick Hargreaves double-pass regenerative 
condensers, in which ‘47,000 gallons of water per minute 
will be circulated against a head of 41 ft. by three 
Drysdale 900-h.p. double-suction vertical pumps. 
The cooling water will be drawn from the Thames. 
The alternators will feed into the 132-kV, 66-kV, and 
33-kV systems through transformers, and the station 
auxiliaries will be supplied through unit transformers 
connected to the terminals of the main machines. Fic. 3. Borer Hovusz FRAMEWORK. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ““ ENGINEERING ”’ Ltd 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may. be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— e 

For the United Kingdom and all 

places abroad, with the exception 

of Canada £5 10 0 
For Canada £5 5 0 

Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

~ Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
Proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE AMERICAN 
NON-FERROUS METALS 
INDUSTRY. 


‘* OpEN confession is good for the soul,” as George 
Herbert observed rather more than three centuries 
ago. At about the same period, the Pilgrim Fathers 
were making their first acquaintance with Plymouth 
Rock, but it would have required more than the 
average amount of prescience vouchsafed to a 
Pilgrim Father to have foreseen how strong would 
be the links between the two sides of the Atlantic 
three centuries later, or that, after that lapse of 
time, his homeland would be sending successive 
expeditions to the new lands of the West to find out 
why it was that America had succeeded so well in 
the art of making two blades of grass grow where 
only one, or perhaps none, had grown before. When, 
at the suggestion of Sir Stafford Cripps, the first 
few of those expeditions were planned, we doubted 
whether much practical benefit would result ; 
because we could see fairly well why it was that 
productivity was so much greater per man employed 
in American engineering than at home. We felt 
then that there was little point in sending parties to 
the United States, at considerable expense, to learn 
the obvious: they would discover, of course, the 
““secret ’’ of American industrial productivity, 
which was no secret at all, but whether they could 
spin their travellers’ tales to any useful purpose on 
their return, we felt to be very doubtful. 

In that view, we now openly confess, we were 
wrong. If only one or two parties had returned with 
broadly similar reports, it is probable that compara- 
tively little result would have been achieved ; the 
reports would have been noted, but their effect 
would have been negligible. When, however, a 
dozen or so of selected groups of observant men, 





many of their individual members initially inclined 


by their industrial upbringing to be sceptical, return 
with almost identical impressions, their combined 
testimony begins to gather a weight that is not to 
be calculated solely by arithmetical progression. 
This is what has happened as the successive 
“productivity teams” have returned to give their 
evidence ; and, because the similarity between the 
successive reports has been so marked, it has 
become possible to trace in the later reports a 
distinct, though perhaps unconscious, effort on the 
part of the compilers to find stronger terms in which 
to emphasise that it is no accident, that American 
industry has (in the vernacular of the day) “‘ got 
something ’’ which the genuine believer in the 
virtues of higher productivity must identify and 
elucidate if he really wishes to achieve comparable 
results ; and—most important of all—that those 
results are definitely worth achieving. 

This is the first impression that we have gained 
from a perusal of the report of the team which, 
under the leadership of Mr. W. F. Brazener, J.Fs 
(a happy coincidence in name), visited the United 
States in the summer of 1950 to study the methods 
of the American non-ferrous metals industry. 
Including Mr. Brazener, who is managing director 
of the Birmingham Mint, and the team secretary, 
Mr. A. L. Molineux, who is assistant managing 
director of Winfields Rolling Mills, Limited, the 
team consisted of 17 persons; of assorted grades, 


; and including half a dozen members of trade unions, 
but alike in that they were all men of extensive 


practical experience in the art and science which 
they professed. They were chosen by a committee 
comprising members of the British Non-Ferrous 
Metals Federation, the Engineering and Allied 
Employers’ National Federation, and the Confedera- 
tion of Engineering and Shipbuilding Unions. They 
went, they saw, they reported ; with the prefatory 
declaration, in presenting their report,* that it 
was unanimous. ‘“‘There has been no outside 
pressure in any shape or form in the course of its 
compilation,” they add, “‘ It has been framed solely 
with the object of increasing productivity in the 
British wrought copper, brass and allied industries.” 

The team spent six weeks in the United States 
and visited some 20 plants, several of which were 
quite small and, therefore, comparable in size 
with many of the British non-ferrous metals plants 
with which the members of the team were familiar. 
They studied the American industry as a whole, 
against the background of American conditions, 
and in detail, so far as they were able, with regard 
to its administration, economics, methods of costing, 
labour conditions, and productive processes. It is 
almost superfluous to say that they were received 
by their American “opposite numbers ” with the 
greatest cordiality, were shown all that they desired 
to see, given all the information that they sought, 
and encouraged in every way to make the best 
possible use of their limited time in the United 
States. That has been the experience of all the 
productivity teams who have visited America, 
and a feature that all have stressed in their reports. 
It appears, indeed, as though the general attitude 
of mind in the industrial United States is that a 
firm who incline to secrecy are more likely to be 
hiding inefficiency than some particularly valuable 
process, a broadcast knowledge of which might 
imperil their welfare. 

Of the industry in general, the team concluded 
that “‘ Productivity is definitely higher in the U.S. 
than in the U.K.,” though they added a rider that 
“the quality of the product is certainly no better.” 
They found, throughout the American industry, 
that competition was accepted as the natural order 
of things, and that there was everywhere in evidence 
an abundance of ingenuity and inventiveness, an 
aptitude for improvisation, a spirit of enterprise 
(which they recognised as a national characteristic) 
and a readiness to take risks. On the technical 
side, they found “much in American casting, 
rolling and tube-drawing technique and practice 
which it would be to the advantage of this country 
to follow”; though they also commented that, in 





* Non-Ferrous Metals (Wrought): Report of a Visit 
to the United States in 1950 of a Productivity Team repre- 
senting the Wrought Non-Ferrous Metals Industry. The 





Anglo-American Council on Productivity, 21, Tothill- 
street, London, 8.W.1. [Price 4s. 6d., postage free.] 








630 


~ 


ENGINEERING. 


MAY 25, I95I. 








wire-drawing, there was “‘ very little difference in 
productive efficiency ’” between the two countries 
and that, ‘‘ in the extrusion process, British practice 
is, in our opinion, more efficient in a technological 
sense than American.” 

On the highest levels, the team found that 
executive control differed little between American 
and British undertakings, but that ‘“‘those to 
whom functional control was dedicated were 
entrusted with a greater degree of responsibility, 
and hence with more freedom of action, than would 
be the case with their opposite numbers in the 
United Kingdom.” Such appointments, they found, 
were made on merit rather than on seniority (which, 
we must point out, is not unknown in this country 
also), and that such an executive ‘‘ could be sure 
of holding his job only as long as he was efficient ” ; 
a characteristic which, perhaps, is rather more 
markedly American than British. ‘‘ Frequently,” 
the team observed, ‘‘ company officials make a hobby 
of their job more than we do in this country ” ; 
adding the comment that, ‘‘ Whether this is wholly 
to the good may be debatable, but it certainly 
adds to productivity.” It was noted particularly 
that, in all plants it was customary to find “ com- 
paratively large administrative staffs dealing with 
specialist jobs,” examples quoted being methods 
engineers, planning supervisors, industrial engineers, 
and development engineers. On this point, we 
might perhaps comment that an expanding economy, 
such as is encouraged by the peculiar, if not unique, 
conditions of the American background, enables a 
‘* passenger ”’ to be carried without serious detriment 
for a longer time than is practicable under conditions 
of greater stringency : and that the presence on the 
staff of a proportion of such persons of rather 
indeterminate utility affords a management oppor- 
tunities to “‘ shorten sail” in an emergency, without 
dismissing any of the actual producers, which do 
not exist in a firm operating under less favourable 
economic conditions. 

In their report, the team proceed to outline the 
respective functions of the methods engineer, the 
planning supervisor, the industrial engineer and the 
development engineer. These appointments imply 
fairly clearly defined duties; but it seems, in 
studying the report, that the average British plant 
is not deprived of the advantages of such services 
merely because, in many cases, it does not possess 
staff officials bearing those particular titles. We 
can think of a number of British engineering 
" establishments in which all those separate functions 
are discharged quite efficiently by one man, who 
does not consider it necessary to assume any 
special title in order to do so. On the other hand, 
it may be that the ebullient American temperament 
responds more effectively if stimulated by some 
ornamental description; even in the engineering 
industry, psychology has its influence. Such 
debatable points aside, however, there is no doubt 
that the American executive likes to have plenty of 
statistics at his disposal. The report notes that 
“the spirit of competition is so keen that American 
executives feel the need for information on costs 
acutely ”; but, in our experience, not only on costs 
—they love statistics for their own sake. 

It is under the heading of ‘‘ Labour Conditions 
and Relations,” however, that the core of the matter 
is reached, as in the case of previous reports. The 
team found that ‘‘ continuous operation of plant 
by three eight-hour shifts was usual in America 
and was supported by the trade unions”; and, 
they commented, “it appeared to us that the 
workers took shift-working as a matter of course 
and there was not, as far as we could ascertain, any 
friction about its arrangement. This attitude was 
greatly encouraged by the fact that places of 
amusement and entertainment were open till the 
early hours of the morning ; and, since the majority 
of workers either had their own cars or shared a 
car with others, no one was dependent on public 
transport for getting to or from a factory. The 
hours of opening and closing of shops were very 
flexible, and shopping was not generally a problem. 
The normal working week is 40 hours.” In two 
words, the whole difference boils down to a question 
of restrictive practices. Is it too much to hope that, 
some day, politicians, Government officials and 
trade unionists alike may see the light ? 





NOTES. 


Tue Institute oF MgrTaLs. 


Brrore calling on Sir John Anderson, P.C., 
G.C.B., F.R.S., to deliver the forty-first May 
Lecture of the Institute of Metals, in London, on 
May 23, the President, Professor A. J. Murphy, 
stated that previous lecturers had included physi- 
cists, chemists, electrical engineers and metallur- 
gists, but the present was the first occasion on which 
the lecture was to be delivered by a scientist- 
statesman. Sir John, who spoke on the subject of 
“* Science in the Service of the Community,” opened 
by saying that it was only in comparatively recent 
years that science had been of national or economic 
importance. Among others, the caloric theory of 
heat had been accepted by many scientists until 
well into the Nineteenth Century, but little interest 
was taken at that time, in this and similar matters, 
by the outside world. The long period of groping 
after scientific truth came to an end towards the 
close of last century, but the rewards offered to 
young men desirous of taking up a scientific career 
in the universities and elsewhere were the reverse of 
attractive. Some, however, took up scientific 
teaching and research work and when, at the 
outset of the 1914-18 war, we as a nation had 
come near to disaster owing to our almost complete 
dependence on Germany for such materials” as 
synthetic drugs, optical glass and dyestuffs, these 
persons had been ready to help with the knowledge 
acquired during years of patient study and their 
help had been extremely valuable. But for the 
vigorous and generous assistance of the university 
laboratories, these war-time problems would not 
have been solved. Happily, this work had led 
quickly to far-reaching developments and, in the 
years between the wars, and subsequently, Great 
Britain had taken a leading part in a number of 
important industries which had been built up as a 
result of scientific research. The foundation of the 
industrial research associations,aided and encouraged 
by the Department of Scientific and Industrial 
Research, had been a peculiarly British institution 
and their success was due to the fact that they 
promoted close collaboration between the research 
worker, the development officer, the manufacturer 
and the user. One of the newer developments in 
science was in the field of microscopy ; as a student, 
he had been told that there was a limit to the 
magnification which could be obtained in micro- 
scopes but, at the present time, as a result of 
developments in electron microscopy, a flood of 
light was being thrown on regions which not 
long ago had been thought to be for ever veiled. 
In conclusion, Sir John called upon thinking people 
of all lands to consider closely the effect of the 
impact of science on the prospects of human welfare 
and activities. 


Gas TURBINES IN THE FESTIVAL. 


At the request of the Festival of Britain authori- 
ties, a Gas-Turbine Week is being organised by 
Power Jets (Research and Development), Limited, 
from June 18 to 23. The first jet-propelled flying 
boat, the Saunders-Roe SRA-1 experimental fighter 
aircraft, which is powered by a Metropolitan-Vickers 
Beryl axial-flow jet engine developing 3,850 Ib. 
static thrust at sea level, will land in the lower 
reaches of the River Thames and will be towed to 
a mooring near the South Bank, where it will be 
on view to visitors to the exhibition. This aircraft 
was described briefly on page 140 of our 164th 
volume (1947). The first marine craft fitted with a 
gas turbine will also be demonstrated near the South 
Bank; this experimental craft, the Admiralty 
gunboat MGB 2009 (which has since been designated 
MTB 5559), was fully described on page 271 of our 
164th volume (1947); it is fitted with a Metropoli- 
tan-Vickers gas turbine which develops 2,550 shaft 
horse-power. In the South Bank exhibition, a 
documentary film entitled ‘“‘ Wonder Jet,” which 
describes the development of the Whittle jet engine, 
will be shown in the Festival Telecinema during 
Gas-Turbine Week. The original Whittle jet engine 


‘and a number of current aircraft gas turbines are 


on view in the Transport and Communications 
pavilion, near which is a gas-turbine information 





bureau. It so happens that the tenth anniversary 
of the first flight of a British jet aircraft falls during 
Festival year; the E 28/39 aircraft, designed and 
built by the Gloster Aircraft Company, Limited, 
Hucclecote, Gloucestershire, which was powered by 
the Whittle W1 engine, built by the British Thom- 
son-Houston Company, Limited, Hucclecote, Glou- 
cestershire, for Power Jets, Limited, flew for the 
first time in May, 1941. To celebrate the anniver- 
sary of this event, which initiated a new era in aero- 
nautics, the Hawker Siddeley Group are holding a 
dinner in London on Thursday, May 31, at which 
presentations will be made to the designers of the 
first British jet engine and aircraft, Air Commodore 
Sir Frank Whittle, K.B.E., F.R.S., and Mr. W. G. 
Carter, technical director of the Gloster Aircraft 
Company, Limited. 


“THe CHEsTERS’”’ EsTATE OF THE INSTITUTION OF 
ELECTRICAL ENGINEERS. 


In 1944 it was decided that the activities of the 
Benevolent Fund of the Institution of Electrical 
Engineers should, as soon as the war ended, be 
extended by building homes for members or their 
dependants who had fallen on hard times. This 
scheme was facilitated by Mr. C. W. Speirs, who 
has been a member of the Institution since 1897 
and who gave a plot of land covering six acres 
adjacent to his own estate at ‘‘ The Chesters,’”” New 
Malden, Surrey. Building was begun in the 
autumn of 1949 and, although the plans had to be 
changed twice to allow for various shortages, the 
first eight of the intended 26 homes have now been 
completed and are in occupation. This event was 
made the occasion of an opening ceremony on 
Friday, May 18, when a tablet commemorating 
those members who gave their lives during the 
1939-45 war was unveiled by Mrs. H. M. Hughes, 
daughter of Mr. C. W® Speirs, and was dedicated 
by the Rev. C. L. Cresswell. The buildings, which 
consist of three-bedroom and two-bedroom detached 
and semi-detached houses, as well as a composite 
unit of two flats and one house, are arranged in an 
E-plan facing a broad lawn witb avenues of trees. 
Each house or flat has its own garden. Internally, 
there is either a kitchen-dining room, a dining room- 
hall or a living room with a dining recess. As 
might be expected, cooking, water-heating and 
space-heating are by electricity, but there is pro 
vision for an open fire both in the living room and 
in one bedroom. The results are most pleasing 
and convenient, and the architects, Messrs. Louis 
de Soissons and K. Peacock are to be congratulated 
on their work. The first stage in the development 
of the second and larger portion of the estate 1s 
about to begin with the extension of the road and 
the building of four further houses. 


Tue Human Factor tn Inpustry. 


An exhibition, entitled ‘‘ Man Power: the Human 
Factor in Industry,’”’ was opened at the Safety, 
Health and Welfare Museum, Horseferry-road, 
London, §.W.1, on May 18, by Mr. Alfred Robens, 
the Minister of Labour and National Service. The 
exhibition has been arranged for the benefit of 
managements and employees, and students and 
visitors from abroad, and is intended to show some- 
thing of the achievements of Great Britain in the 
field of human relations in industry and to draw 
attention to some of the essential matters in the 
efficient utilisation of man-power at the present 
time. There are ten main sections, dealing, respec- 
tively, with vocational guidance, employment and 
advisory services, industrial training, the resettle- 
ment of the disabled, industrial canteens, industrial 
health, industrial relations, the services available to 
industry, the International Labour Organisation, 
and safety in industry. Among many exhibits of 
interest in the industrial-training section is the 
display of the British Iron and Steel Federation 
relating to their general training schemes, and the 
collection of work from a number of printing schools, 
shown by the Joint Industrial Council of the 
Printing and Allied Trades. In the industrial. 
relations section, the development of employers 
organisations and trade unions is illustrated by the 
Shipping Federation’s interesting display depicting 
their history over the past 60 years and by the 
exhibit of the Amalgamated Engineering Union 
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showing the development of this organisation during 
the past century. Other displays include that on 
job evaluation presented on the stand of Lever 
Brothers and Unilever Limited, an exhibit on 
works information shown by Richard Thomas and 
Baldwins, Limited, and a section on joint consul- 
tations displayed by Imperial Chemical Industries, 
Limited. The daily cost of industrial accidents, 
in terms of man-power, is stated to be equivalent 
to 25,000 men away from work. The “Safety in 
Industry” section shows how accidents can be 
prevented. Admission to the exhibition is free and 
it will remain open from 10 a.m. until 6 p.m. every 
week, from Monday to Saturday (except August 
Bank Holiday Monday) until Saturday, Sep- 
tember 29. 


Tue ILLUMINATING ENGINEERING Socrety. 


The annual dinner of the Illuminating Engineering 
Society was held at the Café Royal, London, W.1, on 
Wednesday, May 9, under the Chairmanship of the 
President, Mr. L. J. Davies, M.A., B.Sc., and was 
attended by some 200 members and guests. The 
toast of “The Illuminating Engineering Society ” 
was proposed by Sir Gerald Kelly, President of the 
Royal Academy, who, in a speech in which he made 
adroit and amusing play with the fact that he also 
holds the office of Honorary Surveyor of the Dulwich 
Gallery, presented some practical considerations 
in the lighting of art galleries. He admitted, 
however, that, after visiting many galleries in 
Italy and France, he had failed to discover any 
successful solution to the problem of artificial 
lighting in-art galleries. The President, in respond- 
ing, observed that the Society had been in existence 
for 40 years and that ‘‘ the earnestness of its members 
for the cause of good lighting has enabled this 
country to lead the world in certain definite and 
important technological advances.” Professor 
Willis Jackson, D.Sc., who replied to the toast of 
“The Guests,” proposed by Dr. W. J. Wellwood 
Ferguson, referred to the benefits which had 
accrued to electrical engineering from the close 
liaison between the industry and the universities 
and technical colleges; the recognition and en- 
couragement received by the educaticnists from the 
industry, he felt, was possibly worth even more in 
the long run than the material help on which they 
depended so greatly. 


THE INSTITUTION OF CHEMICAL ENGINEERS. 


When proposing the toast of the Institution at the 
annual dinner of the Institution of Chemical 
Engineers, at the May Fair Hotel, London, W.1, on 
May 18, Sir Frederick Handley Page, C.B.E., said 
that if we as a nation were to keep our place in a 
competitive world we must have highly qualified 
persons of the type to be found in the ranks of the 
Institution of Chemical Engineers and similar 
professional bodies. In reply to the toast, the 
President, Professor D. M. Newitt, M.C., F.R.S., 
said that it was generally recognised by all authori- 
ties on education that there was much more to teach 
than was the case a century ago. The consequence 
was that it was nece to prune at one end of a 
curriculum to add at the other end, but it always 
seemed that a little more was added than had been 
pruned off. The great difficulty was to keep 
students up to date without overburdening their 
brains with facts. The only other toast was that 
of the guests, which was proposed by Dr. F. A. 
Freeth, O.B.E., F.R.S. The response should have 
been made by H.E. The High Commissioner for 
India, Mr. V. K. Krishna Menon, who, however, was 
absent owing to indisposition, In his stead, Air 
Chief Marshal Sir Roderic Hill, K.C.B., M.C., A.F.C., 
Rector of Imperial College of Science and Technology, 
replied, In the course of his speech, he mentioned 
that the chemical-engineering department at 
Imperial College was nearly 40 years old and that 
it was housed in premises called the Bone Building. 

S commemorated the great services rendered by 
the late Professor W. A. Bone, F.R.S., who had 
directed the department from 1912 until his retire- 
ment in 1936. At the conclusion of the speeches 
to the toasts, Professor Newitt inducted into the 
chair his successor in the Presidency, Sir Harold 
Hartley, K.C.V.O., C.B.E., F.R.S. The latter 
thanked the Institution for the honour they had 


done him in electing him President and voiced 
the gratitude of the members to Professor Newitt 
for his services to the industry and the Institution 
during his period of office. Sir Harold paid tribute 
to Professor Newitt’s research and teaching abilities 
and also expressed appreciation for the work he 
had accomplished in strengthening the ties between 
the Institution and its overseas members. 


CoMPETITION FoR Youna GavuGE and Toon 
MakERs. 


As briefly announced on page 571, ante, the Gauge 
and Tool Makers’ Association have been holding a 
competition in craftsmanship and draughtsmanship 
in conjunction with the 1951 Gauge and Tool 
Exhibition, which closes to-day. We understand 
that an encouraging number of entries has been 
received from apprentices and learners attached to 
member firms of the Association, and, to adjudicate 
these, a panel, comprising Mr. L. H. Barton, Mr. 
E. 8. Blundall, Mr. F. J. Camm, Mr. W. T. Dimmock 
and two senior experimental officers of an indepen- 
dent testing laboratory, was appointed, Mr. Barton 
being the convener. The results of the competition 
have just been announced. In the craftsmanship 
division, for candidates under 19, the first prize, 
for a 5-in, sine bar, has been awarded to Mr. J. R. 
Statham, of Samuel Gill and Sons (Engineers), 
Limited. A second prize, for a cross-slide screw 
and nut for a lathe, has been won by Mr. F’. Johnson, 
also of Samuel Gill and Sons. In the case of candi- 
dates of 19 years of age and over, the first prize 
in the measuring equipment section of the crafts- 
manship division has been given for a gear-tooth 
vernier gauge and was earned by Mr. P. Read, 
while a second prize, for a 5-in, sine chuck with 
V-block attachment, has been won by Mr. V. D. 
Pedley, both of the Coventry Gauge and Tool 
Company, Limited. In the cutting-tools section, 
the first prize has been awarded for a 1-in. diameter 
broach submitted by Mr. B. G. Holland, of the 
Brooke Tool Manufacturing Company, Limited. 
A second prize, for a diehead, has been gained by 
Mr. R. J. Clive, of B.S.A. Tools, Limited. The 
first prize in the fixtures and general machinery 
section has been awarded to Mr. C. E. Simpson, of 
the Coventry Gauge and Tool Company, Limited, 
who submitted a V-block with a centralised drilling, 
reaming and spotting attachment. A second prize 
in this section was awarded to Mr. J. Williams, of 
B.S8.A. Tools, Limited, for his clutch-drum assembly. 
In the draughtsmanship division, the first prize has 
been awarded to Mr. C. H. Charlesworth, of John A. 
Smith, Limited, and the second prize to Mr. W. 
Westwood, of Fox and Offord, Limited. 





OBITUARY. 


MR. E. C. GLOVER. 


WE regret to learn of the death, on May 16, of 
Mr. Edward Charlton Glover, chairman and mana- 
ging director of Wm. Jas. Glover and Company, 
Limited, wire and wire-rope manufacturers, of 
St. Helens, Lancashire. Mr. Glover, who was 
65 years of age, was born at Newton-le-Willows and 
educated at Tettenhall College, Wolverhampton, 
After serving an apprenticeship with British Insu- 
lated and Helsby Cables, Limited (now British 
Insulated Callender’s Cables, Limited), at Prescot, 
he joined, in 1912, the wire-rope firm of Glover 
Brothers, which was owned by his brothers, the late 
Major H. B. Glover and the late Mr. B. Harvey 
Glover, and of which he was made a director. 
During the 1914-18 war, Mr. Glover was commis- 
sioned in the Army as a lieutenant, and saw service 
in Salonika. In 1929, he joined Wm. Jas. Glover and 
Company, and eventually also became chairman and 
managing director of Glover Brothers (Mossley), 
Limited ; the British Ropeway Engineering Company, 
Limited ; Ropeways, Limited; the Drag Scraper 
and Engineering Company, Limited ; and Rope and 
Ropeway Developments. He was a member of the 
Institution of Mining Engineers, and took an active 
interest in the Locked Coil Ropemakers Association 
and the Federation of Wire Rope Manufacturers of 
Great Britain ; for a number of years, he served on 





the executive committee of the latter organisation. 


MOBILE AND STATIONARY 
TESTS OF LOCOMOTIVES. 


THOUGH it is too early to generalise, experience at 
Rugby locomotive testing station, since it was 
opened in 1948, suggests that the operating condi- 
tions on the test-bed simulate very closely those 
obtained with a dynamometer car on the track. 
A constant steaming rate, which is readily ensured 
at the testing station, can now be obtained with a 
locomotive hauling a train in service, and it is 
therefore possible, after tests at Rugby with the 
locomotive working at each of a series of selected 
steaming rates, to reproduce the same conditions in 
traffic. Tests of this kind, with a Bl-class 4-6-0 
locomotive of the Eastern and North Eastern 
Regions, have shown that the two sets of character- 
istic curves are substantially the same. This result 
will dispel any doubts that may have been enter- 
tained in this country on the significance of station- 
ary testing, though, of course, road testing will 
continue to be essential in the development of 
steam-locomotive design. 

Two of the new 4-6-2 class-7 engines—the first 
standard design of British Railways—were chosen to 
demonstrate both methods of testing to representa- 
tives of the technical Press on Friday, May 18. 
On the down run from Euston to Rugby a train of 
15 vehicles, weighing 485 tons including the dyna- 
mometer car, was hauled by locomotive No. 70009, 
Alfred the Great, and on the return journey in the 
afternoon the same engine was attached to a 
441-ton train of 14 vehicles. The maximum load for 
class-7 engines on this line is 495 tons, and several 
speed restrictions were in force between Euston and 
Rugby—five on the down line and three on the up 
line. The express passenger trains which No. 70009 
took over were worked to the normal current 
timings and no attempt was made to achieve a 
spectacular performance, the primary object being 
to demonstrate the dynamometer-car testing 
procedure, particularly in its relation to the corres- 
ponding practice at Rugby. Nevertheless, the 
free-steaming and good running qualities of the new 
engines were amply demonstrated. On the return 
journey, however, the train left Rugby 9 minutes 
late, and was delayed on the way by track-relaying 
operations, making it 13 minutes late at Blisworth ; 
from there to Willesden, however, a distance of 
57-4 miles, 9 minutes were regained. The distance 
was covered in just over 45 minutes, at an average 
speed of 71 miles an hour. A 15-mile stretch of up- 
grade was covered in 13 minutes 23 seconds, and the 
speed did not fall below 62-5 miles an hour at 
the summit. From Rugby to a signal just outside 
Euston, a distance of 81 miles, the time was 
82 minutes. 

Mr. R. A. Riddles, C.B.E., M.I.Mech.E., recalled 
that, on January 12, only a fortnight after it had 
been turned out of Crewe works, the first engine of 
the class ran a dynamometer-car test from Crewe 
to Carlisle ; its performance, he said, was encourag- 
ing. With a 443-ton train, the 31-4 miles from 
Carnforth to Shap Summit were run in 35 minutes 
(booked time 42 minutes), the section from Tebay 
to the summit taking 7 minutes 5 seconds (booked 
time 10 minutes). For the last 3} miles of the 
climb, the average drawbar horse-power was 
1,548 at an average speed of 45 miles an hour, and 
the minimum speed was 36 miles an hour. The 
good performance was matched by efficient coal and 
water consumptions for the round trip, namely, 
38-3 Ib. of coal per mile, or 3-1 lb. per drawbar 
horse-power per hour, and 24-1 lb. of water per 
drawbar horse-power per hour. These figures, 
Mr. Riddles concluded, were at least as good as 
any that have been experienced with other engines 
over the route. 

On the down run to Rugby the work carried out 
in the dynamometer car was observed, The 
dynamometer car of the former Lancashire and 
Yorkshire Railway was used ; it has recently been 
fitted with two panels, one for the accurate measure- 
ment, while running, of the water in the tender 
(and hence the rate of consumption), and the otber 
for measuring the steam pressure in the blast pipe ; 
the latter factor, being a function of steam con- 





sumption, is used to obtain identical steaming rates 
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STANDARD 4-6-2 LOCOMOTIVE ON TEST BED. 
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both on the road and at the testing station. The 
two panels were developed at Swindon, where a 
stationary testing plant has been available since 
1905. 

Fig. 2, on this page, shows diagrammatically the 
apparatus for measuring the water in the tender. 
The air in a tube connecting the indicator in the 
dynamometer car to the tender is maintained at 
just sufficient pressure to overcome the head of water 
in the tender section of the tube, thereby allowing 
air to bubble slowly out of the bottom of the tube. 
The other end of the tube is connected to a closed 
vessel containing water, which rises in an open- 
ended indicator tube due to the air pressure. Air 
for the system is supplied from a reservoir, charged 
by a foot-pump ; the air from the reservoir is allowed 
to bubble through water in a glass vessel, and the 
bubbling is adjusted to the required slow rate by a 
restrictor valve. The slow rate is necessary, of 
course, to avoid falsifying the indicated level. The 
apparatus is calibrated for the tender in use, and the 
effect of surging is eliminated by enclosing the 
tender end of the tube in a pipe which is drilled 
with a few small holes near the bottom. 

An engine that is being tested at constant steam- 
ing rates in traffic will previously have been tested 
in the same way at Rugby, where accurate measure- 
ment will have given the blast-pipe pressure corre- 
sponding to each rate. As shown in Fig. 3, here- 
with, a tube from the blast pipe extends through 
the cab, where there is a connection to a U-tube, to 
the dynamometer car, Where there are two U-tubes, 
one on the panel to indicate the pressure, and one 
coupled to a recording pen at the dynamometer 
table. When a test run is started, a cock between 
the U-tubes and the blast pipe is kept shut until 
the engine is warmed up and the firing rate and 
water level have settled down to the required values. 
Meanwhile, nitrogen under pressure from a storage 
cylinder is admitted to the U-tube line in the 
dynamometer car until the U-tube levels are at the 
value corresponding to the blast-pipe pressure of 
the constant steaming rate. 

As soon as the footplate crew and the dynamo- 
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meter-car staff are satisfied that conditions are 
as close as can be estimated to those required, the 
cock is opened. This is done slowly to eliminate 
any risk of the U-tube liquid surging due to too 
high a pressure in the blast pipe. Straightway, 
the U-tube reading is observed ; the driver, who is 
instructed to werk throughout the tests on a full 
regulator opening, alters the valve-gear cut-off, if 
required, to restore the blast-pipe pressure to the 
value for the test. His task is simplified by provid- 
ing him with two fixed pointers on the U-tube 
arms, instead of the scales used in the dynamometer 
car. For the remainder of the test, he maintains 
the constant blast-pipe pressure—on up grades, 
down grades and the level, and at the varying 
speed of the locomotive—simply by adjusting the 
cut-off. The fireman is supplied with l-cwt. bags 
of coal, accurately weighed before the run. Each 
time he uses one, the ringing of an electric bell, 
actuated from the footplate, is the signal for the 
dynamometer car staff to take readings all round, 
including details of the cut-off, boiler pressure and 
boiler water level, communicated from the engine. 
Since the steaming rate is constant, irrespective 
of the speed and gradient, the rates of firing and 
of water consumption are also constant. It has 





been found that, for all practical purposes, ideal 
test conditions can be obtained on the road by the 
method described. The particulars recorded in the 
dynamometer car include the speed, drawbar pull, 
time, drawbar horse-power, work done, water 
consumption, coal consumption, temperature in the 
smokebox (at two points, close to the large tubes 
and small tubes, respectively), the superheat 
temperature and the exhaust temperature. Mr. 
V. G. Roberts, who is in charge of dynamometer 
testing on the London Midland Region, and his 
staff, explained the test procedure. 

On arrival at Rugby, locomotive No. 70005, John 
Milton, one of the new standard engines, was ob- 
served under test (Fig. 1). The Rugby testing sta- 
tion was fully described in ENGINEERING, vol. 166, 
pages 462 and 487 (1948). The work carried out 
there and at Swindon is closely integrated, and each 
station is equipped to provide data under the 
following headings: the performance and most 
economical rate of working; modifications to 
particular parts of existing locomotives; the 
performance and economy of fittings and details ; 
and information of value in the training of footplate 
staff. The Railway Executive state that, in all 
cases, the ultimate object is to save coal, or to 
obtain a better performance out of a given amount 
of coal. 

A complete test is being carried out with engine 
No. 70005. The method is to run individual tests 
of one or two hours’ duration, each at different 
combinations of cut-off and speed. From the 
points so obtained, a characteristic curve can be 
drawn showing the power throughout the whole 
range of working, with the corresponding costs in 
coal and water consumption. Hence, it is possible 
to stipulate a tractive effort /speed curve which gives 
the most economical coal consumption at each 
point. Such curves must be obtained for = 
good-quality and poor-quality coal, and for nd 
engine in new and run-down condition. At the 
time of the visit, the engine was using best-qualit, 
coal, but tests with low-grade coal are already 1" 
hand. It will be some time, of course, before tests 
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EXHIBITS AT THE GAUGE AND TOOL EXHIBITION. 








Fie. 17. Micro-Maae GauGe Set; Coventry GavuGcE anp Toot Company, Lim1Tep. 
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in the run-down condition can be undertaken. 
From the information finally accumulated, it is 
proposed to define to the operating department the 
most economical times and loads for this class of 
locomotive on the different services it will be re- 
quired to work, the aim being to achieve the mini- 
mum coal consumption. 

Mr. D. R. Carling, M.A., A.M.I.Mech.E., who is in 
charge of the testing station, explained that the 
locomotive would be run on the test-bed, for the 
visitors to observe, under two sets of conditions, as 
shown in the accompanying table. The first test 














Test No. | l. | 2. 

Speed, m.p.h. | 28 |B 
Cut-off, percent. :. 2. 2. ..| 40 =! 29 
Regulator opening od aa et Full | Full 
Rate of evaporation, Ib. per hr. .. 20,000 | 20,000 
Firing rate, Ib. perhr. .. he 2,520 2,520 
Horse-power (at wheel rim) am 1,240 | 1,450 
Estimated balancing load, track -.-| lin 90 Level 

” ” » tons | 500 | 500 

| 





simulated the conditions when hauling a 500-ton 
train up a 1 in 90 gradient at 25 miles an hour; and 
the second, when hauling the same train, with the 
same rate of evaporation, on a level track at 
75 miles an hour. Both tests were typical of 
traffic conditions and did not represent the ultimate 
capacity of the locomotive. The tractive effort and 
horse-power, as measured on the test-bed, were less 
than the indicated horse-power and greater than the 
true drawbar horse-power. 

An appreciable time—about five or ten minutes— 
was allowed for the locomotive to work up to the 
full load and speed for the first test, so as to avoid 
an excessive demand on the boiler, which would 
have militated against achieving stable test condi- 
tions, The exhaust beats were sharp and regular, 
and for the first few minutes the alternating action 
of the cylinder drain cocks could be observed— 
and heard—as the “stationary ” locomotive pulled 
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hard up the imaginary bank. A slight longitudinal 
oscillation of about 4 in. was visible. Up in the 
control room, the dynamometer load was being 
increased slowly, the operator at the control desk 
co-operating with the footplate crew. The Amsler 
table was used to record speed, drawbar pull, 
wheel-rim horse-power, work done, time, miles run, 
the action of the Amsler drawbar-dynamometer 
pump (to maintain the engine axles directly over 
the dynamometer shafts), the amount of coal 
fired, and the lifting of the safety valve (normally 
this does not occur). The indicating and recording 
panels in the control room were used for boiler 
pressure, steam-chest pressure, temperature of 
steam entering cylinders and of the exhaust, blast- 
pipe pressure, smokebox gas temperatures at two 
points, draught (in the ashpan, and in front of and 
behind the self-cleaning gear in the smokebox) and 
gas analysis. 

For the second test, at 75 miles an hour, the 
steam consumption rate remained as before; the 
cut-off and dynamometer-brake power were modi- 
fied to suit the new conditions. At the high speed 
there was a noticeable lateral oscillation, though 
certainly not more than might be expected ; its 
frequency appeared to be a multiple of the r.p.m. 
of the driving wheels. One of the incidental benefits 
of a locomotive testing station is the opportunity 
it affords for observing the motion at high speed ; 
unfortunately, nobody appeared to think of using 
a stroboscope until the opportunity had passed. 

The efficiency of using the firegrate is readily 
examined on the test-bed ; the size of the blast-pipe 
nozzle and the opening of the damper doors are 
critical factors. Since the Rugby plant was opened, 
it has been used mainly for investigating per- 
formance and most economical rates of working, 
as Well as modifications to particular parts of 
existing locomotives, with the incidental accumu- 
lation of information of value in the training of 
footplate staff. The first need was to provide data 


for the design of the new standard locomotives ; 
tests were carried out with different values of 
valve lead, and with different blast-pipe and 
chimney proportions, using class-5 mixed-traffic 
locomotives of the London Midland Region. The 
latter series of tests, in particular, showed that a 
single chimney is better than a double chimney, 
and the exceptionally good steaming properties of 
the 4-6-2 class-7 engines are a testimony to the 
value of the data obtained. Early in June, engine 
No. 70005 will leave the plant to carry out 
“verification trials’? with a dynamometer car on 
the line between Leeds and Carlisle. It will be 
followed at Rugby by further tests with an ex- 
L.N.E.R. Bl-class engine, and then by one of 
the new standard class-5 4-6-0 locomotives. 
Rugby locomotive testing station—a late-starter 
compared with the plants at Swindon and abroad— 
is certainly making up for lost time, and even the 
most rationally-minded railway officer, straight from 
reading the report on railway electrification, may 
be forgiven if, as he stands beside ‘‘ John Milton ”’ 
on the test-bed, he rejoices that this country’s 
economy at the present time will not allow heavy 
capital expenditure on the electrification of railways. 





THE GAUGE AND TOOL 
EXHIBITION. 
(Concluded from page 602.) 


Tue Coventry Gauge and Tool Company, Limited, 
Fletchamstead, Coventry, include in their exhibits 
at the Gauge and Tool Exhibition, in London, a 
representative selection of their wide range of 
‘“* Matrix” precision measuring instruments. Pro- 
minent among their exhibits are sets of Matrix 
Micro-Maag internal micrometers which are being 
manufactured by the company under licence. One 
of these sets of gauges is illustrated in Fig. 17, on 
this page. Micro-Maag gauges provide a rapid and 
accurate method of measuring bores directly and 
determining whether or not a bore is truly circular. 
The measuring head of one of these instruments is 
fitted with three movable anvils which are arranged 
symmetrically about a diameter but are not spaced 
equally at 120 deg. apart. Two of them are at 
90 deg. and the third at 135 deg. to each of the 
others. These anvils are moved radially by means 
of a central needle, which has a taper of 1 in 10, 
until they make contact with the wall of the speci- 
men under examination. The axial displacement 
of the needle is read on a micrometer incorporated 
in the gauge and determines the diameter of the 
bore directly. In using the instrument, the tapered 
needle and the sleeve into which it is screwed are 
drawn back against a spring by hand pressure on a 
plastic grip. This operation frees the measuring 
anvils and allows the head of the gauge to be 
inserted in the bore. The grip is then released, with 
the result that the needle returns and pushes the 
anvils outwards till they come to rest against the 
wall of the bore. The thimble of the micrometer is 
then screwed forward till the anvil makes contact 
with the needle sleeve, and the reading is noted. 

When deep bores, or bores which, otherwise, would 
be inaccessible to the instrument are to be examined, 
extension pieces may be screwed into the gauge 
between the head and the micrometer which 
effectually increase the length of the needle sleeve. 
Different needles covering different ranges of dia- 
meter and various sizes of measuring head are 
included in the sets. Changing the needle is a 
simple matter and, since the number of each needle 
is engraved on its end and is visible through a 
small Perspex window in the base of the measuring 
head while the needle is in the gauge, no confusion 
need arise. Some gauges incorporate two rings of 
measuring anvils, one or both of which may be used. 
When the greatest precision is required only one 
row of anvils is employed for measurement and a 
special stepped needle is fitted so that the second 
set of anvils serves merely to steady the gauge. 
Although Micro-Maag gauges are normally supplied 
boxed in sets, as illustrated in Fig. 17, they may 
also be purchased singly. For extremely accurate 
measurement, a single gauge and reference ring can 





be supplied calibrated to a given size. 
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The wide range of dial gauges and measuring 
equipment, exhibited by Messrs. Thomas Mercer, 
Limited, Eywood-road, St. Albans, Hertfordshire, 
includes two new instruments. The first is an 
improved form of dial indicator in which the pivots 
of the needle are jewelled to ensure maximum 
sensitivity. Otherwise, the internal arrangement 
is similar to that of the company’s standard dial 
gauges, but the hardened-steel body of the gauge 
has dovetail slides which hold the instrument 
rigidly in a special clamp. The contact point and 
arm swivel on a ratchet which locks the arm in a 
series of positions covering a range of 180 deg. The 
direction of rotation of the needle can be reversed 
by means of a switch. The dial is approximately 
1 in. in diameter and is graduated in increments of 
0-0001 in. or 0-0025 mm. over a range of 0-008 in. 
or 0-2 mm. 

The second instrument is a pneumatically-oper- 
ated gauge which may be employed for gauging 
linear dimensions such as bores and for determining 
whether ovality or taper is present. The air supply 
is taken from a compressed-air line or from a small 
compressor which can be supplied with the instru- 
ment and installed under the test bench. The air is 
passed first through a cleaner and then through a 
reducing valve which maintains a constant pressure 
of 40 lb. per square inch independent of fluctuations 
in the supply. This constant pressure is indicated 
on an auxiliary Bourdon gauge. The air then passes 
through a control orifice which may be adjusted to 
change the magnification of the reading. The range 
of magnification extends to 10,000. The control 
orifice is followed by a further control used for 
adjusting the zero of the instrument, and the air 
line finally terminates at the gauging mandrel. 
The pressure after the control orifice, which depends 
on the leakage at the mandrel, is registered on the 
main Bourdon gauge. This is normally graduated 
in divisions representing 0-00004 in. or 0-001 mm., 
and the spacing is such that the indication can be 
read to a quarter of these amounts. With this 
degree of sensitivity, the range covered by a single 
gauging member is 0-001 in. or 0-025 mm. In- 
creased ranges can be obtained with correspondingly 
less sensitivity. The scale is marked plus and 
minus on either side of the zero, and adjustable red 
pointers for fixing tolerances are fitted to the glass 
cover of the indicator. 

Messrs. Clarkson (Engineers), Limited, Nuneaton, 
Warwickshire, are exhibiting a range of milling 
cutters and chucks employing the company’s patent 
Autolock method in which the cutter shank is held 
rigidly by being screwed against a male centre and 
gripped in a collet. Demonstrations of high-speed 
milling, using such cutters, are being given. The 
Autolock chuck accommodates cutters from % in. 
to 14 in. and the company has recently developed 
a similar chuck to cover the range from 1} in. to 
6 in. This chuck, which is on view for the first 
time at the exhibition, is known as the Dedlock, 
and a cross-sectional drawing of its internal arrange- 
ment, showing the method of holding the special 
cutter, is reproduced in Fig. 18, on page 633. The 
cutter, a, is screwed up on the thread, 6, of the 
internal plug, c, until the ground face of the tool 
bears ott the shoulder, d, of the tapered shank, e. 
The plug, ¢, is fitted with a spigot, f, which locates 
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it relatively to the shank e, and is slotted to accom- 
modate a cotter, g, which is held in place by means 
of the screw, h, and the spring, i. To release the 
cutter, the Allan screw k is screwed inwards, where- 
upon the cotter, g, is pushed back against the spring, 
i, and the plug, c, slackened. The cutter a may 
then be unscrewed by hand. Dedlock cutters are 
supplied in various sizes and lengths, and Dedlock 
chucks with a variety of types of shank are also 
available. Only one chuck, however, is required 
to hold the entire range of cutters. The positive 
grip on the tool eliminates chatter and makes it 
possible to dispense with an arbor and overarm 
support in slab milling. A new design of collet 
chuck, also on view for the first time, is that known 
as the Trugrip. This is manufactured by Messrs. 
Crawford and Company (Tottenham), Limited, 
Witney, Oxfordshire, who are also showing a variety 
of standard collets of bore diameter ranging from 
0-2 mm. to 4 in. The Trugrip chuck can be fitted 
to practically any lathe or grinder in a similar way 
to a three-jaw chuck, and, like the latter, is tightened 
by a key. It has the advantage over the ordinary 
arrangement that the full bore of the lathe spindle 
is available for accommodating the work. The 
chucks are made in two sizes of capacity 1 in. and 








2 in., respectively. 


In addition to a display of tools tipped with 
‘* Betaloy,” a cemented tungsten-carbide alloy, and 
various special tools, the Birmingham Tool and 
Gauge Company, Limited, Handsworth, Birming- 
ham, 19, are showing, for the first time, a machine 
for feeding strip material in coils or short lengths 
to presses or other automatic machines. This 
equipment, the feed mechanism of which is illus- 
trated in Fig. 19, on this page, is known as the 
Productafeed, and is designed to supersede existing 
slide and roll feed mechanisms. The strip material 
is held in two gripping units which are hinged at the 
rear and open book-fashion ; insertion of the ma- 
terial, therefore, is a simple matter. Each unit 1s 
equipped with an upper and lower rectangular pad 
which may be of metal, fibre or a soft material, 
such as felt containing, if desired, a small amount 
of lubricating grease. The lower pads are mounted 
on steel plates and are held against the strip by 
hydraulic pressure applied behind Neoprene dia- 
phragms beneath the plates. Since the area of 
contact of each pad is considerable, there 1s no 
danger of damaging the surface of the material by 
the pressure of the grip, as sometimes happens with 
feed mechanisms in which the material is gri,ped 
along a line or at a point. For instance, the m wchine 
on show accommodates strips up to 4 ir. wide, 
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and the area of each pad is 10 sq. in. Moreover, 
when, as in this case, the pads are of soft material, 
they accommodate themselves to irregularities on 
the surface of the strip, or, alternatively, make 
possible the simultaneous feeding of two or more 
narrow strips laid side by side, as illustrated in 
Fig. 19. 

The driving equipment consists of an impeller 
which can be mounted in any position on the end 
of a revolving shaft, such as the crankshaft of a 
power press. Its distamce from the feed mechanism 
is unimportant. The impeller supplies hydraulic 
fluid to the feed through two flexible pipes, each 
of which is connected to a hydraulic cylinder. The 
two cylinders are housed side by side under the 
slide, which may be fixed in any suitable position. 
Only the leading gripping unit moves, being reci- 
procated on the slide by the pistons of the hydraulic 
units, one acting forward and the other in reverse. 
As fluid enters the cylinder of the forward-acting 
unit and pushes the piston forward, the piston of 
the other unit returns fluid to the impeller, and 
vice versa. The opposing pressure in each case 
eliminates the “‘ fling ”. associated with the operation 
of mechanically reciprocated feed units. The travel 
of the feed unit on the slide and, hence, the amount 
of feed, can be regulated within fine limits by 
opening or closing a valve on the impeller unit, 
and this may be done while the machine is in 
operation. 

Simultaneously with the operation of the reci- 
procating mechanism, the pressures on the pads 
undergo a cyclic change under the action of a 
separate hydraulic unit which is actuated by the 
main oil feed, but has its own closed oil system. 
Thus, as the feed unit is about to move forward, 
the secondary system applies pressure to its lower 
pad, and the pressure on the corresponding pad 
of the stationary grip is released in order that 
the strip may be drawn through it. When the 
sliding grip has reached the limit of its forward 
travel, the pressure is released from its lower pad 
and transferred to the corresponding pad of the 
stationary grip which then holds the strip fixed 
while the moving grip slides back over it. The 
pressures on the pads may be set at any desired 
values by adjustment of the control valves on the 
pad pressurising system. 

The latest addition to the range of measuring 
equipment produced by Messrs. Optical Measuring 
Tools, Limited, 414, Montrose-avenue, Trading 
Estate, Slough, Buckinghamshire, a subsidiary of 
the Newall Engineering Company, Limited, Peter- 
borough, is a surface projector, part of which is 
illustrated in Fig. 20, opposite. This equipment 
is designed for the examination and measurement 
of surface contours, such as type faces and matrix 
punches, where the tolerances on the dimensions 
are extremely fine. To cater for a wide range of 
magnifications, as is necessary in some types of 
work, continuously variable magnification has been 
incorporated in the instrument. The range covered 
is from 30 to 180 diameters and is divided into five 
parts by the use of five distinct lens systems, which 
are mounted on a turret, visible in the illustration. 
The type face or other object under examination 
is illuminated by a mercury-vapour lamp through 
a condenser system, and the reflected light is 
projected into the appropriate lens system by 
inclined mirrors. The magnification within the 
selected range is varied by changing the length of 
the optical path. This is done by moving mirrors 
contained in the cabinet beneath the turret. The 
mechanism for moving these mirrors is operated by 
an electric motor controlled by a push-button. At 
the same time, five drums engraved with the scales 
of magnification revolve behind a window in the 
front of the cabinet, which is just visible in the 
illustration. The automatic adjustment of the 
magnification is supplemented by a hand-operated 
‘ine control, and a fine focusing control is also 
incorporated. 

After passing through the optical system, the 
reflected light is projected on to a horizontal opaque 
screen on which the image is formed. This is 
Situated at a convenient level by the side of the 
control panel, and its edge is just visible on the 
left of the illustration. The effective area of the 
screen is 24 in. square. An enlarged drawing of the 





object under examination may be laid on the 
screen and the magnified image compared with it. 
Since an opaque, rather than a translucent, screen 
is employed, the drawings may be made on metal. 
Possible errors, therefore, arising from distortion 
when drawings on paper or plastic materials are 
used in conjunction with a translucent screen, are 
avoided. Rapid alignment of the image with the 
drawing is accomplished by the manipulation of a 
compound slide on which the specimen is mounted, 

The Mollart Engineering Company, Limited, 
Kingston By-pass, Surbiton, Surrey, manufactue, 
a wide variety of engineering equipment, which 
includes gauges in all the standard forms, and 
vertical and horizontal comparators, of which a 
new model, employing a single stylus on the end 
of a lever which actuates a dial gauge, and intended 
principally for checking bores and threads of small 
diameter, is being shown for the first time. The 
company also make precision ball joints and uni- 
versal joints of Hooke’s type, and manufacture 
special-purpose machines and tooling equipment to 
users’ specifications. Among their other exhibits 
at the Gauge and Tool Exhibition is an instrument 
known as the Medigraph, which is employed for 
perspective drawing. This instrument, which is 
illustrated in Fig. 21, opposite, may be attached 
in a simple manner to any drawing board. Brackets 
mounted on the back of the drawing board are used 
to support two adjustable bars, which together form 
the horizon of the view. Each bar carries a spool 
on a pivot at its outer end and the pivot pins form 
the left- and right-hand vanishing points of the 
perspective system. The horizon bars may be fixed 
at the top, middle or bottom of the board according 
as the viewpoint is above, at, or below the general 
level of the object. Each spool contains a steel 
tape, the free ends of the tapes being joined at a 
circular plate carrying a Perspex rule. The rule 
can be moved to any part of the drawing and 
rotated through 360 deg. by means of a knob. 

When the instrument is in use, the steel tapes 
lie flat on the drawing board, since they are ten- 
sioned by springs in the spools, and they remain 
taut by moving in and out of the spools and pivoting 
with them as the point of virtual intersection of the 
tapes is moved about the drawing board. The 
edges of the tapes are used for ruling pencils of 
lines which intersect in one or other of the vanishing 
points, but, in addition, the tapes are equipped 
with clip-on plastic scales which enable the fore- 
shortened length of any horizontal dimension to be 
marked off directly. The angle between the tapes 
is indicated by a protractor, the scale of which ‘s 
engraved on a circular plate surrounding the knob 
previously mentioned. The clip-on scales supplied 
with the instrument are accurate when the angle 
between the tapes is 120 deg., 150 deg. or 180 deg., 
or 116 deg. with the point of view offset 12 in. to 
the right of the object. At other angles, not far 
removed from the above, the scales are approxi- 
mately correct, the error involved in their use being, 
in general, undetectable without recourse to calcu- 
lation or accurate drawing and measurement. The 
Perspex rule attached to the knob, and used for 
drawing verticals, has a true-length scale engraved 
on the left-hand side and a foreshortening scale on 
the right, and is formed with an extension in the 
shape of a 30-deg. to 60-deg. set square. Each 
tape can be locked at the point where it leaves the 
spool, and the vertical rule may be clamped at a 
fixed angle to either tape. An instruction manual 
with examples and graded exercises is supplied with 
the instrument. An associated instrument, known 
as the Elliptograph, is, as its name implies, used for 
drawing ellipses. Its operation depends on the 
well-known theorem that any point of a straight 
line of fixed length, which slides with its ends on 
two other intersecting lines, describes an ellipse. 

The Gauge and Tool Exhibition, which has been 
open at the New Hall, Vincent-square, London, 
S.W.1, since May 15, closes this evening. 





We regret that, in our description of exhibits at 
the Gauge and Tool Exhibition, the illustration of 
a combination sine-square manufactured by the 
Pitter Gauge and Precision Tool Company, Limited, 
reproduced as Fig. 12, on page 601, ante, was 
inadvertently printed upside down, 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 


Tus list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





PETROLEUM INDUSTRY EXHIBITION.—Various dates 
between Friday, April 6, and Saturday, July 28, at 
London and other university centres in the United 
Kingdom. See also page 311, ante. 

EXHIBITION OF EXHIBITIONS.—Tuesday, May 1, to 
Saturday, September 29, at the Royal Society of Arts, 
John Adam-street, London, W.C.2. See also page 497, 
ante. 

EXHIBITION OF SCIENCE.—Friday, May 4, to Sunday, 
September 30, at the Science Museum, South Kensington, 
London, S8S.W.7. Organised by the Festival of Britain. 
Apply to the information officer, 2, Savoy-court, London, 
W.C.2. See also page 567, ante. 


EXHIBITION ILLUSTRATING HisToRY OF ALUMINIUM.— 
Thursday, May 10, to Friday, September 28. Organised 
by the Aluminium Development Association at their 
headquarters, 33, Grosvenor-street, London, W.1. 
(Telephone : MAYfair 7501.) See also page 599, ante. 

MAN-POWER EXHIBITION.—Friday, May 18, to Satur- 
day, September 29. See page 630. 

NEDERLANDS PACKING FaIR.—Thursday, May 24, to 
Friday, June 1, at Amsterdam. Organisers: N.V. Het 
Raedhuys, T' Ischadestraat 5, Amsterdam, Holland. 

SUMMER SCHOOL ON WELDING.—Friday, May 25, to 
Saturday, June 2, at Ashorne Hill, near Leamington Spa. 
Organised by the British Welding Research Association, 
29, Park-crescent, London, W.1. (Telephone: LANg- 
ham 7485.) See also page 484, ante. 


THIRD WORLD PETROLEUM OONGRESS.—Monday, 
May 28, to Wednesday, June 6, at the Ridderzaal, 
The Hague, and the Kurhaus, Scheveningen, Holland. 
Further information obtainable from the secretary, 
the Institute of Petroleum, 26, Portland-place, London, 
W.1. (Telephone: LANgham 2250.) 

CANADIAN INTERNATIONAL TRADE FaiIR.—Monday, 
May 28,to Friday, June 8,at Exhibition Park, Toronto. 
Apply to Miss M. A. Armstrong, Canadian Government 
Exhibition Commission, Canada House, Trafalgar-square, 
London, 8.W.1. (Telephone: WHItehall 8701.) 


METAL AND WOODWORKING MACHINERY EXHIBITION 
(“ TECHNI SHOw ”’).—Wednesday, May 30, to Saturday, 
June 9, at Rotterdam. Apply to the organisers of the 
exhibition, 64, Eendrachtsweg, Rotterdam, Holland. 


JOINT ENGINEERING CONFERENCE.—Monday, June 4, 
to Friday, June 15, in London. Organised by the Insti- 
tutions of Civil, Mechanical, and Electrical Engineers. 
See also pages 49 and 418, ante. 

BRITISH PLASTICS EXHIBITION AND CONVENTION.— 
Wednesday, June 6, to Saturday, June 16, the National 
Hall, Olympia, London, W.14. Organised by British 
Plastics, with the collaboration of the British Plastics 
Federation. Apply to the editor, British Plastics, 
Dorset House, Stamford-street, London, S.E.1. (Tele- 
phone: WATerloo 3333), or to the general manager 
of the Federation, 47 and 48, Piccadilly, London, W.1. 
(Telephone : REGent 4681.) 

BusINEss EFFICIENCY EXHIBITION.—Wednesday, June 
6, to Saturday, June 16, at Olympia, London, W.14. 
Organised by the Office Appliance Trades Association, 
11-13, Dowgate-hill, Cannon-street, London, 2E.C.4. 
(Telephone : CENtral 7771.) 

INTERNATIONAL AERONAUTICAL SHOW.—Friday, June 
15, to Sunday, July 1, at Paris. Apply to the organisers, 
6, Rue Galilee, Paris. 

Luton INDUSTRIAL EXHIBITION.—Saturday, June 16, 
to Saturday, July 14, at Wardown Park, Luton. Apply 
to the organiser, Town Hall, Luton. (Telephone: Luton 
2800.) 

British STANDARDS INSTITUTION JUBILEE EXHIBI- 
TION.—Monday, June 18, to Thursday, June 28, at the 
Science Museum, South Kensington, London, 8.W.7. 
Information obtainable from the Institution, 28, Victoria- 
street, London, 8S.W.1. (ABBey 3333.) See also page 
407, ante. 

THIRD BRITISH ELECTRICAL POowER CONVENTION.— 
Monday, June 18, to Friday, June 22, at The Dome, 
Brighton. Information obtainable from the secretary 
of the Convention, 16, Stratford-place, London, W.1. 
(Telephone : MAYfair 6411.) 

BUILDING EXHIBITION, CHESTER.—Friday, June 22, 
to Saturday, June 30, at the Little Roodee, Chester. 
Apply to the chief plant adviser, Ministry of Works, 
Lambeth Bridge House, London, 8.E.1. (Telephone : 
RELiance 7611.) See also page 457, ante. 

INTERNATIONAL CONFERENCE OF NAVAL AROHITECTS 
AND MARINE ENGINEERS.—Monday, June 25, to Satur- 
day, June 30, in London; Monday, July 2, to Wedncs 
day, July 4, in Glasgow; and Wednesday, July 4, 
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to Friday, July 6, in Newcastle-upon-Tyne. Apply 
to the secretary, Institution of Naval Architects, 10, 
Upper Belgrave-street, London, 8.W.1. (Telephone: 
SLCane 4622); Institute of Marine Engineers, 85, 
Minories, London, E.0.3. (Telephone: ROYal 8493); 
North East Coast Institution of Engineers and Ship- 
builders, Bolbeo Hall, Newcastle-upon-Tyne.  (Tele- 
phone: Newcastle 20289); or Institution of Engineers 
and Shipbuilders in Sootland, 39, Elmbank-crescent, 
Glasgow, C.2. (Telephone: Central 5181.) 

‘* PEOPLE AT WoRK.”—Saturday, June 30, to Satur- 
day, July 14. Three five-day residential conferences at 
Keble College, Oxford. Apply to Miss M. D. Reed, 
Industrial Welfare Society, 48, Bryanston-square, Lon- 
don, W.1. (Telephone: AMBassador 2401.) See also 
page 527, ante. 

RaDIO CONVENTION.—Various dates between Tuesday, 
July 3, and Thursday, September 6, at London, South- 
ampton and Cambridge. Organised by the British Insti- 
tution of Radio Engineers, 9, Bedford-square, London, 
W.C.1. (Telephone: MUSeum 1901.) See also page 
377, ante. 

RoyaL AGRICULTURAL SHOW.—Tuesday, July 3, to 
Friday, July 6, at Cambridge. Apply to the Royal 
Agricultural Society of England, 16, Bedford-square, 
London, W.C.1. (Telephone : MUSeum 5905.) 

WEIsSH INDUSTRIES FaIR.—Wednesday, July 4, to 
Saturday, July 14, at Cardiff. Further particulars 
obtainable from the secretary of the Fair, 17, Windsor- 
place, Cardiff. (Telephone : Cardiff 5452.) 

BRITISH INSTRUMENT INDUSTRIES EXHIBITION.—Wed- 
nesday, July 4, to Saturday, July 14, at the National 
Hall, Olympia, London, W.14. Further information 
obtainable from Messrs. F. W. Bridges and Sons, Limited, 
Grand Buildings, Trafalgar-square, London, W.C.2. 
(Telephone : WHItehall 0568.) 

INTERNATIONAL WELDING CoNGRESS.—Saturday, July 
14, to Saturday, July 21, in London and Oxford. 
Apply to Mr. G. Parsloe, secretary-general of the Inter- 
national Institute of Welding, at 2, Buckingham Palace- 
gardens, Buckingham Palace-road, London, S.W.1. 
(Telephone : SLOane 9851.) 

COURSE AND CONFERENCE ON THEORY OF DIELECTRICS. 
—Thursday, July 19, to Saturday, July 21, at the 
University, Liverpool. Apply to the deputy secretary, 
Institute of Physics, 47, Belgrave-square, London, 
8.W.1. (Telephone: SLOane 9806.) See also page 432, 
ante, 

BRITISH ASSOCIATION.—Wednesday, August 8, to 
Wednesday, August 15, at Edinburgh. Apply to the 
joint local secretaries: Dr. G. B. Warburton, 11, Grace- 
mount-road, Edinburgh, 9, and Mr. J. D. Rabson, 
Engineering Department, Edinburgh University, May- 
field-road, Edinburgh 9. See also page 377. 

“MopEL ENGINEER” EXHIBITION.—Wednesday, 
August 22, to Saturday, September 1, at the New Royal 
Horticultural Hall, Greyooat-street, London, S.W.1. 
Organisers: Messrs. Percival Marshall and Company, 
Limited, 23, Great Queen-street, London, W.C.2. (Tele- 
phone : CHAncery 6681.) 

18TH NaTIonaL RapIo SHow.—Tuesday, August 28, 
to Saturday, September 8, at Eari’s Court, London, 
8.W.5. Applications to be made to the Radio Industries 
Council, 59, Russell-square, London, W.C.1. (Tele- 
phone : MUSeum 6901.) 

8TH INTERNATIONAL CONGRESS OF REFRIGERATION.— 
Wednesday, August 29, to Tuesday, September 11, at 
Church House, Westminster, London, S8.W.1. Held 
under auspices of International Institute of Refrigeration. 
Apply to the secretary of the Congress, Dalmeny House, 
Monument-street, London, E.C.3. (Telephone: AVEnue 
6851.) See also page 77, ante. 

SuMMER SCHOOL ON PRODUCTION ENGINEERING.— 
Wednesday, August 29, to Sunday, September 2, at 
University College, Durham. Organised by the Institu- 
tion of Production Engineers, 36, Portman-square, 
London, W.1. (Telephone: WELbeck 6813.) See also 
page 395, ante. 

ENGINEERING, MARINE AND WELDING EXHIBITION.— 
Thursday, August 30, to Thursday, September 13, at 
Olympia, London, W.14. Organisers: Messrs. F. W. 
Bridges and Sons, Limited, Grand Buildings, Trafalgar- 
square, London, W.C.2. (Telephone: WHItehall 0568.) 

EvROPEAN MAacHINE-TOOL EXHIBITION.—Saturday, 
September 1, to Monday, September 10, at Paris. Further 
particulars obtainable from the General Commissary of 
the Exhibition, 2 bis, Rue de la Baume, Paris, 8e. See 
also page 34, ante. 

Lerezic Farrs.—Autumn Fair: Sunday, Septem- 
ber 2, to Friday, September 7. Organised by Leipziger 
Messeamt, Platz des Friedens 8, Leipzig C.1, Germany. 

THIRD ANGLO-AMERICAN AERONAUTICAL CONFERENCE. 
—-Monday, September 3, to Friday, September 7, 
at Brighton. Convened by the Royal Aeronautical 
Society, and the Institute of the Aeronautical Sciences 
(of America). Apply to the secretary of the Royal Aero- 
nautical Society, 4, Hamilton-place, London, W.1. 
(Telephone : GROsvenor 3515.) 


LABOUR NOTES. 


NeEaRLy 150 delegates from 49 trade unions caterin 
for women employees attended the twenty-first ma 
meeting of the Trade Union Women’s Conference, which 
was held in London on May 18 and 19. They repre- 
sented over 1,200,000 women trade unionists and came 
from all parts of the United Kingdom. Miss Florence 
Hancock, the chairman of the conference, contrasted 
this figure with the number of women represented at 
the conference held in 1931, when, she stated, there 
were but 460,000 women trade unionists in Britain. 
The proportion of women to the total membership 
of the Trades Union Congress had increased from 12 per 
cent. in that year to almost 15 per cent. at the present 
time. She reminded her audience that there were 
“rather more than 7,195,000 women” engaged in 
civilian occupations, nearly all of whom were eligible 
for membership of a trade union. 





Considerable stress was laid by Mr. C. R. Attlee, the 
Prime Minister, in an address to the conference on the 
opening day, on the paramount need for the trade- 
union movement in Britain to remain an independent 
force. In this connection, he referred to the change of 
function which had taken place in the movement owing 
largely to the coming into existence of the welfare 
State, and expressed the hope that the movement 
would not be reduced to the level of a mere cipher in 
this country, as it was in some others. It should 
always be an absolutely independent body, playing its 
full part in the government of the nation’s industry. 
He stated that the movement had always depended on 
the rank and file for its strength and expressed the view 
that in these time’, and especially now that nationalised 
industries had been created, it was essential that there 
should be responsible leadership in the trade unions, 
“right down to the floor of the workshop.” He urged 
that the movement should continue to fulfil its “‘ great 
task of training people to responsibility in democracy.” 





The claims of the Electrical Trades Union to be 
accepted as the sole negotiating body for the contracting 
side of the electrical industry have been rejected by 
the court of inquiry, which was set up, under the 
chairmanship of Sir Charles Doughty, K.C., to investi- 
gate the recent dispute in the electrical-contracting 
industry in London. Those claims formed the back- 
ground against which the dispute arose and in its 
report, which was published on May 17, the court 
expresses the opinion that the E.T.U. had hoped to 
obtain a monopoly of the electrical-contracting 
industry as the result of separate negotiating machinery 
for the industry being established. It is recalled that 
the dispute began in mid-February, when an electrician 
in the employ of the London Electricity Board at its 
Bethnal Green depot was suspended for refusing to 
accept as his mate a man who was not a member of his 
own union, the E.T.U. The man concerned was, 
however, a member of the Transport and General 
Workers’ Union. 





Other depots besides Bethnal Green became involved 
and, within a few weeks, over 2,000 employees of the 
London, Southern, Eastern, and South Eastern 
Electricity Boards were on strike. With the exception 
of 19 men at Bethnal Green, who are still idle, the men 
returned to work on April 17, when the appointment 
of the court of inquiry was announced. The right 
of the National Joint Industrial Council for the Elec- 
tricity Supply Industry to deal with the stoppage was 
disputed by the E.T.U., which requested the British 
Electricity Authority to conclude an agreement with 
the E.T.U. for the creation of separate negotiating 
machinery for the contracting side of the electrical 
industry. It may be mentioned that, at the present 
time, both the supply and the contracting sides of the 
industry are the responsibility of joint bodies and that 
all the five unions interested in the electrical industry 
send representatives to them. 





The court states, in its report, that the work of the 
two sides is interchangeable and that, at the depot 
where the dispute arose, the men in the contracting 
department were, in fact, largely engaged on supply 
work. A complete separation of the two sides, on 
the lines suggested by the E.T.U., would be, in general, 
a retrograde step, and the court considers that it is 
one which might well operate to the disadvantage of 
employees in the industry during slack times. The 
court accordingly turns down the claims of the E.T.U. 
for the establishment of separate machinery for the 
contracting side, but commends a suggestion made by 
the B.E.A. that the National Joint Industrial Council 
for the Electricity Supply Industry should appoint a 
separate sub-committee to deal with the contracting 
side; and the E.T.U. might well secure a majority of 





the representatives on that sub-committee. The 








failure of the E.T.U. and the T.G.W.U. to discuss the 
possibility of the transfer of the mate concerned to the 
E.T.U. is regarded by the court as ‘‘ most unfortunate.” 
Alternatively, the court point ‘out, these Unions could 
have referred the matter to the disputes committee of 
the Trades Union Congress. 





The need for skilled men, and the man-power diffi- 
culties created by rearmament, were referred to by 
Mr. Alfred Robens, Minister of Labour, at the exhibi- 
tion on “‘ Man-Power: the Human Factor in Industry,” 
to which reference is made on page 630. One of the main 
problems confronting the Government and the nation 
at the present time was how to increase productivity, 
when the working population was definitely limited in 
number. As a result of rearmament, and for other 
reasons, the demand for man-power was constantly 
expanding, and this was accompanied by a tendency, 
which was likely to continue for some years to come, 
for the flow of new blood into industry to decline. 
Rearmament, however, was also likely to create 
redundancy in some sections of industry, owing to a 
narrowing of the scope for employment which rearma- 
ment would cause in certain circumstances. 





Whenever it was necessary for employers to declare 
that some operatives were redundant, Mr. Robens 
asked that the employers and trade unions concerned 
should inform the Ministry of Labour at the earliest 
opportunity, in order that the Ministry might take 
all possible steps to place the persons dismissed into 
new work with the least possible loss of employment. 
In this connection, the Ministry had arranged for 
employment exchanges to be opened on one evening 
each week, to enable workpeople who were contem - 
plating changing their engagements, or who might be 
about to be discharged, to attend the exchan 
without losing any of their working time. He appealed 
to employers and trade unions alike to assist in 
increasing the supply of skilled men, for whom there 
was an urgent need. On them, Mr. Robens stated, 
lay the onus for seeing that more men and women 
were trained and up-graded, in order that a properly- 
balanced labour force might be maintained. 





The problem of redundancy in the motor-vehicle 
industry, owing to shortages of steel, was considered 
at some length at a meeting of the Birmingham branch 
of the National Union of Vehicle Builders on May 19. 
It was decided that everything possible should be 
done to avoid the dismissal of workpeople for reasons 
of redundancy and a resolution was passed asking for 
the adoption of the principle of a shorter working week 
as an alternative. The resolution also demanded that 
overtime in the motor-vehicle industry should not be 
worked systematically under present conditions. It 
was agreed to press the Government to grant increased 
allocations of steel to the industry, in view of its out- 
standing importance to the country’s export pro- 
gramme. 





Discontent with the recent wage award to employees 
in the iron and steel industry was expressed at a 
meeting of delegates of the Iron and Steel Trades 
Confederation at Middlesbrough on May 20. The 
officials, who represented some seven thousand em- 
ployees in the industry in the Middlesbrough area, 
described the recent increase in wages as “ inadequate ” 
and asked that pressure should be brought to bear to 
secure a further improvement. The recent award gave 
increases varying from between ls. to ls. 2d. a shift 
for the lowest-paid employees to 2s. 6d. a shift for 
operatives in the highest grades. Some 250,000 work- 
people throughout Great Britain benefited from its 
provisions. 





The Ministry of Labour announced on Monday 
last that the index figure for all items of the interim 
index of retail prices had risen by two points during 
the four-weekly period ended on April 17, on which 
date it reached the new high level of 121. The all- 
items figure, which stood at 113 in mid-August, 1950, 
increased by one point each month, to 116 in mid- 
November. It remained at this level until mid- 
January, 1951, when it increased to 117. On February 
13, it again rose by one point, to 118, and on March 13, 
by a further point, to the then record level of 119. 
The increase by two additional points during the four- 
weekly period ended on April 17, was caused principally 
by higher prices for food, clothing, coal, gas, petrol, 
blankets, and other household articles. Increases i 
local rates were a contributory cause. This index, 
which measures changes in the average level of retail 
prices of a wide range of articles and services, was 
established in its present form on June 17, 1947, the 











level at that date being taken as 100. 
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THE FATIGUE CRACK AS A 




















Fic. 1. Crack In RZW 5J arrer 25 x 10° 
Cyctes. x 300. 
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Fig. 4. Crack In RZW 9D arter 12 x 10° 
Cyctzes. x 300, UNETCHED. 


THE FATIGUE CRACK AS A 
STRESS-RAISER.* 


By A. J. Fenner, B.Sc. (Eng.), A.M.I.Mech.E., 
N. B. Owen, A.M.I.Mech.E., and C. E. Pxtuipes, 
Wh.Sc., M.1I.Mech.E. 


From the nature of the stress-concentration at the 
root of a sharp crack, it would be expected that a 
fatigue crack, once formed, would propagate very 
rapidly, and past experience on small test-pieces and 
components has tended to support this view. Whether 
based on theory or experience, the view is commonly 
held that, from its beginning, a crack will inevitably 
develop at an increasing rate until failure of the section 
occurs. However, the literature of fatigue-testing 
contains many references to fatigue cracks which 
have developed extremely slowly, and, in particular, 
comparatively recent work on test-pieces of large 
cross-section has shown that the conventional idea of 
crack-propagation requires some revision. The exten- 
Sive programme of research on locomotive axles and 
crankpins for the Association of American Railroads,t 
for instance, has shown that, in rotating bending- 
fatigue tests on press-fitted assemblies, cracks may be 
present in the shaft (within the press-fit) for extremely 
lengthy endurances. 

In the course of a comprehensive investigation into 
the effects of size and stress-concentration on the fatigue 
strength of mild steel under direct stress, a fatigue 
determination made on test-pieces containing sharp 
grooves provided opportunity for a short investiga- 
tion into fatigue-crack development, as part of the 
— of the Mechanical Engineering Research 

ard. 


The fatigue determination was made under conditions 
alternating tension and compression stress, and was 
* Communication from the National Physical Labora- 
tory. Abridged. 

*“ Locomotive Crankpin Tests—9} in. diameter.” 
Assoc. of Amer. Railroads, Operations and Maintenance 
Dept. Third Progress Report, October, 1948. 
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Fig. 2. Crack In RZW 5D arrer 100 x 10° 
CyYCLEs. 


x 300. 
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Fic. 5. Crack IN RZW 9D arter 12 x 10° 
Cycites. x 300, ErcHep. 














conducted on a basis of 20 million cycles endurance. 
A small mean tension load (less than 4 ton) was applied 
in each test, to reduce hammering between the ends of 
broken test-pieces while the machine was shutting 
down. This procedure was adopted in the tests 
described later, though for convenience the stresses 
are quoted as alternating stresses (+ half the applied 


range of stress). The = curve was derived by plotting 


the nominal value of the applied stress-range against 
the endurance to fracture of the test-piece.. The 
“nominal” stress-range was obtained from the 
applied load and the cross-sectional area at the root 
of the notch, assuming uniform stress-distribution over 
the section. During the determination, it became 
evident that test-pieces were cracked at a very early 
stage in the test, though the endurance to fracture 
might be as high as 10 million cycles. It appeared 


s 
that the yy curve represented, to a large extent, the 


time taken for cracks to develop across the section under 
various stress-ranges rather than the time required for 
the formation of a crack, which is the criterion of failure 
usually adopted in fatigue tests. It was considered 
necessary to establish as nearly as possible the point 
in the endurance at which a crack commenced. 
Though the form of the test-piece was not particu- 
larly suitable for the techniqne, experiments were made 
with «a portable magnetic crack-detector on test- 
pieces actually under test ; early trials with this instru- 
ment gave encouraging results, and a new test-piece 
was run at a stress-range of + 5 tons per square inch, 
with the intention of making periodical inspections 
of the root of the notch. The first examination, 
made as soon as possible after the stress-range was 
attained, strongly suggested that a crack was present. 
It seemed likely that the crack, if real, had formed 
during the few thousand alternations of stress while the 
testing machine was being run up to the steady load- 
range, possibly at a stress-range even less than the 
“endurance limit” for 20 million stress-cycles, as 


shown by the = curve. 


To gain more information regarding the formation 
and propagation of cracks at low nominal stresses, a 

















Fie. 3. Susprcrep Crack IN RZW 9J AFTER 
10’? Cycizes. x 300. 


limited programme of tests was undertaken. Notched 
test-pieces of the kind used in the main investigation 
were machined from bars 3 in. in diameter, of a nor- 
malised mild steel with an ultimate tensile stress of 
26 tons per square inch. The cylindrical test portion 
of each specimen was 1-7 in. in overall diameter, with ~ 
a V-notch 0-2 in. in depth machined round the cir- 
cumference ; the included angle of the notch was 
55 deg. and the radius of curvature at the root was 
0-002 in. A sharp cutting tool was used for machining 
the notches, and great care was taken during the 
machining operation to avoid excessive cold-working 
of the material. The profile of each test piece was 
checked by projecting at a magnification of 560 
diameters. 

A first test-piece was subjected to cycles of alter- 
nating direct stress in a 60-ton Schenck fatigue-testing 
machine, the amplitude of the stress cycles being 
slowly increased from zero while the root of the notch 
was continuously inspected by means of the magnetic 
crack-detector. As soon as a crack was thought to 
be present, the applied stress range was noted, and 
no further increase was made. At this stage, the 
nominal stress range was only +1-7 tons per square 
inch. The test-piece was then subjected to 25 x 10° 
cycles of this stress range ; it was then sectioned and 
examined microscopically in the Metallurgy Division 
of the National Physical Laboratory and a crack was 
found to be present. 

To establish whether a crack was present when the 
first indication was shown by the magnetic crack 
detector, a second specimen was subjected to the same 
stress-range for only 5 x 10* cycles, and then sectioned 
and examined. A crack was also found in this test- 
piece. A third test-piece was sectioned after 100 x 10° 
cycles of the same stress-range, and was found to 
contain a small crack. It is worthy of note that each 
60-ton Schenck fatigue-testing machine was fitted with 
overload and mean-load controls which ensure that 
the machine is switched off, not only if the range of 
applied stress exceeds a predetermined value, but also 
if the magnitude of the mean load alters appreciably 
in either direction. 

As it appeared possible that the formation of cracks 
had been facilitated by internal stress introduced at 
the roots of the notches during machining, it was 
considered desirable to conduct similar tests on speci- 
mens stress-reliéved after machining. Finished test- 
pieces were heated to 580 deg. C. for 5 hours, and 
cooled in the furnace over a period of about 40 hours. 
Three of these were subjected to about 10 million 
cycles of alternating tension and compression stress ; 
the applied stress ranges were +1-7, +2-0 and +2°4 
tons per square inch., respectively. Subsequent micro- 
scopic examinations showed that one certainly con- 
tained a crack, and another possibly contained a 
shallow crack. 

Figs. 1 to 5, herewith, are photomicrographs of 
sections cut from some of the test specimens. Figs. 
4 and 5, respectively, are photomicrographs of a 
section of specimen RZW 9D after 12 x 10® cycles, 
iron-plated, taken before and after etching ; Fig. 5 
provides evidence that the crack is trans-crystalline, 
as is usually the case with fatigue cracks. The depths 
of the cracks shown, estimated from photographs, are 
given in Table I. Fig. 1 shows a crack found in test- 
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piece RZW 5J after 25 x 10° cycles, a Bakelite 
moulding being used to preserve the contour. Fig. 2 
shows the crack in test-piece RZW 5D after 100 x 10° 
cycles, iron plating being used to preserve the contour. 
Fig. 3 shows a suspected crack in test-piece RZW 9J 
after 10’ cycles. The endurances of the test-pieces 
are shown plotted against the applied stress-range in 
Fig. 6, on this page, in which the endurances to frac- 
ture, obtained in the earlier fatigue determination, 
are also plotted for comparison. 


TaBLeE I. Summary of Results. 





Range of 

















ti- 
— Treatment. (Nominal),| (Millions on Aad 
— Tons per | of Cycles). ih. 
Sq. In ; 
RZW 5G - +1-7 0-05 0-002 
Ww _ +1-7 25 0-003 
RZW 5D _ +1-7 100 0-001 
RZW 9E | Stress relieved +2-0 12 — 
RZW 9D | Stress relieved +2-4 12 0-002 
RZW 9G | Stress relieved +1-7 25 0-0005 





In considering the extremely low value of the stress- 

range under which these fatigue cracks were formed, 
it is important to bear in mind that the V-notch 
constituted a very severe stress-raiser, with a theoretical 
stress concentration Bong in the region of 20. 
From the summary (Table I) and the illustrations, it is 
apparent that the extent to which the crack had 
developed was roughly the same in each test-piece. 
The variations between the estimated depths may be 
attributed, perhaps, to the fact that, in each case, the 
crack had not developed uniformly round the circum- 
ference ; in some cases, it was necessary to examine 
number of sections in order to locate a crack. While 
it is not possible to advance any proof that the cracks 
in test-pieces RZW 5J and 5D were, in fact, present 
during practically the whole of their endurances, the 
circumstances of the tests leave little room for doubt 
that this was the case. 
; It must be concluded that, under certain conditions, 
it is possible to initiate a fatigue crack which fails to 
develop beyond a certain point, though the cyclic 
conditions of loading remain unchan; The con- 
tingency appears to require an initial stress-concen- 
tration factor of a fairly high order, but it may be 
inferred that the effect of a fatigue crack, untied 
as a stress-raiser, may be less severe, in certain cases, 
than that of the original artificial notch. This is in 
accordance with the theory advanced by Neuber,* 
who postulates, in effect, that a fatigue crack com- 
mences only when the average stress over a finite 
volume (probably not the same for all materials) has 
reached a certain level. It is reasonable to suppose 
that the volume of material at high stress at the 
bottom of a crack in a specimen, itself subjected to 
low nominal stress, is insufficient to cause the crack 
to propagate. It should, of course, be noted that the 
cracks discussed above were formed under conditions 
of stress-concentration which are seldom permitted to 
occur in current engineering practice, and were located 
by intensive search. 

It must not be assumed that a fatigue crack known 
to exist in a machine component can, in any sense, 
be regarded as harmless. this short investigation, 
no attempt was made to study the conditions which 
would cause small fatigue cracks to develop. When a 
crack has reached a stage where its existence can be 
reco without recourse to sectioning and micro- 
scopic examination it will inevitably have penetrated 
into the metal to a much greater depth than the cracks 
illustrated here; in the interests of safety, complete 
failure of the component should then be regarded as 
imminent. 





THE BRITISH INDUSTRIES FaIR AT BIRMINGHAM: 
ERRATUM.—On page 523, ante, we described a stud- 
welding tool made by Messrs. Cyc-Arce, Limited. The 
firm have asked us to state that the reference to the 
controller in the penultimate sentence should read : 
“The three types of stud-welding tools can be operated 
in conjunction with the controller made by Cyc-Are, 
Limited, if desired ; this controller is designed for port- 
ability and embodies an electronic timer with separate 
coarse and fine controls.” 





UNITED KINGDOM PRODUCTION OF IRON AND STEEL.— 
Statistics issued by the British Iron and Steel Federation, 
Steel House, Tothill-street, London, S.W.1, show that the 
production of steel ingots and castings in the United 
Kingdom was at an annual rate of 16,771,000 tons in 
April, compared with a rate of 16,546,000 tons in March 
and 16,822,000 tons in April, 1950. The output of pig 
iron was at an annual rate of 9,280,000 tons in April. 
compared with 9,572,000 tons in March and 9,492,000 
tons in April, 1950. 


* Kerbspannungslehre: Grundlagen fiir yenaue Span- 
nungsrechnung. By H. Neuber. Julius Springer, 1937. 
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BARNBOROUGH SUBSTATION, 
YORKSHIRE ELECTRICITY 
BOARD. 


In April, 1949, the Yorkshire Electricity Board were 
informed by the National Coal Board that a duplicate 
supply of power would be required for operating a new 
electric winder which was to be installed at Barn- 
borough Colliery, near Doncaster. This winder, which 
has now been completed, is of the high-speed type and 
is the first of its kind to be installed in this country. It 
comprises @ 3,500-h.p. 3-kV synchronous motor, which 
is directly coupled to two 1,250-kW 600-volt direct- 
current generators. These generators supply two 
1,750-h.p. motors, which are controlled on the Ward- 
Leonard system. The winder operates from three 
different levels, the deepest of which is 2,271 ft. and 
42 winds per hour are effected with a standing time of 
12 sec. between the winds. 

The installation of the winder imposed an immediate 
load of 4,000 kVA on the mains, which is likely to rise to 
6,500 kVA within five years. To deal with this, a new 
primary substation was therefore constructed near an 
existing 66-kV line about half a mile from the colliery, 
the work being completed within 15 months after the 
receipt of the official request for a supply from the 
National Coal Board. The substation, which was for- 
mally opened on Wednesday, May 2, is of the single 
*bus-bar type and both the high-voltage switchgear 
and the mains transformers are installed out-of-doors, 
the former on reinforced-concrete structures which were 
cast in situ. The lower-voltage switchgear, control and 

rotective equipment, main operating battery and fire- 
fighting equipment are housed in one building with the 
automatic com -air equipment for operating the 
6-kV switchgear in another. A 66-kV supply is 
brought into the station from the Mexborough and 
Ferrybridge power stations by duplicate overhead lines 
which are connected through single-break low oil- 
content switches, manufactured by Messrs. A. Reyrolle 
and Company, Limited, Hebburn, Co. Durham, to the 
main transformers. These switches, which contain 
only 65 gallons of oil compared with the 800 gallons in 
the converter and double-break bulk oil units, are 
opened and closed by compressed air at 125 lb. per 
square inch and are remotely controlled by solenoid- 
operated valves. They are designed to clear a fault 
current of 13,000 amperes in about 0-08 sec. The 
isolating switches, which are provided for isolating the 
oil switches for maintenance purposes, are manually 
operated. The compressed air is obtained from 
duplicate air com ors. 

The main 66/11-kV transformers were manufactured 
by Messrs. Ferranti, Limited, Hollinwood, Lancashire, 
and have a normal output of 15 MVA. By fitting 
automatically-controlled electrically-driven pumps to 
circulate the oil more rapidly they can, however, 
deliver and sustain a load of 18-75 MVA continuously 
and of 23 MVA for three hours. The secondary voltage 
of these transformers is automatically maintained at 
11 kV and the outgoing supply is controlled by Reyrolle 
oil switchgear, which is electrically operated by direct- 
current at 110 volts from a Chloride battery. The low- 
voltage supplies for lighting, heating and other aux- 
iliary purposes in the substation are obtained from 
25-kVA transformers which are connected directly to 
the main transformers and are controlled by metal-clad 
swi . The substation is coupled to the colliery 
by duplicate underground cables which are connected 
to main switches on the consumer’s switchboard. A 
third switch on this switchboard controls an under- 

und cable which feeds the main winder transformers. 
ese transformers step the voltage “own from 11 kV 
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to 3 kV at which pressure, as has already been stated, 


the main winder motor is operated. 

Both the 66-kV and 11-kV switchgear is remotely 
controlled from panels in the main building, the 
position of each circuit-breaker and isolator being 
indicated on adiagram. The positions of these switches 
and certain conditions will also be indicated in the 
colliery power house by means of supervisory equipment 
manufactured by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. 
This will enable the attendant to notify any change that 
has occurred to the Electricity Board’s district engi- 
neer. All the circuits are provided with protective 
devices, which operate in about 0-1 sec. and are 
designed to discriminate between faults on the different 
sections, as well as to isolate the faulty sections without 
interrupting the supply, either to the primary sub- 
station or the consumer. 





127 YEARS OF GLASS MAKING. 


Tue firm of Chance Brothers, Limited, Smethwick, 
was founded in 1824, at a time when the window 
tax was still in force; no fewer than five Excise officers 
kept watch upon the premises to see that the impost 
was not evaded. Jn spite of this obstacle and other 
restrictions of a more technical character, the business 
soon expanded, especially after the manufacture of 
sheet glass had been introduced from the Continent 
in the ’thirties. For the next 60 years, the develop- 
ment of the business was inspired by J. T. Chance, 
the son and nephew of the two original partners, who 
was responsible for the firm’s association with navi- 
gation lighting. A patent for optical glass was taken 
out in 1838, and the first lighthouse optic made by the 
firm was exhibited at the 1851 Exhibition. In 
addition, nearly 1,000,000 sq. ft. of glass were supplied 
for glazing the original Crystal Palace. 

At the other end of the scale, paper-thin glass for 
microscopic work was first made at Smethwick in 1840 
and for 40 years afterwards was manufactured nowhere 
else in the world. Rolled plate glass was developed in 
the ’fifties of last century, spectacle glass in the ‘seventies, 
and figured rolled glass in the following decade, 
although it was not until the 1914-18 war, when the 
sudden dearth of foreign supplies brought urgent 
demands for this material, that the manufacture of 
heat-resisting glass was begun. Incidentally, the same 
war, by removing the subsidised German competition, 
enabled a harvest to be reaped from the extensive 
research Chance Brothers had conducted into the pro- 
duction of optical glass. As a result, some Government 
support was forthcoming during the inter-war years 
and 1939 found the firm ready to expand and meet the 
demands of a new emergency. During the 1939-45 
war, the activities of the firm included the supply of 
lenses for hundreds of thousands of gunsights, range 
finders, aerial cameras and periscopes, as well as 4 
variety of specialist equipment, among them radar 
tubes, airfield lights and optical colour-filter glasses. 

A detailed account of these and other activities of 
the Chance isation are given in a publication 
entitled Mirror for Chance, which not only comprises 
an illustrated bistory of the company, but a survey of 
their present activities as glass makers and engineers, 
both in the factory on the original Smethwick site and 
in others at Glasgow, St. Helens and Malvern. It is 
well worthy of study for the information it contains 
regarding the progress of an old-established firm of 
i tation, as well as for the picture it paints of 
the way in which research, organisation and energy 
have been successfully used to increase the employment 





and improve the application of a basic material. 
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CONSTRUCTING THE “COMET” AIRCRAFT. 
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ot CONSTRUCTING THE 

er DE HAVILLAND ‘ COMET.’’* 

of By H. Povey, A.F.R.Ae.S. 

nt (Concluded from page 607.) 

4 THE elements from which the wing is built up are 

he shown in model form, in Fig. 12, on this . The 

“a wing-building track is constructed on similar lines 

nd to the fuselage track. The stub-wing building jigs 

* are static; when the component is withdrawn from 

be these jigs, subsequent operations are made on the 

a track and all components are transported to the various 
stations on mobile jig trolleys. The complete track 

™ circuit provides stations for drilling the stub-wing 

40 attachments to the fuselage, for fuel tests, for attaching 

re the engine cowling, engine-cowling doors, air intakes, 

rm jet-pipe cowlings, and the leading edge, and for instal- 

- ling the ailerons and flaps. The stub-wing jigs have 

™ been designed to obtain an accurate aeroroil when 

he attaching the wing skins, and to give easy access to the 

nt work at a working height such that personal fatigue 

of will be eliminated. Fig. 13 shows a general view of the 

ne jig in use. The original spar-building jig and the flap 

a, jig were produced by the experimental department and 

ve were modified by the production department to ensure 

ms interchangeability. 

nt The stub wing includes an integral fuel tank ; great 

rs accuracy, therefore, is necessary in the manufacture of 

he mating components. Owing to the path across the 

15 wing of the wheel-well wall, which can be seen in 

of Fig. 13, the profiles of the angle-section flanges of 

ge this member require the production of a “ winding 

“s bevel’; at the same time the depth of the member 

ar between the top and bottom skins must be accurately 
controlled. The flange angles also have to be kept 

of within close limits for weight-control purposes. Fig. 

on 10, herewith, shows the tooling; it consists of two 

68 rails which are accurately fixed in relation to each 

of other. To obtain the correct depth, contour and bevel, 

rs, the rails were set by an accurate wooden model. The 

ad depth is controlled by limit stops set in relation to the 

is profile edge of the rails. The first operation is to 

ns Redux-bond the angles to the web. The angles are 

of controlled during this operation as accurately as 

of 

gy * Lecture entitled ‘‘ Planning and Production Methods 

nt Used in the Construction of the de Havilland Comet,” 

¥ given before the Royal Aeronautical Society on Thursday 
Fic. 14, Arracutne Enerne Cowiines To Srvus WIna. April12. Abridged. 
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possible, and then the assembly is placed in the jig and 
machined by a rotary hand miller which is traversed 
across the surface of the angles, removing approxi- 
mately x in. of metal. The rails control the depth of 
the cut, the correct contour and the winding bevel. 
After machining one face the component is reversed ; 
the machined face is located against a limit stop which 
determines the correct depth of the component while 
the second operation of machining the opposite angle is 
being done. The units are thus kept within the 
tolerance of approximately 0-01 in. The final thick- 
ness of the ai is made by a router fitted with control 
rollers; by traversing the component through the 
router, as shown in Fig. 11, on page 639, the correct 
thickness and inner bevel are produced. 

In the first wing jig the spars, ribs, wheel-well walls 
and bottom skins are located. The wing is then 
transferred to the second jig, and is turned over through 
180 deg. The top skin is then attached. To enable 
this to be done, the bottom skin which was previously 
fitted must be removed to give access for the operators 
to complete their work inside the wing. The stub wing 
is then removed from the jig and placed in position on 
a drilling jig; while the spars are being drilled and 
reamed for attachment to the fuselage centre section, 
the bottom skin is also being attached. F 

The method adopted for drilling and reaming 252 
close-limit holes for attaching the wing to the centre 
section has ensured complete interchangeability between 
the fuselage, centre section and stub wings. A large 
drilling jig controls the drilling of the nests of holes in 
the top- and bottom-boom attachments of the front 
and rear spars to the fuselage centre section. These 
nests are also located in strict relation to each other 
about the centre line of the fuselage. Two radial 
drilling machines are employed. The drill heads can 
rotate through 360 deg. and can drill at any compound 
angle within the 360 deg. Jig drilling can be performed 
vertically downwards through the top-spar booms and 
centre-section fish plates, and, by dropping the drill 
héads. and ‘rotating them through 180 dee. the jig- 
drilling’ operation can be repeated vertically upwards 
through the bottom-spar booms. The gap traversed 
between the top and bottom booms is 3 ft. Economical 
use has been made of these radial drills by arranging 
other jigs near the main drilling jig. They are used 
for the horizontal drilling and reaming of the main 
fuselage bulkhead. 

Before drilling, the fuselage centre section is set up 
correctly in the drilling jig and the stub wings are 
wheeled into position ; the spar booms are accurately 
located between the high-tensile steel fish-plates which 
form the attachment of the wing spar to the centre 
section. The sweep-back of the wing, the incidence, 
and dihedral angles are accurately set and checked. 
The drilling and reaming for the close-limit bolt holes 
through the fish plates and spar boom are completed in 
this jig. The stub wings are withdrawn from the jig 
and are taken on the track to a position outside the 
shop, where they are tested by filling each stub wing 
with 2,000 gallons of paraffin; any ‘‘ weeps” are 
remedied. Although the tank is sealed by an internal 
rubber seal, it is also give a thin coating of Bostik 
solution as an internal protection. Protective clothing 
is worn by the Bostik operators, to enable them to be 
given a fresh air supply while they are inside the wing. 
The suit is also provided with intercommuncation 
telephones. After the fluid test, the air intake is 
attached to the wing. 

The second operation is the attachment of engine 
cowlings, shown in Fig. 14, on page 639. The cowlings 
and access doors under the engine compartments are of 
rather complicated shape. A plaster model was used 
for manufacturing the tools. The loft plates were made 
into a three-dimensional structure which was partly 
filled with ordinary building bricks, on top of which a 
layer of moulding sand was rammed into position and 
formed to follow the contour of the loft plates, leaving 
approximately 1 in. between the top of the loft 
plates and the sand for filling with plaster. Concrete 
stretcher-press tools were cast directly on to the smooth 
and accurate surface of the model. Fig. 15, herewith, 
shows one of the concrete stretcher-press tools for the 
main longitudinal portion of the cowling which is pro- 
duced in a Sheridan streteher-press. The weight of the 
tool is approximately 3 tons. The concrete mixture 
consisted of 2 cub. ft, cf #-in. sand, 2 cub. ft. of }-in. 
shingle, and 90 lb. of cement. The surface of the tool 
was finished with a portable abrasive disc, filling in the 
small porosity caused by air bubbles, after which it was 
given & priming coat and a finishing coat of Phenoglaze. 
This produces a tough and smooth surface which is 
excellent for stretcher-press work. The time for produc- 
ing a tool of this size and weight is approximately 
seven days. 

The cross members of the engine cowling, most of 
which have a reversed curvature in their transverse 
plane and a double curvature in their longitudinal 
plane, were produced on a Hufford stretcher-press. 
Here also, concrete stretcher-press tools were cast 
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directly on to the same master model which ‘was used | _ 


for making the longitudinal skin. The total number of 
tools required for the top and bottom cowls, on both 
sides, was 195. The steel matrixes used for making the | 
three-dimensional plaster model were made up of eight 
separate handed units, representing the engine cowl 
doors, so that they could ultimately be used as 
assembly jigs for constructing these doors, adding 
wooden facing strips to the }-in. thick metal loft plates 
and providing hinge locations and trim lines. Since the 
stretcher-press tools were in all cases taken from the 
same mould formed by the loft plates, the skins and 
cross members made by these tools all fit accurately into 
the assembly jig without any adjustment. 

The third’ operation in the wing assembly is the 
attachment of the leading edge, followed by the attach- 
ment of the rear cowling over the jet pipe, and then the 
flaps. The leading edge, in 12-s.w.g. aluminium alloy 
(D.T.D. 710), with a minimum curvature of 14 in. on the 
tip, had to be produced to a tolerance of 0-0lin. This 
was achieved by using stretcher-press tools made in 
Remak metal. They were milled to the specified toler- 
ance and were set up on the Erco stretcher-press, as 
shown in Fig. 16, herewith. 

The extension wing consists of two skins with 
Redux-bonded stringers made in an orthodox jig. 
Interchangeability between’ the stub wing and the 
extension-wing joint has been achieved by jig-drilling 
the extension wing in the main drilling jig and using 
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Prees with Guass-CLoTtH MOULDING. 


Fig. 17. 


wing and the extension. When the wing is completed, 
it is wheeled into a position adjacent to the fuselage, 
and is attached to the fuselage by the fish-plate joints of 
the centre section. The complete track operations 
include the engine installation, coupling the flying con- 
trols, operating the flying controls under power, final 
inspection, etc. 7 

The production of gas-cloth mouldings has been 
developed by the de Havilland Company for use in the 
Comet. The glass cloth is tailored and then impreg- 
nated with Nuron resin, after which it is built up '" 





these holes for locating a simple router jig which pro- 
duces the interchangeable mating edges of the stub 


laminations on a plaster core to the correct thickness. 
The laminations are held in position on the plaster cor 
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by a rubber bag which is exhausted by a vacuum pump, 
and the whole unit is baked in a muffle at 120 deg. C. 
After curing, the internal plaster core is broken away 
and the component is complete. Fig. 17 shows glass- 
cloth mouldings which are used as an external means of 
supporting glass-cloth lagging to heat-exchanger pipes. 
Other methods of moulding have also been used—in 
many instances metal moulds were used which can be 
collapsed and withdrawn from the finished product, 
and reconstructed, thereby avoiding the loss which 
occurs in the case of the plaster core, which is entirely 
destroyed. 





INSTITUTE OF ROAD TRANSPORT ENGINEERS.—At a 
meeting of members of the Institute of Road Transport 
Engineers, held in Cambridge on May 8, it was resolved 
that an Eastern Group of the Institute, with Cambridge 
as its focal point, should be formed. Mr. T. F. Turton 
was appointed chairman, Mr. A. G. Prest, vice-chairman, 
and Mr. B. T. Wood, honorary secretary. It is antici- 
pated that the inaugural meeting of the new Group will 
be held in Cambridge on October 2, and that meetings 
will be held in Cambridge thereafter on the first Tuesday 
of eyery month until April. Further particulars regarding 
the Group may be obtained from the secretary of the 
Institute, 174, Palace Chambers, Bridge-street, West- 
minster, London, S.W.1. 





CONFERENCE ON MIXING AND AGITATION IN LIQUID 
Mep1A.—The Institution of Chemical Engineers have 
arranged a one-day conference on mixing and agitation 
in liquid media, which will be held at the Royal Insti- 
tution, 21, Albemarle-street, London, W.1, on Tuesday, 
July 17. Three papers will be considered at the morning 
session, which will commence at 10.30 a.m. and end at 
12.30 p.m.: “ Recent Developments in the Theory 
and Practice of Agitating and Mixing,” by Professor 
D. M. Newitt, F.R.S., Mr. G. C. Shipp and Dr. C. R. 
Black; “The Mixing of Coal with Liquids,” by Mr. 
R. A. A. Taylor; and “ Practical Aspects of Liquid 
Mixing and Agitation,” by Mr. Brian N. Reavell. The 
afternoon session will commence at 2 p.m. and terminate 
at 4.30 p.m., during which the following papers will be 
considered, namely, ‘‘ Liquid-Liquid Mixing as Affected 
by Internal Circulation Within Droplets,” by Dr. F. H. 
Garner and Mr. A. H. P. Skelland ; ‘‘ The Action of Free 
Jets in the Mixing of Fluids,” by Mr. H. Fossett; and 
“Some Factors Affecting Mixing Processes in the Cera- 
mic Industry,” by Dr. A. E. Dodd and Mr. F. J. Goodson. 
The papers will be presented in abstract form and time 
will be allowed for the discussion of each. Further 
information and advance proofs of the papers, when 
ready, may be obtained from the secretary of the Insti- 
tution, 56, Victoria-street, London, S.W.1. 
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ARMSTRONG WHITWORTH, LIMITED. 


HYDRAULIC PRESS FOR LARGE 
AIRCRAFT COMPONENTS. 


THERE hag been a growing tendency in the American 
aircraft industry to make use of large pressings in 
place of complicated riveted assemblies. In addition 
to simplifying manufacture, the method has also the 
advantage, when used to form external surfaces, of 
eliminating those surface irregularities which, although 
earefully controlled to fine limits by special processes, 
cannot be entirely avoided in riveted structures. The 
first organisation in this country to follow this trend 
is the Hawker Siddeley Group ; a large British Clearing 
double-action press, which will be made available to 
all the companies of the Group, has been installed 
by one of the member firms, Sir W. G. Armstrong 
Whitworth, Limited, Baginton, Coventry. The press, 
which can be adjusted to accommodate tools for 
a wide variety of pressings, and can be set to very 
fine limits, has been designed and built by Messrs. 
Vickers-Armstrongs Limited, Elswick Works, New- 
castle-upon-Tyne, for their associate, the Rockwell 
Machine Tool Company, Limited, who market under 
licence from the American firm, Clearing Machine Cor- 
poration, Chicago, Illinois. 

The machine has a capacity of 500 short tons as a 
double-action press, but it can be converted to a single- 
action machine of 750 short tons capacity. As a double- 
action press, it is capable of producing pressings up to 
about 8 ft. long and 5 ft. wide, with a cup some 2 ft. 6 in. 
deep, 6 ft. long and 3 ft. wide. In Fig. 1, it is shown 
tooled-up for forming the under-fuselage drop tanks 
of the Meteor N.F.11 aircraft. It will be seen that 
it is an open-sided down-stroking machine; it is 
operated directly, without an accumulator, by two 
V.S.G. pumps, each with a capacity of 58-5 gallons 
per minute at 725 r.p.m., against a maximum pressure 
of 3,000 Ib. per square inch. The pumps are directly 
driven by a 200-h.p. double-ended squirrel-cage motor. 
Practically the whole of the hydraulic system, and the 
motor, are mounted on the crown of the press; the 
hydraulic system consists of the main pumping unit, 
a pilot-pressure system for operating the valves of the 
main system, and an oil-circulating and cooling circuit. 
A 5-h.p. double-ended motor drives both the pilot- 
system pump and the oil-circulating pump. The pilot- 

ressure system is controlled by solenoids, energised 
Son the electrical control panel on the front of the 
machine, the sequence of operations being controlled 
automatically by adjustable limit switches. 

The frame consists of the bed, four upright columns, 
and the crown, all of welded-steel construction, aligned 
by keys and tied together by four forged-steel tie-rods, 
25 ft. 9 in. long and 6 in. in diameter, shrunk after 





erection. Fig. 2, herewith, shows the frame in course 
of erection. An excavation 25 ft. by 19 ft. by 14 ft. 
deep was made and lined with concrete, to accom- 
modate the foundations and to give access to the hydro- 
pneumatic cushioning gear. Four concrete pillars at 
the corners of the excavation support the bed of the 
press, which is secured by the four tie-bolts, access holes 
being left in the concrete pillars to take the nuts, which 
are also of forged steel. A substantial tubular steel 
scaffolding was erected, carrying a travelling gantry 
and slinging points; after laying the press bed, the 
columns were erected and slung by the tie-bolts from 
the steelwork, to leave space for placing the crown on 
the bed prior to erecting it. The front columns were 
then fixed in position, but the rear columns had to be 
left slung to allow the crown to be lifted. The crown, 
which weighs just over 35} tons, was hoisted clear of 
the columns by four 10-ton chain blocks mounted on 
trolleys ; at the top of the lift, the trolleys shifted the 
crown sideways over the two front columns, to allow the 
rear columns to be placed ; Fig. 2 shows one of the rear 
columns being fixed. The crown was then brought 
back centrally over the four columns, was lowered into 
position on them and the tie-rods were bolted up, secur- 
ing the crown, columns and bed together. The final 
stages of erection consisted of assembling the inner slide 
and the blank-holder, and installing the electrical and 
hydraulic services. 

The blank-holder, or outer slide, is a deep rectangular 
box section, of welded steel, open at the top and 
bottom ; it is guided, on removable bronze liners, on 
adjustable gibs attached to the columns. The inner 
slide, also of welded steel, is guided on sliding ways 
inside the blank-holder.. The strokes of both slides 
are adjustable, the inner slide having a maximum travel 
of 60 in. and the blank-holder, 42 in. The inner slide 
is operated by a single large ram, and has a maximum 
load. capacity of 500 short tons, while the blank-holder, 
which can exert a maximum load of 250 short tons, is 
operated by four small rams, one at each corner. 

On the approach stroke, the inner slide travels 
initially at high speed (600 in. per minute), slows down 
automatically and pauses while the blank-holder 
cylinders are being charged; it then proceeds at the 
pressing speed, 98 in. per minute. The pressures in 
the four blank-holder cylinders are individually con- 
trolled by air-loaded regulating valves; pressure- 
charging of the cylinders ceases when the pressing 
stroke commences, and thereafter pressure is main- 
tained in the blank-holder cylinders, as the inner slide 
descends, by four other cylinders, carried by the inner 
slide, with rams attached to the blank-holder. Oil is 
discharged through the regulating valves as the slide 
descends through the blank-holder. The end of the 
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pressing stroke may be determined by a pre-set pressure 
switch, or by a bottom limit switch, according to the 
nature of the work. The slide is then automatically re- 
turned to the top of its stroke by two small pull-back 
rams, at a8 of 800 in. per minute, picking up the 
blank-holder on its way. The pressing stroke can be 
adjusted by cam-operated limit switches to give various 
combinations of stroke and shut height ; the minimum 
shut heights of the inner and outer slides are, respec- 
tively, 38 and 36 in. For accurate tool setting, sensi- 
tive controls are provided which allow the slide to 
move up or down very slowly. By adjusting the faces 
of the inner slide and the blank-holder so that they are 
flush, bolting on a substantial bolster, and making a 
slight adjustment to the hydraulic system, the press 
can be converted to a single-acting machine with a 
capacity of 750 short tons, a stroke of 40 in. and a 
shut height of 38 in. 

The hydro-pneumatic cushioning gear is housed 
within the bed below the floor level. Two cavities, 
each about 5 ft. square, with machined guide faces, 
contain the pressure pads which are each carried by a 
hydraulic siaier and ram. The hydraulic cylinders 
are connected, through air-operated relief valves, to 
an oil tank which is kept under pressure from a com- 
pressed-air supply. The relief valves are controlled 
by a solenoid-operated three-way valve which regulates 
the pneumatic supply to them. Normally, with the 
solenoid de-energised, they are held open, and oil 
under air pressure from the tank enters the cylinders 
and raises the pressure When the cushioning 
pads are to be used for drawing purposes, an adjust- 
able cam-operated limit switch is set to operate at the 
desired position in the downward movement of the 
press slide. When the limit switch is closed, the 
solenoid is energised and the relief valves are closed. 
As the draw-pins act »n the pressure pads, pushing 
them down, the displaeed oil has to open the relief 
valves, against the air pressure which is holding them 
closed, to return to the tank. The ratio of air pressure 
to cushioning load is indicated on a gauge. At the end 
of the down stroke, the cushioning pads remain until 
the limit switch is tripped by the upward movement of 
the press slide, thus de-energising the solenoid and 
allowing the relief valves to open. 





GRANGEMOUTH CHEMICAL Factrory.—Work has begun 
on the construction of a new 1,000,0002. chemical factory 
at Grangemouth, Stirlingshire, as part of the develop- 
ments at the Scottish Oils refinery. 
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THE EXTENSION OF THE GAS 
ARC CONDITION.* 


By H. W. Cumminea. 


THE name “ gas arc” is associated with a water- 
cooled electric discharge lamp (first described in a 
paper by J. N. Aldingtont), which emits radiation of a 
sunlight quality from an arc in the rare gas xenon. 
The original 5-kW water-cooled xenon lamp was con- 
structed of fused-silica tubing with a bore of 12 to 
13 mm. The gaseous contents are confined closely 
to the arc discharge path by closing the envelope 
immediately behind the electrodes with hermatic seals. 
In the alternating-current lamps, the electrodes are of 


thoriated tungsten, while in the direct-current lamps | PT® 


they consist of an anode of pure tungsten and a cathode 
activated either by an alkaline earth or by thoria. 
Once an arc discharge has been initiated in the gas, 
the current can be varied over a wide range by adjust- 
ing a resistive or inductive series ballast. At pressures 
up to 2 or 3 atmospheres the arc may be started by a 
high-voltage transformer, by special high-frequency 
circuits, by pulse circuits, by electrode probes or by 
heated auxiliary electrodes. At higher pressures the 
circuits developed in conjunction with the re-starting 
of high-pressure mercury discharge lamps are suitable. 

ing has also been effected experimentally by 
reducing the gas pressure and by exposing the lamp 
to liquid-air temperatures. 

To determine their voltage-current characteristics as 
a function of the arc tube bore, a number of lamps with 
an arc length of 35 mm. and different bores were made 
to contain krypton at a pressure of 400 mm. It was 
found that the general shape of the curve was unaffected 
by the type of electrodes and seals, although these 
La pe an important part in determining the position 
and orientation of the curve with respect to the refer- 
ence axes. An increase in the tube bore led to an 
increase in the current and loading at which voltage- 
current inflection occurred. The characteristic curves 
for ae and xenon are of the same general shape as 
that for krypton, although the relative loading at 
which inflection occurs is higher. The effect is still 
more pronounced with neon, while the behaviour of 
helium offers some evidence that extremely high load- 
ings would be required with this gas to produce effects 
similar to those obtained with mercury and other gas 
fillings at comparatively low loadings. 

Water-cooled tubes, 250 mm. long and with a bore 
of 12 to 13 mm., can be designed to operate with an 
are length of 65 mm. to give 25 to 30 lumens per watt 
when xenon is used with currents of about 100 amperes, 
corresponding to 1 kW per centimetre of arc. An 
increase in arc length gives rise to increased luminous 
efficiency with both xenon and krypton, but in tubes 
120 mm. long with a bore of 1-5 mm. and an arc length 





* Paper read before the LDluminating Engineering 
Society on Tuesday, February 13, 1951. Abridged. 





t See ENGINEERING, vol. 167, page 140 (1949). 
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of 35 mm., varying the current in the xenon from 1-0 
to 3-0 amperes only produces a change in efficiency of 
from 0-42 to 2 lumens per watt. Similar changes are 
produced with other gases at equivalent loadings. 
For equivalent currents, the luminous efficiencies of 
xenon, krypton, argon and neon increase in the same 
order as their atomic weights, and with neon the 
efficiency appears to be almost independent of the 
current over the range measured. 

Owing to the important practical possibilities of the 
xenon arc discharge, with its high luminous efficiency, 
the properties of arcs were investigated in a lamp with 
electrodes of thoriated tungsten and seals of the type 
used in the 5-kW water-cooled lamp described in a 
vious paper.* The results obtained with an arc 
length of 120 mm. in a tube with a bore of 25 mm. and 
containing xenon at a pressure of 600 mm. are given in 
Table I. Table II shows the voltage-current relation- 


TABLE I.—Data for a Partially-Confined Xenon-Arc 

















Discharge. 
— Are Volts. Watts. Lumens 
: 
13-6 | 51 } 625 7,400 
28-8 | 59 1,530 34,500 
44-6 68 2,740 75,400 
52-4 70 3,300 95,000 
81-2 84 6,850 210,000 





TABLE II.—Arc Voltages for Several Partially-Confined 
Xenon-Are Discharges. 

















| Arc Voltage. 
Arc Current, — 
— | 132mm. | 88mm. | 41mm. | 20mm 
| Are. Are. Are. Are. 
| 
6-5 65°5 44-0 24-20 
19-5 68-0 45-5 24-25 17-0 
22-0 70-4 46-5 24-25 17-0 
23-0 | FR-s 47°5 24-30 17-0 
25-0 | 73-0 49-0 24-30 17 








ship for a number of arc lengths at a pressure of 700 mm. 
of xenon, which were obtained with currents of less 
than 30 amperes in a lamp containing electrodes of 
thoriated tungsten ground to a conical tip. The tem- 
perature during operation exceeded 1,500 deg. C. It 
will be noticed that an increase of current only gives 
rise to a slightly increased arc voltage. Similar results 
were obtained with water-cooled tubes of larger bore. 
The arc voltage increases in the normal way with are 
length. 

Data regarding luminous efficiency over the same 
current ranges for various arc lengths are given in 
Fig. 1, herewith. In general, the luminous efficiency 5 





* Loe. cit. 
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higher for equivalent current and arc lengths than that 
of the tubes already described, owing probably to the 
fact that the wall and electrode energy losses are less 
with air-cooling. When lamps with arc lengths of 7-5 
and 10-5 mm., working at pressures of 600 and 700 mm., 
are used, the arc voltage is found to be almost indepen- 
dent of the current over a range sufficient to raise the 
electrodes to incandescence. The arc luminance 
measured at right angles to the electrode axis through a 
point at the centre of the arcs is given in Fig. 2 for 
a free-burning xenon arc with a length of 7-5 mm. and 
a gas pressure of 600 mm. at several alternating-current 
values, the equivalent data for krypton being given in 
the table underneath. Fig. 3 shows the luminance 
distribution at 100 amperes for a free-burning xenon arc. 
The zones of relatively high luminance near each elec- 
trode can be clearly seen. They are associated with 
the cathodic function of each electrode at every half 
cycle. The upper zone is less bright, presumably due 
to convection effects broadening the arc. 

High operating pressures (considerably in excess of 
one atmosphere) can only be obtained by filling the 
lamp to a pressure which, even at room temperature, 
may amount to several atmospheres. The average 
gaseous density remains sensibly constant in any 
particular lamp and is independent of the temperature. 
The fact that the sealed envelope, when not in use, 
may contain gas at high pressure, is a serious danger 
and imposes limitations on potential light sources. 
The effect of increasing the gas pressure is shown in 
Table III for a xenon lamp with an arc length of 





7-0 mm. 


gas pressures with safety, their employment will be 
limited to highly specialised applications. A typical 
2-kW high-current lamp for alternating current is 
350 mm. long with an arc length of 10 mm., and its 
characteristics under continuous rating and pulse con- 
ditions are given in Table V. Xenon gas at a pressure 
of 700 mm. is used. 

The compact-type xenon arc gives radiation of a 
quality similar to that of the 5-kW and 1-kW lamps 
mentioned above. The output may be obtained 
instantly and the lamp can be switched in or out under 
all conditions of operation. A diagram showing the 
luminance distribution for a one-atmosphere lamp is 
given in Fig. 3. The dissipation in the 2-kW lamp is 
achieved by the use of a current of some 100 amperes. 
This is an inherent disadvantage resulting from the low 
arc voltage. It follows that in operation on, say, a 230- 
volt single-phase circuit the overall wattage is 23 kW 
if a resistive ballast is used, while the power factor 
will be less than 0-1 if a purely inductive ballast is 
employed. Where the applied voltage is less than 
200 volts alternating or 100 volts direct-current, start- 
ing can be effected by using a transformer pee 
from the mains to charge a capacitor to a voltage 
which breaks down a spark gap. A normal resonance 
effect follows and a high voltage at a frequency of some 
2 megacycles is induced, so that the discharge path is 
ionised and the arc is formed. 

The applications of the standard 5-kW and 1-kW 
lamp depend mainly on the excellent colour and 
accurate colour-rendering properties of their radiations. 
The uses of the 5-kW lamp include the illumination of 


TABLE III.—ErFrect oF INCREASING GAS PRESSURE. 
































0-5 Atm. 1-0 Atm. 1:5 Atm. 2-0 Atm. 
Current ee 
a Volts, Watts. Volts. | Watts. Volts. Wate. Volts. Watts. 
10-5 16-0 158 16-0 | 144 17-6 160 . 160 
14-0 15-5 - 200 16-3 200 17-2 220 18-4 238 
18-0 15-0 240 16-0 260 18-0 292 19-0 316 
22-0 15-0 304 16-5 333 18-0 362 20-2 400 








A number of practical light sources have resulted 
from the work described above. Two of these have been 
standardised and are available commercially. The 
first of these is the 5-kW forced liquid-cooled lamp 
described in the earlier paper,* which has a total 
luminous output of 150,000 lumens, the radiation 
having spectral qualities similar to those of a total 
radiator of colour temperature 6,000 deg. F. The 
recently standardised 1-kW normal air-cooled lamp 
has an arc length of 300 mm. A commercial lamp of 
this length with caps and flexible connections is illus- 
trated in Fig. 4, and the main characteristics and 
dimensions are given in Table IV. The radiation is 


TABLE IV.—Characteristics of 1-kW Lamp. 


Lamp watts . 1,000 
Supply voltage oe rf 200/250 a.c. 
Arc voltage (approx.) ae 45 
Are current (approx.), amperes 22 to 25 
Efficiency, lumens per watt .. 22 to 26 
Average life, hours 500 
Dimensions : 
Overall length, mm. 300 + 5 
Arclength,mm. .. > 85 + 2°5 
Max. external diameter, mm. 30 
Cap - - a 1 Brass cylinder and 


flexible leads. 


similar in quality to that of the 5-kW source and the 
light output may be adjusted by controlling the 
loading. For operation in the horizontal position, a 
magnetic deflector, consisting of a wire above the 
lamp and attached to one end, is employed to prevent 
overheating of the envelope due to impingement cf the 
arc stream. 

The full output of any gas-arc lamp is obtained 
immediately the arc discharge forms and, as the gas 
density remains constant, the voltage required to 
re-strike the arc at various periods after the lamp has 
been switched out is the same. As, therefore, there is 
no condition in which the are current exceeds the 
normal operating current, the effect of switching on 
the life of these lamps is less than that of other sources. 
The life of the 1-kW lamp appears to exceed 500 hours. 
The striking voltage of the lamp is about 4 kV, which 
is preferably obtained from a Tesla coil at a frequency 
0-1 megacycle. A well-designed circuit consumes less 
than 100 watts from the mains for the fraction of a 
second in which it is used. 

_ Sources of high intrinsic brightness appear to be 
limited to the compact source type of xenon are. 
Developments have been largely concerned with lam 

using a current of about 100 amperes and preferably 
containing gas at a pressure of two atmospheres. 
amps of lower current consumption have been inves- 
tigated, but unless means can be found of using high 








* Loc. cit. 


oto, ic studios for colour transparency processes 
3 psa matching. ‘Other applications are ~_ on 
the spectral composition of the radiation in the ultra- 
violet and near infra-red regions. The 5-kW lamp 
with a quartz jacket has a greater energy output at 
any wavelength in the ultra-violet than commercially 
available hydrogen tubes, while its near infra-red 
output is comparable with that of a 5-kW tungsten- 
filament lamp. The xenon lamp can be overloaded 
to about 15 kW for 5 seconds, during which time the 
infra-red output is four times that of an incandescent 
source. The 1-kW lamp is also suitable for the same 
colour applications as the 5-kW lamp and has been 


TABLE V.—Characteristics of 2-kW Lamp. 








Continuous | Flashing at 
— Rating. 100 amp. 
Current, amperes .. an e 80 100 
Arc voltage, approx., volts . . ~ 21 23 
Approx. peak arc luminance, stilb. . 8,000 15,000 
Centre arc luminance, stilb .. a 4,400 6,100 
Bulb diameter, mm. - 50 50 
Approx. overall length, mm. 350 350 
Arc length, mm. “ za 10 10 











used for fading fabrics, textiles and papers. For this 
purpose it has the advantage that it is totally enclosed 
and therefore free from humidity disturbances. It is 
also clean, can be operated from an alternating-current 
supply and can be run for long periods without mainten- 
ance. 

Another application is associated with rocket and 
jet developments. A number of these light sources, 
burning horizontally in parabolic-trough reflectors, 
illuminate the base of experimental operation pits so 
that both visual and photographic observation of the 
phenomena is possible. Investigations are also being 
made to determine the effects of xenon radiation on 
plant growth with a view to substituting it for natural 
sunlight during experiments. The instantaneous pro- 
duction of full luminous flux has resulted in the adop- 
tion of the xenon arc discharge in a signalling lamp. 
The 2-kW source is used with a third electrode in an 
auxiliary limb. This electrode is in the form of a 
short stout filament which can be brought to incan- 
descence, and enables rapid striking or re-striking to 
be effected under all conditions of temperature in a 
pressure of one or two atmospheres using normal mains 
voltage only. It also maintains an auxiliary arc 
between the auxiliary and lower main electrodes, 
thus providing sufficient ionisation to bring in the 
main arc when a Morse key is operated. Morse 
characters up to about 20 words per minute can be 
signalled with this lamp. 


LAUNCHES AND TRIAL TRIPS. 


S8.S. “* SINGAPORE.”’—Single-screw cargo vessel, to 
carry twelve passengers, built and engined by John 
Brown & OCo., Ltd., Clydebank, for the Peninsular 
and Oriental Steam Navigation Co., London, E.C.3. 
Fifth of the company’s “‘ S ” class of cargo liners. Main 
dimensions: 525 ft. by 70 ft. by 43 ft.; deadweight 
capacity, 10,750 tons on a draught of 29 ft. 6 in.; gross 
tonnage, about 9,000; refrigerated cargo space, 96,000 
cub. ft. Geared steam turbines to develop 13,000 s.h.p. 
Service speed, about 18 knots. Trial trip, April 10 and 
12. 

M.S. “‘ ORKDAL.’’—Single-screw oil tanker, built and 
engined by Harland and Wolff, Ltd., Belfast, for Moltzau 
and Christensen, Oslo, Norway. Main dimensions: 
460 ft. between perpendiculars by 59 ft. by 34 ft. 10 in. ; 
deadweight capacity, 12,000 tons on a draught of 
27 ft. 6in.; gross tonnage, 8,200. Harland-B. and W. 
six-cylinder single-acting four-stroke Diesel engine 
developing about 3,200 b.h.p. at 115 r.p.m. Speed 
about 11} knots. Trial trip, April 17. 

8.8. “ GLapsTONE.”—Single-screw tug, built by 
Cochrane and Sons, Ltd., Selby, Yorkshire, for the 
Alexandra Towing Co., Ltd., Liverpool. Main dimen- 
sions: 99 ft. between perpendiculars by 26 ft. 6 in. 
by 13 ft.; gross tonnage, 230. Triple-expansion engines 
to develop 1,000 i.b.p., constructed and installed by 
Charles D. Holmes & Co., Ltd., Hull. Launch, April 23. 

M.S. “ REGENT CaRrIBOU.”—Single-screw oil tanker, 
built for the Blythswood Shipbuilding Co., Ltd., Scots- 
toun, for the Bowring Steamship Co., Ltd., London, 
E.C.3. Main dimensions: 516 ft. between perpendicu- 
lars by 70 ft. 6in. by 38 ft.; deadweight capacity, about 
17,600 tons on a draught of 30 ft. Rowan-Doxford five- 
cylinder two-stroke opposed-piston oil engine, to develop 
5,600 b.h.p. at 116 r.p.m. in service, constructed by 
David Rowan & Oo., Ltd., Glasgow. Mean speed on 
trial, 144 knots. Trial trip, April 26. 

M.S. “ BuEstT*N.”—Single-screw oil tanker, built by 
Swan, Hunter, and Wigham Richardson, Ltd., Wallsend- 
on-Tyne, for Tonsbergs Rederiaktieselskab (Managers : 
Rafen & Loennechen), Tonsberg, Norway. Main dimen- 
sions: 500 ft. between perpendiculars by 65 ft. 6 in. by 
37 ft. 6in. ; deadweight capacity, about 15,000 tons on a 
draught of 29 ft. 1 in.; gross tonnage, 10,000 ; capacity 
of oil-cargo tanks, 700,000 cub. ft. Wallsend-Doxford 
five-cylinder opposed-piston two-stroke Diesel engine, 
developing 5,100 b.h.p. at 105 r.p.m. in service, con- 
structed by the Wallsend Slipway and Engineering Co., 
Ltd., Wallsend-on-Tyne. Service speed, 13 knots. 
Launch, May 4. 

M.S. “‘ BotistTa.”—Single-screw oil tanker, built and 
engined by Harland and Wolff, Ltd., Govan, Glasgow, for 
Fred Olsen & Co., Oslo, Norway. Main dimensions : 
580 ft. between perpendiculars by 78 ft. by 42 ft. 6 in. 
to upper deck; deadweight capacity, about 24,000 tons 
on a draught of about 32 ft. Harland-B. and W. seven- 
cylinder opposed-piston two-stroke single-acting eccen- 
tric-type oil engine. Launch, May 5. 

S.S. “Van Eyox.”—Single-screw trawler, built by 
Cook, Welton and Gemmell, Ltd., Beverley, Yorkshire, 
for the Motorvisscherij, N.V., Ostend, Belgium. Second 
vessel of an order for two. Main dimensions: 170 ft. 
by 29 ft. by 15 ft. 3 in.; gross tonnage, 580; fishroom 
capacity, 12,600 cub. ft. Triple-expansion engines and 
one oil-burning boiler, to develop 900 i.h.p. at 125 r.p.m., 
constructed and installed by Charles D. Holmes & Oo., 
Ltd., Hull. Speed, 12 knots. Launch, May 7. 


M.S. “‘ DaLFonn.”—Single-screw oil tanker, built and 
engined by Harland and Wolff, Ltd., Belfast, for Sigval 
Bergesen, Stavanger, Norway. Main dimensions: 580 ft. 
between perpendiculars by 78 ft. by 42 ft. 6 in. to upper 
deck ; 24,000 tons on a draught of about 32 ft. Harland- 
B. and W. seven-cylinder two-stroke single-acting 
opposed-piston oil engine. Trial trip, May 14. 

M.S, “‘ Macwa.”—Single-screw oil tanker, built by the 
Furness Shipbuilding Co., Ltd., Haverton Hill, County 
Durham, for the Afran Transport Co. of Liberia, a sub- 
sidiary of the Gulf Corporation, New York. First vessel 
of an order for two. Main dimensions: 560 ft. between 
perpendiculars by 80 ft. by 42 ft. 3 in. to upper deck ; 
deadweight capacity, 24,400 tons on a summer draught 
of 32 ft. 34 in. Hawthorn-Doxford six-cylinder two- 
stroke opposed-piston reversible oil engine, to develop 
6,600 b.h.p. at 115 r.p.m. in service, constructed by 
R. and W. Hawthorn, Leslie & Co., Ltd., Hebburn-on- 
Tyne. Speed, 14 knots. Trial trip, May 10. 





ELECTRICITY SUPPLY STATISTICS.—During April, 1951, 
5,051 million kWh were generated in the stations con- 
trolled by the British Electricity Authority, the North 
of Scotland Hydro-Klectric Board and the Lochaber 
Power Company, compared with 4,302 million kWh dur- 
ing the corresponding period of last year, an increase of 
16-6 per cent. Of this total, 4,871 million kWh were 
generated by steam plant. 
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Percival Marshall and Company, Limited, 23, Great 
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200-KV INDUSTRIAL X-RAY 
UNIT. 


THE accompanying illustration shows a 200-kV 
X-ray unit which has been designed by Philips Elec- 
trical Limited, Century House, Shaftesbury-avenue, 
London, W.C.2, to simplify routine inspection processes 
in industry and thus to speed up the work. It has a 
radiographic penetration of 3 in. of steel in an econo- 
mical exposure time. As will be seen, the unit proper 
is cylindrical in form; it is sub-divided internally 
by two insulating partitions. The necessary power is 
obtained from a single-phase 250-volt supply through 
two transformers, each of which can develop a peak 
voltage of 100 kV to earth. These transformers are 
directly connected in series with the tube, which is 
housed in the central compartment, an additional 
filament-heating transformer being provided on the 
cathode side. Both the transformers and the tube are 
oil-immersed, and the anode of the tube and the oil 
are water-cooled. The tube, which has a continuous 
rating of 10 milli-amperes at a peak voltage of 200 kV, 
acts as its own rectifier and there are no valves or high- 
tension cables. The X-ray beam emerges from a window 
in the wall of the container, the position of the focus 
being at the geometric centre of the whole. 

The control unit is compact and is designed to 
facilitate transport. Reproducible operating condi- 
tions are made possible by a mains comparator, while 
a step-less auto-transformer, working in conjunction 
with a kilovoltmeter, enables the penetration to be 
accurately controlled. A protective circuit prevents 
the apparatus from being switched on if the water 
supply should be interrupted ; it also shuts the tube 
down if the water is cut off. Water for cooling is 
usually drawn from the mains, but a closed-circuit 
system mounted on a trolley is also available. 

As shown in the illustration, the unit is mounted on 
a truck and can be raised or lowered hydraulically, so 
that a wide range of vertical adjustment is possible. 
The X-ray head is provided with slings so that it can 
be used out of doors independently of the mounting. 
Owing to its cylindrical shape, the head can also be 
passed through a manhole. It is designed to be both 
shockproof and X-ray proof, and its operation is stated 
to be unaffected by humidity or altitude. 











CONTRACTS. 


During April the British Electricity Authority placed 
contracts for equipment for power stations, transforming 
stations and transmission lines amounting, in the aggre- 
gate, to 2,488,233. The principal contracts include 
132-kV 3,500-MVA switchgear for Tilbury station, with 
METROPOLITAN-VICKERS ELECTRICAL Co., LTD.; struc- 
tural steelwork for Acton Lane “ B ”’ station, Willesden, 
with SiR WM. ARROL & Co., LTD.; coal-handling plant 
for Doncaster station, with MITCHELL ENGINEERING 
Ltp.; boiler plant for Huddersfield station, with BENNIS 
COMBUSTION LTD.; boiler feed pumps for Portobello 
station, with G. & J. WEIR LTp.; low-pressure piping 
equipment for Roosecote station, Barrow-in-Furness, 
with Summons & HAWKER, LTD.; site and foundation 
works for Drakelow station, near Burton-on-Trent, 
with StR ROBERT MCALPINE & Sons (MIDLANDS) LTD. ; 
132-kV 1,500-MVA switchgear for Worthing substation, 
with ENGLISH ELEcTRIC Co., LTD.; a 132-kV switch- 
house for Carmarthen Bay substation, with BALFOUR 
BEaTTY & Co., LtTp.; and 132-kV overhead lines from 
Doncaster to West Melton, with WATSHAM’s LTD., and 
from Uskmouth to Llantarnam, with BALFOUR BEATTY 
& Co., Ltp. A bulk order for low-pressure valves has 
been placed with J. BLAKEBOROUGH & Sons, LTD. 

THE NORTH BRITISH LOCOMOTIVE Co., LTD., Glasgow, 
have obtained an order from Jack Olding & Co., Ltd., 
Hatfield, Hertfordshire, for 25 large drag-line excavators. 
They are to be built to the standard designs of the 
Baldwin-Lima-Hamilton Corporation of America. 

THE DE HAVILLAND AIRCRAFT Co., LTD., Hatfield, 
Hertfordshire, have received, from the Chargeurs Réunis 
S.A., Paris, an initial order for two series-1 Comets, 
fitted with de Havilland Ghost engines. The aircraft 
will be operated by a subsidiary company, the Union 
Aéromaritime de Transports, which runs schedule services 
connecting Paris with Dakar, Abidjan and Brazzaville 
in Africa, and with Saigon in Indo-China. The two air- 
craft are expected to be delivered in the autumn of 1952. 

THE BURNTISLAND SHIPBUILDING Co., LTp., Burntis- 
land, Fife, have received a contract to build another 
cargo motorship of 1,610 tons deadweight capacity for 
the Constantine Shipping Co., Ltd., Middlesbrough. 
She will be fitted with 800-b.h.p. Diesel engines con- 
structed by BRITISH POLAR ENGINES, LTD., Glasgow. 
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BOILER PERFORMANCE OF 
A MALLET LOCOMOTIVE. 


By E. C. Poutryey, O.B.E., M.I.Loco.E. 


Towakps the end of 1941, the Chesapeake and 
Ohio Railway placed in service ten large 2-6-6-6 
articulated locomotives of the Mallet type, specially 
designed to work heavy coal trains over the severe 
grades of the Alleghany Mountains west of Hinton, 
West Virginia, and to operate the same class of 
traffic between Russell, Kentucky, and Toledo, Ohio. 
There are now 60 of these engines in service, the last 
15 having been delivered by the Lima Locomotive 
Works during the early part of 1949. The design 
was worked out by the mechanical engineers of the 
railway in conjunction with the Lima Locomotive 
Works, to combine hauling capacity and, when 
required, relatively high-speed operation; the aim 
was to provide a locomotive capable of a maximum 
speed of 60 miles an hour and to develop the 
maximum continuous power output at speeds of 
from 30 to 35 miles an hour. 

During 1943, a number of comprehensive tests 
were carried out with locomotive No. 1608, a com- 
plete report of which has been placed at the disposal 


The tender, when loaded with 25,000 gallons (U.S.) 
of water and 25 short tons of coal, weighs 426,100 Ib., 
making a total locomotive weight in working order 
of 836,700 Ib., or 418 short tons. The height from 
the rails to the boiler centre-line is 10 ft. 10 in., 
and the total engine wheelbase is 62 ft. 6 in. The 
total wheelbase of the locomotive is 112 ft. 11 in. 
The driving wheelbase of each six-coupled unit 
is 11 ft. 10 in. 

To provide for the development of high rates of 
power, averaging from 4,000 to 4,500 drawbar horse- 
power, and a maximum sustained drawbar horse- 
power of 7,000, boilers of considerable capacity are 
required, and those used for these locomotives are 
among the largest constructed for a Mallet design. 
The overall length is 45 ft. 11 in. and the barrel 
portion, built in three courses, the first of which 
is conical, has an internal diameter at the front of 
98 in., while the third course, where it joins the 
firebox, has an outside diameter of 109 in. The 
steam dome is mounted on the middle course and 
a steam pipe from it takes the steam to the super- 
heater header. The firebox, of the radially-stayed 
pattern, has a length of 180 in. and a width of 108} in. 
at the foundation ring, and has a combustion cham- 
ber 118 in. long. It is fitted with three Nicholson 





siphons, arranged in line transversely and connected 





one in the central receiver pipe leading to the front 
cylinders. This pipe has a ball joint at the rear 
cylinders to allow articulation. The outside steam 
pipes have a bore of 1l}in. Exhaust steam from the 
rear engines is taken through separate pipes on, the 
right and left sides to the base of the rear exhaust 
pipe in the smokebox. The front cylinders exhaust 
into a Y-pipe, and thence through a single pipe to 
the base of the front exhaust pipe. The two exhaust 
nozzles, below a double chimney, have 7-in. openings 
with }-in. square cross-bridges. Separate exhaust 
pipes, fitted with ball and expansion joints, supply 
exhaust steam to the feed-water heating mixing 
chamber, fitted in the upper part of the smokebox 
in front of the chimney. Engine No. 1608 had front 
and back nozzles 7} in. and 7% in. in diameter, 
respectively. Both nozzles had a $-in. square cross- 
bridge. These nozzle sizes were used during all the 
tests. 

Fig. 2, on page 646, gives particulars of the test 
equipment fitted on the locomotive, and the location 
of the various instruments. The means adopted to 
determine the amounts of coal fired and water 
evaporated are described hereunder. 

The boiler being stoker-fired, it was necessary to 
determine by calibration the amount of coal dis- 
charged by the stoker conveyor screw from the 











of the writer by Mr. H. C. Hitch, the Chief Mechani- 
cal Officer of the Chesapeake and Ohio Railway. 
The trials, made with the railway’s dynamometer 
car, comprise 17 different runs, 12 over the 
Alleghany Sub-Division and the remaining five 
over the Northern Sub-Division. The former 
comprise heavy-grade working between Clifton 
Forge and Hinton, and the latter cover runs over 
a comparatively easy division of 109-9 miles from 
Russell to Columbus. The test data provide very 
complete particulars relating to the working of the 
locomotive. The object of this article is to present 
an analysis of the boiler performance which may 
be interesting as offering an opportunity of 
studying the working of a large locomotive boiler at 
high rates of evaporation under actual operating 
conditions, as opposed to those obtaining on a 
locomotive testing plant. During these trials the 
evaporation ranged from 84,480 to 108,000 Ib. of 
water per hour, the coal fired being 11,690 and 
15,720 lb. per hour, respectively. Firing was by 
means of a mechanical stoker, and all feed water 
passed through a feed heater. The regulator was 
fully open on all test runs. 

Fig. 1, on this page, shows a locomotive of this 
class. The novel wheel arrangement is adapted to 
provide the characteristics of high hauling capacity 
in combination with high-speed operation. The 
use of a six-wheeled trailing truck gives support 
for a large firebox with ample grate area, while the 
use of six-coupled power units and 67-in. driving 
wheels are features designed for free running at the 
higher speeds. There are four cylinders with a 
bore of 224 in. and a piston stroke of 98 in. ; these, 
mM conjunction with steam at 260 Ib. per square inch, 
and the 67-in. driving wheels, give a rated tractive 
force of 110,200 Ib. Steam is distributed by 12-in. 
piston valves with a full-gear travel of 8 in. and 
actuated by Baker valve gear. The total weight 
of the engine is 724,500 Ib., of which 471,000 Ib. is 
avaiable for adhesion, thus giving an adhesive 
factor of 4-27. 
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2-6-6-6 Matiet LOCOMOTIVE. 


TABLE I.—Boiler Heating Surfaces and Ratios. 





Heating Surfaces, sq. ft.— 

Firebox and combustion chamber... o< 600 
Siphons .. on ste o% - - 162 
Firebox, tota Rn - os an os 762 
Tubes and flues .. ae os é 6,478 
Evaporative, total 7,240 
Superheater - 7 _ -_ os 3,186 
Combined eva tive heating surface and 





‘superheater .. 
8— 
Firebox heating surface to grate area. . .-| 5°63:1 


Tube and flue heating surface to grate area...) 47-9:1 
Combined heating surface to grate are 77-1:1 
Gas area of tubes and flues to grate area 0-0886 : 1 


Superheater heating surface to combined sur- 
‘ace, per cent... ie oe a --| 30-6 
Evaporative heating surface to grate area .. : 








from the crown to the throat. There are 48 tubes, 
2} in. in diameter, and, for the type E superheater, 
278 flues 3} in. in diameter. The net gas area through 
the tubes and flues is 11-98 sq. ft., equivalent to 
8-86 per cent. of the grate area of 135-2sq.ft. The 
distribution of the heating surfaces and the impor- 
tant boiler ratios are given in Table I. 

The air openings through the firebars approximate 
to 25 per cent. of the grate area. Firing is by means 
of a Standard type BM stoker. For feed-water 
supply there is a Worthington feed-water heater and 
a Nathan type 4,000 automatic re-starting injector. 
The heater has a capacity of 122,400 Ib. per hour, 
and the injector capacity is 124,250 Ib. per hour. 

Steam is taken from the superheater through a 
multiple-valve regulator, housed in the superheater 
header, and thence through branch pipes inside the 
smokebox to outside pipes on each side of the boiler. 
These pipes supply steam to the rear-engine cylin- 
ders, where the steam is divided, half going to the 
cylinders and the remainder passing through a 
Y-pipe to an intermediate receiver pipe which is 
supported on the front-engine main frame. This 
pipe passes through the front cylinder casting to 
another Y-pipe, which delivers steam to the front 
pair of cylinders. There are three expansion joints, 
one in each of the right and left outside pipes and 








tender to the firebox ; this was electrically recorded 
in the dynamometer car. To ascertain the accuracy 
of this method of measuring the coal fired, a coal 
bucket of 200 Ib. capacity was installed on the 
engine. After weighing 18,400 lb. of coal and com- 
paring it with the stoker revolution method, the two 
weights were found to be approximately the same. 
The accuracy of this method depends on three 
factors, namely, accurate calibration, ascertaini 
that the stoker conveyor screw is full at all times 
during the test, and an adjustment for weight of coal 
per cubic foot during each testrun. All these points 
were checked closely during the tests. The water 
supplied to the boiler by the hot-water pump of the 
feed-water heater is made up of the tank water 
delivered to the heater by the cold-water pump and 
the condensate produced by exhaust steam from the 
main engine cylinders entering the heater, together 
with the steam exhausted by the hot-water pump, 
which is also turned into the heater. To establish, 
therefore, the total feed delivered to the boiler, the 
part composed of the condensed exhaust steam must 
be determined. The method adopted by the 
Chesapeake and Ohio Railway is to take the con- 
densate as being equal to 1 per cent. of the total 
water for each difference of 11 deg. F. between the 
average tank and average feed-water temperatures. 
The amount of water taken from the tender tank 
was obtained by a water indicating gauge, operated 
by compressed air, and recorded by a gauge fitted in 
the dynamometer car. To avoid inaccurate water 
levels due to any surging of the water in the tank, it 
was found desirable to fit'a water well, 4 in. in 
diameter, at the centre of gravity of the tank. The 
tank water was checked at each stop by using a 
calibrated stick. The differences between the gauge 
readings and those obtained by the measuring stick 
were not appreciable. 

All the tests were made under closely similar 
operating conditions on the respective divisions. 
On the Alleghany Sub-Division, the principal grade 
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a—Draught panel. Electrical connection panel, including tele- 
phone, on back wall of cab. 
b6—Stoker-screw revolution counter. 
e—Tank water-level indicator well. 
d—Cab gauges: boiler pressure, steam-chest pressure, back 
pressure, cut-off indicator. 
e—Pyrometer junction box. 
f—Ashpan draught pipe, on centre-line of grate. 
extends for a distance of about 10 miles at 1 in 88, 
with an additional mile of rising grades varying from 
1 in 100 to 1 in 72. In the opposite direction, east- 
bound from Hinton to Clifton Forge, the ruling 
grade covers a distance of 124 miles: 7% miles at 
1 in 175 and the remaining 5} at 1in 178. The tests 
made on this division extended from Clifton Forge 
to the summit at Alleghany, 30 miles, and from 
Hinton to Alleghany, 50 miles in the westbound 
direction. The tests made on the Northern Sub- 
Division between, Russell and Columbus were all run 
in one direction, starting from Russell. This is a 
relatively easy division, except that there is a 
difficult length of line commencing about 15 miles 
from Russell. This is the principal grade between 
Russell and Columbus, and extends for the first 
17} miles of the Northern Sub-Division, commencing 
with a sharp rise over the first 1} miles at 1 in 143 
and 1 in 147, followed by 16 miles varying from 
1 in 500 to level road. This is the ruling grade and 
governs the tonnage hauled by one engine on through 
trains from Russell to Columbus. Two tests were 
made over the entire distance between these points 
and two over the same section, but terminating at 
Robbins, Ohio, the distance in this instance being 
39 miles, compared with 109-9 miles for the full 
distance from Russell to Columbus. Table II, 
herewith, gives the test designations and a general 
summary of the engine working on the two divisions. 
On the Northern Sub-Division tests, special stops 
were made on certain of the runs to obtain certain 
data. During all the tests the amount of steam 
furnished by the boiler was never a limiting factor 
in the weight of train hauled. The boiler was 
always a free steamer. The locomotive frequently 
developed a sustained drawbar horse-power of 
6,700 to 6,900 at speeds of 42 and 46 m.p.h. with 
back pressures of 20 lb. per square inch, or higher. 
The highest instantaneous drawbar horse-power 
occurred on test 106, when 7,488 h.p. was recorded 
at a speed of 46 miles an hour. 
A general picture of the performance of the 
steam plant, which includes the feed-water heater, 
the boiler and the superheater, is given by Table III. 
The data are assembled according to the rates of 
firing coal ‘‘ as fired ’’ in Ib. per square foot of grate 
area per hour, based on the actual working time. 
The test data do not give the coal and water 
consumptions per hour; this information has 
been calculated, therefore, from the firing rate 
and the water evaporated per pound of coal fired, 
based on the total amounts of coal and water used 
on each test run. The highest rate of firing was 
116 Ib. of coal per square foot of grate area per hour 
during test No. 106, when the boiler plant reached 
an hourly evaporation of 108,200 Ib. of water per 
hour, maintained for 1 hour 39 minutes. The 
average steam pressure maintained was 259-1 lb. 
per square inch, or 99-4 per cent. of the maximum 
working pressure of 260 lb. per square inch. The 
test data for this run and for No. 108 are not as 
complete as for the remaining tests and, in conse- 
quence, feed-water temperatures are not available. 
The highest rate of evaporation recorded when 
complete test data were obtained was during test 
No. 104, when the water delivered to the boiler 
averaged 99,480 lb. per hour over a period of 3 hours 
30 minutes. In this instance, the average steam 
pressure was maintained at 260 Ib. per square inch— 
the full working pressure. 


g—Draught pipe : front and back of diaphragm on left side. 
h—Draught pipe: top of table on left side. 
j—Thermocouple for tank-water temperature. 
k—Thermocouple for feed-water temperature. 
_Thermocouple for saturated-steam temperature at dome. 


m—Thermocouple for steam temperature to cylinder, front 
engine, left side. 
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The evaporative performance of the steam plant 
as a whole, i.e., the feed-heater, boiler and super- 
heater, is shown by Fig. 3, herewith, where 
evaporation is plotted against the rate of firing coal 
“as fired ’ Ib. per hour. The curve is derived from 
the line showing the water evaporated per lb. of coal, 
transferred from the plot in Fig. 8, on page 648. 
It gives a good idea of the boiler performance, 
but the curve in Fig. 4, showing the coal fired, Ib. 
per hour, plotted against the hourly evaporation, is 





of more interest. In Fig. 4, a line, as suggested by 
Mr. R. H. Parsons, has been drawn from the point of 


n—Thermocouple for steam temperature to cylinder, back 
engine, left side. 


ile for exhaust-steam temperature, front engine 

eft s 

q—Thermocouple for exhaust-steam temperature, back engine, 
left sid 

r—Thermocouple for smokebox temperature, left side. 


Fig. 4. 
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TABLE II.—GENERAL TEsT RESULTS. 














Average 
Average Average Average Average Average Consum i Ib. 
Load, Working | Cut-off, | Drawbar | Drawbar per D.B.H,P.-Hour. 
Test, Short Speed, Per Horse- Pull, 
Tons. m.p.h, Cent. power. Lb. 
Coal. Water. 
Alleghany Sub-Division— 
Westbound, Clifton Forge to Alleghany. } 
Tests 5, 7, 9, 11 and 13 a me 2,896 22-18 69-7 3,650 61,635 3-6 25-3 
Eastbound, Hinton to Alleghany. 
Tests 8,16and 18 .. Aes 5,790 27-9 63-0 3,732 50,787 3-12 23-66 
a < -_ He (assisted) eee 26-05 68-4 4,208 60,583 3-05 23-8 
» 12 an ~ 564 26-5 66-8 3,84 y . 23- 
a » +. 9 54,479 3-05 3-8 
aerate 00 10S oe 104 
‘es 5 an 18,217 29-6 : ; : . 20- 
Mn Bag BO 58-4 4,516 57,104 2-9 0-8 
Tests 106 and 108 13,866 19-7 63-5 3,958 75,510 3-6 25-4 























* Test 104: assisted on ruling grade; train load 14,075 tons. 
TABLE III.—Coat FIRED; EVAPORATION ; STEAM PRESSURES AND TEMPERATURES. 














: Steam Pressures,t Steam Temperatures,t 
Coal Fired, Lb. Water Evaporated, Lb. Lb. per sq. in. Deg. F. 
Test No. ye de ft. Setal : Per 4 ft. 
of Grate ‘ota Tota 1) Per Ib. of Steam Steam Super- 
Area | per Hour.| per Hour.| Heating | CoalFired.| Boller. | Chests, | Boller. | Gneste. | heat. 
per Hour. Surface.* 

14 78-8 10,690 ‘ 12-10 8-24 260-0 248-8 409 707-8 298-8 
18 82-9 11,209 84,823 11-62 7-59 259-2 246-7 409 722-0 313-0 
16 85-8 11,580 89,900 12-20 7°75 260-0 245-3 409 719-2 310-2 
86-5 11,690 84,480 11-61 7-21 260-0 246-9 409 728-3 319-3 
12 88-4 11,590 97,300 13-31 8-24 260-0 246-4 409 720-1 311-0 
8. 89-5 12,049 89,570 12-31 7-41 260-0 247-0 409 726-1 317-1 
100 89-6 2,110 300 11-90 7-11 259-0 244-3 409 715-5 306-5 
13 90-7 12,200 95,200 13-10 7-77 259-3 245-4 409 725-0 316-0 
95-6 12,890 94,900 13-08 7-35 258-3 240-8 408 735-4 327-4 

108 96-3 12,970 92,500 12-75 7-11 260-0 245-2 409 — — 
10 97-1 13,110 100,800 13-85 7-62 259-3 243-8 409 727-9 318-9 
99-6 13,480 99,200 13-62 7°85 257-0 243-1 408 730-6 322-6 
102 100-6 13,580 96,700 13-33 7°12 259-8 244-1 409 714-1 805-1 
ll 101-0 13,685 94,850 13-10 6- 260-0 245-1 409 734-0 325-0 
104 102-4 13,820 99,480 13-67 7-21 260-0 245-1 409 724-3 315-3 
7 106-5 14,360 93,400 12-90 6-5 258-7 243-9 408 721-3 313-3 

106 116-4 15,720 108,200 14-90 6-88 259-1 241-1 409 —_ _ 



































* Based on-the evaporative heating surfaces. 





t Steam pressures and temperatures are as recorded at the steam-pipe connections to the back-engine cylinders. 
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fired per hour in relation to the hourly evaporation.* 
The intersection of the Parsons line with that 
showing the coal fired, plotted against the evapora- 
tion, indicates the performance of the steam plant 
at maximum efficiency and the rate at which the 
efficiency falls as the rate of firing advances. In 
other words, it shows the point at which any 
further increase in the rate of firing results in an 
increasing proportion of the coal fired escaping 
unburned, because, as is shown, it does not bring 
about a corresponding increase in evaporation. 

The draught in the smokebox and the ashpan was 
recorded during all the tests except Nos. 106 and 
108. In the smokebox, recordings were made of 
the draught behind the diaphragm (i.e., at the 
tubeplate), at the front of the diaphragm and above 
the table plate inside the spark arrester. The 
draught in inches of water at the smokebox tube- 
plate, in comparison with the rate of firing (Ib. of 
coal per square foot of grate area per hour) is shown 
by Fig. 5, herewith, and particulars of the ex- 
haust steam pressures in relation to the draught 
and rate of firing will be found in Table IV. The 
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when the rate of firing was 102-4 lb. of coal per 
square foot of grate area per hour, and the evapora- 
tion was 99,480 Ib. of water per hour. The exhaust 
steam pressures at the rear and front engines were 
16 lb. and 12-3 lb. per square inch. respectively. For 





all tests except Nos. 106 and 108, an average line 


TABLE IV.—FiIRine RATE, EXHAUST STEAM PRESSURES, DRAUGHT, FEED-WATER, SMOKEBOX AND STEAM 
















































































TEMPERATURES. 
Riiee Seem Temperatures, deg. F 
Firing Rate, Pressures, Lb. per sq. in. 
Coal, Lb. Draught at 
~ od = = ones Superheated Steam. 
0. of Grate ubeplate, . 
Front Back . Feed- Smoke- 
Anse pee Engine. Engine. in. of Water. water. box. Front Back 
Engine. Engine. 
' 
14 78-8 9-3 12-4 9-4 225-3 527-1 684-3 707°8 
18 82-9 9-9 12-7 9-3 225-4 539-0 699-0 722-0 
16 85-8 11-3 14-7 10-0 228-7 537-5 691-7 719-2 
9 | 86-5 11-9 14-8 12-5 226-5 541-6 703-3 728°3 
12 88-4 11-6 14-4 12-1 231-7 538-9 698-0 720-1 
8 89-5 10-1 13-3 9-7 223-7 539-6 700-7 726-1 
100 89-6 11-2 14-7 11°5 229-6 539-8 697-4 715-5 
13 90-7 10-5 13-2 11-6 230-6 537-7 697-7 725-0 
5 95-6 12-1 14-8 12-6 229-8 543-6 707-2 735-4 
108 96-3 — _— —_ = = = _— 
10 97-1 11-3 14-3 11-9 231-5 524-6 707-3 727-9 
106 99-1 11-4 14°5 11-4 231-8 553-2 709-6 730- 
102 100-6 11-3 15-2 12-8 230-1 539-6 699-0 714-1 
ll 101-0 10-7 13-8 11-8 229-0 544-0 708-0 734-0 
104 102-4 12-3 16-0 13-4 232-6 542-7 707-1 724-3 
7 106-5 11-4 14-4 13-06 228-5 545-4 701-2 721-3 
106 116-4 a — _— om wien one peed 
TABLE V.—FEED-WATER HEATER PERFORMANCE. 
Exhaust-Steam Conditions. Feed-water Supply Feed-water Temperatures, 
per Hour, Ib. deg. F. 
Test 
” P T ti F Added b 
ressures, ‘emperatures, rom ied by 
Lb. per sq. in. eg. F. From Tank. Total. Tank. Heater. Heater. 
Front Eng. | Back Eng. | Front Eng.| Back Eng. 
14 9-3 12-4 310-7 330-7 80,432 ,000 84-1 225-3 141-2 
18 9-9 12-7 322-0 338-0 77,358 84,823 83-1 225-4 142-3 
16 11-3 14-7 320-0 345-0 1,80 9,900 84-0 228-7 144-7 
9 11-9 14:8 348-3 361-6 76,454 ,480 75-5 226-5 151-0 
12 11-6 14-4 302-7 347-2 90,251 2,300 79-8 231-7 161-9 
8 10-1 13-3 323-0 351-4 81,508 89,570 90-2 223-7 133-5 
100 11-2 14-7 320-9 340-5 81,122 86,300 86-9 229-6 142-7 
13 10-5 13-2 338-1 353-8 0,634 95,200 76-7 230-6 153-9 
? 12-1 14-8 348-1 362-7 79,051 94,900 71-0 229-8 158-8 
10 11-3 14-3 339-1 354-4 91,325 00,800 80-0 231-5 161-5 
11-4 14°5 351-4 362-0 89,776 99,200 81-0 231-8 150-8 
102 11°3 15-2 325-8 342-2 93,214 »700 83-4 230- 146-7 
11 10-7 13-8 341-0 357-0 85,649 94,850 76-4 229-0 152-6 
104 12-3 16-0 338-4 356-5 92,018 99,480 83-0 232-6 149-6 
7 11-4 14-4 338-1 352-7 85,527 93,400 80-0 228-5 148-5 











draught in the ashpan naturally increased with the 
rate of working, but it was uniformly low, being 
(except for Test No. 9) always less than 1 in. of 
water. The average draught for each test ranged 
from 0-66 to 0-9 in. of water, approximately. For 
Test No. 9 the average was 1-02 in. The maximum 
draught recorded was 13-4 in., in Test No. 104, 
* “The Characteristics of Steam Boilers,” by R. H. 
Parsons, ENGINEERING, vol. 119, page 379 (1925). 








drawn through the plotted points shows a mean 
draught of from 10-8 to 13 in. of water. The effi- 
ciency of the steam plant was highest at a firing 
rate of about 11,000 Ib. of coal per hour, or about 
90 Ib. of coal per sq. ft. of grate area per hour. At 
this rate of working, the smokebox draught behind 
the diaphragm was 11-3 in., and the exhaust pres- 
sures at the rear and front engines were about 13 Ib. 
and 10 Ib. per sq. in. The corresponding evapora- 
tion was 85,000 lb. of water per hour. 


Throughout the tests covering hourly rates of 
firing and evaporation from 10,690 Ib. to 14,360 Ib. 
of coal and 84,480 Ib. to 100,800 Ib. of water, the 
smokebox temperatures were remarkably low, 
ranging only from 527 deg. to 559 deg. F. The factors 
controlling gas temperatures in the smokebox are 
firebox temperatures and firebox heat absorption ; 
also the heat from the gases liberated by the firebox, 
taken up by the tubes and flues, together with the 
heat transferred across the superheating surfaces. 
The tubes and flues in the case of this boiler are 
23 ft. long, which would also have a favourable effect 
on the efficiency of the heat transfer by the tubular 
surfaces, especially at the higher rates of firing. 

Locomotive boiler tests disclose the fact that, as 
the rate of firing advances, there is a greater or less 
increase in firebox temperatures, the point at which 
maximum temperatures are reached depending upon 
the completeness of combustion. The gas pro- 
duced per pound of fuel actually burned falls as the 
rate of firing advances, though the total gas produced 
per sq. ft. of grate area is ented until a point is 
reached where excessive fuel losses and inadequate 
air supplies limit the formation of further combus 
tion gases. So far as the firebox is concerned, these 
are fundamental characteristics and are of interest 
when smokebox gas temperatures are considered. 

In the case of this boiler, the front-end tempera- 
tures are not only low, but at the same time they 
vary little at all rates of working—facts indicating 
that, regardless of the rate of gas flow through the 
boiler, there is a constant absorption of heat per 
pound of gas flowing through the tubes and flues, 
and that the heat-absorption efficiency of the boiler 
is consistently high, as will be evident from the 
uniformly low front-end gas temperatures. Referring 
back to Fig. 4, it will now be clear that the falling 
off in efficiency is largely, if not entirely, due to the 
quantity of coal fired—coal that is, in fact, not 
burned. 

Curve a in Fig. 6, on this page, shows the relation 
between the rate of evaporation (lb. of water per 
sq. ft. of evaporative heating surface per hour) and 
the water evaporated per lb. of coal; it therefore 
indicates the evaporative efficiency of the steam 
plant as a whole, according to the rate of working. 
Fig. 6 also shows the temperature of the superheated 
steam, as furnished to the engines, the temperature 
of the hot feed, and the temperature of the front-end 
gases. The difference between the feed temperature 
and the temperature of the superheated steam 
corresponds to the heat transferred across the boiler 
and superheater heating surfaces, which is the total 
heat transferred less that lost by external radiation. 
The rate of evaporation in relation to the coal fired 
falls as the rate at which the water is evaporated 
per sq. ft. of heating surface advances, but the 
temperature difference between the feed water and 
the superheated steam remains almost constant. 
The front-end gas temperatures are considerably 
lower than the steam temperatures. The feed 
temperature is influenced by the temperature of the 
steam exhausted by the locomotive cylinders, which 
may be expected to increase with an increase in the 
superheated-steam temperature ; and, as will be seen, 
the average lines drawn through the plotted points 
for these two temperature records show that this 
was the case. Particulars of the temperatures of 
the boiler feed-water, the smokebox gases and the 
steam, are given in Table IV, herewith. The steam 
temperatures plotted in Fig. 6 are those recorded in 
the steam pipes at the steam chests of the rear-engine 
cylinders. 

Details of the performance of the feed-water 
heating system are given in Table V, herewith, 
which includes data relating to the exhaust-steam 
conditions, the amount of water taken from the 
tender tank, and that supplied to the - boiler. 
The temperatures of the water in the tank and 
as supplied by the heater to the boiler, and 
the beat added by the feed heater, are also 
included. The heat added by the feed heater 
varies from 142 to 158 deg. F., and the temperature 
of the feed varies from 223 deg. to a maximum of 
232 deg. F. The actualheat saving due to the feed 
heater is proportional to the heat required to gener- 
ate steam at a given pressure and temperature above 
the temperature of the cold feed, less 32 deg. F. and 
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the temperature added to the feed-water by the 
heater. To show the heat saving, Table VI, here- 
with, gives this information for two medium rates of 
evaporation (tests Nos. 14 and 100) and for two 
higher rates (tests Nos. 11 and 104). The heat 
savings are shown to vary from 10-6 to 11-3 per 
cent. The tank water temperatures were, in each 
instance, fairly high, varying from 76-4 deg. to 
86-9 deg. F. Tests Nos. 1] and 14 were made in 
July, and Nos. 100 and 104 were made in April 
and June, respectively. 

The particulars relating to the exhaust-steam 
conditions show that there was, in all instances, 
an appreciable superheat present in the steam as 
exhausted from the engine cylinders. For instance, 
in Test No. 14, the front-engine and back-engine 
exhaust pressures were 9-3 lb. and 12-4 lb. per 
square inch, respectively, and the temperatures 
were 310-7 deg. and 330 deg. F., representing 
73 deg. and 87 deg. of superheat. For Test No. 104, 
the superheat in the rear-engine exhaust reached 
105 deg. F. This wa@ga high-evaporation test 
when, the hourly evaporation was 99,480 Ib. of water 
per hour and the mean feed-water temperature was 
at its highest, being 232-6 deg. F. 

The pressures and temperatures of the steam 
delivered to the engines are given in Table ITI. 
This information applies to the steam in the steam 
pipes close to the steam-chests of the rear-engine 
cylinders. The steam from the superheater is 
first delivered to these cylinders, where part is 
divided and returns forward to the leading-engine 
cylinders, where, due to the increased length of 
piping, both the pressure and temperature of the 
steam are rather lower than those for the rear pair 
of cylinders. 

The steam pressures which were recorded at the 
front-engine steam-chests were, approximately, 5 lb. 
per square inch less than the steam entering the 
rear-engine steam chests. The pressure drop 
between the boiler and the rear-engine cylinders 
ranges from about 12 to 18 lb. per square inch and is 
usually about 14 Ib. per square inch. The greater 
part of this loss, which varies with the rate of 
steam flow, takes place during the passage of the 
steam through the superheater. There would, of 
course, be a small loss through the branch pipes in 
the smokebox and thence to the rear cylinders, 
probably not more than about 6 lb. per square inch. 
The steam temperatures are uniformly high, and 
the superheat in the steam at the rear cylinders 
ranges from a maximum of 327 deg. to a minimum 
of 298 deg. F. 

From Table IV, where the steam temperatures 
for the rear and front engines are shown, it will be 
seen that the front-engine cylinders receive steam 
at a rather lower temperature, the loss being from 
15-1 deg. to 28-2 deg. F. The relation between the 
temperature of the steam in the boiler and at the 
rear-engine cylinders is shown graphically by Fig. 7, 
on this page, which, in addition, also indicates the 
degree of superheat. The variations in the average 
boiler pressures are so small that it is difficult 
to plot boiler steam temperatures, which vary only 
slightly. 

The overall efficiency of the steam plant, which 
includes the feed heater, is not readily established 
from the test data, because the steam conditions 
at the superheated-steam side of the superheater 
header are not given. So as to provide a fairly 
correct estimate of the efficiency of the steam plant, 
based on the heat value per pound of “dry ” coal 
fired, the steam conditions at the back-engine cylin- 
ders have been taken, as representing the heat units 
produced per pound of steam generated. This 
allows a reasonably close estimate to be made, 
because the greater pressure loss is due to the super- 
heater, and the loss in superheat through the piping 
outside the smokebox to the cylinders would not be 
very great. 

Based on the heat in the steam as delivered to 
the steam-chests of the rear-engine cylinders and 
on the heat value of the dry coal, Table VII has 
been compiled ; it shows that, for Tests Nos. 14, 11, 
100 and 104, the efficiency of the steam plant ranged 
from 69-4 to 79-0 per cent. The tests cover firing 
rates of 78-86 Ib. of coal per square foot of grate 
area per hour (the lowest average rate for all the 
17 tests) and 102-48 Ib. of coal per square foot of 
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Evaporation. Feed-water Temperatures, deg. F. Heat in Steam, B.Th.U. per Ib. 
Heat 
Saving, 
As Generated . 
Water, Added 4 Required Per cent. 
Test Ib. per hour. | In Tank. FE ag oo by gw — to Generate, 
No. eg. F. emp. Heater. ove, °°: | B.Th.U. per lb. 
_— a 
C= E = . G= 7 
A B B— 32 D D-B F F-—C = x 100 
| ’ 
14 88,000 84-1 | §2-1 225 141 1,375 1,323 10-6 
1l 94,850 76-4 | 44-4 229 152 1,387 | 1,342 11-3 
100 86,300 86-9 54-9 229-6 142-7 1,378 | 1,323 10-7 
104 99,480 83-0 | 61-0 232-6 149-6 1,382 | 1,331 11-2 
TABLE VII.—BOILER EFFICIENCIES. 
Evaporation. ae oe tes = Heat Heat 
Firing Rate, Coal ‘ Ate n given Steam- 
Test Ib. per sq. ft. of — . = Steam, to Plant 
No. Grate Area per er lb. o per lb. B.Th.U. Steam, | Efficiency, 
Hour, sea’ “ee Dry Coal, Dry. Tank. PE im Above B.Th.U. | percent. 
‘ Ib. ~ deg. F.) 39 deg. F.| per lb 
As Fired. Dry. 
14 78°38 77-4 88,000 8-4 14,029 84-1 52-1 1,375 1,323 79-0 
ll 101-0 100-05 94,850 7-01 13,998 76-4 44-4 1,387 1,343 67-3 
100 89-6 87-0 86,300 7°31 13,657 86-9 54-9 1,378 1,323 71-0 
104 102-4 100-0 99,480 7-36 13,542 83-0 51-0 1,382 1,331 72-0 





























grate area per hour. The highest rate, however, 
was attained during Test No. 106, when 116 lb. of 
coal were fired per square foot of grate area per 
hour. This was one of the short runs from Russell, 
Kentucky, to Robbins, Obio, when complete data 
were not recorded. In view of the relatively high 
rates of firing, the efficiencies would appear to be 
very satisfactory, especially when it is remembered 
that the heat in the steam as generated would be 
somewhat higher in the superheated-steam side of 
the header. 

The relation between the evaporation per pound of 
coal “as fired,” the coal required per horse-power 
at the tender drawbar, and the thermal efficiency 
of the locomotive, is shown in Fig. 8, herewith. 
These data are plotted on the basis of the coal as 
fired per square foot of grate area per hour, and 
apply more to the performance of this particular 
locomotive as a complete unit than to the boiler 
performance. At the middle rate of working, i.e., 
when firing at the rate of about 90 lb. of coal per 
square foot of grate area per hour, the locomotive 
efficiency, based on the heat content per pound of 
dry coal fired per hour, is just below 6 per cent. and 
the coal (“as fired”) required per horse-power 
developed is 3-25 lb., the ratio of water to coal being 
7-6:1. In general, the curves in Fig. 8 for the 
boiler performance, the uppermost line in the dia- 
gram; the combined boiler, engine and mechanical 
performance, as represented by the second line ; 
and the boiler, engine and mechanical perform- 
ance combined overall efficiency, shown by the 


lowest of the three curves, indicate what may be 
expected from these locomotives when operating 
maximum-tonnage trains at normal speeds and 
conditions of working. 

It is most unusual for such very extensive data 
as were recorded during these tests to be obtained 
during trials under actual operation on the road ; 
and it is thought, therefore, that the diagrams and 
tables given above, witb the accompanying explana- 
tory notes, may be of some interest and value. 





INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—The summer meeting of the Institution of Heating 
and Ventilating Engineers will be held from Saturday, 
June 16, to Tuesday, June 19, in Buxton. On the first 
day, at 2.30 p.m., there will be a welcome at the Palace 
Hotel by the Mayor of Buxton and this will be followed 
by a paper on “ Social Aspects of Heating and Ven- 
tilating,’’ by Mrs. P, G. Allen. On Sunday and Monday 
morning various tours and items of a social nature have 
been arranged. On Monday afternoon, visits will be 
paid to laboratories and works in Manchester, Stockport, 
Macclesfield, and elsewhere and, in the evening a civic 
reception will be held at the Palace Hotel. On Tuesday 
morning, at 9.30, there will be a general meeting of 
members at the Palace Hotel, when Professor H. Wright 
Baker will give an address, to be followed by a paper, 0D 
“Heat Treatment of Welds in Pipe Lines,” by Mr. 
A. H. Goodger. The afternoon will be devoted to visits 
to pottery works in Stoke-on-Trent, and the meeting will 
terminate with the official banquet of the Institution at 
the Palace Hotel at 7.15 for 7.30, on the evening of 
Tuesday, June 19. The offices of the Institution are at 
75, Eaton-place, Londdn, S.W.1. 
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Engineering Hydraulics. 

Edited by PRoFEssoR HUNTER RovsE. Proceedings 

of the Fourth Hydraulics Conference, Iowa Institute of 

Hydraulic Research, June 12 to 15, 1949. John 

Wiley and Sons, Incorporated, 440, Fourth-avenue, 

New York 16, U.S.A. [Price 15 dols.]; and Chapman 

and Hall, Limited, 37, Essex-street, London, W.C.2. 

[Price 120s. net.] 

ENGINEERS who have had occasion to consult 
Jaeger’s Technische Hydraulik will have concluded, 
no doubt, that an English counterpart was badly 
needed and, therefore, they should welcome the 
publication of Engineering Hydraulics under the 
editorship of Dr. Hunter Rouse, Professor of Fluid 
Mechanics at the lowa Institute of Hydraulic 
Research. Criticism which might have been dis- 
closed by a serious analysis of this work has been 
forestalled by the presentation and discussion of its 
contents at the Fourth Hydraulic Conference at the 
Iowa State University in 1949. This method of 
preparation has much to commend it, and might 
be adopted with advantage for other subjects with 
a wide scope, such as hydro-electric engineering. 

The individual contributors need no introduction 
to those whose work brings them in daily contact 
with the applications which are covered in this 
comprehensive report on current American research, 
applied to practical hydraulic problems. Although 
fundamental principles are emphasised, each chapter 
summarises many details in various fields which 
hitherto have been scattered throughout the litera- 
ture. The development is logical, and easy reading, 
either for general purposes or in the search for a 
lead on to specific problems, is facilitated by clear 
printing, an adequate bibliography and an excellent 
literary style, with mathematical treatment within 
the scope of most hydraulic engineers. It is clear 
that empirical methods and data are now being 
placed on a scientific basis and the research engineer 
will be glad that no attempt has been made to con- 
ceal those phases of hydraulics where knowledge is 
lacking. The presentation of these questions, 
however, provides food for further thought and 
stimulates a desire for expansion of the scope of 
the individual chapters. The inclusion of numerical 
examples illustrating practical application is parti- 
cularly valuable in that they provide the design 
engineer with a better appreciation of the magnitude 
of the quantities which may be involved than 
mathematical equations alone. These are supple- 
mented by excellent graphs, many of which are on 
a non-dimensional basis, for general applications. 

The text covers all aspects of hydraulics and, 
though adequate for immediate needs, forms a 
valuable introduction to more advanced treatises 
on such subjects as hydrology (Chapter 4), flow of 
ground water (Chapter 5), flood routing (Chapter 
10), and sediment transportation (Chapter 12), 
covered by such recent books as Foster’s Rainfall 
and Runoff, and Lindsley, Kohler and Paulus on 
Applied Hydrology. Chapters 2 and 3, dealing with 
flow measurement and hydraulic similitude, respec- 
tively, will be found useful companions to Addison’s 
Hydraulic Measurements and Allen’s Scale Models 
in Hydraulic Engineering. 

It is often possible to assess the value of a book 
of this general character by a search for informafion 
on a specific topic where the problems may embrace 
several fields of investigation. In this instance, 
hydraulic gates were selected as an item of imme- 
diate interest. Chapter 1, on ‘Fundamental 
Principles of Flow,” disclosed references to discharge 
coefficients and flow-nets for sluice gates, and 
Chapter 2, on ‘‘ Flow Measurements,” referred to 
their use as measuring devices. Chapter 8, covering 
‘Channel Transitions and Controls,” treated flow 
under sluice, Tainter and rolling gates, head /flow 
relationships for free and submerged discharge, 
Surface pressure distribution and loading, form of 
gate lip and vibration. Though not an exhaustive 
treatment of a rather specialised subject, it is 
clearly satisfactory, and it is evident that other 
matters are equally well treated. 

The review of “Steady Flow and Surges in 
Pipes ” (Chapters 6 and 7), as well as those dealing 
with “Steady and Varied Flow in Channels” 





(Chapters 8 and 9) and ‘‘ Wave Motion ” (Chapter 
12), will repay study, even by experienced engineers. 
These chapters also deal with cavitation and 
complex pipework systems, in addition to the 
treatment of friction losses and other questions. 
Channel flow characteristics, hydraulic jump, back- 
water curves, submerged outlets, stilling pools 
and bucket energy dissipators are clearly illustrated, 
and frequent use is made of the Froude Number and 
other non-dimensional characteristics for practical 
problems. The final chapter, dealing with pumps, 
turbines, propellers, hydraulic couplings and con- 
verters, forms a useful conclusion, with an interesting 
glimpse into the possibilities of the dual-purpose 
turbine pump. The binding and the comprehensive 
index do much to enhance the value of an excellent 
book which, except for its high cost, is likely to 
become a vade-mecum for both the expert in active 
practice and the student. It fills a distinct gap in 
English technical literature. 





Fundamentals of Acoustics. 

By PROFESSOR LAURENCE E. KINSLER and PROFESSOR 

AusTIN R. FREY. John Wiley and Sons, Incorporated, 

440, Fourth-avenue,, New York 16, U.S.A. [Price 

6 dols.]; and Chapman and Hall, Limited, 37, Essex- 

street, London, W.C.2. [Price 48s. net.] 

SEVERAL acoustics texts of degree standard have 
been published in this country and in the United 
States during recent years, and this, the latest 
addition to their number, has several features to 
recommend it. Both authors are professors at 
the United States Naval Postgraduate School and 
one is an electronics specialist ; so that, as might be 
expected, the close association between acoustics and 
communications engineering receives special empha- 
sis, while extensive use has been madv of equivalent 
electrical analogues, Their primary aim has been 
to familiarise the reader with the fundamental 
concepts and terminology of acoustics and with 
the methods employed in attacking problems 
arising in connection with the generacion, trans- 
mission and reception of acoustic waves. Purely 
musical aspects of acoustics are not considered. 

The first nine chapters cover the indispensable 
groundwork starting with simple harmonic motion, 
in which the treatment of beats might with advan- 
tage have been amplified. Some acquaintance with 
Fourier series is assumed in the discussion on the 
transverse vibration of strings, in the course of 
which a dz is omitted at the foot of page 41, while 
(ct — a) appears in place of (ct — x)* on the following 
page. Vibrations of bars subject to various con- 
straints and of circular membranes and plates are 
clearly treated, while commendable care is taken 
to exhibit phase relationships between the para- 
meters concerned in the propagation of acoustic plane 
waves. The chapter on transmission phenomena 
embraces normal and oblique incidence, trans- 
mission across interfaces separating different media 
and across junctions involving changes in area. 
The chapter on spherical acoustic waves introduces 
beam width and directivity index and includes 
consideration of reaction on a vibrating piston and 
radiation impedance. The account of resonators 
and filters is based on the standard electro- 
acoustical analogues and is illustrated by numerical 
examples and graphs. Chapter 9 deals with the 
absorption of sound waves resulting from viscosity 
and heat conduction with particular reference to 
pipes and capillary tubes and ends with a brief 
section on molecular absorption. 

The remainder of the book is devoted to applica- 
tions and comprises seven more or less self-contained 
chapters. The first two deal, respectively, with 
direct radiator and horn-type loud-speakers; in 
them, representative cone mountings and different 
models of horn are discussed in detail, with the 
approximations valid over certain frequency ranges 
clearly brought out and indications on the measure- 
ment of frequency response characteristics. This 
is followed by a chapter covering the theory of the 
carbon, condenser, crystal, moving coil and ribbon 
classes of microphone in which the advantages and 
disadvantages of each are stated and the procedure 
for the reciprocity calibration of a microphone is 
described. The essential facts concerning the 


‘anatomy of the human ear and the mechanism of 


hearing are summarised in the next chapter, bearing 





the title ‘‘ Psychoacoustics.” Architectural acou- 
stics is dealt with first from the ray and then by the 
wave approach. As might be expected, the chapter 
on underwater acoustics, to which both authors 
have contributed, is excellent. The concluding 
chapter, on ultrasonics, includes a detailed analysis 
of the piezo-electric oscillator and mentions its 
main applications. 

In general, formule are derived from first prin- 
ciples with all the essential steps in evidence, though 
an occasional “it can be shown”? is left as an 
exercise. Only in a few quite justifiable instances, 
as, for example, on pages 100 and 255, are equations 
written down without proof. The sets of problems 
are comprehensive and searching, though answers 
are not supplied. The appendix, containing essential 
tables of physical constants and mathematical func- 
tions, is followed by a glossary of symbols. The 
index, while usually adequate, contains no mention 
of Rayleigh or of impedance matching. 





The Thermal Testing of Steam Boilers. 

By LEsLIE S. Brown. Sir Isaac Pitman and Sons, 

Limited, Pitman House, Parker-street, Kingsway, 

London, W.C.2. [Price 18s. 6d. net.] 
Tuovex the figures obtained from an elaborate 
boiler test may have little relation to the everyday 
efficiency with which the plant is operated, such tests 
are occasionally necessary to verify the guaranteed 
efficiency of a new installation. The purpose of 
Mr. Brown’s book is to indicate the way in which 
complete boiler tests should be carried out, and how 
the data acquired can be used to draw up a balance 
sheet showing in detail how the heat in the fuel is 
disposed of. Since the reader is supposed to know 
enough about the subject not to need any description 
of the various instruments required for a boiler test, 
and to be able to dispense with any instruction 
concerning the determination of calorific values, the 
analysis of flue gas or the measurement of the wet- 
ness of steam, the review of different types of boiler 
with which the book begins seems hardly necessary. 
Those depicted range from little vertical boilers, 
with outputs of a few hundreds of pounds of steam 
per hour, to a Loeffler boiler with a maximum rating 
of 210,000 Ib. per hour at 2,000 lb. per square inch 
pressure, the illustration of which has been repro- 
duced (without acknowledgment) from a Plate 
originally published in Enorverrine. Among the 
general notes on boiler testing, in the next chapter, 
is a recommendation that the feed water should be 
measured in calibrated tanks ; the method of direct 
weighing is not mentioned. The reason given for 
maintaining a constant water level in the boiler 
under test is that “‘it eliminates the necessity for 
priming and the poor quality of steam that results 
from fluctuations.’’ Another remark, that “‘ radia- 
tion losses vary inversely as the rate of combustion,” 
seems a misleading way of expressing the fact that 
they are substantially constant at all loads. An 
important part of the book is devoted to the cal- 
culations required in preparing the heat balance of a 
large Lancashire boiler. The boiler was mechani- 
cally fired and provided with steam jets under the 
grates. The steam consumptions of the jets and of 
the feed-pump are given, though the reader is not 
told how the figures were obtained. The author 
does not consider the steam used in the jets as a 
loss, and debits the boiler with only the almost 
negligible amount of heat required to superheat the 
jet steam to the exit temperature of the flue gases. 
The losses from exposed surfaces are calculated from 
temperature measurements taken on contiguous 
patches of the boiler and brickwork, to which is 
added the heat loss through the foundations, com- 
puted from a formula given. The total thus arrived 
at amounts to only 2 per cent. of the heat in the fuel, 
and over half of it is attributed to the foundations ; 
but the author evidently attaches little weight to 
the result, for he suggests that a figure of 5 per cent. 
would probably be nearer the truth. Further 
examples of calculations based on test data are 
given with regard to an oil-fired ‘‘ Economic” 
boiler with superheater; a water-tube boiler with 
economiser and air-heater, fired by coke+ven gas ; 
and a boiler of the locomotive type, burning wood 
refuse. Data regarding steam and combustion, 
together with a number of charts for estimating heat 
losses, are given in appendices. 
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THE APPLICATION OF 
ADMITTANCE METHODS IN 
THE CLASSICAL THEORY 
OF SMALL OSCILLATIONS. 


By D. C. Jounson, M.A. 


THE concept of mechanical admittance in vibra- 
tion problems is analogous to that of electrical 
admittance in problems on alternating-current net- 
works. Admittance methods were first applied to a 
dynamical problem by Carter* in a study of the 
vibration of an aero-engine crankshaft and propeller. 
Their application bas been extended by several 
writers, notably Biott in America and Duncantf in 
Great Britain. A recent publication§ presents the 
main scope of the process. The idea has been used 
chiefly, however, for the solution of numerical 
problems. It is shown in the following that prob- 
lems in mechanical vibration can be treated formally 
by admittance methods, and that such methods 
reduce the necessary algebra considerably. No 
attempt has been made to render the proofs mathe- 
matically rigorous ; the object of the treatment is to 
present the theorems in such a way that their 
physical significance will be more easily appreciated. 

In what follows, a mechanical system, or simply a 
system, means any arrangement of elastically con- 
nected masses. The treatment will be confined to 
the field that is covered by the classical theory of 
small osvillations ; that is to say, the displacements 
are considered to be sufficiently small for the 
restoring forces to be linear, and oscillations take 
place about a position of stable equilibrium. 
Although the admittance method is applicable to 
systems containing frictional forces, the treatment 
here will be concerped with conservative systems 
only. 

If the co-ordinate xz represents the displacement of 
one particular point of a system, and if a periodic 
force represented by Pe‘? is applied at the point 
in the direction of x, then for steady motion it is 
possible to find a quantity such that 


zr=aPeiwt 


a is called the admittance at x. It will be a 
function of w, and for conservative systems it will 
be a real function. It should be noted that the 
true analogue of electrical admittance is the ratio 


dx 
at 
Peowt 
The use of displacement instead of velocity is 
preferred because it is the quantity with which the 
engineer is more directly concerned. Some simple 
examples of admittance will now be given. 
The oscillator of Fig. 1 has a mass M and a spring 





* B. C. Carter. ‘“‘ The Vibration of Airscrew Blades 
with particular reference to their Response to Harmonic 
Torque Impulses in the drive.” Reports and Memoranda 
of the Aeronautical Research Committee No. 1758. 

t M. Biot. Coupled Oscillations of Aircraft Engine 
Propeller Systems. Journal of Aero. Sci., No. 9, July, 
1940. 

~ W. J. Duncan. “The Admittance Method for 
Obtaining the Natural Frequencies of Systems.” Phil. 
Mag., vol. 32, Series 7, November, 1941. ‘“‘ Free and 
Forced Oscillations of Continuous Beams: Treatment 
by the Admittance Method.” Phil. Mag., vol. 24, 
Series 7, January, 1943. 

§ W. J. Duncan. ‘“ Mechanical Admittances and 
their Applications to Oscillation Problems.” Reports and 
Memoranda of the Aeronautical Research Committee, No. 
2000. 
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constant A. If M is acted on by a vertical force 
P, eft, then 
MZ, + Ax, = P,etwit 
whence 
P, et wt 
A-Mow” 

where 2, is the vertical displacement of M. Thus 
the admittance at z, is oe This admittance 


will become infinite at the resonant frequency. 
This means that a finite motion of the system is 
possible at this frequency with no applied force ; 
or in other words that the system will vibrate 
at its natural frequency. The admittance of the 
same system at the top of the spring can also be 
found if it is supposed that this point can be moved 
up and down and that a force P, e**¢ is required at 
the top to maintain the motion. Writing x, for the 
displacement of the top of the spring and omitting 
the e*¢ factors for simplicity, we have 


A(x, — %) = Py 


ae | 


A(x, — 22) - Mw? x, = 0. 
On eliminating x, from these equations, we obtain 
Zz A-Ma? 
P, ~ “Moa 

This becomes zero at that natural frequency which 
corresponds to the top of the spring being fixed ; 
this means that oscillation of the system at this 
frequency is possible with x, = 0, though a finite 
periodic force will have to be applied at x, by the 
foundations to which the system is attached. 

One of the uses of the admittance function is 
illustrated by the calculation of the natural fre- 
quency of the system of Fig. 2. The three masses 
are supposed to rest on a smooth horizontal plane. 
The admittance at x, may be written down directly, 
Xs being the displacement of M;, as shown. Using 
the result of the previous example, the admittance 
at 2; is 

1 

A, M, w? A, M, w* ’” 
4, —M,o* A, —M,w? 
because it may be shown that if a system is equi- 
valent to a combination of two systems possessing 
one co-ordinate in common, the reciprocal of the 
admittance on that co-ordinate is obtained by 
adding the reciprocals of the admittances of the 
individual systems there. Thus, the natural fre- 
quencies of the system are giver by the vanishing of 
the denominator of the above expression. 

Further, the admittance at 2z,, also, may be 
found without forming the equations of motion. 
This admittance must become infinite at the same 
natural frequencies as does the admittance at 2; ; 
it must therefore have 
(Ay — My w*) (Ay — My w*)M, w? + A, My (Ag — My w*) w? 

+ AgMy (Ay — My w*) w® 
as a factor in its denominator. It must also vanish 
at those frequencies for which free oscillation can 
take place with x, zero; in other words, at the 
natural frequencies when M, 1s infinite. Thus, its 
numerator must contain the factor 

— (Ay — M, w*) My w* — A, M, w® + A, (Ay — My w*) 
which is obtained by taking only those terms in the 
previous expression which contain M, as a factor 





g= — 
— M,w? — 








. 3 
a 


The required admittance is the quotient of the two 
expressions multiplied by some constant factor, for 
no other zeros or infinite values can be present. 
The factor can be found from the value of the 
admittance for very small values of w, for, since 
the system must then behave like g rigid body, the 
admittance must be 

1 

— (Mf, + M, + My) wo 
Hence the admittance is 
M, My w* — (Ay My + Ay M, + Ap M,) w® + A, A, 
[M, M, M, w* — (A, M. Ms + A, M, Mg 

— ow + A,M, M, + A, M, M,) w? 

+ A, A, (My + M, + Mg) 
By a similar process admittance expressions for more 
complex systems may be built up. 

The idea of admittance as the ratio of the dis- 
placement at a point to the force applied at that 
point can, be extended. In general, a force applied 
at any point will produce movement throughout the 
system ; if two co-ordinates of a system are x, and 
x, then a force P, at x, will produce a displacement 
at 2, given by 








Zz = a (12) P, 

where « (12) is a quantity dependent on, the system 
and is called a cross admittance.* To avoid con- 
fusion, the admittances that have been, considered 
above are sometimes called driving point admit- 
tances, or direct admittances ; it follows from their 
definition that they should be denoted by « (11), 
a (22), ete., to be consistent with the notation for 
cross admittance ; this system will be used hence- 
forward. 

As an example of cross admittance, consider a 
system of two masses M, and M, connected by 4 
spring of stiffness A. A periodic force, P,, is applied 
to M,. Let x, denote the displacement of M, and 
x, that of M,. The equations of motion are 

(— M, w? + A)a, = Ax, 

(— M,w* + A) a, = Az, + Py, 
whence 

A 
M, M, w* — (M, + M,) Aw 


This expression is symmetrical in M, and M,, as is 
to be expected. 

In one of the examples above, the fact has been 
used that, if two systems possess a common C0- 
ordinate, then the driving point admittance of each 
at that co-ordinate may be used to determine the 
natural frequencies of the combined systems; it 
may be shownt that if two systems have two 
common co-ordinates, then both the driving point 
and cross admittances are required to form the 
frequency equation. 

The systems which have been discussed above 
can be divided into two types, which may be called 
free and held ; the system of Fig. 2 is a free system 
and that of Fig. 1 is held. The classification of a 
system may depend upon which of its co-ordinates 
is being considered ; an example of this is shown in 
Fig. 3, where two flywheels are joined by @ shaft 
that is free to rotate in its bearings but is located 


* The quantity is also called “ transmittance ” and 


“ transfer admittance.” 
+ Duncan, loc. cit. (Phil. Mag.). 
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longitudinally by the left-hand bearing. The 
system is free as far as torsional vibration is con- 
cerned, but it is held for longitudinal vibration of 
the right-hand flywheel. The characteristic which 
distinguishes a free system is that its driving point 
admittance is infinite at zero frequency; meaning 
that a continuous rotational or linear motion of the 
whole system as a rigid body is possible. A held 
system has a finite driving point admittance at 
zero frequency, this being, in fact, the ratio of 
elastic deflection to force at the driving point. 

In problems on electrical networks it is usual to 
obtain the equations for the currents and voltages 
by using Kirchhoff’s laws; from these equations 
expressions for all the impedances may be derived. 
In mechanical systems there is no equivalent to 
Kirchhoff’s laws, and while the direct methods used 
above are often applicable, in more complex cases 
Lagrange’s method is the most convenient. 

If a system has n degrees of freedom it is necessary 
to have n co-ordinates to specify the position of 
its parts, and these will be denoted by gy qa 9 

: + Q,: If these co-ordinates ate chosen so that 
they are all zero when the system is at rest in 
equilibrium, and if the displacements from equili- 
brium, are small, then it can be shown* that the 
potential and kinetic energies, V and T, may be 
written in the form 


2V =cy gi t+cegai t+... 
2T = 4,9? + Qygq) + eiaceé 


+ 2CygQdg+.-- 
+ 2 Gyo ds Ge + wo 
respectively. 

The equations of motion in Lagrange’s form are 


s(sz) - ge? 
at\8¢,) 8a, =" 


where L=T—V. The equations are, therefore, 


r=1,2,,..% 


Oy Gy + Cy.) + Oy Gy + Cypdg +... = Fy 
Gq Qy + Cy, My ——_— +Cogdg t+... = Fy 
3,0, +... ete. 


Where ag, is written for a,, in the second line in 
order to preserve the symmetry, and where F,, F,, 
etc., are the ‘‘ generalised ’? external forces which 
are applied to the system. 

For the case when 


F, = Q, ef ot and F, =Fs;,..=0 





* Higher Mechanics. By H. Lamb, Chapter 11. 
Cambridge University Press. 
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the equations become 
(Cy, — yy w*) Qy + (Cyg — Ayq w*)Gg +... = Q, (1) 
(Cg, — Gqy w*) Gy + (Cog — Ggq w*) Gg +... = 0 
(Cg, eee -= 0 


where the eft term has been omitted for simplicity. 
These differential equations form a set of linear 
simultaneous equations and may be solved for q,. 
The value obtained is 
Qu Cig — Gyn W*, Cag 
O, Cag — Ogg w*, 
O, Cag — Gg w, 


— Gig w’, 





one 2 ores see 
Cy, — Gy, w*, Cyp — Ayq w*, Cg — Gyg w*, . . 


Coy — Ggy W?, Cog — Ogg w*, ... 


which will be written 
A 

= Qa * 
where A is the determinant of the coefficients of 
the q’s in the equations (1) and A,, is derived from 
this determinant by omitting the first row and the 
first column. Thus, 
q _ Au 
11)=— = —, 
a (11) .* A 
which gives the driving point admittance at q, in 
determinant notation. Similarly, the cross admit- 
tance « (r s) can be obtained in the form 


a(rs) = Aa, 


where A,, is the minor of the coefficients of q,, in A 
obtained from A by omitting the rth row and sth 
column and multiplying by (—1)'+*. It will be 
shown later that the admittances may also be 
obtained in other algebraic forms. For the present 
it is only necessary to remark that the admittances 
in a conservative system, as is clear from the forms 
obtained above, are real single-valued quantities for 
all real values of w. 

Several important facts can be deduced by con- 
sideration of the shape of the graph of the reciprocal 
of one of the admittances plotted against w. The 





axis of w will be taken vertical and a my for a 
driving point admittance plotted; the curve will 
start at the origin for a free system, or at some 
finite positive value for a held system. If the 
system has n deg. of freedom, then the equation 
A = 0 will be of the nth degree in w*, and the equa- 
tion A,, = 0 will be of the (n — 1)th degree. There 
will therefore be points at which the admittance 
becomes infinite and »—1 points at which it 
vanishes ; further the admittance will change sign 
as it passes through a zero or infinite value. More- 
over, all these points will correspond to real positive 
values of w*, for a negative value of w* would imply 
an imaginary w and therefore a real exponential 
as a root of the differential equation, which would 
mean that the system was not stable, as has been 
supposed. Again, a complex value of w* would 
correspond to a damped motion, which would 
conflict with the assumption that the system is 
conservative. 

Suppose, for the purpose of argument, that the 
admittance diagram for a held ‘system in which 
n == 3, is represented by the curve in Fig. 4, opposite. 
It will be found that this curve fulfils all the require- 
ments mentioned above. If such a system is now 
modified by the addition of a concentrated mass M 
at the point at which the admittance is measured, 
co-ordinate % say, then the new admittance will be 


me : 
given by ——— wane sai ~ Mw*. It will not be 


necessary to draw the curve of — wan in order to 


find the new natural frequencies; it will be 
sufficient to draw on the same diagram the graph 
of ~=Mat. The points of intersection of the 
new curve with the old one will be the roots of 
aii = M w?* and will therefore give the required 
natural frequencies. The curve of M w? is shown 
dotted in Fig. 4. Alternatively, the original system 
may be modified by attaching to it, at the same 
point, a spring which has its other end fixed. If 
this is iar the new admittance will be given by 


: + A, and this time the new fre- 


a’ (ll) a a 

quencies can be found by drawing the line 
= = — Aon the diagram; it is shown chain dotted 
in Fig. 4. 


The original curve in Fig. 4 has been drawn s0 
that the points where the admittance vanishes 
occur alternately with those where it becomes 
infinite. It follows from further consideration of 
the method of the last section that this must neces- 
sarily be so, for if two roots of A =0 were not 
so separated, the curve would contain a branch as 
shown in Fig. 5. Ifa system having such a charac- 
teristic were modified by the addition of a spring 
of stiffness A as discussed in the last section, then 
it would be possible to find values of A for which 
the chain-dotted line would cut the curve in one 
point “vs ; this would correspond to two of the 


cab + A= 0 becoming complex and we 


have seen that this is not possible. By similar 
arguments involving the modification of the system 
by additional springs or masses it can be shown 
that all forms similar to the upper curve illustrated 
in Fig. 6 are impossible. Curves of the form shown 
at the bottom of Fig. 6 are also impossible, because 
they would imply that « (11) was not single valued 
in certain ranges. From these considerations it 
follows that the slope of the reciprocal admittance 
curve is of one sign at all points ; furthermore, the 
sign must be negative, for a positive sign would not 
permit, for instance, three zero values and two 
infinite values for the curve of Fig. 4. 

It can be seen directly from the above arguments 
that the addition of a mass to the system will lower 
all the natural frequencies, except that it may in 
certain circumstances leave some of them unaltered. 
This exceptional case is when the mass is added at 
a 

When, an additional spring is attached to a 
system, its other end being fixed, it follows, similarly, 
that all the natural frequencies are raised. By an 
extension of the argument, the addition of a spring 





between any two points of the system will have the 
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same effect; for we can imagine the same result 
to be obtained by a massless linkage fixed between 
the two points and so arranged that the motion of 
one point on the linkage is proportional to the 
displacement between the two original points. If 
the spring were then attached to this point an 
increase of all the natural frequencies would result. 

In Fig. 7, page 651, A represents a mechanical 
system with any number of degrees of freedom, 2, 
being one of its co-ordinates. The system is attached 
at x, to the mass M, which is itself attached to the 
spring of stiffness A, the other end of which is fixed. 
It can be shown that as a result of this coupling of 
the systems together, all the frequencies of A 


which are above Pa = will be lowered, while all 


the frequencies which are below this value will be 
raised.* The original natural frequencies of the 
system correspond to the ordinates of the points 
1, 2, 3, 4, 5 in Fig. 8, page 651. The modified fre- 
quencies will be 1’, 2’, 3’, 4’, 5’; and the theorem 
follows by inspection of this diagram, bearing in 
mind the rules which we have deduced for the shape 
of the admittance lines. 

If two systems in combination have a common 
co-ordinate, then the diagram of the reciprocal of 
the total driving point admittance in the common 
co-ordinate may be obtained by adding the curves 
for the separate systems. If these two curves have 
a common asymptote then one branch of the 
resultant curve will be a horizontal straight line ; 
this result corresponding to the fact that there 
will be a mode of vibration with a node at the 
common point of the two systems. Ifa third system 
is now coupled at this point, it follows that the 
frequency corresponding to the straight branch will 
be unaltered. Thus the diagram illustrates in a 
simple way that the attachment of a new system 
to a node has no effect on the frequency for which 
the node occurs. 

It has been shown that any mechanical admit- 
tance may be expressed as the quotient of two 
determinants and that for a conservative system 
these determinants may be expanded into poly- 
nomials in w* of which all the roots are real and 
positive. The numerical determinations of these 
roots may in practice be very tedious, but this does 
not prevent them from being written as algebraic 
symbols and used as if their values were known. 
Writing accordingly wi, wi, w3 . . . as the 
roots of the equation A=0, and 03, 3, 02 

. as the roots of A,, = 0 gives 
K (w* — Q%)(w* — OF .,. (w? - Q2_) 


a (rs) = 
(w? — w?) (w* ~ w?) cee (w— w?) 





e460 te 
where K is a constant having the dicanitieas ‘of 
M-*. Its value could be found in terms of the 
w, and O/s if the value of « (rs) at zero frequency 
were known, and it has already been pointed out 


that for a held system 
a (rs) 


of the elastic stiffnesses of the system when w = 0 ; 
similarly, for a free system, one of the w vanishes 





is expressible in terms 


and « (rs) will tend to = as w->0, where I is 


equal to the effective inertia of the whole system 
moving as a rigid body. The form (2) is sometimes 
employed in experimental work, where the quantities 
w, and (2, may be determined by test fairly easily 
and may then be used to calculate the value of 
a(rs). A purely experimental determination of 
« (r 8) is rather more difficult. 

It is also possible to express the right-hand side 
of equation (2) in partial fractions, thus 


wre) ~ —“2i ,. LAs eee 


w* — w? w* — w} w* — w* 

If, therefore, the system is acted upon by e single 
periodic force at x,, say, expressions for the ampli- 
tude of motion in all the co-ordinates of the system 
may be written thus :— 

a = Pa (11) = PA 4 As el 
w*— wh w*— w? 
2, = Pa(l2) = a Sette ted-wdie 


— oe ee | 
aw @, w Ws 








(3) 








* Theory of Sein’, - Lora Rayleigh. Second 
edition, page 121. 








Now, if the frequency of P approaches one of the 
natural frequencies of the system, that is, if w 
approaches w,, say, then the component =a, 

a” — @, 
of x, becomes very much larger than the others, 
and the same is true of the corresponding term in 
each of the other expressions. In the limiting 
case when the magnitude of P is reduced indefinitely, 
the motion of the system becomes a free vibration 
at the natural frequency, w,, and the ratio of the 
amplitudes of all the co-ordinates will be given by 

yi N_giky. . - pi: Ap: Bp: Cy: ... 
Such a motion is called a normal mode of the 
system ; there will be as many normal modes as there 
are natural frequencies, and equation (3) shows that 
the motion at any other frequency is a combination 
of all the principal modes. 

It has been shown that any steady harmonic 
motion of a system due to the action of a single 
periodic force can be regarded as being composed 
of a number of components, each one corresponding 
to one of the normal modes. It follows by direct 
addition that a motion of the system due to any 
number of external forces can be similarly expressed. 
It is often convenient to express the motion in one 
principal mode by a single variable ; such a variable 
is called a principal co-ordinate, and any configura- 
tion of the system may be expressed in terms of 
the principal co-ordinates, because they are equal 
in number to the degrees of freedom of the system. 
If 1, Po, Ps - + + Pyare written for the n principal 
co-ordinates, this means that a displacement corre- 
sponding to p, = 1, andp,=p,=.. . =Ois 
a displacement of the system in its first mode, there 
being an arbitrary multiplier to fix the meaning of 
unit amplitude. 

The principal co-ordinates are linear functions of 
the original generalised co-ordinates. It follows 
that the kinetic and potential energies, T and V, 
may be written 

2T =a) pi+aipt+... 
+2a/,,P,+... 
and 
2V =<, Py + Che Ps 
+ 2c ppt... 
but it can be shown that in this case all the coeffi- 
cients of the product terms, namely, a{,, c{s, etc., 
vanish. This can be deduced by supposing that the 
system is oscillating in two principal modes simul- 
taneously, each one at its appropriate frequency ; 
that such a motion is possible follows from the 
linearity of the original equations of motion, for 
the motions due to two vanishingly small forces, 
pulsating at two of the natural frequencies, can be 
added together. Now in such a motion 
Pr = Rsinaw,t, ps = Ssin wet, 
where R and § are constant and where the phase 
and time origin have been chosen to eliminate any 
constant phase angle for the sake of simplicity. 
Hence during the motion 
2T = af, R? w? cos® wet + af, S? wi cos wet 
+ 2a}, wr ws RS COB wrt 008 wg t, 
and 
2V = ch, R%sin® wrt + chs S*sin® wt 
+2ci, RSsin wrt sin w,t. 
Now, since the system is conservative and is acted 
on by vanishingly small forces only 
T + V = constant, 
and this can be true for all values of ¢ only if 
ar, wp = Chr 
Gey Wy = Che 
as = cfs = 0, 

The independence of the principal modes, which 
these relations illustrate, allows us to obtain the 
admittance expansion term by term, by considering 
the motion in each mode separately. This is con- 
venient if the modes can be found simply, as they 
can, for instance, in some symmetrical systems. 





Hvty-ParRis DIRECT SHIPPING SERVICE.—A new weekly 
shipping service between Hull and Paris was inaugurated 
recently, in response to a request made by exporters in 
Yorkshire. Goods are loaded on to a ship at Hull and 
unloaded directly on to the quays in Paris. Voyages 
last two and a half days, of which 36 hours is spent in the 
River Seine, where only daylight navigation is 
authorised. 





THE NATIONAL PHYSICAL 
LABORATORY’S JUBILEE 
EXHIBITION. 


As part of its Jubilee celebrations, the National 
Physical Laboratory, Teddington, has been having 
a series of “ Open Days ” during which some of the 
great diversity of scientific work undertaken there 
has been illustrated. Some idea of the growth of 
the Laboratory during the past fifty years may he 
gauged from the fact that the catalogue of tlie 
exhibition contained a list of no fewer than 3%2 
exhibits representing the work of ten Divisions. 
Some of these exhibits had been on view before, and 
readers of ENGINEERING will recall that, within the 
past year, we have published descriptions of several 
of these which are of unusual interest, and also tech- 
nical papers in which members of the scientific staff 
of the Laboratory have reported on their work. 
The N.P.L., during the 50 years of its existence, has 
been concerned constantly with precise measure- 
ment and refined experimentation. From the first, 
it set itself the highest standards, and this policy 
has become a tradition which has acted as a constant 
spur to the staff of the Laboratory to give only of 
their best. They have had the satisfaction, through- 
out the years, of seeing many of their ideas and 
innovations bear fruit in the fields of science and 
industry, and become incorporated in standard 
practice and design. Many firms now manufacture 
products which are advertised as being of N.P.L. 
type, while an N.P.L. monogram or certificate of 
satisfactory performance is recognised as a hall 
mark of quality in a scientific instrument. or indus- 
trial component. It would be quite impossible to 
review in detail more than a relatively small 
number of the exhibits which were on view and 
the following account, therefore, is confined to some 
of those which appeared to be of particular interest 
and novelty. 

Among the exhibits in the Engineering Division 
were several fatigue-testing machines of new or 
improved design. One of these was shown at the 
Physical Society’s recent exhibition in London and 
was described briefly in ENGINEERING (page 459 
ante). A second is illustrated in the photographs 
reproduced in Figs. 1 and 2, opposite. This is 
a 12-ton tensile fatigue-testing machine which is a 
modification, of one of the well-known range manu- 
factured in Germany by Schenk of Darmstadt, of 
which the Engineering Laboratory also possesses a 
larger example. In the Schenk machine, the 
amplitude of vibration of the specimen under test is 
controlled by forcing the spring and mass system in 
the neighbourhood of its fundamental natural 
frequency. Since the response curve has a sharp 
peak with steep sides, the amplitude of motion 
depends critically on the forcing frequency, which 
means that the speed of the driving motor has to be 
maintained accurately constant if the amplitude is 
not to vary appreciably during the test. In the 
modified machine, this difficulty is overcome as 
described below. 

The motor drives a variable-throw eccentic 
which is preset by means of a handwheel. A con- 
necting rod, passing through a sliding bearing 
mounted on the frame of the machine, joins the 
eccentric strap to the piston of a slipping clutch. 
The latter consists of a block, split into two halves 
through a diameter of the bore in which the piston 
operates, and held together by studs furnished with 
wing nuts. One half of the block is bolted to the 
main driving mass which consists of a large block of 
steel. Except when the frequency of reciprocation 
of the piston is near the natural frequency of the 
vibrating system, the coupling at the clutch 1s 
sufficiently loose for the piston to slip through the 
block. As the driving motor is speeded up, how- 
ever, and the resonance frequency approached, 
pick-up occurs at the clutch, and over a small 
range of speed in the neighbourhood of resonance, 
the piston entirely ceases toslip. The driving mass 
then vibrates with the amplitude imposed by the 
piston, and is maintained in motion against the 
action of the dissipative forces in the system by the 
static friction at the clutch. The latter, of course, 
depends on the tightness of fit of the piston in the 
bore and can be varied by means of the wing nuts. 
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JUBILEE EXHIBITION AT THE N.P.L. 








Fig. 1. 








Faticur-Trestina MAcuHIneE. 














Fic. 2. Specmmen tn Faticusr-Testina Macutne. 


From what has been said, it will be clear that the 
response curve of the modified machine is flat-topped, 
and that the advantage over the standard machine 
consists in the ability to operate on the flat top of 
the curve, where the amplitude is constant over a 
range of motor speed, instead of on the steeply 
rising characteristic. Small variations in motor 
speed resulting from fluctuations in the supply 
mains are, therefore, of no consequence and the 
power required is comparatively small since the 
motor runs at the resonance speed. The driving 
mass is supported on two steel plates which are 
mounted vertically. These plates are attached to 
the mass and to the frame of the machine by means 
of crossed springs, the structure resembling a 
rectangular cell with flexible edges. The constraint 
on the driving mass consists of two opposed helical 
springs, of the type used on wagon buffers, which 
bear on opposite sides of the mass. Threaded 
through these springs and through a hole in the 
driving mass is the rod to which one end of the 
Specimen under test is attached. The other end of 
the specimen is attached to a rigid support bolted 
to the frame. Integral with the rod, and on the side 
of the mass remote from the specimen, is a flange on 
which one of the aforementioned springs bears. 
The other spring bears on a flange mounted on a 
sleeve, which is forced against the spring by a nut 
Screwed on to the end of the rod. In this way, the 
two springs may be compressed as desired. Farther 
along the rod, towards the end of the frame where 
the driving motor is mounted, is another flange, 
mounted on a sleeve, and a spring of the same type 
as the others is compressed between this flange and 
the bracket of the frame which supports the rod. 





The rod passes through the bracket and through a 
fourth spring and sleeve furnished with a flange 
which is forced against the spring by a nut screwed 
on to the free end of the rod. 

It will be evident that the two springs last 
mentioned give the rod the elastic freedom which is 
necessary for it to vibrate longitudinally about its 
equilibrium position, and that the other two springs 
are the means by which the driving mass is elastically 
coupled to the rod. The specimen, which is held in 
a collet, may, of course, be pre-tensioned by any 
desired amount, by adjusting the position of the rod 
by means of the nut on the freeend. The amplitude 
of vibration of the specimen is controlled from the 
handwheel which alters the throw of the eccentric 
and which may be set at any desired value while the 
machine is in operation. A vertically-mounted 
machine employing a similar principle but limited 
to 1,500 Ib. capacity was also on view. This 
machine, like the other, was designed by Mr. 
H. L. Cox, and the constructional work on both 
machines was undertaken in the Engineering Divi- 
sion workshop. Component parts produced in the 
same workshop for a 5-ton deadweight testing 
machine, which is now under construction, were 
also on view. 

Another interesting exhibit to be seen in the 
Engineering Division was equipment designed by 
Mr. M. F. Markham for determining the elastic 
constants of small specimens. The method is based 
on the well-known result that the velocity of propa- 
gation of a compression wave of small amplitude 
through a material is a function of the elastic con- 
stants and the density. The eJastic constants of 
any material, therefore, may be deduced from 





measurements of the velocities of shear and com- 
pression waves through it or, if the length of the 
specimen employed is known accurately, from 
determinations of the times taken by the waves to 
pass through the material. In the N.P.L. equip- 
ment, a short pulse of ultrasonic frequency is 
employed, and the arrangement resembles that of 
the mercury-filled delay-lines used in the Labora- 
tory’s Ace calculating machine, described in 
ENGINEERING, on page 6, ante. In the preliminary 
work, short specimens, accurately finished with 
flat and parallel ends, have been employed. These 
are mounted in a holder between two pieces of hard 
steel, termed acoustic guides or probes, the ends of 
which are lapped accurately flat. A good fit 
between the specimen and the probes is essential 
as the ultrasonic waves would be strongly reflected 
if an air gap were present. To exclude air, a small 
quantity of a silicone oil is smeared over the faces 
of the probes. Quartz crystal transducers are 
clamped between steel plates and the ends of the 
probes remote from the specimen. One of these 
crystals acts as the transmitter and the other as the 
receiver of the acoustic pulse. 

The ancillary equipment consists of a quartz 
oscillator, having a frequency of one megacycle per 
second, which is connected to a frequency divider. 
The latter triggers a radio-frequency pulse generator 
at millisecond intervals, which supplies pulses of 
one microsecond duration, having a 5- or a 15-mega- 
cycle carrier wave, to the transmitter crystal. 
After the pulse has been transformed into an acoustic 
wave and passed through the specimen, it is con- 
verted back into an electrical pulse at the receiver 
crystal, amplified in a wide-band amplifier, and 
displayed on the Y plates of a cathode-ray oscillo- 
scope. The frequency divider is also connected 
to a variable-delay circuit and a high-speed time-base, 
which it triggers at the same repetition frequency 
as the pulse generator. The time base has a sweep 
period of two microseconds and is connected to the 
X plates of the oscilloscope. The delay in the time- 
base may be set at any integral number of micro- 
seconds between 7 and 78, and is necessary in order 
that the sweep time should overlap the period during 
which the pulse is received from the amplifier. 

The trace on the oscilloscope is photographed by 
means of a standard oscilloscope camera, together 
with calibration pips derived from the quartz oscilla- 
tor. The time taken by the pulse to pass through 
the specimen is determined as a difference between 
the delays, first, when the specimen is in position 
and, secondly, when it is removed and the faces 
of the probes are brought into contact. These 
delays are measured directly on the photographs 
and can be determined from a series of observations 
to within approximately -+0-001 microsecond. 
Care must be taken, of course, to note the setting 
of the delay on the time base in each case, as 
any difference must be added as an integral number 
of microseconds to the delay in the specimen, 
as determined from the photographs. The wave- 
form of the pulse suffers distortion and attenuation 
when passing through specimens which have a large 
grain size. In this case, it is necessary to use the 
5-megacycle carrier instead of the 15-megacycle 
one in order to reduce these effects. The advan- 
tages of the method are its extreme accuracy and 
the fact that the applied strain is almost insignificant. 
As a result of the high accuracy of timing which has 
been achieved, the elastic constants of specimens 
down to 1 mm. in length can be determined accu- 
rately.to within 1 per cent. With specimens 2 to 
3 cm. long, the accuracy is to within 0-1 per cent. 
The equipment is also being used to examine the 
properties of single crystals of metals. Practically 
all such crystals are anisotropic in their elastic 
properties. When compression waves are to be 
passed through the specimen, X-cut quartz crystals 
are used in the transducers. In the case of shear 
waves, Y-cut crystals are employed, but a separate 
assembly is kept for the purpose. 

Members of the staff of the Mechanical Engineer- 
ing Research Organisation, East Kilbride, Scotland, 
are carrying out research in connection with the 
design of pressure-control valves. The work is at 
present being conducted at the N.P.L., and its 
ultimate application is to the control of centrifugal 
pumps. One-eighteenth scale models of the pro- 
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ALUMINIUM-ALLOY AIRCRAFT HANGAR. 


STRUCTURAL AND MECHANICAL DEVELOPMENT ENGINEERS, LIMITED, SLOUGH. 


Fig.1. TYPICAL SECTION AT PORTAL FRAMES 
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posed valves, with the valve body manufactured 
in Perspex are being employed. These valves incor- 
porate a streamlined body of revolution centrally 
supported on spiders within a suitably-shaped 
duct, the body forming a tapered plug which is 
moved longitudinally to control the flow. In the 
models, the plug is made of light alloy and the valve 
is designed to fit a 1 in. pipe. The water passes 
through the narrow annular space between the 
plug and the wall of the duct, and its static pressure 
is determined at a number of points along a line. 
The object of the research is to design a valve 
which will permit fine control of the flow over a wide 
range and which will be free from cavitation. 
Under the experimental conditions, the Reynolds 
number in the duct, based on the mean hydraulic 
radius of the passage, is between 4,000 and 10,000. 
Further models, for a 4 in. pipe, are to be made 
to determine whether there is appreciable scale effect. 

In the same laboratory were to be seen what are 
termed hot-tube anemometers. The ordinary hot- 
wire anemometer suffers from the. defect that the 
wire quickly collects dirt while in use, with the 
result that the instrument has to be constantly 
recalibrated. In the hot-tube anemometer, the 
wire is contained within a silica tube which also 
houses the necessary copper-constantan thermo- 
junction. The tubes of these particular anemo- 
meters are ,4 in. in diameter and each contains 
four passages of fine bore. The hot wire passes up 
and down two of these passages and the thermo- 
junction wires run through the other two, and the 
whole arrangement is sealed. Hot-tube anemo- 
meters, of course, are less sensitive to rapid fluctua- 
tions of velocity than hot-wire anemometers, but 
their calibration does not change appreciably with 
time. They may be used to measure the velocity of 
water in a pipe or channel and, for this purpose, 
are calibrated on a small water whirling-arm. 
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Fie. 3. Portat Hinae. 


A notable addition to the equipment of the 
Physics Division which was on view during the 
Open Days was a small plant for the liquefaction of 
gases. The plant uses liquid air as the preliminary 
cooling agent and is capable of liquefying all gases 
down to and including helium. The liquid gases 
will be used in measuring the resistivity of metals 
and graphites at temperatures down to about 
— 260 deg. C. 

The photographs reproduced as Fig. 1 and Fig. 2, 
on this page, are Crown Copyright. 


(T'o be continued.) 





TRADE Fair Vistrors.—The President of the Board 
of Trade stated on May 29, in answer to a Parliamentary 
question, that the 1951 British Industries Fair at London 
and Birmingham was attended by a total of 99,455 
British trade buyers, 19,266 buyers from overseas, and 
68,699 members of the public. 





ALUMINIUM-ALLOY AIRCRAFT 


HANGAR. 


On Thursday, May 24, an interesting demonstration 
was given to an invited audience of a new method for 
constructing aircraft hangars economically and speedily, 
when the last main portal frame of the three-bay 
aluminium-alloy hangar, which is being erected at 
London Airport for the Ministry of Civil Aviation, 
was winched into position. The hangar, which is 
intended to house Ambassador air liners of the British 
European Airways has been designed and con- 
structed by Structural and Mechanical Development 
Engineers, Limited, 2, Buckingham-avenue, Slough, 
Buckinghamshire. Each bay has a clear span of 
125 ft., a length of 110 ft., and a clear door height of 
30 ft. The overall width of eavh bay is 150 ft. Fig. 1 
shows a typical section through one bay at a portal 
frame, and Fig. 2 shows the three bays under con- 
struction. The light weight of the aluminium frame- 
work has made it possible to carry out about 90 per 
cent. of the assembly work at the site on the ground, 
subsequently hoisting it into position with winches. 

The structure is designed to resist a snow load of 
15 lb. per square foot and a wind load of 25 lb. per 
square foot, in addition to the deadweight. Each bay 
comprises six portal frames, at 22-ft. centres, hinged 
at their bases to reinforced-concrete foundation blocks ; 
the distance between the hinge centres across the 
span is 145 ft. 6 in. As may be seen from Fig. 3, 
each hinge consists of a base casting, of aluminium 
alloy, bolted to the concrete foundation block and con- 
nected by a high-tensile steel pin to an aluminium-alloy 
gusset casting at the lower end of the portal leg. The 
portal frames are built up in sections, as indicated in 
Fig. 1, consisting of double channel-section extrusions 
battened together 6} in. apart, with diagonal bracing 
members attached by gusset plates between the chan- 
nels of the outer and inner chord members. Trans- 
verse forces are resisted by the portal frames them- 
selves ; longitudinal loads are transmitted by cross- 
bracing in a vertical plane, between the first and second, 
and fifth and sixth, portals, through screwed couplings 
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to steel bolts set in the concrete foundation blocks. 
Longitudinal tie-rods between the legs of the portals are 
provided throughout at a height of 16 ft. 6 in. above 
the datum line. 

A horizontal cross-braced wind “aped is provided 
between the first and second portals, at the level of 
the sliding-door roller-guide rails, to transfer wind 
loads from the top door rollers and from the gable 
above to the springing line of the portal roof. The 
wind load on the gable is taken from five lattice gable 
posts at the rear bay (Fig. 5) through rafter bracing 
between the fifth and sixth portals, and thence through 
the side bracing to the foundations. At the front end, 
the much lighter load from the short gable posts above 
the doors is also transferred through rafter bracing 
between the first two portals. 

For ease of transport, medium-length extrusions 
were used and, therefore, the purlins are discontinuous 
at each portal. To limit the deflections, however, each 
purlin is braced by four stays arranged so as to provide 
two intermediate supports both vertically and hori- 
zontally. This is seen most clearly in Fig. 5, herewith. 
The lower ends of these stays are connected to node 
points on the lower chord of the portal frame on either 
side of the purlin. Longitudinal ties are provided at 
these points giving, in effect, a triangular girder, with 
a depth equal to that of the portal frame, serving to 
resist unbalanced loading on the roof. 

The hinging of the base of the portal frames has 
made it possible to assemble a pair of half portals, 
complete with purlins, rafter bracing, stays, etc., 
before hoisting them into position. Fig. 4 shows the 
first and second half portal units in process of erection. 
Hoisting was carried out by winches set up about 150 ft. 
behind and in line with each portal. When the lower 
end of each portal leg had been set on its hinges, the 
winch eable was connected to shackles at the top of the 
leg. and the unit, which weighs only some 3 tons, was 
hoisted to its final position, and joined to the apex 
of the opposite unit, similarly erected, by turned bolts. 
The constructors claim that four half-portal frames 
ean be erected by six men, with two winch operators, 





in five days, provided that there are no interruptions 
due to bad weather. The wind girder between the 
two front frames was assembled in halves on the ground 
and hoisted from tackle mounted on the portal frames. 
The doors of the first completed bay are of the sliding 
and folding type, supplied by Messrs. Esavian, Limited. 
The guide rollers are of Meehanite. The constructors 
are supplying sliding and nesting doors of L-section for 
the second and third bays ; they will be provided with 
aluminium-foil thermal insulation. All the doors are 
operated electrically with manual emergency gear. 

Special rainwater equipment has been constructed ; 
valley and eave gutters are formed from aluminium- 
alloy sheet, and the rainwater down-pipes are of 
rectangular section built up from extrusions and sheet. 
The valley gutters are attached, on one bay only, to a 
double-channel longitudinal gutter support, to allow 
free movement between each bay under thermal 
expansion. Vertical expansion joints are provided in 
the side cladding, the gable cladding, and over the roof 
in the decking and glazing. Patent glazing is provided 
in the roof, as may be seen in Fig. 5, together with a 
transverse lantern light along the front verge and 
glazing 10 ft. deep carried around the wall of the 
hangar above the 8-ft. 6-in. dado wall. 

To conform to the specification requirement for a 
coefficient ‘of thermal transmission not exceeding 
0°36 British Thermal Units per hour per degree F. 
per square foot, the corrugated aluminium roof decking 
was covered with a layer of insulation board and 
bitumen felt, which gave a coefficient of 0-33. The side 
walls and gables are in corrugated aluminium-alloy 
sheet ; there is an air space of about 4 in. between the 
outer cladding and the internal wall, which consists of 
a fire-resistant insulation board lined with Ardor foil 
(a flat aluminium sheet with corrugated aluminium 
backing), giving a transmission coefficient of about 
0-27 British Thermal Units per hour per degree F. per 
square foot. The structural framework weighs 95 tons, 
the sheeting 7 tons, the insulation 10 tons, the doors 
48 tons, the glazing 52 tons, and the decking 100 tons, 
giving a total weight of 312 tons. 


DIESEL LOCOMOTIVE WITH 
‘* FELL’? MECHANICAL DRIVE. 


TxE Diesel locomotive No. 10100, built recently at 
the Derby locomotive works of British Railways, is 
provided with the Fell system of mechanical trans- 
mission, which makes novel use of differential gears to 
achieve a flexible drive suitable for railway traffic. 
Though the total traction power is 2,000 horse-power, 
the wheelbase is less than that of the 1,600-h.p. Diesel- 
electric locomotive which British Railways already have 
in service. The locomotive has a 4-8-4 wheel arrange- 
ment. The drive was invented by Lt.-Col. L. F. R. Fell, 
and has been developed jointly by Mr. H. G. Ivatt, 
M.I.Mech.E., chief mechanical engineer of the London 
Midland Region, and Fell Developments, Limited ; 
this firm have arranged for Messrs. Ricardo and 
Company, Engineers (1927), Limited, Bridge Works, 
Shoreham-by-Sea, Sussex, to be responsible for the 
licensing and exploitation of the invention. : 

The new locomotive is illustrated in Fig. 1, on page 
656, and Figs. 2 and 3 show the disposition of the 
principal components. It will be seen that there are 
four main Diesel engines (each of 500 nominal horse- 
power),{which are arranged in pairs at each end. The 
use of a number of main propelling engines having the 
required torque characteristics has certain — 
as compared with the use of one main engine, namely, 
increased dependability, as the locomotive can proceed 
at reduced speed even if all but one of the main pro- 
pelling engines are out of action; the individual 
engines can be of a higher speed type and therefore 
lighter and more compact ; and, as a consequence, the 
engines themselves and their component parts are, for 
& given power output, lighter and therefore more easily 
and rapidly handled for replacement or repairs. As the 
transmission employed is purely mechanical, without 
the use of either electrical or hydraulic torque conver- 
sion, it is an essential feature of this system that the 
main propelling engines shall, for the purpose of 
starting the train and for ascending steep grades, be 
capable of developing very high torques at low rotational 
speeds. To achieve this, the engines. are relatively 
highly supercharged at their lowest speeds and pro- 
gressively less supercharged as their speed rises. It is 
therefore necessary that the engines employed shall 
have a good response to supercharging in order to 
economise air, and be of a type in which high super- 
charging at low speeds does not give rise to unduly 
high cylinder pressures. 

In order that the required supercharge involving the 
supply of large volumes of air may be available when 
the main engines themselves are running at low speeds, 
the air blowers of the displacement type are separately 
driven by auxiliary engines—preferably Diesel engines 
which are themselves supercharged off the same air 
supply in order to reduce their size and weight. These 
auxiliary engines are provided with variable-speed 
governors which are, in turn, influenced by the super- 
charge pressure so that a fall in this pressure auto- 
matically causes the auxiliary engines to speed up in an 
endeavour to maintain the air pressure. The capacity 
of the blowers, however, and the maximum speed to 
which these engines are permitted to run, are such that, 
very early in the speed range of the main propelling 
engines, the supercharge pressure commences to fall, 
and continues to fall progressively as the speed of the 
main engines increases, so that at the highest speed of 
the main engines the supercharge has practically 
reached zero. The governors on the main engines 
limit the fuel supplied in relation to the available air 
charge and the engine speed. The decrease in super- 
charge pressure with speed, taken in conjunction with 
the limitation of fuel by the governor, results in the 
main engines developing approximately constant horse- 
power over their speed range. For the purpose of 
connecting and disconnecting individual engines and 
the common mechanical transmission, each engine is 
provided with a hydraulic coupling of the scoop- 
controlled variable-filling type. 

The mechanical transmission involves the use of 
differential gears as the means of grouping together the 
output of a number of propelling engines. In the case, 
for example, of four propelling engines (Fig. 4), the 
transmission uses three differential gears so arranged 
that two, a, and ay, act as primary differentials and the 
third, 6, as a secondary differential. Each engine, 
€1, €g, €s and &, is connected through its hydraulic 
coupling, h,, h», h, and hy, to one of the four sun wheels 
of the primary differentials. The planet carriers of the 
two primary differentials are connected by gears gg, 
one to each of the sun wheels 4, and 4, of the secondary 
differential, and the planet carrier of this last differential 
delivers the combined power of all the engines to the 
road wheels through a train of gears, d, and a final 
reduction drive. The gears of the reversing train are 
in constant mesh and by means of a novel arrangement 
the direction of locomotive travel can be altered. By 
employing differentials in this manner, a progressively 





changing speed ratio is provided without the use of 
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Fig. 2. 
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500-h.p. Davey, Paxman 12 R.P.H. Diesel engines. 
Exhaust pipes for 12 R.P.H. Diesel engines. 
Supercharge-air pipes for 12 R.P.H. Diesel engines. 
Water circulating pumps. 

Bibby couplings. 

Layrub couplings. 

Layrub,coupL ngs. 

Fluid cSuplings, type 8.C.R.5, size No. 36. 
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change-speed gears wrewen® series of stepped ratios. 
Furthermore, inherent coupling slip is minimised. 
Assume all four engines to be running idle with their 
hydraulic couplings empty. Then, on opening the 
regulator and at the same time allowing one of the 
couplings, say h,, to fill, the associated engine, e,, will 
commence to drive the sun wheel, s,, to which the 
output side of that coupling is connected. Now each 
of the four primary sun wheels, 8,, 83, 8, and s, has 
associated with it a uni-directional device, u, which 
prevents any backward rotation of that sun wheel. It 
will be appreciated that, as a result of driving one of the 
sun wheels, say 8, in a forward direction, and~ of 
preventing backward rotation of the other sun wheel, 
8, of that primary differential by means of the uni- 
directional device u,, the planet carrier of that differen- 
tial wi!l drive the sun wheel, s,, of the seconda 
differential, b, to which it is connected through the 
gears, gg, and so transmit the driving torque of the 
connected engine, e,, to the road wheels via the gear d. 
This engine, ¢,, will thus be coupled to the final drive 
and road wheels with a superimposed gear reduction 
ratio of 4 to 1, namely, 2 to 1 due to its primary 
differential a, and also 2 to 1 due to the secondary 
differential b. When the train nas reached a suitable 
speed, the coupling h, of the second engine, e,, associated 





Gearbox. 

Reversing connection. 

Quill driving shaft. 

Radiators (water elements and oil elements.) 
Water header tanks. 

Oil top manifold. 

Bottom tanks. 

Radiator fan. 
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with the other sun wheel, s,, of the primary differential, 
a,, is allowed to fill, and this engine’s output is 
increased by its governor until the torque which it is 
developing exceeds the backward torque on its sun 
wheel, 8,, which is equal to that of e,, the first engine 
eng . As soon as this condition occurs, the sun 
wheel, s,, of this second engine moves in a forward 
direction and its rotational speed is added to the 
rotational speed of the sun wheel s, which is already 
running. This results in an increaed speed of the 
planet carrier of a, and so of the road wheels. 

In a similar manner the remaining engines, e, and 
é, are in turn brought into action, and it will be seen 
that the speed ratio between the engines and the road 
wheels, when the connected engines have attained the 
same rotational speed, will be 4 to 1 for the first 
engine e,, 2 to 1 for the second engine ¢,, 14 to 1 for 
the third engine e, and 1 to 1 for the fourth engine e,. 
The uni-directional devices, u, may conveniently be 
of the “‘ Legge” type, in which a castellated sliding 
member is caused to move axially along its shaft by 
inclined splines. Any tendency of the shaft to rotate 
in a backward direction causes the sliding member to 
move axially to engage a stationary castellated member, 
thus locking the shaft against backward rotation. 
With a device of this nature on each sun-wheel shaft, 














Diesel-oil fuel tanks (capacity 720 gallons). 
150-h.p. A.E.C. Diesel auxiliary engines. 

Bevel gearboxes for auxiliary shaft drive. 

Holmes Connersville supercharge blowers. 
Vacuum exhausters. 

Train-heating boilers. 

Locomotive controls. 

Clutch to release abutment of one 8.8.S. coupling. 
Synchro self-shifting couplings. 
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any attempt to push the locomotive in a backward 
direction will result in all the devices u becoming 
operative. It follows that if, during buffing operations, 
the buffer springs of the train become compressed when 
the engine backs up to the train, it might be impossible 
to operate the reversing lever owing to load on the 
gear teeth due to the expansion of the buffer springs. 
To meet’ this condition one of the devices u (for 
example wu.) is arranged so that its stationary member 
is connected to the gearbox structure through a suitable 
clutch, c, which may be released to free the trans- 
mission. In the prototype locomotive this clutch is 
held ‘‘ in” by a vacuum cylinder so that the transmis- 
sion is free with no vacuum. : 
It is a valuable feature of this mechanical transmis- 
sion that the changing speed ratios are passed through 
without shock, by finger operation of triggers, per- 
mitting the hydraulic couplings A to fill in turn, with the 
regulator held in the maximum power position until all 
four engines are on load and running at the same speed. 
After this condition has been reached the regulator is 
manipulated as required to give the desired train speed 
with all four engines in operation. It is interesting to 
note that the maximum tractive effort can be developed 
when only a single engine is propelling the train, and 
that the bringing into action of the remaining engi”<*- 
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STRUCTURES AT THE SOUTH BANK EXHIBITION. 


(For Description, see Page 665.) 











Fic. 70. TRANSPORT AND COMMUNICATIONS BUILDING. 
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Fic. 71. WatTrERLOo GATE UNDER CONSTRUCTION. 
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Fie. 72. Lion anp Unicorn BuILDING UNDER CONSTRUCTION. Fic. 74. STEELWORK OF SEA AND SHIPS BUILDING. 
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permits the train’s speed to be increased. Conse- 
quently, any rate which is within the capacity of the 
locomotive when all the engines are available could 
be completed (at reduced speed) even if only one engine 
remained effective. 

The prototype Fell locomotive, built at the L.M.R. 
locomotive works, Derby, employs four main pro- 
pelling engines each of nominally 500 h.p. and two 
auxiliary engines driving the blowers, etc., each 
developing 150 h.p. The engines are V-type 12- 
cylinder ‘‘ R.P.H.” series made by Davey, Paxman 
and Company, Limited, Colchester. They are of 7 in. 
bore and 7} in. stroke and operate over a speed range 
of 500 to 1,500 r.p.m. The engines are supercharged 
by two Holmes Connersville Roots’-type blowers which 
are directly driven by the auxiliary engines; these 
are A.E.C. six-cylinder marine type “‘ A210D ” units, 
120 mm. bore and 140 mm. stroke, employing Ricardo 
Comet Mk. III combustion chambers, and are them- 
selves supercharged from the same air system and to 
the same inlet pressure as the main engines. These 
engines operate over the speed range 1,300 r.p.m. to 
1,800 r.p.m. In Fig. 5, herewith, are graphs showing 
the supercharge pressure, the brake mean pressure and 
the brake horse-power of one main engine over the speed 
range. Figs. 6, 7, 8 and 9, on Plate LI, illustrate parts 
of the mechanical drive. 

{n order to limit the power output at any given 
engine speed to the predetermined value for that speed, 
a device is provided which is, in effect, an adjustable 
limit stop on the fuel-pump rack, and which is under 
the control of a suitable centrifugal governor. Each 
main engine is provided with a special centrifugal 
governor which, through a hydraulic servo mechanism, 
coutrols the angular position of a cam. This, in turn, 
limits the power output to the characteristics shown 
by Fig. 5. Movement of the driver’s regulator con- 
tro's the power output of the engines within these limits 
by operating a pendulum lever in each governor. The 
pin on which the pendulum lever swings can be dis- 
paced by a vacuum-actuated diap! in opposition 
to a spring in such a manner that, when it is displaced 
in one direction by the pull of the diaphragm, move- 
ment of the driving regulator can give the engine any 
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quantity of fuel up to the maximum permitted by the 
cam. Release of vacuum allows the spring to move 
the pendulum-lever suspension in the opposite direction 
so that the engine receives only idling fuel irrespective 
of any movement of the regulator. Each main engine 
crankshaft is provided with a Wellman Bibby coupling 
carrying on its output member a shaft which conveys 
the torque to a Layrub coupling mounted on the input 
side of a Vulcan-Sinclair hydraulic coupling. This 
coupling is of the scoop-controlled variable-filling type, 
and its output side is connected by a shaft with one of 
the four input shafts of the gearbox. This latter shaft 
is also fitted with Layrub universal joints at both ends. 
The controls of the main engines and of the trans- 
mission employ vacuum as the actuating means. 

The auxiliary engines are provided with variable- 
speed governors, and a control device influenced by 
the supercharge-air pressure is directly connected to 
the governor speed lever so that when the air pressure 
falls the engine is speeded up, and vice versa. Spring- 
loaded blow-off valves are provided on the air trunking 
so as to limit the supercharge to the desired value of 
10 lb. per square inch. In order to avoid unnecessary 
blower work when the locomotive is at rest, with the 
auxiliary engines and, consequently, the blowers 
running, these blow-off valves are so arranged that 
during such periods when supercharge is not required 
the air has a free escape to atmosphere. When super- 
charge is required, vacuum is applied to a diaphragm 
which causes the blow-off valves to operate as spring- 
loaded valves. On the air trunking there are also 
provided inwardly-opening automatic valves for the 
purpose of enabling the two main engines associated 
with that trunking to run as atmospherically-aspirated 
engines in the event of any failure of the pressure air 
supply. The air delivered by the blowers passes directly 
into water-cooled after-coolers on its way to the engines. 

The jacket water of all the engines is cooled by gilled- 
tube Serck radiators at the extreme ends of the loco- 
motive. One pair of main engines and one auxiliary 
engine are coupled to one radiator. In order to hasten 
the warming of the main engines in cold conditions, 
the water circuit is arranged so that the auxiliary 
engine associated with a pair of main engines discharges 
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its hot jacket water into the jackets of this pair. A 
part of each main radiator is devoted to cooling the 
main engine lubricating oil, which is circulated from 
the engine sumps to the radiators by low-pressure 
pumps located in the sumps of the main engines. Each 
auxiliary engine has a water-cooled lubricating oil 
cooler mounted on the engine. When pulling a train 
the rear radiator is less favourably placed as regards 
cooling air than the forward radiator; the water — 
circuits have therefore been arranged so that the . 
auxiliary engine associated with the pair of main 
engines at one end of the locomotive draws its water 
supply from the bottom of the radiator at the other 
end of the locomotive. The jackets of the auxiliary 
engines are connected to an equalising pipe at roof 
level. With this arrangement there is a continuous 
but limited interchange of water between the rear and 
forward radiators to equalise their temperatures. 

The fans for cooling the main radiators are rotated 
by shafting driven by the avxiliary engines. Power is 
taken from the end of one of the rotor spindles of each 
blower and thence by two pairs of bevels to shafting 
running fore and aft down the centre-line of the loco- 
motive. The shafts each drive a Westinghouse ©x- 
hauster and a pair of centrifugal pumps which draw 
from the bottom of one of the radiators and deliver to 
the main engines between which they are located. 
Means are provided to prime the main-engine lubri- 
cating systems and ensure servo oil for the functioning 
of the governors immediately on starting up. All the 
engines are started electrically on a 24-volt circuit 
from batteries charged by 1,300-watt generators on 
the auxiliary engines. The gearbox is lubricated by a 
system of feeds and jets supplied with oil drawn from 
the sump of the box by two Rolex pumps. Direct 
radiation from the surfaces of the gearbox is relied on 
for cooling the lubricating oil. Train heating is 
provided by two oil-fired boilers, which are associated 
with four feed-water heaters accommodated in the 
main-engine exhaust system. 

The controls in the driving cabs comprise a row of 
four small levers, a regulator and a forward-reverse 
lever. The four small levers actuate vacuum valves 
to enable vacuum to be applied to or released from 
diaphragm cylinders each controlling the scoop of one 
of the hydraulic couplings. The vacuum valve also 
controls the application of vacuum to the diaphragm 
on the governor of that particular engine to permit 
regulator movement to give more than idling fuel. 
Assuming the two auxiliary engines and all four main 
engines to be idling, and that it is desired to start the 
locomotive into motion, the driver: (1) moves the 
regulator through the early part of its travel; in 
addition to setting the governor to permit load to be 
taken, this puts vacuum on to a diaphragm which 
loads the clutch on the uni-directional coupling, and 
also puts vacuum on to the blow-off valves and on to 
the governors of the auxiliary engines ; (2) pulls over 
one of the four levers; this, by vacuum, puts in the 
scoop of the hydraulic coupling of its associated engine 
and also puts vacuum on the diaphragm of the governor 
ot the same main engine to permit the governor to 
give the fuel represented by the regulator setting ; 
(3) engages other engines in a similar manner to obtain 
ae mpm locomotive speeds. The following speed 
imits comprise the drivers’ instructions in the case 
of the prototype locomotive and apply when either 
ascending or descending in the speed range: first 
engine, 0 to 6 m.p.h.; two engines, 6 to 17 m.p.h., 
three engines, 17 to 24 m.p.h. ; four engines, 24 to 78 
m.p.h. The maximum tractive effort is 26,966 Ib. and 
the adhesion factor is 6-3. The diameter of the 
driving wheels is 4 ft. 3 in. 

The final drive to the driving wheels of the loco- 
motive is by means of a form of Pennsylvania drive in 
which tubular quill shafts surround the two centre 
axles—the ends of the quill shafts carrying spiders, of 
which the arms are provided with rubber pads making 





contact with the spokes of the driving wheels. 








658 


ENGINEERING. 


JUNE I, 1951. 








NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ELEctTRICITY SUPPLY NORTH OF THE TAY.—Mr. G. T. 
M‘Glashan, convener of Perth County Council and a 
member of the North of Scotland Hydro-Electric Board, 
replying to the toast “‘ The City and County of Perth” 
at a luncheon in Perth on May 23, said that Perthshire 
was one of the counties north of the Tay which had had 
no power cuts this winter. He thought that the Board 
had some reason to feel proud of that record, and hoped 
that it would be maintained during the forthcoming 
winter. 

UTILISATION OF SEWAGE SLUDGE.—A new sewage 
works incorporating the Porteous plant method was 
opened by Mr. Thomas Fraser, Under-Secretary of State 
for Scotland, at Barrhead on May 25. The process 
employed combines heat treatment and filter pressing 
of the thickened sludge, converting it into clean and 
odourless cakes 2 ft. square. These are being fed into the 
furnaces of steam boilers at the Barrhead works. They 
can also be used as fertiliser. Messrs. Leitch and Sharpe 
were the consulting engineers for the scheme, and 
Whatlings Ltd. were the contractors. 





ARDENTRIVE SHIPYARD, OBAN.—The shipyard at 
Ardentrive, on the Island of Kerrera, near Oban, belong- 
ing to Oban Bay Shipyard, Ltd., was sold on May 22 to 
Marine Craft Constructors, Ltd., Dumbarton, for 5001., 
at a public auction. This, in fact, was the upset price. 
The shipyard occupies about 12 acres of slipways, work- 
shops, and other buildings having a floor space of 
12,400 sq. ft. It is well known to yachtsmen, and during 
the war was used by the R.A.F. as a seaplane base. The 
shipyard is to be used as a quick-repairing and servicing 
centre for yachts and other vessels of up to 250 tons. 

CRAFT COURSES ADVOCATED FOR OPERATIVES.—Dr. R. 
Russell, Principal of Coatbridge Technical College, 
speaking in Glasgow on May 19 to educationists visiting 
the exhibition arranged by the British Iron and Steel 
Federation’s Training Department (Scottish Area Com- 
mittee), advocated the establishment of suitable craft 
courses to ensure the supply of skilled craftsmen to 
industry. It was to be regretted, he »aded, thut tecnnical 
education had played such a smal purt in the develop- 
ment of the large number of skilled operatives employed, 
compared with the number of technicians and tech- 
nologists. 

SULPHUR IN BLAST-FURNACE AND FLUE Gas.—Henry 
Balfour & Co., Ltd., Leven, Fife, are introducing into 
this country a range of plant specially designed for the 
recovery of sulphur from coal gas. The plant is under- 
stood to operate equally well on blast-furnace and flue 
gases. The design and operation of the plant are under 
the supervision of Dr. Bahr, formerly of I.G. Farben 
Industrie of Germany. 





SuRVEY Mororsuip ‘“ TERESA.”—The motorship 
Teresa, commissioned by the Scottish Seaweed Research 
Association, reached Wick on May 19 en route from 
Girvan, her home port, to Kirkwall, where she will be 
engaged on survey work at the Association’s experi- 
mental station. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE WAGON SHORTAGE.—At a meeting of the Tees- 
side Chamber of Commerce, held at Middlesbrough last 
week, Mr. C. Corps, of the British Railways, intimated 
that the supply of wagons to Tees-side firms had 
improved slightly in recent weeks. The Chamber, 
however, is to continue to watch the position closely 
during next month and if no substantial improvement is 
effected during that period, the matter may once more be 
reported to British Railways. Mr. John Elliot, chairman 
of the British Railways Executive, however, states that 
the supply of empty wayons on Tees-side has been given 
special priority, and, in a letter to the Tees-side Chamber 
of Commerce, gives as the main reason for the shortage, 
the abnormal weather conditions, an exceptional amount 
of sickness among the key and other operative staff, 
resulting in a slower turn-round of wagons, a shortage of 
railway staff generally, and the import of coal from 
America at the most difficult time of the year from a 
Tailway-operating point of view. 





ATTEMPTED RE-GRADING OF RIVER EDEN, CUMBER- 
LAND.—Mode] tests on the River Eden, Cumberland, are 
taking place at the National Physical Laboratory 
Teddington. A re-grading of the river bed is to be 
attempted in an effort to avoid winter floods in the 





Carlisle area. It is stipulated that sufficient river water 
should be available in the summer months to feed the 
cooling installation of the Willow Holme power station. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


SUGGESTED Source oF Scrap.—Mr. F. Lloyd, on 
vacating the office of President of the Sheffield Chamber 
of Commerce, said at the annual meeting, on May 24, 
that desperate diseases needed desperate remedies and, 
in view of the plight of steelmakers unable to obtain 
sufficient scrap to keep their melting furnaces in com- 
mission, recourse might be made to the wrecks sunk in 
the English Channel during the two wars. He thought 
that many thousands of tons of scrap might be recovered 
in this manner. A salvage expert, asked for his view, 
however, said that it was impossible to deal with ships 
at certain depths, as divers could work for only a very 
short time in deep water. Even if steelmakers were 
prepared to spend at the rate of 401. a ton, the task, in 
many cases, could not be accomplished. The recovery for 
the German fleet at Scapa Flow had been made possible 
because, at low tide, the ships were showing above 
the water. 

INDUSTRIAL EFFICIENCY.—An Industrial Efficiency 
Exhibition, in Sheffield, is envisaged by the Sheffield and 
Doncaster District Committee of the Regional Board for 
Industry, which has appointed a sub-committee to deal 
with the project. It is stated that the aim is to show to 
firms and their employees how to get the highest output 
from the limited supplies of material and labour available. 
The advice of industrial and technical organisations is 
to besought. New methods which have stimulated output 
to a remarkable extent will be demonstrated, side by side 
with the older methods that have been supplanted. 
The exhibition is likely to be held early next year. 





SPEEDY ROAaD-MAKING.—The Sheffield City Engineer 
is employing, with very satisfactory results, a 100-h.p. 
machine of American design for the speedy making of 
roads on a new housing estate at Gleadless. The machine 
it is stated, will grade and spread any material—shale, 
limestone, slag or clay—much quicker and more accur- 
ately than a bulldozer and can handle up to 1,000 tons 
of materials a day. The blade of the machine is hydrau- 
lically operated, and a scarifier is provided for removing 
old road surfaces. It is said that Sheffield was the first 
local authority to purchase one of the machines. 


FEIHE MIDLANDS. 

NATIONAL COAL BOARD EXHIBITION.—The National 
Coal Board Exhibition at the Victoria Hall, Hanley, 
Stoke-on-Trent, Staffordshire, to be opened by Lord 
Hyndley on June 8, has been organised by the Board 
in connection with the Festival of Britain. It isintended 
to represent the whole field of the Coal Board’s activities, 
and there will be exhibits and displays dealing with the 
history of coal, geology and marketing, including clean- 
ing, grading and fuel-economy devices. The scientific 
work of the Board will be demonstrated by an actual 
Area laboratory, which will be transferred to the exhibi- 
tion complete, and will be shown at work. Among the 
displays in the section dealing with methods of under- 
ground working will be a full-size model of a portion of a 
coal face, complete with coal-cutting machinery and 
conveyors. Scale models will be used to show two pits 
in the West Midland Division which are being modern- 
ised. Models of the Samson stripper and the Meco-Moore 
cutter-loader will demonstrate developments in mining 
machinery for use underground. Full details of the 
Board’s national plan for training recruits to the mining 
industry will be available, and this section will also 
show how training is given in otber branches, such as 
electrical and mechanical engineering. The Exhibition 
will be open daily from June 8 to 16, except on Sunday, 
June 10. 

Dust AND Grit EmMIssion.—Complaints having been 
received in Darlaston, Staffordshire, concerning the dust 
and grit discharged from the pulverised -fuel fired furnaces 
at the drop-forging works of John Garrington & Sons, 
Ltd., the company have decided, to obviate the nuisance, 
to convert all their 16 furnaces to oil firing. The works 
are in a thickly populated part of the town, and the local 
Council had been negotiating with the company on 
behalf of the residents in the neighbourhood. 





MIDLANDS TENDER REJECTED.—The authorities in 
Seattle, Washington, U.S.A., have rejected the tender 
of the English Electric Co., Ltd., Stafford, for generators 
for the Idaho dam, although the figure quoted, on a duty- 
free basis, was 45,7181. lower than that of the General 
Electric Co., of Schenectady, N.Y., which secured the 
contract. The reason given for rejecting the British 
quotation was that the plant offered failed to conform to 
specification. 





Ratt TRAFFIC EMBARGO IN THE MIDLANDS.—(On 
May 24 an embargo was placed on all freight trafic 
except coal, steel, foodstuffs and livestock consigned io 
Western Region goods stations in the Midlands. Tie 
Oswestry and Ctester operating districts were excluded 
from the ban, which is said to be caused by increased 
congestion at tke freight centres and shortage of staf, 
No statement has been made as to the length of the bin, 
but it will remain in force until the congestion has been 
cleared. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


NEW ANTHRACITE SEAM, LLANELLY.—One of the 
richest finds of anthracite coal has been made et Sylen, 
near Llanelly, on the east side of the Gwendraeth Valicy. 
Announcing the striking of this seam, the South Western 
Division of the National Coal Board state that plans 
are now to be prepared for a large-scale modern colliery 
on the horizon-mining principle to tap the seam. It 
is estimated that the colliery will produce about 
1,000,000 tons a year, and that there is a 50-years’ 
supply of coal in the new seam. Preparations for the 
new colliery are expected to extend over a ten-year 
period. 

Raw MATERIALS AND THE DEFENCE PROGRAMME.— 
A delegation from the Industrial Association of Wales 
and Monmouthshire on Monday, May 28, discussed the 
effect of the defence programme and the shortages of 
raw materials, with the Welsh Board for Industry. 
Members ventilated to the Board the concern which 
their Association felt on the subject of maintaining 
employment and using to the full the capacity available 
in factories throughout the area. 

THE CLOSING OF THE WEST WALES STEELWORKS.— 
A meeting of 300 West Wales steel and tin-plate opera- 
tives, held recently at Swansea, appealed to local 
authorities, trade union and other organisations to send 
immediate protests to the Government against the pro- 
posed closing of the Landore, Bryngwyn, and Briton 
Ferry Old Steelworks. A statement issued after the 
meeting said that, with the growing shortage of raw ma- 
terial and increased competition from the Abbey Strip 
Mill, there would be further closures, with a possibility 
of all the West Wales steelworks being affected. Experi- 
ence had shown that the Abbey Mill and the Trostre 
works would only absorb a small percentage of the steel 
and tin-plate employees who would be made redundant. 
Speaking on the subject at the annual conference of the 
tin-plate section of the Transport and General Workers 
Union, held at Swansea on May 26, the secretary, Mr. 
Arthur Deakin, said that there was nothing sinister in 
the decision to close the three West Wales steelworks. 
They had been scheduled for closure under the scheme 
of reconstruction involving the vast modern plants at 
Margam and Trostre. They would not have been closed 
at this time, however, had it not been for the present 
world shortage of raw materials. 





AUSTRALIAN WORKS OF JOHN LysaGuHT, LTD.—John 
Lysaght, Ltd., steelmakers and engineers, are placing 
orders for a continuous strip mill and an 80-in. cold 
reduction mill to be installed in their Australian works 
to meet the demand for flat sheet-steel products 
in Australia. These developments will cost about 
9,750,0001. (Australian). 

MEETING OF MINE SuRVEYORS.—The Institute of 
Mining Surveyors held its annual conference in Cardiff 
on Friday, May 25, when the President, Mr. Norman E. 
England, outlined a programme for the future strength- 
ening of the Institute. He suggested unification with 
the mining section of the Royal Institution of Chartered 
Surveyors and a measure of liaison with the Institution 
of Mining Engineers on matters concerning surveying. 





REMOVAL OF SILT FROM TaFF EsTUARY.—A report 
defining the responsibilities of the Glamorgan Rivers 
Board in regard to the rivers Taff and Rhymney is to be 
prepared by Cardiff City Council officials. This was 
decided upon following the receipt of a letter from the 
Board disclaiming responsibility for the removal of @ 
silt deposit in the estuary of the River Taff. For some 
time, traders and the dock and City Council authorities 
have been concerned regarding the volume of mud 
which, they state, is carried by the River Taff into the 
docks entrance channel. 





CARDIFF AIRPORT.—At a meeting on May 25, the 
Cardiff Corporation Airport Committee decided to ask 
the Ministry of Civil Aviation what they intended to do 
concerning de-requisitioning Pengam Moors Airport, 
Cardiff. The Lord Mayor, Alderman George Williams, 
said he hoped it would be used for industrial purpores. 
The Corporation receives a yearly rental of 2,1001. for ité 
190-acre airport. 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





RoyaL INSTITUTION.—Monday, June 4, 5 p.m., 21, 
Albemarle-street, W.1. General Meeting. 


INCORPORATED PLANT ENGINEERS.—London Branch : 
Monday, June 4, 7 p.mn., Shell Mex House, Strand, 
W.C.2. Discussion on ‘“ Oil Refineries.”” Zast Lanca- 
shire Branch: Tuesday, June 12, 7.15 p.m., Engineers’ 
Club, Albert-square, Manchester, 2. Discussion on 
“Maintenance of Industrial Instruments.” Newcastle 
upon-Tyne Branch: Thursday, June 14, 7.30 p.m., 
Roadway House, 8, Oxford-street, Newcastle-upon- 
Tyne. Discussion on “ Industrial Photography.” 

INSTITUTE OF INDUSTRIAL ADMINISTRATION.—London 
Centre: Wednesday, June 6, 6.30 p.m., Fyvie Hall, The 
Polytechnic, Regent-street, W.1. ‘‘ Cost Control,” by 
Mr. H. H. Norcross. Wednesday, June 13, 6.30 p.m., 
“Company Control,” by Mr. T. G. Rose. 

JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Thursday, June 7, 7 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham, 3. Special 
meeting to commemorate the Festivel of Britain. 


CHEMICAL SociETy.—Thursday, June 7, 7.30 p.m., 
The Royal Institution, 21, Albemarle-street, W.1. 
The Tilden Lecture on ‘‘ A Chemotherapeutic Search in 
Retrospect,” by Dr. F. L. Rose. 

RoyaL SANITARY INSTITUTE.—<Sheffield: Friday, 
June 8, 10 a.m., The Memorial Hall, Barker’s Pool, 
Sheffield. (i) ‘A Survey of the Problem of Smoke 
Abatement in Low-Temperature Furnaces,”” by Professor 
R. J. Sarjant ® and (ii) “ Problems Arising from the 
Treatment and Distribution of Milk,” by Mr. G. A. 
Knowles.- 


INSTITUTE OF ECONOMIC ENGINEERING.—London 
Branch: Friday, June 8, 7 p.m., George Hotel, Kings- 
bury. ‘“‘ First Things First,’’ by Mr. A. G. Northcott. 

IRON AND STEEL INSTITUTE.—Iron and Steel Engineers’ 
Group: Tuesday, June 19, 4, Grosvenor-gardens, 
Westminster, S.W.1. Morning session, commencing 
at 10.30 a.m. “ Protectiong of Structural Steelwork 
Against Atmospheric Corrosion,”” by Dr. J. C. Hudson. 
Afternoon session, commencing at 2 p.m., Report of 
Anglo-American Council on Productivity on “ Materials 
Handling in Industry,” introduced by Mr. A. Roebuck ; 
“Labour Aspects of the Report,’ by Mr. James Young ; 
and “‘ Cost Considerations of the Report,” by Mr. L. W. 
Robson ; followed by an open discussion. 


INSTITUTION OF PRODUCTION ENGINEERS.—Wolver- 
hampton Graduate Section: Tuesday, June 19, 7.30 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton. “ Industrial Economics,” by Mr. C. 
Tragen. f,, 

ROYAL METEOROLOGICAL SOCIETY.—Wednesday, June 
20, 5 p.m., 49, Cromwell-road, South Kensington, S.W.7. 
(i) “ Observations of Rain from Non-Freezing Clouds,” 
by Mr. E. J. Smith ; (ii) ‘‘ The Size of Cloud Droplets,” 
by Mr. A. C. Best ; and (iii) “‘ Billow Clouds,” by Mr. 
R. 8. Scorer. 





CONTRACTS 


HARLAND & WoLFr Ltp., North Woolwich. London, 
E.16, have secured a contract from the London Midland 
Region of British Railways for the supply, delivery and 
erection of the steelwork for a new roof covering the 
main and metal stores and a new chain store at Bow 
locomotive works. 

VICKERS-ARMSTRONGS LTD., Vickers House, Broadway, 
London, 8.W.1, have received an order for a number of 
swept-back wing fighting aircraft for the Royal Air 
Force. These, which will be built at their Supermarine 
Works, will be known as the Swift, and will be similar to 
the Supermarine “ 535.” The Swift will be powered by 
a single Rolls-Royce jet engine. 

METROPOLITAN-VICKERS ELECTRICAL Co., LTD., Traf- 
ford Park, Manchester, 17, have received an order from 
Messrs. Oy Stromberg Ab, for 15 sets of electro-magnetic 
remote-control gear and 30 motor-generator sets for 
incorporation in new tramway cars now being built for 
the Helsinki Tramway Co., Finland. 

THE BURNTISLAND SHIPBUILDING Co., LTD., Burntis- 
tend, Fife, have secured a contract to build a further 
wre 5-ton deadweight motor collier for the South Eastern 
Gas Board, London. The propelling machinery will 
Consist of 1,150-b.h.p. Diesel engines constructed by the 
BRITISH POLAR ENGINES, LTpD.. Glasgow. 

TE ForD Motor Co., Lrp., Dagenham, Essex, have 
Teccived a repeat order for 2,300 Fordson-M-jor tractors 
from the Turkish State Agricultural Buying Organisation. 
This will bring the total ordered by this Administration, 
since December, 1950, to 5,000° tractors. The sum 
Involved is approximately 3,000,0001. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Brazing.—A new specification, B.S. No. 1723, dealing 
with brazing, has been prepared as a complementary to 
B.S. No. 1724, covering bronze welding by gas, which 
is in course of preparation. The publication forms part 
of a programme of welding specifications authorised 
by the Welding Industry Standards Committee of the 
Institution and is confined to those aspects of brazing 
for which it is considered advisable to specify definite 
requirements. General recommendations regarding the 
features of one or more methods of brazing, however, 
are given where it is thought that guidance will be 
helpful. In view of the vast range of joints and con- 
nections for which brazing is employed this treatment 
of the subject has been considered the most — 
priate. The brazing processes covered are the blow- 
pipe, furnace, electric-induction, electric-resistance, 
dipping, and salt-bath methods. A general section 
specifies requirements for joint design, general prepara- 
tion, flux removal, inspection and testing procedure. 
Each process is described in a separate section and 
the permissible filler metals for the various parent 
metals are given in tabular form. [Price 3s., postage 
included.] 

Steel Tubes for Cycles and Motor Cycles.—Another 
new specification, B.S. No. 1717, covers steel tubes for 
cycle and motor-cycle purposes. Three types of steel 
tube are covered, namely, cold-drawn seamless (referred 
to as CDS), electric resistance butt-welded (ERW) 
and cold-drawn electric resistance butt-welded (CEW). 
Within each type a number of grades are specified. 
In a preliminary general section such requirements as 
the procedure for mechanical testing, and dimensional 
tolerances, including straightness, are stipulated. A 
table at the end of the specification gives a useful 
summary of the chemical compositions and mechanical 
properties of the complete range of tubes. [Price 
2s. 6d., postage included.) 

Thermodynamic Properties of Refrigerating Media.— 
The need for tables of the thermodynamic properties 
of refrigerating media has been apparent for some con- 
siderable time and in view of this the Refrigeration 
Industry Standards Committee of the Institution 
authorised the setting up of a committee to compile 
such tables. These have now been published as B.S. 
No. 1725, which. new publication contains tables of 
the thermodynamic properties of ammonia, sulphur 
dioxide, carbon dioxide, methy) chloride and_,dichloro- 
difluoromethane. Tables for the properties of saturated 
vapour and superheated vapour for each of the above 
media are included in the new publication. The tables 
for the properties of ammonia, methyl chloride, sulphur 
dioxide and dichlorodifluoromethane have been repro- 
duced from data published in various journals in the 
United States ; tables of properties of carbon dioxide 
have been obtained from sources in this country. An 
appendix contains a list of references indicating where 
details of thermodynamic. properties of refrigerating 
media, not covered by the present British Standard 
publication may be obtained. [Price 10s. 6d., post 
free.] 


Binder Distributors for Road-Surface Dressing.—A 
new specification, B.S. No. 1707, applies to the essential 
mechanical requirements of four types of machines for 
distributing hot-binder in the surface dressing of roads. 
The first type consists of a binder tank and spraying 
equipment for hand spraying, with manually or mech- 
anically-operated pressure systems. The second type are 
mobile tank-spraying units, provided with a series of 
nozzles fixed to a transverse header holding the binder 
under pressure. The third type of machines are mobile 
tank units, provided either with gravity outflow pipes 
or a pump feed, combined with revolving or oscilla- 
ting brushes to distribute the hot binder. The fourth 
type comprise mobile tank units provided with a com- 
bination of gravity or pump-fed simple nozzles, and a 
series of blades revolving on a horizontal shaft. The 
specification lays down the essential requirements 
for the distributors and contains also a clause relating 
to the uniformity of the transverse distribution of the 
binder. Such matters as capacities of tanks, lagging, 
equipment for hand spraying, road wheels and brakes, 
speed control and the measurement of the volume and 
temperature of the binder are also dealt with. Methods 
of test are included. [Price 2s. 6d., postage included.] 





MAXIMUM PRICES OF PLASTERS AND PLASTER BOARD. 
—The Minister of Works has issued three Orders con- 
trolling maximum prices of gypsum rock, building 
plasters and plasterboard sold by companies in the 





British Plaster Board Group. 
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PERSONAL. 


Mr. ALLAN S. QUARTERMAINE, O.B.E., M.C., chief 
engineer, Western Region, British Railways, has been 
lected d Dr. W. H. GLANVILLE as President 
of the Institution of Civil Engineers in November next. 


Mr. WALTER C. ANDREWS, O.B.E., M.I.C.E., was 
elected President of the Institution of Structural Engi- 
neers, 11. Upper Belgrave-street, London, S.W.1, for 
the session 1951-52, at the annual general meeting of 
the Institution, held on May 24. 


Mr. H. N. WRIGHT, managing director of Tonks and 
Co. (Birmingham), Ltd., has been elected President of 
the National Brassfoundry Association. 


Mr. V. H. F. Hopxins, M.I.Mech.E., has resigned his 
position on the staff of C.A.V. Ltd., to take up the 
appointment of chief engineer to Marshall Sons & Co., 
Ltd., Gainsborough, and John Fowler & Co. (Leeds), 
Ltd., at the beginning of the present month. 


Mr. G. B. ROLFE, B.Sc. (Eng.), M.1I.E.E., has retired 
from the position of chief engineer to Evershed and 
Vignoles Ltd., Acton Lane Works, Chiswick, London, 
W.4, after an association with the company extending 
over 43 years. He has been elected a director of the 
company 





Mr. A. VINES has been appointed production manager 
to the Fairey Aviation Co., Ltd., Hayes, Middlesex, 
and will be responsible for production at all the com- 
pany’s factories, 


Mr. MILES BEEVOR, at present chief secretary of the 
British Transport Commission, has been appointed 
deputy managing director of the Brush Electrical 
Engineering Co., Ltd. Mr. Beevor is taking up his new 
appointment at the commencement of July. 


Lievut.-Compr. C. F. I. Cogeins, M.B.E., R.N.V.R., 
has left this country to take up the position of Far- 
Eastern factory representative of W. H. Dorman. & Co.. 
Ltd., Stafford. His special responsibility will be Aus- 
tralia, and for the time being, he will operate from the 
Melbourne office, at 205, Latrobe-street, of Marine & 
Industrial Power Co., Pty., Ltd., Messrs. Dorman’s 
Australian agents, but he will be entirely independent 
of them. 


Mr. C. T. GOODCHILD has been appointed an officer 
of the London Transport Executive with the title of 
works superintendent (Aldenham), with effect from 
May 21. He reports to the workg manager (omnibuses 
and coaches). 


Mr. Joun H. Lorp, an executive director of the 
Dunlop Rubber Co., Ltd., has been elected President 
of the Federation of British Rubber Manufacturers’ 
Associations. Mr. ANGUS MACPHAIL, until his new 
appointment Dunlop’s road-transport division representa- 
tive in Glasgow, now succeeds the late Mr. JOHN BLACK 
as manager of the firm’s general rubber-goods division 
in Scotland. 


Mr. R. J. Gossace, a principal scientific officer in 
the Royal Naval Scientific Service, has been appointed 
Fleet Scientific Officer to the Commander-in-Chief, 
Home Fleet. 


Mr. RICHARD CLEMENTS, B.Sc., for the past three 
years Press and public-relations officer for Exide and the 
associated companies of Chloride Batteries Ltd., 6-10, 
Whitfield-street, London, W.1, is relinquishing this 
position at the end of this month. 


Mr. T. R. Taytor, 51, Netherpark-avenue, Netherlee, 
Glasgow, 8.4. (Telephone: Merrylee 4213), has been 
appointed Scottish representative for Follsain-Wycliffe 
Foundries Ltd., and Varatio-Strateline Gears Ltd. 


THE CONSOLIDATED PNEUMATIC TOOL Co., LTD., 
232, Dawes-road, London, 8.W.6, have now completed 
arrangements with the DurF NORTON MANUFACTURING 
Co., of Pittsburgh, U.S.A., for the production, in Great 
Britain, of the Duff Norton automatic lowering jack, 
model 516, of 5 tons capacity. 


LAND SPEIGHT & Co., LTp., 73, Robertson-street, 
Glasgow, C.2, bave been appointed exclusive distributors 
in Scotland for the Dictorel dictating machines produced 
by A.C.E.C., 56, Victor‘a-street, London, 8.W.1. 


The opening of two of the four main European offices 
of the newly-formed EvuROPEAN PURCHASING COoMm- 
MISSION has been announced by the Ministry of Supply. 
The directors of these offices, which will be opened to-day, 
June 1, and their addresses, are : Mk. NORMAN W. DOLEyY, 
107, Rue Belliard, Brussels, and Mr. A. S. RADFORD, 
5, Mehiemer Strasse, Marienburg, Cologne, Germany. 


From June 1, the office of the United Kingdom 
Commercial Representative in West Germany is 23, 
Bayenthalgurtal, Kéln-Marienburg, B.A.O.R., 19. Tele- 
phone: Kéln 31861. The Frankfurt office, at 47, 
Zeppelin Allee, is closed as from that date. 
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HUNCOAT POWER STATION. 














Fie. 1. Station anp Coottna TowER UNDFR CONSTRUCTION. 


NEW POWER STATIONS FOR THE 
B.E.A.: XIV.—HUNCOAT. 


Tue Huncoat station of the British Electricity 
Authority, shown under construction in Fig. 1, here- 
with, is situated in the North Western Division, near 
Accrington, Lancashire. The site is over 500 ft. 
above sea level and considerable excavation in rock 
has been necessary to provide the foundations. Coal 
will be brought by British Railways to newly-con- 
structed sidings and will be taken thence by a conveyor 
system, which bridges the railway line, either to the 
station bunkers or to a storage ground, the capacity of 
which is about 40,000 tons. It will be pulverised in 
mills working on the unit system. Each of the three 
boilers will generate 305,000 lb. pf steam per hour at 
a pressure of 600 lb. per square inch and a temperature 
of 850 deg. F. The flue gases will be cleaned by electro- 
static precipitators before being discharged to the 
350-ft. brick chimney. The contractors for the coal 
and ash-handling plant, as well as for the boilers, 
precipitators and structural steel work of the station | 
are Messrs. Simon-Carves, Limited, Cheadle Heath, | 
Stockport. The boilers will be controlled automatically | 
by equipment supplied by the General Electric Com- 
pany, Limited, and Electroflo Meters, Limited. An 
interesting point is that direct-current motors will be 
installed for driving the forced-draught and induced- 
draught fans and other auxiliaries. Fig. 2 shows the 
boiler house under cons‘ruction. 


The generating plant will consist of two 30-MW 
two-cylinder impulse-reaction turbines, which are being | 
manufactured by the General Electric Company, | 
Limited. They will be coupled to alternators which 
will generate three-phase current at 11 kV, and will, 
in turn, be connected to transformers. The voltage 
will be stepped up to 33 kV and then this current 
and that of the associated feeders will be controlled 
by metal-clad switchgear with a rupturing capacity of 
1,500 MVA, constructed by Messrs. A. Reyrolle, 





Limited, Hebburn. Connections will also be made 
through two 60 MVA, 33/132-kV transformers to the 
grid. The station auxiliaries will be supplied at 3-3 kV 
and 415 volts through switchgear which is being manu- 
factured by the British Thomson-Houston Company, 





Fic. 2. Borer Houst FRAMEWORK. 


Limited, Rugby. The concrete cooling-tower will have | cheasend from the adjacent Leeds and Liverpool Canal, 
a capacity of 3,000,000 gallons per hour and is being | the level of which will be maintained by pumping from 
built by Messrs. Bierrum and Partners, Limited, | various sources. A second tower is to be added at a 
Harrow, Middlesex. The make-up water will be ! later stage. 
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THE NATIONAL PHYSICAL 
LABORATORY. 


Tue first Director of the National Physical 
Laboratory took office on January 1, 1900, so that 
the jubilee of the organisation fell on January 1, 
1950. The Lord President of the Council, however, 
directed that the official celebration of the event 
should be postponed until this year in order to 
coincide with the Festival of Britain. Accordingly, 
a series of ‘open days”’ was arranged extending 
from Wednesday, May 23, to Tuesday, May 29, 
affording opportunities for outside scientific workers, 
and representatives of universities and industry 
to see something of the work of the Laboratory. 
Incidentally, this extensive programme must have 
put rather a strain on the members of the staff who 
were required to be present to explain or demon- 
strate the exhibits to the visitors. Further to mark 
the jubilee, an account of the history and work of 
the Laboratory has been written by Mr. John 
Langdon-Davies.* 

It is not remarked in this book, neither, as far 
as has been noted, elsewhere, that the beginnings of 
the National Physical Laboratory had close con- 
nection with the University of Liverpool, or as it 
was at that time, University College of the Victoria 
University. Apparently the first, of what may be 
called, semi-official pleas for the establishment of 
the Laboratory was made by Sir Oliver Lodge, 
Professor of Physics at Liverpool, in his presi- 
dential address to the Mathematical and Physical 
Section of the British Association at Cardiff in 1891. 
When the Laboratory was established in 1900, the 
first Director, Sir Richard Glazebrook, was, at the 
time of his appointment, Principal of University 
College, Liverpool, and a further link was furnished 
by the fact that Dr. (later Sir Thomas) Stanton, who 


* N.P.L. Jubilee Book of the National Physical Labora- 
tory. By John Langdon-Davies. H.M. Stationery 








Office. [Price 4s. net.] 


was the first Superintendent of the Engineering Divi- 
sion, was previously engineering lecturer at Liverpool 
under Professor Hele-Shaw. 

As is generally known, the Engineering Division 
of the Laboratory is in process of being moved to 
East Kilbride, near Glasgow, and the change in 
public opinion which has taken place in the last 
50 years is illustrated by the fact that it is taken 
as a matter of course that the five acres of labora- 
tories and buildings which are being built to form 
the new establishment should be paid for with 
public money. When the National Physical Labora- 
tory was inaugurated, assistance from public funds 
was limited to 12,0001. for buildings and 4,0001. a 
year for five years for running expenses. The 
limitation of this latter grant to five years was a 


660 | clear indication of Government, or Parliamentary, 


ignorance of the meaning of the word “ research.” 

Fortunately, the grant was not withdrawn at tbe 
end of the period, but the extent to which, in its 
early years, the Laboratory had to rely on private 
gifts and the foresight of individuals can be illus- 
trated by many examples. The Director's first 
report referred to financial stringency and to 
requirements in connection with thermometric 
comparisons. He visited ‘Berlin and Paris and 
selected necessary apparatus to a value of 1,000. 
It would not have been obtained had it not been 
paid for by Sir Andrew Noble. Another gift for 
apparatus was by the Drapers’ Company for the 
construction of a Lorentz apparatus. Other more 
substantial benefactions, without which the estab- 
lishment of the status of tae Laboratory in a 
number of fields of work would probably have been 
delayed for many years, were the provision of the 
first ship-model testing tank by Sir Alfred Yarrow, 
the equipment of the Electronics Building by Sir 
John Brunner and the defrayment of the cost of the 
Metallurgy Building by Sir Julius Wernher. 

The meagre initial financial provision made by the 
Government for the establishment of the National 
Physical Laboratory contrasts strongly with that of 
the Physikalisch-Technische Reicheanstalt in 
Charlottenburg, on the example of which it was 
founded. The buildings and equipment of this 
establishment cost 195,000/. and the annual expendi- 
ture at the start was 15,0001. The National 
Bureau of Standards of the United States, founded 
two years after the N.P.L., was allotted 115,000. 
for buildings and an annual grant of 19,0001. It 
was the 1914-18 war which finally shook the com- 
placency of official circles and brought home to the 
Government, if not to the public, the fact that 
research was a necessary item in industrial progress. 
It was discovered, or rather it was realised, that in 
many of the applications of science to industry this 
country was lagging behind Germany and that 
reliance was being placed on the latter for the supply 
of many of the materials and instruments vital for 
the prosecution of war. The change in the point of 
view of Governmental circles since 1900 is well shown 
by the fact that since 1919 all capital expenditure for 
the Laboratory has been borne by the State and that 
the gross expenditure of public money on the 
Laboratory in 1950 was 751,984. 

In the beginning, the work of the Laboratory was 
confined to two Divisions, those of Physics and 
Engineering, together with the magnetic and 
meteorological work, by Kew Observatory; this 
latter institution was transferred to the Meteoro- 
logical Office in 1910. The Metallurgy Division was 
started in 1906 and the Aerodynamics Division in 
1917. The Electricity and Metrology Divisions date 
from the following year, but the Radio Division did 
not appear until 1933, the Light Division until 1940 
and the Mathematics Division until 1945; at the 
start, the Director, Sir Richard Glazebrook, took 
charge of the Physics Division, leaving the Engi- 
neering Division to Dr. Stanton. No reflection is 
intended on the work of other sections of the 
Laboratory when it is said that Stanton’s early 
investigations on fluid flow and the fatigue of metals | 
did much to establish the reputation of the National 
Physical Laboratory in engineering circles. 

As the Engineering Division is now in process of 
being moved to East Kilbride and will become the 
Mechanical Engineering Research Organisation, it 
will in future form no part of the National Physical 





Laboratory and will constitute an “‘ out station ” of 
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the Department of Scientific and Industrial 
Research. Although the N.P.L. is thus losing its 
direct mechanical-engineering connection, it will not 
on that account cease to be of interest to mechanical 
engineers. In particular, the Metrology Division 
will continue to be very much their concern and it is 
obvious that the new establishment and the existing 
Division will necessarily keep closely in touch. 
Whether the location of the work of these two closely 
allied spheres of investigation in establishments 
nearly 400 miles apart will conduce to efficiency 
cannot appropriately be discussed here, but it is 
permissible to say that the original intention to move 
the mechanical engineering section to Stevenage 
would appear likely to have been more convenient, 

A sketch, however brief, of the history of the 
National Physical Laboratory, would not be com- 
plete without mention of some of the personalities 
who were responsible for its fifty years of progress. 
No apology is necessary for introducing the names 
of Sir Richard Glazebrook and Sir Thomas Stanton, 
as they were the pioneers, but selection among the 
many who joined and followed them is difficult. 
It is inevitable that the names of some who left 
their mark on the history of the establishment 
should be omitted. Research was the life interest 
of Sir Richard Glazebrook and when he became 
Principal of University College, Liverpool, it was 
under the condition that he would accept the 
Directorship of the National Physical Laboratory 
if that institution were formed. His interest was 
well rewarded and he had the satisfaction of acting 
as Director of the Laboratory for a longer period 
than any of his successors. He retired in 1920, 
after twenty years service. The second Director, 
Sir Joseph Petavel, retained office for sixteen years, 
the second longest period, his activities being brought 
to an end by his death in 1936. The next longest 
period of service was by Sir Charles Darwin, who 
was Director for eleven years; he was preceded 
by Sir Lawrence Bragg, who acted for less than a 
year, leaving to take up the Directorship of the 
Cavendish Laboratory, a post which probably 
leaves more time for individual research and 
involves fewer administrative duties. The present 
Director, Dr. E. C. Bullard, took office on January 1, 
1950, exactly fifty years after Glazebrook. 

Among members of the staff who must be included 
even in an abbreviated list are Dr. W. Rosenhain 
and Dr. C. H. Desch. The former brilliant worker 
established the reputation of the Metallurgy Division 
and was worthily followed by the latter. Probably 
the longest period of service of any member of the 
staff in a senior position was that of Dr. G. S. 
Baker, who was in charge of the Ship Division for 
more than thirty years. Other names which 
should be mentioned are those of E. F. Relf, of the 
Aerodynamics Division ; J. E. Sears, of Metrology ; 
Dr. H. J. Gough, who followed Stanton in the 
Engineering Division ; Dr. G. W. C. Kaye, in Physics 
and Dr. E. H. Rayner in Electricity. Although he 
was never superintendent of any of the divisions 
as at present named, Sir Clifford Paterson should 
be mentioned. He worked under Glazebrook in 
the Electrotechnical Department from 1903 until 
1919 and had he remained at the Laboratory might 
possibly have come to occupy the highest post. 

In its early days, the Laboratory was governed 
by an Executive Committee appointed by the 
Council of the Royal Society. It contained repre- 
sentatives of that Society together with representa- 
tives of the major engineering and some other 
institutions. The Permanent Secretary of the 
Board of Trade was an ex officio member. The 
present arrangement is not greatly different, except 
that the Laboratory is now financed by the Depart- 
ment of Scientific and Industrial Research. The 
Royal Society now appoints a General Board from 
among the members, of which the Executive Com- 
mittee is formed. This latter body, however, now 
includes representatives of Government departments 
. nominated by the Committee of the Privy Council. 
In view of the wide range of work now being under- 
taken in the Laboratory, selected members of the 
Executive Committee pay attention to the work of 
Divisions coming within their particular sphere 
of interest and are able to exercise a more informed 
supervision than it would be possible for the Com- 
mittee as a whole to give. 





RADIO RESEARCH. 


As is well known, the stimulus which the war gave 
to the development of our knowledge of many 
branches of radio-communication was considerable ; 
as is evidenced, to take one example, by the numerous 
papers which were read before two conventions 
organised recently by the Institution of Electrical 
Engineers. At the same time, as is natural, the 
advances made were uneven, both in theory and 
practice, being largely directed to military ends. 
It has since been the duty of those engaged in this 
field of science to discover how the information thus 
acquired can be utilised for more peaceful purposes ; 
and to even out the curve of progress by filling 
in the valleys which inevitably occurred. Some 
account of the work that is being done, and still 
remains to be done, in this direction, is given in the 
report* of the Radio Research Board for 1949, 
which was published last week; and follows on an 
earlier report which covered the years from 1933 
to 1948 and still earlier documents which date back 
to 1929, when this body was first formed. 

During the war, much of the work which was 
being carried out in radio communication rightly 
fell into the category of ‘‘ top secret,”’ and for secu- 
rity reasons the iron curtain has even now not been 
raised completely. The embargo thus created 
makes the report less interesting and informative 
than it might otherwise have been to the non-expert 
reader, but it will be agreed that this is a drawback 
which must be accepted with resignation. On the 
other hand, full details of what is being done in 
certain directions are given, but here again interest 
is diluted by the fact that indications regarding 
what could, or might be, done with some of the 
results obtained is sometimes lacking. In making 
this comment we are well aware that it raises the 
difficult question of the relative roles of pure and 
applied research at the present time, but as a good 
many of the investigations which are described are 
intended to lead up to practical results, it seems 
desirable that the connection between the two 
should be more clearly stated than is always the 
case. 

Briefly, the principal work of the Radio Research 
Board during the period covered by the present 
report was the study of wave propagation through- 
out that part of the radio spectrum which is of 
immediate practical importance (10 kilocycles to 
10,000 megacycles per second) and of various types 
of radio noise. In addition, researches were con- 
ducted into new materials of all kinds required in 
the practice of telecommunications generally. In 
particular, the study of the ionosphere and its 
associated effects on wave propagation continued to 
occupy a leading place in the work of the Board. 
Regular series of predictions of ionospheric condi- 
tions were published at monthly intervals for a period 
of six months in advance for the benefit of users of 
radiocommunications ; and were supplemented by 
studies of the accuracy of these predictions, a not 
unimportant addition. The characteristics of iono- 
spheric disturbances and their connection with 
magnetic storms and solar phenomena were also 
investigated, as was the long-range scatter which is 
responsible for the reception of signals over a path 
for which normal ray propagation is not possible. 
Other work was concerned with the horizontal 
irregularities which cause fluctuations in the direc- 
tion of arrival of high-frequency waves reflected 
at the ionosphere and with the properties of the 
ionosphere itself at low and very low frequencies. 

Much of the early work in radio research conducted 
for the Board was concerned with acquiring a know- 
ledge of the electrical properties of the earth’s 
surface ; and an understanding of the way in which 
the earth and its associated topographical features 
affect the transmission of radio waves. With the 
recent development of such aids to aerial and 
marine navigation as Decca and low-frequency 
Loran, it has been necessary to investigate the 
characteristics of the propagation of low-frequency 
waves over the ground and through the ionosphere. 
For this purpose a technique was developed for 
measuring the phase velocity of ground waves at a 





* Radio Research, 1949. 
Office. [Price 1s. 9d.] 
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frequency of 87-5 kilocycles per second. This 
enabled the phase velocity to be determined by 
measuring the phase change of the field received 
at a mobile station from a fixed transmitter, which 
intermittently sent out a continuous-wave signal. 
After reception, this signal was transmitted back 
to the fixed station on the same frequency, but with 
a definite phase relation to the received signal. 
Such a technique necessitates that the phase shall 
be measured very accurately, that the stability in 
performance of the terminal apparatus at both 
stations shall be bigh and that adequate means are 
available for checking performance. To ensure 
these conditions, it was necessary to develop a 
phase-multiplier which at a working frequency of 
87-5 kilocycles multiplied the phase changes 
occurring at the input terminal 64 times, and to 
devise other apparatus. This work, we gather by 
inference, was carried out by the staff of the Radio 
Research Station at Slough and indicates that this 
form of individualism is still required even in these 
days of quantity production. 

The increasing use of wavelengths as short as 
3 m. or less lends added importance to work which 
was conducted on radio propagation through the 
troposphere ; that is the lower part of the earth’s 
atmosphere between the ground and the tropopause. 
The small amount of research which was done on 
this subject before 1939 showed that the variation 
of field strength noticeable with this form of trans- 
mission was clearly related to the weather. During 
the war, too, it became evident that the shorter the 
wavelengths the more marked and more frequent 
were the abnormalities which occurred. The 
increasing use of centimetre wavelengths during the 
same period perhaps resulted in more attention 
being given to the striking effects of super-refraction 
in these bands, but it is satisfactory to learn 
that one of the valleys, to which we referred above, 
is now being filled in by investigating the phenomena 
associated with transmission at wavelengths up 
to several metres, especially in view of the increas- 
ingly wide use that is being made of these wave- 
lengths in broadcasting and in television. 

The problem of propagation at metre wave- 
lengths will, in fact, become of increasing importance 
with the spread of television. At present, the 41 
to 68 megacycle band is used for this purpose in 
Europe, and it has been only possible to fit five 
transmissions on different frequencies satisfactorily 
into this range. As even with the maximum power 
available, the whole of Great Britain could not be 
covered with such a small number of stations, the 
question arises how near together two stations 
operating on the same frequency can be placed with- 
out intolerable mutual interference, especially as 
abnormal atmospheric refraction may cause such 
interference at distances equal to several times the 
radius of the normal service area. It is still im- 
possible to provide a complete answer to the above 
problem, but as the question is important not only in 
relation to television but to more theoretical work, 
it is hoped that results will emerge before long. 

We hope that this necessarily brief summary of 
the work of the Board will give some indication of 
what is being done in an important field of com- 
munication, developments in which may have 
profound influence on human existence. There is, 
however, one criticism of the document which, 
although it does not directly arise from that work and 
is not perhaps primarily the concern of that body, 
should be made. As has already been indicated, the 
report covers the year 1949 and it was actually 
signed by the chairman, Sir Stanley Angwin, on 
January 1, 1950. This punctuality has, unfor- 
tunately been largely neutralised by the fact that 
it was not received in the offices of ENGINEERING 
until May 22, 1951, a delay in publication which 
seems inordinately long. No one is better aware 
than ourselves of the time lag that may, and does, 
occur in the production of such documents; but 
so long a gap in any event detracts something 
from the value of the report, and is the more unde- 
sirable when knowledge of a subject, such as radio- 
communication, is advancing so rapidly ; and when 
results may be obtained, the effect of which on 
present work may be profound. We hope, there- 
fore, that means will be found to reduce this delay 
on future occasions. 
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NOTES. 


THe Exurstrion oF INDUSTRIAL PowER, 
GLascGow. 


Heavy engineering is the theme of the Exhibition 
of Industrial Power, the latest addition to the 
Festival of Britain, which was opened by H.R.H. 
Princess Elizabeth on Monday, May 28, at the 
Kelvin Hall, Glasgow. It is on a much smaller 
scale than the South Bank Exhibition, but, like all 
the Festival exhibitions, it is not a trade fair. Two 
sequences of exhibits illustrate the main sources 
of power indigenous to this country—coal and 
water—and they are followed by the Hall of Rail- 
ways and Shipbuilding; finally, in the dim Hall 
of the Future, occasional flashes of artificial lightning 
arrest the visitor as he follows a display of present- 
day atomic research or glances down at effigies of 
Watt, Trevithick, Faraday, Parsons and Rutherford. 
The architect, Mr. Basil Spence, O.B.E., and his 
collaborators, have worked wonders in the small 
space available to them ; the stage-craft treatment 
is dramatic, and well worth a visit, quite apart 
from the technical displays, which are, of necessity, 
selective and presented in simple terms. In the 
Hall of Coal, a “journey ” through a coal swamp 
of 250,000,000 years ago, and a sequence of more 
recent colliery history, are followed by a short 
descent in a cage to a dark forbidding area where 
the vile conditions which existed 200 years ago in 
mines are displayed. Atalaterstage, minersdemon- 
strate modern methods of cutting coal. In the Hall 
of Steel, also, the treatment is historical: iron and 
steel production, hand tools, and machine tools 
(some of which are operating). The section devoted 
to Power for Industry deals with the inventions of 
Savery, Newcomen, Watt and Trevithick, and with 
modern boilers and the gas turbine, and is followed 
by the Hall of Electricity, where, along with the 
related theme of Parsons and the steam turbine, 
the developments from Faraday to the grid system 
and present-day electrical appliances are briefly 
sketched. In the Hall of Hydro-Electricity the 
exposition is based on the numerous schemes of 
the North of Scotland Hydro-Electric Board, and 
in the Hall of Civil Engineering the emphasis is on 
irrigation, with special reference to the Nile. Finally, 
in the shipbuilding and railways section, the treat- 
ment is again largely historical and pictorial, though 
several actual locomotives are exhibited. Such 
treatment is characteristic of exhibitions of this 
kind, but engineers should be the last to complain— 
unless, of course, they prefer their work to be un- 
known and unappreciated by the rest of the 
community. For those who visit the Kelvin Hall 
with an eye to business there is a trade and technical 
bureau ; the staff for this is provided by the Engin- 
eering Centre, which itself, at 351, Sauchiehall-street, 
Glasgow, C.2, acts as a permanent exhibition of the 
products of a wide range of engineering firms. 
The Exhibition of Industrial Power will remain open 
daily, except Sundays, from 10 a.m. to 10 p.m., 
until August 18. 


Tue Iron anv Sreev Instrrute. 


In the course of his speech when proposing the 
toast of “The Iron and Steel Institute and Indus- 
try,” at the dinner held on May 30 at the Dorchester 
He tel, London, in connection with the annual general 
meeting of the Institute, Viscount Bruce of Mel- 
bourne, P.C., C.H., M.C., F.R.S., said that inter- 
National co-operation and understanding among 
producers of iron and steel were absolutely vital at 
the present time. The structure of the world in 
the years to come depended on iron and steel, and 
this was true whether peace were to continue or 
Whether, unfortunately, war were to break out 
again in the future. The almost incredible increase 
in crude-steel production had been a most striking 
feature of modern times. Thus, the world output 
ot steel in 1900 had been 27-8 million tons ; in 1950, 
it had been 184 million tons, and, if the plans now 
envisaged were successfully carried out, the pro- 
duction would have reached 240 million tons by 
1953, As far as this country was concerned, how- 
ever, Increased output was dependent on increased 
Sujplies of coal from the National Coal Board. In 
his response to the toast, the President, Mr. Richard 


Mather, said that last year the United Kingdom 
steel industry had produced over 16} million tons 
of steel, a record output, but it was estimated that 
this year our national production would be about 
16 million tons. In the five months ending on 
May 31, 1951, however, the production of steel had 
been at the rate of 16% million tons. For the 
remainder of the year the production would pro- 
bably be at a rate in the neighbourhood of 15} 
million tons per annum. There would be sufficient 
supplies of steel for the rearmament programme, 
but. the amount available for ordinary consumers 
would undoubtedly be reduced. Captain H. 
Leighton-Davies, C.B.E., who proposed the toast 
of the guests, appealed for supplies of scrap and 
asked industrialists to turn out all they could for 
dispatch to the steelworks. H.E. Dr. A. J. Clasen, 
Minister Plenipotentiary for the Grand Duchy of 
Luxembourg, replied to this toast. In the course 
of his remarks, he stated that steelmakers in bis 
country could not produce steel without manganese, 
and he trusted that supplies of this metal from 
Great Britain and the British Empire would con- 
tinue to be available to them. 


SumMER MEETING OF THE WHITWORTH SOCIETY. 


In view of the fact that the Joint Engineering 
Conference, the Third British Electrical Power 
Convention and the International Conference of 
Naval Architects and Marine Engineers extend 
almost continuously from June 4 to July 6, it was 
decided to hold the Summer Meeting of the Whit- 
worth Society somewhat earlier in the year than is 
usual. The meeting was held in London on May 22 
and May 23, and this choice of the Metropolis enabled 
the Society appropriately to connect its annual 
function with the Festival of Britain. In the after- 
noon of the first day, a visit was paid to the South 
Bank Exhibition, in the course of which the members 
were conducted over the Royal Festival Hall by Mr. 
Edwin Williams, one of the architects. He described 
its constructional and acoustical features in an 
extremely interesting way. The visit was followed 
by a meeting at the Institution of Mechanical 
Engineers, at which Mr. Dudley New, the chief 
engineer of Holland & Hannen and Cubitts, the 
contractors, gave a short lantern lecture in which he 
dealt with the civil engineering aspects of the 
structure and the problems encountered during its 
building. Nothing further need be said about the 
hall here a3 it was fully described in our issue of 
May 4. In the evening, a dinner was held at 
St. Stephen’s Club, in the course of which the retir- 
ing president, Mr. H. H. Johnson, inducted the new 
president, Dr. S. F. Dorey, into the chair. The 
second day of the meeting was devoted to a visit to 
the National Physical Laboratory. A considerable 
number of members from the provinces attended 
the meeting, and as many of these had not previously 
had an opportunity of visiting the Laboratory, this 
feature of the Summer Meeting was generally 
appreciated and well attended. The thanks of the 
Society are due to the Director, Dr. Bullard, for 
making this visit possible. 


Tue Mavupstay Soctery. 


The annual luncheon of the Maudslay Society, 
which was followed by the ninth annual general 
meeting, was held at the Waldorf Hotel, London, 
W.C.2, on Friday, May 25. The proceedings began 
with the induction as President of Mr. O. D. Smith, 
M.I.Mech.E., by his predecessor, Colonel C. F. 
Hitchins, D.S.0., who invested Mr. Smith with the 
presidential jewel. There were only two toasts to 
follow the loyal toast, these being that of ‘‘ The 
Maudslay Society,” proposed ‘by Major-General 
K. C. Appleyard, C.B.E., D.L., President of the 
Institution of Production Engineers, and that of 
“The Guests,” proposed by Colonel Hitchins, 
General Appleyard, who, it was explained, was 
deputising at short notice for Lord Brabazon of 
Tara, who was prevented by illness from attending, 
did so with conspicuous success, tracing back a 
sequence of dates, 1951-1851-1831-1771, and thus 
linking the Festival of Britain, the Great Exhibition, 
and the death and birth of Henry Maudslay, 
and affording opportunity to justify the claim that 
Britain might reflect with a proper pride on the fact 





that every country in the world owed something of 





its advancement to this country. The need, he 
concluded, was still great for men whose minds 
worked along similar lines to those of Maudslay, 
and he hoped that the Maudslay Scholarships 
would be instrumental in providing them. He 
thought that Henry Maudslay would have been 
proud of the young men who held the Maudslay 
Scholarships. Mr. O. D. Smith, in reply, said that 
most of Henry Maudslay’s inventions had been made 
because there was an immediate need for them, 
but Maudslay had some original ideas on produc- 
tivity, the results of which were bearing fruit 
to-day. He had, moreover, a remarkable sideline— 
the production of engineers; and he had a sound 
apprenticeship system. Mr. Smith added that he 
would like to press for a revival of the old apprentice- 
ship system in this country. It was a tendency of 
youth to disdain the lessons of the past, but, in their 
day, the engineers of old were as good as any of the 
present day; to quote Lord Mansfield: ‘‘ We are 
more than half of what we are by imitation; it 
behoves us, therefore, to choose good models and to 
study them carefully.” Replying to the toast 
of ‘‘ The Guests,” Vice-Admiral J. W. 8. Dorling, 
C.B., M.LE.E., recalled that one of his early sea- 
going commissions had been served in the battleship 
Caesar, with Maudslay engines; and Mr. G. W. 
Tookey, K.C., who also replied, was confident that 
the example of Henry Maudslay would always be 
an inspiration to those who sought to develop sound 
engineering practice. 


Tue InstiruTION OF INCORPORATED PLANT 
ENGINEERS. 

Tue fourth annual conference of the Institution 
of Incorporated Plant Engineers was held at Buxton 
from May 23 and 24, preceded, on the evening of 
May 22, by a civic reception by the Mayor and 
Mayoress (Councillor and Mrs. Arthur Salt). On the 
morning of May 23, the conference was formally 
opened by the Mayor, the chair being taken at the 
outset by Mr. E. G. Phillips, the retiring President 
of the Institution, who then installed his successor, 
Mr. D. Lacy-Hulbert. The new President then 
delivered a short address in which he reviewed the 
status and responsibilities of the plant engineer. 
The remainder of the morning session was devoted to 
the discussion of Institution affairs. In the after- 
noon, Mr, Richard H. Morris, editor of the American 
journal Plant Engineering, delivered a paper on the 
work of the plant engineer in the United States, 
which gave rise to a lively discussion. In the 
evening, the Institution dinner and dance were held 
at the Palace Hotel, the members and guests being 
received by the President and Mrs. Lacy-Hulbert. 
The morning session on Thursday, May 24, opened 
with a paper by Mr. Oliver Lyle on the economical 
operation of factory steam plant, with particular 
reference to process work and the generation of 
electricity, and the possibility of delivering to the 
national grid any surplus current thus generated. 
The discussion of Mr. Lyle’s paper was followed by 
the presentation of the Alexander Duckham 
Memorial awards for papers delivered during the 
previous year. On the invitation of the President, 
Mr. Jack E. Duckham made the presentation. The 
first award, a silver medal, went to Mr. J. Lachlan 
Sturrock for his paper, ‘The Selection of Earth- 
moving Plant for Public Works,” and the second, a 
bronze medal, to Mr. G. E. Halter, who had sub- 
mitted a paper entitled, “‘The Plant Engineer: A 
Study in Responsibility.” 





“‘ SUPERSPEED ”’ ROSIN-CORED SOLDER.— Messrs. H. J. 
Enthoven and Sons, Limited, Enthoven House, 89, 
Upper Thames-street, London, E.C.4, who have been 
producing lead and lead-tin alloys in numerous forms for 
a century and a half, have recently prepared a film to 
illustrate the manufacture and use of their “‘ Superspeed 
White Flash” solder which is particulary suitable for 
making connections in electrical, radio, television and 
similar apparatus. The flux core is composed of a 
chemically “‘ activated” rosin, the section of which is 
in the form of a central circle with six relatively long 
radiating arms. The solder, which is supplied on reels, 
is made in several different gauges and is claimed to be 
rapid in action and to produce reliable and permanent 
joints. An interesting feature is that the flux can be 
supplied in different colours, which can be used for 
identification purposes. The film is aptly entitled ‘‘ The 
Vital Link ”’ and is available on loan to interested parties. 
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THE ROYAL SOCIETY’S 
CONVERSAZIONE. 


THE annual conversazione of the Royal Society 
was held at Burlington House, London, W.1, on 
Thursday, May 24, the Fellows and guests being 
received by the President, Professor E. D. Adrian, 
O.M. As usual, there was a display of exhibits, 
but the majority of these were of a biological 
or chemical character. The number of engineering 
exhibits was small; and physics was not so well 
represented as usual, During the evening, films 
showing the freezing and thawing of living cells 
and the medical aspects of venomous snakes were 
exhibited, the latter being in colour. To engineers, 
their main interest was that they illustrated the 
increasing use of electrical apparatus in carrying 
out work of this kind. 

The historical exhibits included the original 
manuscript of Isaac Newton’s Philosophie Naturalis 
Principia Mathematica in the handwriting of 
Humphrey Newton, an amanuensis. This manu- 
script has recently been restored and rebound by the 
Public Record Office. The Charter Book of the 
Society, which contains the signatures of the Royal 
patrons and Fellows from the earliest days was also 
shown. A regulator clock with a gridiron pendulum, 
which was made by John Shelton in 1760, was 
exhibited. This has an interesting history. It was 
ordered by the Society for the use of the Rev. Nevil 
Maskelyne in observing the transit of Venus at 
St. Helena and was subsequently used by Jeremiah 
Dixon and Charles Mason to measure a degree of 
latitude in Pennsylvania in 1766. Maskelyne also 
employed the clock to test Harrison’s chronometer 
in Barbados and again at Shiehallion, in 1774, for 
determining the mean density of the earth, work 
for which he was awarded the Copley Medal. 

The finite bending of a square plate was demon- 
strated by Mr. D. G. Ashwell, Engineering Depart- 
ment, Cambridge University, to indicate how engi- 
neering structures, made of thin curved panels, 
sometimes fail by instability, as the direction of the 
curvature changes suddenly under the influence of 
applied loads. For this purpose, an initially flat 
square plate of Perspex was loaded by uniformly- 
distributed edge bending moments in such a way 
that it was as free as possible to distort in any 
manner. Mathematical analysis shows that there 
are two possible modes of distortion for such a 
plate; and the exhibit was arranged so that it 
could be transferred from one to the other by 
varying the bending moment. It was then seen 
that in changing from one mode to the other the 
plate experienced the same type of instability as 
that displayed by practical structures. This type of 
behaviour is typical of thin-walled structures, which 
depend on curvature for their stiffness. 

A cone-cylinder interferometer exhibited by 
Mr. G. Milton, of H. H. Wills Physics Laboratory, 
Bristol, is designed to test the shape of cylindrical 
rods or holes with great precision. It consists of an 
accurate right-angled cone, which is placed centrally 
inside a cylinder. This cone reflects the cylindrical 
surface so that it appears flat. It may be tested by 
optical interference by reflecting light waves 
from it and comparing them with those reflected 
from a true flat, so as to give interference colours. 
These colours form a contour map of the cylinder ; 
succeeding colours—black, yellow, violet, ete.— 
denoting heights of 0, 5 and 10 millionths of an inch 
above datum. The changes in tint can be estimated 
to within one millionth of an inch. The difference 
in diameter between two cylinders can be read on a 
path-length screw by using white-light fringes, and 
taper can be measurec in the same way. Ellip- 
ticity or faceting in the cylinder is differentiated from 
corresponding errors on the cone by rotating one of 
them, the angular error being located by a longi- 
tudinal shift. The interferometer is combined 
with an angle-controlled polishing machine for 
figuring the cone. 

Another interferometer, which was shown by 
Mr. J. M. Burch, also of H. H. Wills Physics Labora- 
tory, Bristol, makes use of the interference of light 
Waves to measure the surface errors of suitably 
shaped screws to an accuracy of about two millionths 
of an inch. The screw to be tested is surrounded by 





an auxiliary nut with a single broad-flanked 
turn of different pitch. The pair is aligned to a 
common vertical axis and illuminated by parallel 
white light from above, the combination behaving 
like a single flat mirror to the extent that all the 
rays are returned along their original paths. When 
the interferometer has been correctly adjusted, any 
hills or depressions on either screw are seen mapped 
out by coloured contours at intervals of about ten- 
millionths of an inch. By screwing one component 
with respect to the other and observing the change 
of pattern, it is possible to assess their errors 
separately. The highest portions of either screw 
are then removed by guided scrapers, which have 
been honed to shave away the metal without im- 
pairing the smoothness of the surface. The object 
of the instrument is to produce a master pair of 
screws, which can be used in a second interfero- 
meter to check any large engineering screw, such 
as the master worm of a gear-hobbing machine in 
which great accuracy would contribute towards 
noiselessness. 

A model illustrating some features of the reflection 
of radio waves from the ionosphere was shown by 
Messrs. B. H. Briggs and G. J. Pnillips, Cavendish 
Laboratory, Cambridge. It consisted of a reflector, 
like a creased roller towel, to represent the iono- 
sphere, on to which supersonic pulses with a carrier 
frequency of 25 kilocycles were directed from a 
distance of about 2m. The echo from this “ reflec- 
tor” was displayed on a cathode-ray oscillograph 
and the fluctuations in strength with the irregu- 
larities of its surface were shown. It was also shown 
that irregular heating of the air near the reflector 
produced similar fluctuations, thus demonstrating 
the way in which wind and turbulence in the 
ionosphere may cause the fading of radio signals. 

A demonstration showing that much more effort 
is required to do positive than negative work was 
given by Messrs. B. C. Abbott and J. M. Ritchie, 
University College, London. The equipment used 
consisted of two bicycles fixed to stands with their 
tear wheels replaced by flywheels raised free of the 
ground. These bicycles were placed back to back 
and coupled by a chain so that one cyclist pedalled 
in the forward and the other was driven in the reverse 
direction. The speed was kept constant by a 
metronome and all the work done by the first 
cyclist was absorbed in the muscles of the second ; 
the one doing positive and the other an equal amount 
of negative work. It was, however, clear to the 
“forward” cyclist that he was exerting more 
effort than the one resisting, an impression which 
was confirmed by the oxygen consumption of the 
two during steady pedalling. 

An analyser which can measure electrical pulses 
at the rate of more than 1,000 per second and 
record how many bave been received within each 
of 60 consecutive equal voltage ranges was shown 
by Messrs. G. W. Hutchinson and G. G. Scarrott, 
Cavendish Laboratory, Cambridge. It has been 
designed for use in nuclear physics experiments in 
which information regarding the energies of moving 
particles is presented as the heights of electrical 
pulses. The analyser, which will sort up to 60 
million pulses and display the results continuously 
on a cathode-ray tube, stores its information in a 
supersonic mercury tube of the type developed for 
radar. 

Boreholes sunk in the Whitby district have 
shown the existence of valuable deposits of potas- 
sium salts at a depth of about 4,000 ft. An exhibit 
of Imperial Chemical Industries, Limited, consisted 
of samples of the minerals obtained from these 
boreholes and of diagrams illustrating the strata 
encountered and the distribution of potassium 
chloride in the sylvinite beds. The quality compares 
favourably with foreign potassium deposits. 





COURSE ON MANAGEMENT PRACTICE.—The Institute of 
Industrial Administration, in association with the British 
Institute of Management, have arranged a residential 
course of study on management practice at Wadham 
College, Oxford, from Saturday, July 21, to Saturday, 
July 28. It is designed to meet the needs of those 
engaged in technical and commercial management who 
are unable to attend full college courses of instruction. 
Further information may be obtained from the secretary, 
the Institute of Industrial Administration, 8, Hill-street, 
London, W.1. 





THE IRON AND STEEL 
INSTITUTE. 


Tur 82nd annual general meeting of the Iron and 
Steel Institute opened on Wednesday morning, 
May 30, at the Institute’s offices, 4, Grosvenor- 
gardens, London, 8.W.1, with the retiring President, 
Mr. J. R. Menzies-Wilson, O.B.E., occupying the 
chair. The meeting is due to end at 1 p.m., to-day, 
Friday, June 1. 


REporRT OF COUNCIL. 


The minutes of the previous meeting having been 
dealt with, the report of Council for 1950 was 
presented. This indicated that for the first time 
since 1941 there was a reduction in the number 
of members on the roll of the Institute, the total 
on December 31, 1950, having been 4,882, compared 
with 4,909 on December 31, 1949. This reduction, 
it was pointed out, was due entirely to the smaller 
number of associate members, namely, 702, instead of 
857 a year previously. The Council recorded with 
regret the deaths of 37 members which had occurred 
during 1950, and among whom were Sir Robert 
Crichton, Dr. H. A. Dickie, Sir Edward J. George, 
Dr. H. W. Gillett, Lt.-Colonel Sir John Greenly, 
Mr. Roosevelt Griffiths, Mr. F. M. Osborn, Dr. W. J. 
Rees and Colonel Sir W. Charles Wright, Bt. 
Sir Charles Wright was a past-president and hono- 
rary member of the Institute and Sir Edward 
George and Sir John Greenly were honorary vice- 
presidents. In connection with the education and 
training of metallurgists, the report stated that 
three new schemes for National Certificates in 
Metallurgy had been approved by the Joint Com- 
mittee concerned with such matters and several 
schemes for the Higher National Certificates were 
being organised in districts not hitherto covered. 
Twenty-four colleges prepared students for the 
Ordinary National Certificate, and, in 1950, the 
Certificates awarded had totalled 143. Twelve 
colleges had courses available for candidates for the 
Higher National Certificate and 42 of these had been 
obtained during 1950. The Institute continued to 
provide services for the British Iron and Steel 
Research Association, while the good relations 
between the Institute and other scientific and tech- 
nical societies at home and abroad had been fully 
maintained and extended during the year covered 
by the report. 


Report OF HONORARY TREASURER. 


The statement of accounts prepared by the 
honorary treasurer, Mr. James Mitchell, C.B.E., and 
presented in his unavoidable absence by the 
President, showed that the income for the year 
ended December 31, 1950, was 58,5011., and the 
expenditure, 52,6031/., giving an excess of income over 
expenditure of 5,898/. The total of the accumulated 
fund, life composition fund, and various reserves 
and provisions, amounted to 40,0441., compared 
with 33,3011. a year previously. 


PRESENTATION OF AWARDS. 


The President stated that as previously announced 
the Bessemer Gold Medal for 1951 had been awarded 
to Mr. Benjamin Fairless, President of the United 
States Steel Corporation, in recognition of his 
services to the iron and steel industry. As Mr. 
Fairless had been unable to come to Europe at the 
present time, the medal had been presented to him 
in New York on May 24 by Sir Charles Goodeve, 
F.R.S., Director of the British Iron and Steel 
Research Association, who was in the United States 
at the head of the Anglo-American Iron and Steel 
Productivity Team. The presentation had been 
made at the annual meeting of the American [ron 
and Steel Institute. 

The other presentations of awards, made by 
Mr. Menzies-Wilson, included that of the Sir Robert 
Hadfield Medal for 1951 to Mr. W. Barr, of Messrs. 
Colvilles, Limited, in recognition of his contribu- 
tions to research in steelmaking; the Carnegie 
Silver Medal for 1950 to Mr. A. B. Winterbottom, 
of the Technical University of Norway, Trondheim, 
for his paper, “‘ Optical Studies of the Oxidation of 
Iron at Temperatures in the range 20 deg. to 
265 deg. C.”"; and the Williams Prize for 1950, 
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which was divided between Mr. T. H. Harris, of 
Brymbo Steelworks, Limited, and Mr. W. H. 
Everard, of Messrs. Edgar Allen and Company, 
Limited, for their paper, written jointly with Mr. 
D. J. O. Brandt, on “‘ The Use of the Oxygen Lance 
in British Electric Furnace Practice.” As, owing 
to the terms of the Williams Prize, members of the 
staff of the British Iron and Steel Research Associa- 
tion were not eligible for an award, the Council of 
the Institute had decided to award a special prize 
of equal value to Mr. Brandt, and this was pre- 
sented to him at the meeting. The last presentation 
was that of the Ablett Prize for 1950 jointly to 
Mr. D. A. Wise and Dr. L. N. Bramley, for their 
paper, “Proposed Method of Specifying Travel- 
Motion Performance for Steelworks Overhead 
Cranes.” 


CHANGES IN THE CoUNCIL AND ANNOUNCEMENTS. 


The secretary then announced the changes which 
had taken place in the membership of the Council 
since the last general meeting in November, 1950. 
He stated that Professor A. J. Murphy, President 
of the Institute of Metals, had joined the Council in 
place of Mr. H. 8S. Tasker; Mr. A. B. Ashton, 
President of the Manchester Metallurgical Society, 
in place of Mr. E. J. Heeley; and Mr. E. T. Gill, 
President of the Sheffield Metallurgical Association, 
in place of Dr. J. White. Moreover, in accordance 
with by-law 10, the three vice-presidents, namely, 
Mr. G. Steel, the Hon. R. G. Lyttelton, and Captain 
H. Leighton Davies, C.B.E., and the five members 
of Council, Mr. C. R. Wheeler, C.B.E., Mr. D. A. 
Oliver, Dr. C. Sykes, F.R.S., Mr. W. Barr and Sir 
Arthur Matthews, O.B.E., who, as announced at 
the autumn meeting of 1950, were due to retire in 
rotation, were now declared to be re-elected, no 
other nomination having been received. 

Among other announcements, it was intimated 
that Andrew Carnegie Scholarships had been 
awarded to Mr. J. P. Hugo and Mr. B. Cina for 
research work to be carried out at the University of 
Sheffield, and to Mr. J. Burke for work to be con- 
ducted at the University of Liverpool; that the 
special meeting to be held in Austria would com- 
mence on September 5 and end on September 18, 
and that the autumn general meeting would be held 
in London on November 21 and 22. 

Mr. J. R. Menzies-Wilson then vacated the chair 
and inducted the President-elect, Mr. R. Mather, 
who, in proposing a vote of thanks to Mr. Menzies- 
Wilson for his work during bis tenure of the Presi- 
dency, referred to his able stewardship and colla- 
boration with the treasurer, which had maintained 
the finances of the Institute on a sound basis. 


PRESIDENTIAL ADDRESS. 


Mr. Mather then proceeded to read his presiden- 
tial address, which dealt with ‘‘ The Iron and Steel 
Institute and the Industry.” In the course of this 
he stated that the Institute had been established 
in 1869 on the initiative of a group of Northern iron- 


the proposed Channel bridge between England and 
France, to which (including its discussion) a hundred 
pages of the Journal were devoted. The Institute 
came into being too late for the earliest discussions 
on the Bessemer process or on the new regenerative 
furnace of Siemens, but Bessemer was a member of 
the Provisional Committee that established the 
Institute, and he became its second President. 
Siemens was elected a member of the Institute in 
its first year, attended some of its earliest meetings, 
and was elected President in 1877. 

The most outstanding development, which re- 
ceived its first public discussion through the 
Institute, was the basic process, which Thomas and 
Gilchrist first announced in a paper presented to the 
Institute in 1879. If its first reception now seemed 
to have been lukewarm, it should be remembered 
that the Institute had in the few preceding years 
discussed several other attempts at dephosphorisa- 
tion, all of which had been found to fail in practical 
trials, This first paper by Thomas and Gilchrist, 
however, had promptly led several manufacturers 
in Britain and the Continent to try the process in 
their works, with such success that the names of 
Thomas and Gilchrist were among those most 
honoured in iron and steel circles throughout the 
world. 

When the Institute was 20 years old, it had become 
widely known and respected, and appeared to have 
settled down to a somewhat uneventful period. 
For many years there was little apparent change in 
the nature and scope of its activities. Its member- 
ship grew mainly among metallurgists, metallur- 
gical chemists, plant engineers, and other technicians 
employed in the industry, but for a long time their 
influence on the nature of the papers read before 
the Institute was not great. The total membership 
reached 2,000 in about 1905, and did not vary much 
from that figure for about 30 years. Nevertheless, 
the Institute played an important part in the 
formation of the British Standards Institution, and, 
later, in that of the International Association for 
Testing Materials. 

It was both inevitable and proper that, during 
the 1914-18 war, much of the activity of the Institute 
was devoted to dealing with the many technical 
problems which then arose. These problems affected 
almost equally the members who were mainly 
concerned with production, plant operation, and 
works development, and those whose main function 
was to control and improve quality and efficiency. 
The needs of the times led the Institute to apply a 
large part of its energy to the operation of research 
committees which it began to set up in 1917. 

The work of the research committees necessarily 
entailed heavy special expenditure, even though 
the greater part of it was done in the laboratories of 
individual companies in the British industry. It 
was manifestly impossible for an Institute having 
only about 2,000 members to provide the necessary 
finance from subscriptions, and it became evident 
that the Institute would have to rely for an impor- 


e industry. This was arranged through the 


masters and it had begun as an activity of ns part of its work on the provision of funds by 


industry through many of its important members, 
who were principally owners of the works then in’ 
existence or were managers of those works. That 
connection between the Institute and the industry 
had developed in the subsequent 80 odd years. The 
Institute was only two years old when it had decided 
to set up a special committee to investigate the 
iron-ore resources of Great Britain, and another 
committee to investigate the possibilities of develop- 
ing the mechanical puddling of iron. Neither of 
these committees seemed to have produced results 
of great importance, but they did constitute the 
beginning of a direct co-operative approach to a 
problem. Of perhaps even more direct interest in 
this connection had been the proposal by G. J. 
Snelus, in 1871, that the Institute should establish 
a laboratory for research: his particular objective 
at the time was a more rapid development of the 
study of the chemistry of iron and steel. 

_ In ite early years, the Institute did not confine 
itself closely to its own specific field. It discussed 
papers on shipbuilding, hydraulic valves, phosphoric 
bronze, rock-drills, the Yorkshire coalfield, an 
underground colliery fire, and a new miners’ safety 
lamp. Perhaps the most conspicuous of these 
Wanderings from the strict path was the paper on 





ritish Iron and Steel Federation (or, in earlier 
years, by its predecessor) which took part in the 
work through its ‘Technical Department, and 
provided much of the special finance required by the 
joint committees. This co-operative action between 
the central organisation of the industry and the 
Institute led to the setting up of an Iron and Steel 
Research Council, the activities of which qualified 
it for a grant of part of the necessary finances from 
the appropriate Government department. Neverthe- 
less, the operation of these important research 
committees put some strain on the finances of the 
Institute. When the British Iron and Steel Research 
Association was set up, it should be noted that the 
Institute’s previous work in the field of research 
was recognized in the constitution of the new 
Association by the grant to the Institute of the 
right of appointment of several members to the 
Council of the new Association. For these and other 
services the Association made appropriate contri- 
butions to the funds of the Institute. 

If the recent re-organisation of the British steel 
industry endured, it would be advisable for all of 
us to be more vigilant than had been necessary in 
the past, to ensure that we remained free from any 





restrictions (more particularly, perhaps, indirect 
restrictions) of our practice of full discussion of 
any of the technical matters which came within 
the scope of the Institute. The new form of organi- 
sation of the industry was not such as immediately 
to cause as much apprehension on this matter as 
would have arisen under other forms of organisation. 
However, administrative practices could, in the long 
run, be of more influence than the nominal form of 
an organisation. These practices might, without 
any deliberate intention on the part of the adminis- 
trators, and perhaps almost without recognition of 
their early effects, result in some loss of technical 
freedom by the individual. He might gradually 
find himself with fewer opportunities to express his 
views, or to advance new ideas, whether through the 
medium of the Institute or otherwise. The future 
well-being of the industry would depend, as its 
past successes had depended, on the freest access 
to open discussion, on criticism of existing practices, 
and on the production of new ideas and their testing 
in practice. The members of this Institute, in their 
duty to their industry, must constantly ensure that 
these fruitful methods of its further growth remained 
available to themselves and to their successors. 
(To be continued.) 





ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


VI.—Civit-ENGINEERING WorK aT THE SovuTH 
Bank Exursition. 


Apart from the Skylon, the Dome of Discovery 
and the Royal Festival Hall, which have been 
described in previous articles in this series, most of 
the buildings at the South Bank Exhibition have 
novel constructional features. In addition, the 
extension of the river wall, which was an early part 
of the preparation of the site, and the work under- 
taken by London Transport in connection with 
underground railways, are worthy of mention. 

The Transport and Communications building, 
which is shown in Fig. 70, on Plate LII, consists of 
four parts, namely, from west to east, the western 
section and the “link” section, both two-storey 
buildings, the main building (a high single-storey 
hall), and the “ramp” building, which is also of 
two-storey construction, with a ramp up to the 
first floor. Steel is used for the first three and 
reinforced concrete for the last, and, as will be 
seen from Fig. 70, the amount of glazing is very 
large. The roof of the lofty hall, from which air- 
craft are suspended, comprises inclined lattice 
girders which form a series of gables without tie 
members or intermediate trusses. At the back it 
is supported on a series of columns, where it is 
cantilevered out, and at the front it rests on a girder, 
where it is also cantilevered out. This girder is 
carried on two stanchions. The glazed front of the 
building is in four sections, two of which slide longi- 
tudinally to allow large exhibits to be 
through, and the whole front is‘ braced by lattice 
girders. A number of staircases in the Transport 
and Communications Building consist of a central 
spine, of cast in-situ concrete, with cantilevered 
precast steps bolted thereto. The consulting engi- 
neer for the building was Mr. F. J. Samuely, who 
was responsible for the Skylon, and the main con- 
tractors were Messrs. Richard Costain and Company, 
Limited. 

One of the most striking structures on the South 
Bank is the Station Gate and Escalator Hall Build- 
ing, which embodies five parabolic timber arches 
of laminated and glued construction. Fig. 71, on 
Plate LII, shows the building in course of erection. 
The architects, Sir John Burnet, Tait and Partners, 
worked in conjunction with the Timber Develop- 
ment Association and the consulting engineers, 
Messrs. Freeman, Fox and Partners, and the arches 
were made by the Airscrew Company and Jicwood, 
Limited, Weybridge. The span of the arches is 
101° ft. and the height is 62 ft. Each arch was 
fabricated in two parts, each 13} in. wide and from 
14 to 20 in. deep. The laminations are # in. thick, 
with scarf joints, and the arches are supported by 
steel pins at the bases. Timber bracing panels are 
fitted between the arches below the level of the 
suspended glass roof. 
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Fig. 72, on Plate LII, illustrates the Lion and 
Unicorn Building in course of erection; the archi- 
tects were Messrs. R. Y. Goodden and R. D. Russell. 
It is rectangular in plan, with a gallery on one side, 
and the roof, of timber, is curved in section and of 
“lamella ” construction. The walls were finished 
with cement sprayed on to expanded-metal laths ; 
the greater part of the wall overlooking the exhibi- 
tion, however, is glazed. Fig. 74, on Plate LII, 
shows the Sea and Ships Building, which was 
designed by Mr. Basil Spence, O.B.E., F.R.1.B.A., 
and Messrs. Freeman, Fox and Partners. The 
structure consists of a number of light steel portal 
frames, the enclosed space being about 50 ft. wide, 
40 ft. high and 300 ft. long. A variety of roof 
structures are suspended from the frames. The 
Royal Pavilion, shown in Fig. 73, on Plate LII, 
is heptagonal in plan, and the roof comprises seven 
laminated timber half-arches which are fixed by 
pins at their lower ends and abut at the upper ends 
against a laminated-timber ring. Stressed-skin 
plywood panels are carried by the frame thus 
formed. Fig. 73 also shows a few of the suspended 


offices which are a novel feature of the exhibition. 


Each office is suspended by wire ropes from a struc- 
ture consisting of a series of A-frames joined at 
their tops by a longitudinal steel member. 

The unusual roof shown in Fig. 75, herewith, 
is made of aluminium-cork sandwich panels. This 
type of construction was described on page 315, 
ante. It has been developed by Messrs. Alphamin, 
Limited, Arnold-road, London, 8.W.17, in co-opera- 
tion with the British Aluminium Company, Limited, 
London Wall, London, E.C.2. The panels, or slabs, 
consist of a 2-in. layer of baked cork built up in 
mosaic form from small slabs, with a 20-s.w.g. sheet 
of aluminium-magnesium alloy glued on each side. 
The weight of the panel is 2-25 lb. per square foot. 
The advantages of this type of construction are its 
light weight; it gives a permanent exterior and 
interior finish without plaster, etc.; its thermal 
insulation is equivalent to more than 40 in. of brick- 
work, and it requires no exterior scaffolding for 
erection. As used on the Thames-side Restaurant, 
the panels have been arranged in curves in two 
planes. 

The Power and Production Pavilion was illus- 
trated in Figs. 8 and 9, on Plate XXVII, which 
accompanied our issue of April 13. The architects 
were Mr. G. G. Baines and Mr. H. J. Reifenberg; 
Mr. F. J. Samuely was the consulting engineer, 
and the main contractors were Messrs. Richard 
Costain, Limited. Steel tubes and bars have been 
used extensively for the framework, though 
ordinary steel joists were necessary at certain 
points. The main hall, which is in the centre of 
the pavilion, is saw-tooth in outline, both in plan and 
elevation, for exhibition purposes, Steel tubes 
were used for compression members and round 
bars for tension members. The building is clad with 
corrugated asbestos, brick and glass. : 

A prestressed concrete footbridge has been built 
near the Shot Tower, using the Freyssinet system 
of prestressing. It has been designed for a load 
of 100 lb. per square foot, and consists of four 
spans of continucus-beam design. Hinges were 
used at the top and bottom of the columns at the 
ends of the bridge and at the centre, so that the 
movement due to prestressing could be taken up. 
Subsequently, however, the hinges were grouted. 
The consulting engineers for this bridge were 
Messrs. Ove Arup and Partners, and the contractors 
were Messrs. Kirk and Kirk, Limited. 

Messrs. Ove Arup and) Partners, together with 
the Architects’ Co-operative Partnership, were also 
responsible for the Minerals of the Island building, 
which consists of a concrete-slab tetrahedron 70 ft. 
high, supported on a turf-covered cavern. The 
tetrahedron is a thin-walled reinforced-concrete 
structure, and its surface is finished to represent 
coal, 

The Freyssinet system of prestressing concrete 
has also been used for the roof-supporting structure 
of the Fairway Café. The structure consists of a 
series of beams arranged diagonally in plan so as 
to make squares approximately 10 ft. wide. The 
beams are | ft. 3 in. deep, and are cast with a duct 
to accommodate the prestressing cables. These 
cables consist of 12 0-02 in. high-tensile steel] 





ALUMINIUM-CORK 


SANDWICH ROOF. 





Fie. 75. Roor oF RESTAURANT UNDER CONSTRUCTION. 


wires. The Fairway Café was designed by the 
Architects’ Co-operative Partnership and Messrs, 
Ove Arup and Partners, 

The South Bank river wall has been extended 
from the County Hall to the downstream end of 
the exhibition site, and about 44 acres of land have 
thereby been relaimed. It is a mass-concrete wall, 
faced with granite, and at parts the foundation 
extends to a depth of 26 ft. below the Newlyn 
datum. Sheet-steel piling was left in place at the 
toe of the wall; it acts as a seal to prevent water 
flowing from the river under the wall, but to allow 
sub-soil water from high ground in South London 
to flow in the opposite direction, non-return flap 
valves on the river face were fitted at 60-ft. centres 
along the wall. Messrs. Richard Costain, Limited, 
the contractors, built the wall from the County Hall 
towards the Waterloo Bridge. The chief engineer’s 
department of the London County Council, under 
the direction of Mr. J. Rawlinson, M.Eng., M.I.C.E., 
were responsible for the design of the wall and for 
supervising the construction. 

The principal railway works carried out by London 
Transport were the escalator schemes and ancillary 
works at Charing Cross and Waterloo, whilst the 
reconstruction of the war-damaged station at 
Sloane Square was timed to fit in with the opening 
of the Festival. At Charing Cross, the main object 
was to give Bakerloo and Northern Line passengers 
direct access to those lines without having to pass 
down the stairways which previously served both 
tube lines and the District Line. Two single escala- 
tors have been installed on the Embankment side 
of the ticket-hall, one (44 ft. long) leading down to 
the existing Bakerloo Line escalator and the other 
(48 ft. long), in the opposite direction, to the 
existing Northern Line escalator. The new escala- 
tors run in the down direction only, and they are, 
therefore, invaluable in maintaining a steady flow 
of homeward-bound passengers without interference 
to travellers descending to the District Line. Entry 
to the new escalators is gained from a newly-buil 
annexe just off the head of the existing stairway to 
the westbound District Line platform. Asecondary, 
but equally important, work is the provision of new 
exit stairs at the east end of each District Line 
platform, one giving direct access to the street 
near the entrance to Embankment Gardens at the 
foot of Villiers-street, the other occupying a similar 
position on the Embankment side of the station. 
By means of these two short staircases, District Line 
passengers detraining at Charing Cross have a 
direct route to the street. The construction of the 
new escalators and ancillary works necessitated 
demolishing the old staircase from the Embankment 
to the Hungerford footbridge. This was closed in 
November, 1949, and a temporary structure erected 
on the opposite side of the station. A permanent 
reinforced-concrete staircase, forming part of the 
new ticket-hall annexe, has been built approxi- 
mately on the site of the former cast-iron structure. 
Messrs. Mott, Hay and Anderson were the consulting 
engineers for the civil engineering work, which was 
carried out by Messrs. Kinnear, Moodie and 
Company, the escalators being supplied and installed 
by Messrs. Waygood-Otis, Limited. 





In the course of repairing war damage at Charing 
Cross station, the opportunity has been taken to 
improve the general appearance of the station. 
To take full advantage of the new fluorescent light- 
ing, the District Line platforms have been fitted 
with false ceilings of asbestos sheeting in aluminium 
framing, the walls have been tiled in warm buff 
6-in. by 6-in. tiles, with black borders to poster 
panels, and the free-standing pillars have been 
tiled in a pleasantly contrasting shade of light blue. 
The effect of these works, combined with the latest- 
type glass direction, train describer and other signs, 
and the general provision of fluorescent lighting, is 
to give the platforms an appearance of warmth and 
comfort. Poster panels have been re-arranged and 
the various tobacco and newspaper kiosks have been 
rebuilt on modern lines. Mr. Jack Howe, 
A.R.1.B.A., was consulting architect for these 
general improvement works, The whole of Charing 
Cross station, both at tube and surface level, and 
including all staircases, escalators, passages and 
platforms, has been fitted with the latest type of 
fluorescent lighting, the installation work being 
carried out by London Transport. In addition, 
a certain amount of re-modelling has been carried 
out to the station entrances, mainly in the replace- 
ment of out-moded ornamental stone and mosaic 
work by Portland stone facings. 

Waterloo station is London Transport’s main 
railway gateway to the exhibition, and here the 
principal object was to give passengers direct access 
to the site. This has been achieved by the con- 
struction of a 26-ft. diameter subway 150 ft. long 
from the lower-level concourse, terminating in a 
bank of three 115 ft. 6 in. long escalators which 
emerge in a ground-level ticket hall within the 
precincts of the South Bank. Connected to this 
subway are a new passage to the south-bound 
Bakerloo Line platform and two new short passages 
to the Northern Line platforms; the construction 
of the latter tunnels involved the erection of new 
‘ootbridges across the north-bound Northern Line 
platform. In addition, a relief e has been 
provided between the south-bound Bakerloo Line 
platform and the lower-level concourse, near the 
foot of the existing escalators. In the course of 
renovating the old escalator shaft from the Southern 
Region main-line station, the presence of water 
necessitated the erection of a waterproof lining 
similar to that installed in the new subway and 
escalator tunnel. A new ceiling of asbestos sheeting 
has been erected. As in the case of Charing Cross, 
the entire station has been equipped with fluorescent 
lighting and modern glass signs. The new ground- 
level ticket hall in the Festival grounds has been 
erected under the auspices of the Festival authorities, 
in collaboration with London Transport. Messrs. 
Mott, Hay and Anderson were consulting engineers 
for the tunnelling works, which were carried out by 
Messrs. Kinnear, Moodie and Company. Escalators 
were supplied and installed by Messrs. Waygood- 
Otis, Limited. The whole of the works at the 
stations was carried out under the general direction 
of Mr. P. Croom-Johnson, C.B.E., M.LC.E., chief 
engineer of London Transport. 

(To be continued.) 
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TRIGONOMETRICAL INDICATOR. 


‘THE ADREMATH ComPuTOR Company, LIMITED, 54, 
High-street, King’s Heath, Birmingham, 14, have pro- 
duoed a pocket indicator which displays in a convenient 
manner values of the six standard trigonometrical 
ratios at angular intervals of 5 min. between 0 deg. and 
90 deg. Itis known as the “ Trig at a Glance ” Trigono- 
metrical Indicator and consists essentially of an ivorine 
disc, 53 in. in diameter, on both sides of which the 
tabular values are printed, enclosed between two 
circular cover-plates of the same material, which are 
cut away to act as indicators and to reveal the entries. 
The central disc can be rotated on a pivot which holds 
the three discs together. The values of each function 
are printed on a circular scale, there being twelve such 
scales and four angle scales arranged concentrically on 
each side of the central disc. The six entries for each 
particular angle are not contained within a sector of 
the disc, but within a narrow strip bounded by curves. 
In this way, the space available for each set of entries 
is extended in length but correspondingly decreased in 
depth, since the total available area is unchanged. In 
general, each entry contains four or five significant 
figures. For the most part, these are printed distinctly, 
but to read the values of the cosecant, which are 
printed on the innermost scales, requires sharp eyesight. 
The subdivision of the range of angle between 0 deg. 
and 90 deg. is somewhat curious, but is imposed by 
the design of the instrument. There might have been 
a case for listing the tabular values at intervals of 
6 min. instead of 5 min., as this would have been 
equivalent to decimal subdivision and would have 
allowed more space for each entry. The laws relating 
the trigonometrical functions of complementary angles 
have, of course, been applied to avoid a duplication of 
entries. Hints to beginners on how to determine the 
remaining sides and angles of a right-angled triangle 
when given one side and an angle, other than the right 
angle, or when given two sides, are printed on the 
cover plates. 

The instrument is undoubtedly handy, and there are 
some, perhaps, who will prefer it to a book of trigono- 
metrical tables of which there are several editions of 
convenient size for the pocket. It is certainly an 
advantage to have all six ratios displayed side by side 
against the angular entry, instead of having to turn 
over the pages of a book to read them successively, but 
this compactness has not been achieved without a 
certain sacrifice of clarity. Furthermore, the differ- 
ences are not shown, so that interpolation between 
successive entries involves a certain amount of calcu- 
lation additional to that normally necessary with a 
book of tables. This is not serious when the function 
is varying slowly, but in the case of tangents and inverse 
ratios it may be a nuisance. Furthermore, a trigono- 
metrical ratio is not, in itself, particularly interesting. 
It is generally wanted for insertion in a formula or for 
multiplying by some other quantity. In such cases, 
the books of tables, which normally contain the loga- 
rithms of the trigonometrical ratios as well as their 
absolute values, have an advantage. The present 
indicator is likely to effect a real saving of time only 
when used in conjunction with a slide-rule. 





EXTENSION TO WEARSIDE SHIPYARD.—Messrs. Bartram 
& Sons, Ltd., of South Dock, Sunderland, have recently 
increased the area of their shipyard by about one fifth 
by taking in adjoining property. One of the existing 
berths is to be extended about 70 ft., with a suitable 
extension to each of the crane tracks on either side, and 
dredging of the south outlet of the South Dock will 
be increased. The completion of this work will enable 
the firm te build and launch large cargo-carrying ships, 
such as tankers, of up to about 16,500 tons deadweight. 





MULTI-POINT AIR-OPERATED 
RECEIVER-RECORDER. 


Ir is often most convenient +o provide a record of 
a number of measured variables in a plant at a point 
remote from the place of measurement. In this way 
a record is obtained which gathers together a number 
of individual records or indications in a place where 
they can be examined centrally under more suitable 
conditions. This is known as tele-metering or tele- 
recording, and is usually carried out by electrical 
means, but the extensive development of air-operated 
control has led to the application of this servo medium 
to the field of remote transmission. Pneumatic tele- 
metering is obviously a desirable feature in a plant 
which already functions with an air-operated control 
scheme, but apart from this it has advantages over an 
electrical system. These apply particularly in indus- 
tries where elaborate fire precautions must be taken, 
for example, in the petroleum industry, where the use 
of electrical power would be dangerous in the presence 
of inflammable gases or liquids, or where explosive 
substances are met with, as in the chemical industry. 
Messrs. George Kent, Limited, Luton, have recently 
produced a multi-point air-operated receiver-recorder 
for use in these circumstances. It provides a synchro- 
nised side-by-side record of the principal measured or 
controlled variables in a system. It can be used in 
conjunction with a transmitter mounted in any of the 
firm’s standard instruments (mercury or ring balance 
types for flow, Multelec potentiometers, pressure or 
temperature controllers) or with transmitters of other 
makes provided that they emit the required pressure 
range. All the components of the receiver are standard; 
the bellows unit, which is essentially a pressure gauge, 
comprises standard components largely as used for the 
Kent Mark 20 air-operated control unit. 

The receiver records on a chart divided into three 
distinct zones, and can operate on 3, 4, 5, or 6 points. 
When it is operating on more than three points, and 
two pens are recording on one zone, different coloured 
inks are used. The pen travel is 3 in. for each point. 
Each pen is provided with a separate “‘ zero ” adjuster. 
The chart is driven by a synchronous electric motor, 
and at the standard speed will last for two months. 
To facilitate chart-changing the chart roll is mounted 
on a drop-frame. The instrument includes an air- 
filter, pressure-reducing valve, moisture sump and 
pressure gauge. Air connections are by unions to 
nipples on the side of the meter case. The system air 
pressure range is 3 to 15 lb. per square inch, and the 
maximum working distance from the transmitters is 
1,000 ft. The mechanism is mounted in a cast- 
aluminium case which is suitable for wall or flush 
panel mounting. The dustproof door seals on a 
rubber joint and is fastened by two locks embodied 
in the handles. The net weight of the instrument is 
70 Ib. 





COURSE ON ELECTRONICS.—Physicists and engineers 
wishing to obtain specialised knowledge of electronic 
instruments used in nuclear physics, radio-chemistry and 
work with radio-isotopes, are offered a course at the 
Atomic Energy Research Establishment, Harwell. It 
will run from July 23 to 27 and deal specifically with the 
use of electronic equipment for detecting and measuring 
radiation. Lectures will be given in the mornings and 
practical instruction in the afternoons. Candidetes 
should have previous knowledge equivalent to that 
required for a degree in physics or electronics, The fee 
for the course is 12 guineas, and accommodation, trans- 
port, and morning and evening meals will be provided at 
a staff hostel near Faringdon for an additional 5 guineas, 
Applications should be addressed to the Electronics 
Division, A.E.R.E., Harwell, Didcot, Berkshire. 





BRITISH HYDROMECHANICS 
RESEARCH LABORATORY. 


Durine 1947, three new organisations concerned 
with the allied sciences of hydraulics and hydro- 
mechanics, came into being in Britain. Two of these, 
namely, the Hydraulics Research Organisation and 
the Mechanical Engineering Research Organisation, 
were set up by the Department of Scientific and 
Industrial Research ; the third, known as the British 
Hydromechanics Research Association, was formed 
independently by leading members of the British 
hydraulics industry. That three such organisations, 
two of them devoted specifically to the study of fluid 
flow and the third embracing this subject within a 
wider field of research, should be formed in Britain 
within a single year, may seem, at first sight, remark- 
able. They owed their origin, however, to a widespread 
desire to restore to its true position of importance the 
study of liquid flow which, after receiving the attention 
of leading British mathematicians, physicists and 
engineers during the Nineteenth Century, with eminent 
results, had fallen into comparative neglect in Britain 
in the present century owing to the concentration 
of hydrodynamic research on aerodynamics. 

In contrast with the other two organisations, the 
main concern of which is long-term fundamental 
research in the fields of civil and mechanical engineering, 
the British Hydromechanics Research Association con- 
centrates on the more immediate practical applications 
of research. Its policy is broadly similar to that of the 
other research associations, now some 40 in number, 
which have been set up under the egis of the Depart- 
ment of Scientific and Industrial Research and are 
supported by grants from the Government and industry. 
Its primary aim is not directly to increase production 
but, by improving the design of hydraulic plant of all 
kinds, to effect economies in the use of materials and 
power which will reduce costs at home and stimulate a 
demand abroad for British hydraulic plant. 

Although numerous gifts in kind have been received, 
in addition to the aforementioned financial assistance, 
the Association has been somewhat handicapped since 
its formation by lack of resources. Its early work was 
confined largely to the provision of an information 
service and to issuing a bimonthly bulletin containing 
abstracts of scientific papers and other technical infor- 
mation derived from British and foreign sources, 
supplemented by a series of technical papers. i 
valuable work continues. During the same period, 
committees set up by the Association prepared a list of 
the most pressing problems which require solution, 
and plans were made for the provision of a research 
laboratory. Again, owing to lack of funds, it was not 
possible for the Association to build its own laboratory 
but an agreement was entered into with the Develop- 
ment Corporation, of Harlow, Essex, whereby the latter 
body agreed to erect and lease to the Association a 
standard factory building suitable for their purpose. 
The new building, illustrated by the photograph repro- 
duced on this page, was formally opened on Thursday, 
May 24, by the President of the Association, Sir John 
Anderson. 

The building, which has a total floor area of some 
14,000 sq. ft., contains a main laboratory and workshop 
adjoining a two-storey office block which also accommo- 
dates instrument and cavitation laboratories and a 
photographic darkroom. As a matter of policy, it 
was decided not to attempt to fit up the laboratory 
with elaborate items of permanent equipment but to 
restrict the latter to bare essentials, such as a small 
pumping and metering system. The remaining 
equipment has been dosigned to be adaptable to a 
variety of uses. Tie main laboratory occupies two 
bays of the building, the third bay containing a small 
workshop and power house equipped with two Diesel- 
engine generator sets, each of 50-kW capacity, which 
have been obtained on loan. The east bay of the 
laboratory contains a channel 53 ft. long by 4 ft. wide 
by 4 ft. deep, below the floor level, which communicates 
with a sump 12 ft. long by 4 ft. wide by 12 ft. deep, 
connected to a duct which contains the woten-cupgly 
and return pipes. The laboratory also contains a large 
tank above floor level, which is used as a sump for tests 
on pumps. 

The items of research on which work is at present in 
progress include the measurement and _ theoretical 
analysis of pressure surges in pipe lines. Sudden 
changes in the flow through a pipe, such as occur in 
water mains on the stopping or starting of a pump, 
or the sudden opening or closing of a valve, may cause 
large surges of pressure owing to the momentum 
of the water and the propagation of pressure waves. 
It is important to be able to forecast the probable 
maximum pressures in any particular case in order 
that the pipe system may be designed economically 
and with due regard to safety. By courtesy of the 
Metropolitan Water Board, preliminary measurements 
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of surge pressures were made on a 42-in. diameter 
water main, 18 miles in length. 

Work is also in progress on the prevention of vortices 
in pump suction inlets and for this the large tank 
previously mentioned is being employed. The water 
is picked up from the tank through a 9in. pipe provided 
with a bell-mouth intake and returned to it by way 
of a 600-h.p. 36-in. pump, which was obtained as 
scrap and is being driven at one-third normal speed 
by means of an old 25-h.p. motor. It has been 
found that the extent of the vortex depends on the 
position of the intake relative to the sides of the tank. 
In certain positions, the bell-mouth need be only a 
short distance below the water surface ; in other cases 
a depth of several feet is necessary if air is not to be 
entrained. 

A test rig has just been completed for a study of 
the effect of pulsations in a pipe line on the accuracy 
of flow measurements. This important question 
has long received the attention of the designers of 
flow meters. In the installation which has been com- 
pleted, the pulsations are set up by a pump, largely 
manufactured on the premises from scrap, which is 
fitted with a piston which reciprocates in a short 
branch pipe at right angles to the main supply line 
in which the metering unit is situated. The latter 
consists of an orifice plate and water manometer 
provided with suitable damping. By suitably adjust- 
ing the lengths of the various parts of the pipe line, the 
proportions of the pulsation transmitted upstream and 
downstream from the pump can be varied. 

Although a considerable amount of research covering 
many years has been undertaken in many countries 
on the important subject of pipe friction, the various 
formule which have been proposed, from time to time, 
to assist designers and others wishing to estimate the 
loss of head in pipe systems, often produce results 
differing considerably among themselves and from the 
true result. Similar situations have arisen else- 
where where research on a particular subject has 
been undertaken by groups of persons working inde- 
pendently, some of whom, through ignorance or inat- 
tention to detail, have failed to take account of all the 
relevant factors. In the case of pipe friction, the 
Association has made an extensive survey of the avail- 
able information with the object of arriving at formule 
which seem best to represent the results. In this, they 
have performed a valuable service and, fortunately, 
their work appears to have led to a fairly satisfactory 
conclusion, so that, although provision has been made 
at the laboratory for experimental work on pipe losses, 
little further research on pipe friction is felt to be 
necessary. 

Mention has been made of the lack of funds and 
equipment which at present hampers the work of the 
Laboratory, and of the resourcefulness of the staff in 
overcoming some of the difficulties by improvising 
apparatus. Reference has been made, also, to gifts 
and loans of equipment to the Laboratory. It is 
certainly all to the good that a laboratory should not 
be equipped lavishly and that the ingenuity of the 
staff should be taxed by the need to devise and 
improvise ; but this can be carried too far, and the 
situation as it exists in the laboratory of the British 
Hydromechanics Research Association, where the 
paucity of equipment is greatly in evidence, cannot 
but be deplored. We do not doubt the enthusiasm 
of the Director, Mr. L. E. Prosser, B.Sc., and his small 
staff for their work, neither have we reason to doubt 
their competence to make valuable additions to the 
knowledge of hydromechanics, but no research team 
can accomplish much without adequate equipment. 

Although the Association has been in existence for 
nearly four years, the laboratory is still a recent 
acquisition and it may be that insufficient time has 
elapsed for its adequate equipment. Again, the 
present scarcities of materials and the pre-occupa- 
tion of firms with production for home and overseas 
markets may make it impracticable for the laboratory 
to be equipped adequately meantime. We would 
stress, however, that the laboratory is unlikely to be a 
success unless all members of the Association are 
prepared to give it adequate support. 





BRIDGE ACROSS THE BosPporus.—The proposal to 
build a bridge across the Bosporus has once again been 
brought to the fore. It is stated in the current issue of 
the Monthly Journal of the British Chamber of Commerce 
of Turkey, Istanbul, that an announcement has recently 
been made at the United Nations Economic Commission, 
at Geneva, to the effect that the Turkish Government 
intends to build the bridge in the course of the next ten 
years. A steel suspension bridge near Istanbul has been 
suggested, but engineers favour a _ reinforced-concrete 
structure across the narrows, between Rumeli and 
Anadolu Hisari, where the Straits sre only 800 yards 
wide. It was at this point that Darius constructed a 
pontoon bridge in 500 B.C., the only time in history that 
the Bosporus has been bridged. 





LABOUR NOTES. 


EnpEavours are being made by the Government to 
replace the Conditions of Employment and National 
Arbitration Order, No. 1305 by some other form of 
regulation which, while not possessing the penal clauses 
contained in the Order, would maintain the maximum 
amount of industrial peace. In an address at Garw 
Valley, near Bridgend, Glamorganshire, in connection 
with a Festival of Britain demonstration on May 26, 
Mr. Alfred Robens, the Minister of Labour, stated 
that industrial and economic conditions had altered 
since the bringing into force of the existing Order 
and that it was considered that the same purposes 
might well be served by some entirely new instrument. 
The Order makes strikes and lock-outs illegal, unless 
twenty-one days’ notice of the existence of a dispute 
and of the intention to take such action has been 
served on the Minister of Labour, and he has failed to 
take action to settle the difficulty. 





Mr. Robens referred to discussions which he had had 
during the preceding week with the Joint Consultative 
Council of Industry regarding the future of the Order 
and the nature of the new regulations by which it 
should be replaced. It could be stated that, so far, 
there had been no suggestions from any responsible 
persons or organisations that the existing Order should 
simply be repealed, without anything else being 
substituted. It was, in fact, generally recognised 
that the Order had exercised a considerable influence 
in settling industrial disputes without the intervention 
of stoppages of work. Some of the provisions of the 
Order were of much value to both sides of industry. 
Stated in broad terms, the aims of the present Order 
and of any future instrument would be to develop 
and strengthen collective bargaining, to uphold the 
sanctity of industrial agreements and awards, to 
provide machinery by which disputes which could not 
be settled within an industry’s own negotiating struc- 
ture could be referred to arbitration, and to secure 
the observance of recognised conditions of employment. 





Between the coming into operation of the Order in 
1940 and May of this year, a total of 4,264 disputes 
had been reported to the Minister of Labour under its 
provisions. Of these cases, Mr. Robens stated, 106 
were reported by or on behalf of employers, 18 were 
reported by employers and trade unions jointly, and 
no fewer than 4,140 were the result of representations 
by trade unions. The Government believed that the 
transfer of labour which the rearmament programme 
necessitated and the requirements of the nation’s 
export trade could be secured without use having to 
be made of compulsion or controls. The Government 





had not under contemplation at present, Mr. Robens 
concluded, the introduction of any form of labour 





control. 





The first annuai conference of the Transport Salaried 
Staffs’ Association to take place since its change of 
name from the “ Railway Clerks’ Association” was 
opened at Margate on Monday last and will continue 
until this afternoon. The Association, which was 
formed in 1897, now represents clerical, administrative, 

rofessional, technical and supervisory employees of the 

ritish Transport Commission, the Railway, London 
Transport, Road Haulage, Docks and Inland Water- 
ways and Hotels Executives, and the Ulster Transport 
Authority, as well as certain other transport under- 
takings. It comprises 460 branches and has a member- 
ship of over 87,000, of whom some 17,000 are women. 
About 2,200 of its members are serving in the Armed 
Forces. At the end of December last, the Association’s 
funds had reached the substantial total of 950,000/., an 
increase of 51,000/. during the preceding twelve months. 





Some 620 delegates, drawn from nearly 450 of the 
Association’s branches, attended the annual conference, 
which was held under the chairmanship of the President 
of the Association, Alderman Percy Morris, J.P. Nearly 
120 different subjects were covered by the 160 motions 
contained in the conference’s agenda. The most 
important of them were demands for the immediate 
implementation of the new “ charter” on salaries and 
working conditions, the introduction of a national wage 
policy as an integral part of any industrial plan, 
resignations from the railway industry, sick pay and 
the national insurance scheme, superannuation, travel- 
ling facilities, joint consultation, the cost of living, the 
fusion of railway unions, the financial structure of the 
British Transport Commission, negotiation machinery, 
and the unsatisfactory condition of railway offices and 
stationmasters’ houses. Suggestions were also made 
for the amendment of the Transport Act, 1947, with a 
view to preventing the extension of long-distance traffic 
by road hauliers and to placing restrictions on the 
granting of ‘‘ C ” licences. 








The new “ charter ”’ for the establishment of improved 
salaries and working conditions for the clerical, admin- 
istrative and similar grades, to which some -of the 
motions mentioned above referred, was first introduced 
at the Association’s 1949 conference but it has not been 
submitted to the authorities concerned owing to the 
need for restraint in connection with new wage claims. 
There have been indications recently that some of the 
Association’s branches would like the “ charter” to be 
presented immediately and pressure brought to bear to 
secure the prompt implementation of its provisions. 
Among the other motions brought before the annual 
conference were proposals that retirement in the 
railway service should be compulsory at the age of 60, 
but that provision should be made that those concerned 
should have the option of re-engaging for a further 
period in a lower grade. 

In his presidential address to the conference, Mr. 
Morris referred to the serious handicaps from which the 
transport industry suffers, owing to the lack of suitable 
recruits to its service, and to what he described as 
amounting almost to ‘“‘ mass emigration from our 
ranks.” The causes of these ills he attributed to the 
inadequacy of salaries in the railway service, when com- 
pared with those in other nationalised industries, the 
Civil Service, and local government. He also con- 
sidered that uncongenial turns of duty in the railway 
service and the amount of bank- and public-holiday 
work involved contributed to the difficulty of obtaining 
a sufficiency of suitable recruits. He referred to the 
great potentialities for profit which the industry 
possesses, if only a few fundamental principles were to 
be observed. Its day-to-day administration, for 
example, should be removed from the political field. In 
this connection, he stated that the business of the 
transport industry could no more be administered from 
the debating chamber of the House of Commons than 
that of “‘ the Imperial Chemical Industries or Unilevers.” 
The industry was the largest in the country, employing 
over 880,000 workpeople and having a capital value of 
more than 1,100 million pounds. 





An announcement that a closed shop existed in the 
coal-mining industry was made by Mr. Artbur Horner, 
the general secretary of the National Union of Mine- 
workers, at a meeting of members of the Union at 
Nottingham, on May 26. He stated that every single 
miner in the industry, underground operative and 
surface employee alike, was now a member of the 
N.U.M., and that the Union had no competitor from 
any source. Mr. Horner declared that the last internal 
differences had been settled and that the union outside 
the N.U.M. had decided to return to the fold. It is 
understood, from Mr. Horner’s announcement, that 
the National Union of Winding Enginemen was the 
union referred to as having amalgamated with the 
N.U.M. It was formed in 1921, outside the principal 
miners’ union, from among colliery winding enginemen 
in the Derbyshire and Nottinghamshire coalfields. 





Co-partnership schemes in the gas industry were the 
subject of a debate in the House of Lords on May 29, 
when a motion, expressing the regret of the House 
that, owing to the nationalisation of the industry, the 
co-partnership scheme of the South Metropolitan 
Gas Company had come to an end, was carried by 
54 votes to 24. The motion also referred to the scheme 
as having been operated by the Company “ with 
great success for upwards of sixty years.” Viscount 
Cecil of Chelwood, who introduced the motion, stated 
that the co-partnership scheme had been set up as a 
remedy for industrial disputes in the Company and 
that, since its establishment, the relations between 
the Company and its employees had been excellent. 
He claimed that the true line of progress was to make 
all who worked in any industry personally interested 
in it and responsible for its success. 





The Marquess of Salisbury expressed the opinion 
that it would be the verdict of history that the bringing 
to an end of the co-partnership schemes in the gas 
industry, when they nationalised it, was one of the 
most deplorable acts of the present Government. 
Viscount Samuel referred to the failure of trade unions 
and employers generally to support schemes for profit 
sharing and co-partnership, and he made a plea to 
the Government to put forward some alternative scheme 
of bonus payments, or some form of participation in 
management, as an incentive to effort on the part of 
workpeople. Doubt was expressed in the Government 
reply as to whether co-partnership was the best way 
to ensure an equitable distribution of the proceeds of 
anindustry. The Gas Council and the unions concerned 
could have recommended a continuance of the schemes, 
but they did not do so. 
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FARM DRYING OF GRAIN AND 
SEEDS.* 
By J. Wooprorpg, M.I.E.E., A.M.I.Mech.E. 


TuE harvesting and storage of grain and seed crops 
in Great Britain is in the initial stages of what may 
ultimately be a major changeover from long-standing 
traditional methods to a remechanised technique 
wherever combine harvesters can be used. Until 
recently, nearly the whole of the grain crop has been 
harvested by a process in which the grain is dried on 
the ear by wind and sun while stooked in the field, 
before the sheaves are taken up to be stored in thatched 
ticks or large barns. Some of the grain might often 
be threshed for sale or for feeding purposes soon after- 
wards, but the production of threshed grain would 
usually be spread fairly uniformly over a six-month 
period from October to March. Machinery census 
figures record that there are still many binders and 
portable threshers in use, but statistics also show that 
13,500 combine-harvester machines were available 
for the 1950 grain harvest (Fig. 1). The use of the 
combine is also being extended steadily to other seed 
crops such as peas, lucerne, clovers, ryegrass, cocksfoot, 
mustard and linseed.t| The machine combines in one 
unit the reaping mechanism of the binder and most of 
the threshing components of the portable threshing 
machine. When the new machine is employed, an 
important alteration takes place in procedure and 
management since the whole of the grain or seed crop 
80 harvested becomes available at the time of cutting 
and therefore must be dealt with as a concentrated 
material instead of being handled with the straw in 
sheaves for threshing as a separate operation. The 
farmer has the option of storing combine-threshed corn 
on the farm or selling it within a short time ; if grain 
is to be kept on the farm for more than a brief period, 
precautions must be taken to ensure that it is properly 
clean and dry to prevent deterioration losses. Some 
indication of the distribution of moisture content in 
grain may be gained from figures compiled from a 
small survey carried out in Bedfordshire during 1948 
and 1949. In 1948, which may be described as an 
average year, 56-5 per cent. was harvested with a 
moisture content of less than 20 per cent., while, in 
the exceptionally favourable succeeding year, 91 per 
cent. was combined with less than 20 per cent. moisture 
content. In 1948, a total of 213 samples was taken, 
representing 1,000 tons of grain, of which the average 
Moisture content was 19-7 per cent. In 1949, 348 
samples representing 1,028 tons showed the average 
moisture content to be 15-9 per cent. 





* Paper presented at Lincoln, on March 21, 1951, as 

og of a symposium entitled “A Study of Drying,” to 

East Midland Section of the Institute of Fuel. 
Abridged. 


+ Number of binders 150,440 and threshers 16,270 in 
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The values given in Table I, herewith, are usually 
employed as a guide to safe storage conditions in terms 
of moisture content. The figures given for cereals do 
not necessarily mean that grain cannot be stored safely 
with somewhat higher moisture contents, but they 
should be regarded rather as values which have been 
built up from experience. It is also to be noted that 
the figures must cover storage of grain which may or 
may not have been artificially dried. T. A. Oxley has 
pointed out, however, that if homogeneity in water 
distribution throughout a grain mass could be assumed, 
it might be possible to store grain with slightly higher 
levels of water content than has been current practice. 
If further investigations confirm this possibility, there 


TABLE I.—Mazximum Percentage Moisture Content for 
Grain and Seed Storage Under Average Conditions. 
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. Moisture Content, 
Material. Storage. Per cont. 

Wheat ¥ a a Sack 16-17 
Wheat - - es Bulk 14 
Oats .. re im wis Sack 16-17 
Oats .. a Sai ‘a Bulk 14 
Barley Sack 15 
Barley Bulk 12-14 
Ryegrass 7 14 
Timothy 14 
Cocksfoot pe - ea 14 
Redclover .. ‘a éé 12 
White clover = 11 

eon . 16 
Mangold 14 
Sugar-beet 14 
Red beet . 14 
Onion ae os ‘is 12 
Turnip. . ee ~ --| > Sack 10 
Swede .. oo os és 10 
Rape .. ee ee oe 10 
Cabbage ad ae a 10 
Savoy .. ee os oe 10 
Brussels sprouts bis 10 
Broccoli Se " - 10 
Kale .. at - oon 10 
Cauliflower .. < sd 10 
Carrot ¥s an os 10 
Parsnip os oe ony 9 











may be appreciable savings in fuel consumption for 
artificial drying, especially if dry grain values can also 
be related to the length of the sto period and cop- 
ditions for storage. Ifa phewersaee 4 volume of grain 
is kept on farms for, perhaps, only 30 to 90 days, 
unne' precautions for conditioning and storing 
such short-term stocks should be avoided if possible. 
In general terms, the rate of drying is largely con- 
trolled in practice by the rate of diffusion of water from 
the interior of the grain to its surface ; a limit is also 
placed on the rate of drying by the importance of not 
exceeding critical grain temperatures. The critical 
temperatures employed are given in Table II, here- 
with. The temperature for barley and seed corn is for 





Gr-at Britain at January, 1950. 


up to 24 per cent. moisture. The temperature for 


HORIZONTAL-FLOW CASCADE MACHINE 





seeds other than cereals is for up to 8 per cent. moisture 
above safe storage. The figures shown are air tem- 
peratures at the grain (and not grain or seed tempera- 
ture); but, with a my controlled drying cycle, 
the grain remains below the surrounding air tempera- 
ture owing to evaporation cooling, and reaches the 
ultimate dry state before its temperature approaches 
that of the intergranular atmosphere. Maximum per- 
missible air temperatures are also related to the wet- 
grain moisture content, and to maintain safe drying 
conditions lower temperatures must be employed, 
with increasing values of initial moisture content ; 
for example, barley with 26 per cent. moisture content 
may be damaged at temperatures over 120 deg. F., 
while at 22 per cent. and 18 per cent: the critical values 
are 134 deg. F. and 150 deg. F., respectively. 

Multi-stage drying machines enable the proper tem- 
perature grading to be carried out with precision, but 
where less elaborate machines are employed it is 
advisable to arrange that grain is passed through the 
hot stage first at a lower temperature and then again 
at a higher temperature and lowered moisture content, 
to reach the dry state without risk of damage. With 
batch driers of the ventilated silo or platform type, 
maximum air temperatures employed do not normally 
exceed about 95 deg. and 110 deg. F., respectively. 
The use of dry-air equipment regularly operating below 
critical temperatures and, at the same time, maintain- 
ing economical evaporation rates, might have consider- 
able value in avoiding inadvertent damage to crops 
being dried quickly. 

It is also necessary that the grain, after passing 
through the high-temperature stages of a drier, should 
be cooled to within about 10 deg. F. of ambient con- 
ditions. If the cooling operation is omitted, sweating 


TABLE II.—Drying Air Temperatures. 








Max. Air Temp., 
Material. deg. F. 
Oats and dredge corn for milling “ Bes 180 
Wheat for milling os “s ‘s a 150 
Barley and seed corn .. es - ot 120 
Ryegrass, cocksfoot, fescue, beet ele - 120 
Linseed, mustard and other oily seeds Af 115 
Brassica, peas, clovers, timoth x “o 100 
Beans, onions, leeks... an _ = 90 





may take place, causing perhaps the whole grain mass 
to deteriorate in storage. An after-cooling process 
with ventilated silo equipment is seldom necessary 
because of the low temperatures employed, and simi- 
larly with a platform drier, although precautions have 
to be taken in the subsequent disposal of grain dried in 
sacks to see that it has cooled sufficiently before being 
placed in a silo. 

Continuous-flow driers are usually designed so that 
the bed of grain presented to the drying air is of uniform 
thickness and does not exceed about 6 in. in depth ; 
this arrangement permits the highest allowable tem- 
peratures and maximum rates of evaporation to be 
employed, and grain is exposed for drying only for a 
relatively short period in its progress through the 
machine. Both vertical-flow and _horizontal-flow 
designs are in use, and, as a rule, either solid or liquid 
fuel and occasionally town gas is employed for air 
heating; in some cases, electric heating is used. 
Batch-drying plants are frequently manufactured as a 
machine unit in the conventional sense, but there are 
alternative systems where the fan and heater may be 
regarded as a,separate unit which can then be coupled 
with a duct system for supplying air to a batch-drying 
plant forming part of a building structure—as, for 
instance, in the case of ventilated silos. 

Small quantities of seed are often either dried on 
kiln-type driers or are spread on floors which have been 
mare rovided with warm-air ducts in accordance 
with | requirements. Farm drying plants in the 





United Kingdom are almost entirely of the stationary 








ENGINEERING. 








_ JUNE I, 1951. 





FARM DRYING OF GRAIN AND 


VERTICAL-FLOW MACHINE 

















<< >> i Engine 
is al fee 4 Oo Cool Air 
‘ Fan 


























(327.0) 





type and are normally equipped with a permanent 
system of grain conveyors and cleaning machinery. 

© statistics given in Fig. 1 for the combine-harvester 
type shows that handling grain in sacks or bags between 
the field and the farm plant continues to be the more 
usual practice. A recent investigation undertaken by 
the Swedish Institute of Agricultural Engineering has 
taken the form of labour studies at about 60 farms 
with 15 different types of bag loaders, and is an instruc- 
tive contribution to this aspect of the inflow of grain 
to the drier. 

Heat exchangers are not often employed, and 
provided that the products of combustion are diluted 
no reduction in the quality of grain need be expected ; 
heat-recovery equipment and other methods of obtain- 
ing higher thermal efficiencies are not used extensively, 
probably because of the additional cost and the present 
low utilisation factor of farm equipment. Pool gas-oil 
is nearly always employed for grain-drier air heating 
and is the oil fuel being used during the test and 
experimental runs referred to in this paper. The use 
of hot air for grain drying is almost universal, but 
experimental work has been proceeding with the use of 
dry air from a dehydration unit. A system which was 
originated in this country in 1944, having a simple 
two-bed silica-gel drier but an improved plant, has now 
reached an advanced stage in development. The 
capital cost would be somewhat greater than for the 
simplest plant using warm air, but it is claimed that a 
farm plant using dry air has been operated satisfactorily 
at low cost. 

Because of the variable nature of the conditions 
under which a continuous-flow machine may be 
operating, it has become customary to quote the output 
of dry grain whea the temperature of the air approaching 
the grain is 150 deg. F., and for a moisture reduction 
of from 21 per cent. to 15 per cent. for wheat. A more 
precise specification of conditions is necessary if a 
machine is to undergo satisfactory performance tests, 
and a test schedule has been drawn up by the National 
Institute of Agricultural Engineering. Performance is 
often referred to in terms of the reduction in moisture 
content obtainable in a stated period, and with what- 
ever air conditions are in use. There is at present no 
recognised universal test schedule for all types of 
batch plant, but a procedure can be drawn up for new 
or special equipment. 

In general terms, the machine size or output capacity 
of continuous-flow units has probably been dictated by 
experience on the larger farm holdings, but the correct 
relationship of combine-harvester and drying-plant 
performance for small machine units is still uncertain. 
Grain harvesting is only carried out for a limited 
number of hours during the day, but drying plant can, 
if necessary, be kept running continuously throughout 
a 24-hour period, provided a supply of grain is available 
from a suitable wet-grain reservoir. It thus becomes a 
matter for individual estimate as to whether it would be 
more economical to employ one of the larger machines 
with small wet-grain storage capacity to run for com- 
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paratively short periods, or, alternatively, to use a 
small machine with a comparatively large reservoir to 
enable drying to continue for as long as required after 
combining has ceased. It might appear better to select 
a small low-cost unit if possible. 

With ventilated silo driers, the size of plant in relation 
to combine-harvester output is apparently determined 
partly by the proportion of grain to be stored and partly 
by the rate of drying obtainable for any particular 
ventilated-silo system. At present, there seems to be a 
tendency to arrange that the total storage capacity is 
roughly equal to the total weight of grain combined on 
the holding; furthermore, there seems to be an 
additional preference for employing this type of plant 
on farms producing annually between 120 and 180 tons 
of grain. The process of drying grain in sacks resembles 
the use of a small continuous-flow machine having an 
intermittent-flow characteristic ; a reserve of grain for 
extending the period of drying operations is easily 
arranged, as wet grain contained in sacks can be stored 
temporarily under cover. 

Continuous-flow machines are available with a 
throughput of between 20 and 80 cwt. per hour, and, 
for comparison, average combine-harvester outputs are 
given in Table III, herewith. The larger drying 
machines are usually required where more than one 
combine is employed; sometimes a proportion of 
contract drying is also undertaken for neighbours. 
A machine capable of drying 30 to 40 cwt. per hour 
under average conditions seems at present to be a 
conventional size to use, and about 100 tons of grain 
would then be dealt with in one week. 


TABLE III.—Combine-Harvester Performance. 

















} tput 
Narvesting Grain “a er Hour 
Combine Size, Acres per oye 
Width of ner 
Cut. 
(approx.). | Wheat. | Barley. | Oats. 
6 ft. O in. 1-2 22-2 20-2 19-8 
8 ft. Oin. 1-6 29-6 26-9 26-4 
12 ft. O in. 2-0 37-0 33-6 33-0 

















The threshed grain produced by a combine harvester 
is always contaminated with matter cut and collected 
simultaneously with the corn. Long contaminant, 
such as chopped straw, weed stem, broken leaf and 
large weed heads, tend to obstruct both grain and 
air-flow in drying machines, thus causing uneven 
drying ; this type of contaminant, together with small 
weed seeds, can also form pockets of low and high 
resistance to air flow in the grain mass in batch driers, 
again setting up local variations in drying rates. 
Precise information on the average composition of 
various contaminating mixtures has not yet been 
accumulated, but the percentage composition of a 
fairly common specimen might be: clean wheat, 96; 
light grains, 2; miscellaneous small seeds and soil, 
1-0; chaff and green leaf, 0-75; and straw, 0-25; all 
being expressed as a percentage of the wet weight at the 
combine. It is advisable to carry out a preliminary 
separating operation before drying begins, and this is 
usually done by means of a special machine. When 
drying grain in sacks it has been found, in general, 
that contamination does not interfere seriously with 
drying, and advantage may be taken of extracting the 
contaminant dry instead of wet. 

One of the larger horizontal-flow machines is designed 
as a dual-purpose unit for drying either wet grass or 
grain. The material is traversed through the drier on 
an endless conveyor consisting of roller chains and 
interlocking perforated sections, the speed of which can 





be adjusted between 2 in. and 54 in. per minute. The 
body of the unit is divided into two or three drying 
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Fig.6. MOBILE GRAIN-DRYER 
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stages, with an additional cooling stage at the discharge 
end; each drying chamber is supplied with hot air 
from a separate fan at pre-set temperatures. With oil- 
burning equipment, thermostatic control ensures that 
the correct temperatures are obtained for either grass 
or grain drying. When grain is being dried, stirring 
mechanisms are engaged to mix the whole width and 
depth of the grain bed. The approximate output of 
the machine when drying down from 20 per cent. 
moisture content to 14 per cent., at air temperatures 
ranging from 120 deg. to 180 deg. F. and with a bed 
thickness of 4} in., is from 20 to 35 cwt. per hour. 
The output for drying grass having an initial moisture 
content of 80 per cent. is approximately 4 cwt. per hour 
when drying to 10 per cent. at the discharge end. The 
building required for this complete plant, exclusive of 
final crop-storage accommodation, is 90 ft. by 30 ft., 
the drier itself requiring about 45 ft. by 18 ft. A larger 
model of this machine has outputs of 35 to 60 cwt. per 
hour of grain and 7 cwt. per hour of dried grass. The 
total installed motor power required is 20 h.p. for the 
small machine and 50 h.p. for the larger machine. 

Another type of multi-stage drier for dealing with a 
wide variety of grain and seeds comprises either four, 
five or six trays with a cooling stage included. This 
machine consists of an equivalent number of horizontal 
trays, each about 60 sq. ft. in area, which are oscillated 
at a low frequency with a jerking motion to convey 
grain over the unit; the oscillating motion is impart 
to the trays by a suitable system of snail cams, which 
can be controlled to alter the conveying speed. The 
thickness of the material bed is maintained by an 
adjustable weir at the discharge end of each tray and 
algo at the intake feed. A stirring motion is im 
to the grain by means of shaped blades fixed at intervals 
along the tray so that it is turned twice for each stage, 
while further mixing occurs as the grain passes from 
one tray to another by means of revolving tines. 

The tray bottoms are made up of a series of louvred 
plates to provide an air passage between them; con- 
ditioning air is supplied to plenum chambers fitted to 
the under-side of the trays, which are connected by 
flexible joints to the fan outlet ducts. A separate fan, 
driven by a motor of 2-5 to 3 h.p., is provided for 
each stage and is capable of delivering 3,500 cub. ft. 
per minute of air as a maximum; when less air 1s 
required for any drying process, it is regulated by means 
of valves provided in the air inlet duct. The hot-air 
stages can be fitted with air-heater units employing oil, 
solid fuel, steam, gas or electricity, and the heat input to 
each unit can be controlled individually so that the 
required rise in the temperature at the material may 
be obtained. Since each unit is independent of the 
others, a wide range of conditions can be obtained. The 
overall dimensions of a typical five-unit drier are 55 
in length by 12 ft. wide (over fans) and 8 ft. high (over 
input grain duct). The whole plant—whether four, 
five, or six trays—is driven by an additional 2-5-h.p. 
or 3-h.p. motor. a 

A third example of a horizontal-flow machine 18 
shown in Fig. 2, on page 669, and consists of two ma 
for drying and one for cooling ; bucket elevators sur y 
grain to the cascade stages and a final elevator of the 
same type discharges dried and cooled grain for —_ 
The grain flows down the stage cascades by gravity, ble 
depth of the bed being limited by a series of adjustable 
ribbed roller dams; the area of each cascade sew . 
about 90 sq. ft. and the normal depth of the grain be 





3to4in. The throughput of grain is regulated by speed 
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control of the elevators, which are driven by the main 
motor. A separate fan/heater unit is fitted to each 
hot-air stage, and means are provided for adjusting 
separately the dilution of the drying air, the tempera- 
ture being controlled by thermostats. Under average 
test conditions, the specific heat consumption is 
3,790 B.Th.U. per pound of water evaporated and 
corresponds to an average total consumption of 52-0 
pints per hour, giving an evaporation of about 5-21 Ib. 
of water per pint of fuel. The curve in Fig. 3, on 

669, shows the grain output rate plotted against the 
inlet and outlet moisture contents. The relative condi- 
tions are: atmospheric temperature, 42 deg. to 59 
deg. F.; atmospheric relative humidity, 67 to 98 per 
cent.; hot-air temperature, about 150 deg. F. The 
total installed motor capacity is 16-0 h.p. A machine 
of this design, of all-steel construction, has overall 
dimensions of 55 ft. long by 12 ft. 9 in. high and about 
6 ft. wide. 

A farm-type vertical-flow machine is illustrated in 
Fig. 4, opposite ; the drying element comprises two 
cylindrical components with an annular grain space 
between them. The cylinders are both constructed of 
perforated sheet metal, and the inner unit has a further 
subdivision near the base to separate the hot-air and 
cold-air stages. The wet grain is delivered to the cone 
distributor at the top of the unit and then flows by 
gravity through the drying and cooling sections and out 
at the base, where it is carried away to storage by 
another conveyor. The necessary quantity of warm 
drying air is delivered by a centrifugal fan, the air 
‘ ing heated at the intake side of the fan by an oil-fired 
a to temperatures ranging from 110 deg. to 

deg. F., according to the crop to be dried; the 
temperature is controlled by an adjustable thermostat 
in the delivery ducting. Cooling air is supplied from a 





Fig.8. VENTILATED-SILO 
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Fig.10. OPERATION OF VENTILATED SIX-SILO PLANT 
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separate centrifugal fan of smaller capacity, driven from 
the same prime mover as the main ventilating fan. 

Control for the rate of drying is obtained by regu- 
lating the grain flow at the discharge of the unit, but 
the process can also be adjusted by the thermostat. 
In this type of installation, it is usual to drive fans and 
auxiliaries, such as elevators and a pre-cleaner machine, 
by shafting and belts from a 15-h.p. main motor; this 
has an advantage in that the plant is not entirely 
dependent on electrical energy and can be driven by a 
farm tractor or stationary engine when necessary. For 
a typical run under standard test conditions, the burner 
fuel consumption is about 25-9 pints per hour when 
evaporating water at the rate of 140-0 lb. per hour, or 
3,480 B.Th.U. per lb. of water evaporated. The 
grain output curve is given in Fig. 5, opposite, the 
operating conditions being: atmospheric temperature, 
43 to 52 deg. F.; atmospheric relative humidity, 
82 to 89 per cent.; hot-air temperature, 150 deg. F. 
(approx.). The approximate floor space taken by the 
drier unit is 24 ft. by 14 ft. The overall height of the 
tower is 10 ft. from ground level, and 19 ft. 6 in. to the 
top of the feed elevator. 

During the past year, a mobile continuous-flow 
machine, designed in the United States, has been 
tested in England, and farm trials are expected to 
take place during the next season. A sectional dia- 
gram of the machine is shown in Fig. 6, opposite. 
Grain enters the drier at the top and flows downward 
past four longitudinal plenum chambers, which supply 
heat and drying air, and then emerges at the bottom 
through suitable metering augers. Drying air is drawn 
through the grain mass by a main exhaust fan, the 
air having previously been raised in temperature by 
passing through a heat exchanger; in addition, it is 
preheated by mixing with air which has passed through 
the radiator of the driving engine and also over the 
exhaust pipe. The exhaust system is arranged in such 


(327.") 








a way that grain entering the machine from the intake 
auger is preheated by radiation from the exhaust-pipe 
casing. The output performance for this machine is 
shown in Fig. 7, herewith, at an atmospheric tempera- 
ture of 43 deg. to 52 deg. F.; atmospheric relative 
humidity, 78 to 79 per cent. ; and hot-air temperature, 
150 deg. F. (approximate). These values, together 
with the following performance figures, are the results 
of tests in England under standardised conditions. 
The water evaporation for a typical run amounts to 
about 103 Ib. per hour, with a corresponding burner 
fuel consumption at 11-6 pints per hour and 10-4 
pints of tractor vaporising oil per hour for the engine. 
The overall specific heat consumption is then about 
2,350 B.Th.U. per pound of water evaporated. This 
good figure is attributed mainly to the utilisation of 
waste heat from the prime mover, together with the 
provision of heat insulation for the internal surfaces 
of the machine. The engine, developing approximately 
22 h.p. at 2,000 r.p.m., provides the necessary power 
for the exhaust fan, in elevators and feed augers, 
and also for a deahe-athanie #-kVA alternator for meter 
control circuits and local lighting. An automatic 
moisture meter is connected to the grain-conveyor 
in such a way that the moisture-sampling device is 
effective in recirculating grain. The general dimen- 
sions of the machine, when ready for the road, are : 
19 ft. 7 in. long, 11 ft. 7 in. high, and 7 ft. 5 in. wide. 
Sheet-steel construction is used throughout, and the 
machine when full contains about 45 cwt. of grain, 
the grain depth being varied by the operator between 
38 in. and 43 in., as required. 

A system of drying grain in small farm silos or bins 
has been developed with the object of providing a 
simple bulk-storage plant with drying facilities, and 
having a capacity of about 120 to 180 tons of grain. 
The most usual arrangement is shown diagrammatically 
in Fig. 8, herewith. Warm air from a small fan and 
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heater unit is delivered through ducts to the plenum 
chamber in the base of each silo; from considerations 
of economical rating and safe drying period, the depth 
of grain should not exceed about 10 ft., and with this 
figure as a maximum it is possible to deal with grain 
bulks up to about 24 tons as single batches without 
serious over-drying at the lowest layer or delaying the 
drying of the upper layers for too long. More shallow 
depths can be employed at any time, but plant costs 
are increased and economical layouts become more 
difficult to plan unless the silos permit 10 ft. of grain 
to be dealt with. When exceptionally wet grain is 
being dried, any suitable intermediate depth may be 
employed before filling is completed. The curves in 
Fig. 9, on page 671, show the theoretical drying time for 
grain depths between 4 ft. and 12 ft., with a working 
air pressure of 4 in. w.g., a drying range of 20 per cent. 
to 15 by cent. moisture content, and an evaporation 
rate of 8 grains per pound of air. 

There is as yet no standardised type of installation, 
and this fact, together with the variable nature of 
conditions which may occur during a season, make it 
difficult to give a concise account of plant performance. 
Fig. 10, on page 671, is an example of the drying periods 
of individual batches of grain in a plant of six silos. 
In this instance, groups of three silos were being 
ventilated for a total period of five days, groups of 
two silos for 22 days, and a single silo for one day only. 
The total water evaporated was approximately 6-0 
tons from a total of 160 tons of grain. Observations 
at this plant showed that the heat supplied throughout 
the season was equivalent to 717 B.Th.U. per pound of 
water evaporated. At the end of the economical 
drying period, a small moisture gradient remains in a 
grain column of 10 ft. and this may be about 1-5 per 
cent. <A better distribution of moisture content is 
obtainable by turning the grain, and perhaps by a 
further short period of drying, after the main process 
has been completed. 

For a conventional six-silo 150-ton store, the venti- 
lating equipment might comprise a main ventilating 
fan with 5-h.p. motor and capable of delivering 4,500 
cub. ft. per minute against a pressure of 4 in. water 
gauge to enable three silos to be used simultaneously. 
The capacity of the electric-heater unit would be 12 kW 
to 15 kW, with arrangements for manual switching 
to obtain incremental control of air temperature up to 
10 deg. F. above atmosphere. The rating of both fan 
and heater must include adequate allowances for pres- 
sure and heat loss, which may vary considerably with 
plant design and layout. Furthermore, the performance 
of both components must take into account the pro- 
posed method of operating the plant. 

Building construction presents no unusual features 
except that low-resistance porous blocks or perforated 
metal are required for the grain floor. There is some 
doubt regarding the advisability of using sloping self- 
emptying floors; an inclined floor accentuates pro- 
blems of uniform drying in the grain column and 
introduces more difficult structural designs, especially 
for the country builder. Except at times of filling and 
emptying silos, only occasional supervision is needed at 
the plant and labour costs are therefore of low order. 
The design of plants of smaller capacity has been given 
consideration, but it is not yet clear whether there will 
be a demand for a small-scale plant. The simple 
arrangement of ventilated silos using a deep column 
of grain can be modified so that the drying air is 
introduced and extracted at two or three levels, thus 
limiting the effective grain depth to any desired figure ; 
the time taken to dry a given mass of grain will then 
be reduced proportionately. Several designs have been 
ma, por and full-scale plants have reached the prac- 
tical stage. 


Another system of drying grain in bulk and designed 
with the object of making use of existing buildings 
with minimum alteration or new construction, and 
modified to suit British conditions, is that based on 
an arrangement which has been used successfully in 
Germany for a number of years. The ing air is 
distributed under the grain mass (Figs. 11 and 12) by 
means of a central duct and a large number of laterals, 
all of which are transportable and can be laid down 
and taken up in a short time, thus enabling the barn 
to be used for other purposes when grain is not being 
stored. Grain depths depend on the capacity of the 
fan and air-heating unit employed, but overall require- 
ments and performance will be similar to those for 
ventilated silos, In practice, grain masses of up to 
100 tons or 120 tons can be dried progressively as one 
batch, or the building can be subdivided with parti- 
tions to segregate different and smaller lots of grain. 

There are other t of batch plant which are 
suitable for occasional grain drying. These plants 
have often been designed as tray pom for the primary 
duty of drying wet grass, and comprise either one or 

* two large tanks or trays supplied with hot air through 
a perforated floor from a fan and heater unit. Either 
loose grain or grain in sacks may be deposited on the 
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drier floor, and with reduced air temperatures a satis- 
factory drying cycle is obt:inable ; but overall through- 
put is likely to be controlled mainly by handling 
problems. One machine of this type has been con- 
structed in mobile form. 

A special ype of batch plant or platform drier has 

to 


been design dry grain and seeds in sacks. Drying 
in sacks is not, in itself, a novel process, and Dinesen- 
type equipment was being used in 1919 in Denmark, 
Norway, Sweden, Holland and Finland. The recent 
development work in England has been directed 
mainly to the establishment of a suitable drying cycle 
for a simple small-size plant, mainly for farmers who 
will be adopting combine harvesting for crops of about 
100 acres or less; alternatively, the same considera- 
tions apply to the requirement for drying only part 
of the total grain grown (e.g., oats may be cut with a 
binder, to conserve the straw). 

A typical arrangement is shown diagrammatically 
in Fig. 13, herewith. The heater unit is connected to 
a duct system under a concrete platform on which the 
sacks of grain to be dried are placed. The platform 
size usually employed accommodates between 40 and 
50 sacks. An area of 5-35 sq. ft. is required for each 
sack, and a three-row 42-sack platform with 225 sq. ft. 
of additional working space can be accommodated in 
one 30-ft. by 15-ft. bay of a Dutch barn. The floor 
area for an oil-fired heater unit need not exceed about 
85 sq. ft.; with all-electric equipment, considerably 
less space is adequate, because of smaller component 
dimensions, and it is also possible to control its opera- 
tion remotely from any convenient position. The 
design of the fan/heater unit has been determined to a 
considerable extent by the requirements of simplicity, 
reliability and low first cost. 

The air temperature rise employed at present is 
about 25 deg. F. above ambient for an air volume of 
approximately 150 cub. ft. per minute per sack; and 
the normal rate of water evaporation from wheat is 
50 Ib. to 60 lb. per hour per batch of 42 sacks (112 Ib.) 
for a moisture-content reduction of 20 to 15 per cent. 
Experimental results indicate that a specific heat 
consumption of between 2,300 and 2,900 B.Th.U. per 
pound of water evaporated (excluding 2-5 brake horse- 

wer for the fan motor) can be obtained for an oil- 

red unit. For normal operation on the farm, Diesel-oil 
fuel consumption is about 8 pt. to 9 pt. per hour for a 
temperature-rise of about 25 deg. F. 

The sacks containing the grain must be of low- 
resistance lightly woven hessian, and similar to the 
standard combine sack issued annually by the Ministry 
of Agriculture for harvest purposes. Sacks are so filled 
that, when they are placed on the platform above the 
duct aperture, the average grain bed depth is 7 in. to 
8in. Reasonably uniform drying is then obtainable, 








though a small residual moisture gradient remains at 
the end of a normal drying period; this gradient 
disappears when the grain is mixed in subsequent 
handling operations for transit or when cleaning for 
storage on the farm. 

Solid-fuel, oil and electric-heater equipment have all 
been considered in design work, and at present oil-fired 
and electric-heater units are being produced commer- 
cially and used on farms. Oil-fired equipment 1s 
proving the most adaptable. 

The labour charges for handling grain in sacks may 
be higher than for bulk material, but are not prohibi- 
tive. A typical labour figure for moving 50 100-Ib. 
sacks on to and off the drier platform is about two 
man-hours for the complete operation, for two men. 
During the wet harvest of 1950, several farmers dealt 
with 200 tons of grain on a platform drier, and instances 
are known where 300 tons to 400 tons have been dried 
without difficulty. ; 

The platform-type drier may prove useful for drying 
seeds as the main process, as it can be scaled down to 
accommodate, say, 10 or 20 sacks. Most seeds are 
handled in sacks or bags because of the relatively 
small quantities involved, and this form of packaging 
also assists in segregation and identification after 
threshing. Trays can be fitted over the platform to 
carry thin layers of seed, or a box container may be 
employed to retain bulky material. Smaller drier 
dimensions enable electric heating to be employed 
more easily. 

As far as drying and storage plant is concerned, 
there seems to be no evidence that finality has been 
reached in the United Kingdom in plant design or in 
the number of installations. The exact number in 
use is uncertain, but a tentative estimate indicates 
that it is now nearly 2,000. The experience gained 
from the present diversity of machine design and 
process method should allow satisfactory progress to 
be made during the next few years. The following 
suggestions are, however, put forward as meriting 
attention in the future. ntti 

Methods of handling grain cannot be dissociated 
from machine and plant design, and the present 
system of transporting grain in sacks and bags 1s 
henciono of special significance. From an engineering 
point of view it would often be preferable to handle 
grain in bulk at the plant. The difficulties of change- 
over from sacks to bulk handling are appreciated, but 
it is suggested that the problem of conversion might 
be investigated from all aspects. It should be treated 
in two parts, namely, handling grain in bulk between 
the farm and the merchant or mill, and between the 
combine harvester and the drier or grain store. 
recommendations could then be made, based on the 
results of the investigation, it might at least be possible 
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to make provision for outgoing bulk movement of 
grain in new farm storage installations. Combine 
harvesters with bagging attachments continue to be 
employed in large numbers and it may be many years 
before small tank machines can be used more often, 
but this should not prevent the accumulation of tech- 
nical information on the relative merits of bulk and 
sack handling on the medium and small arable farm 
holding. 

With the possible future extension of drying and 
bulk-storage facilities to smaller farms, the design and 
management of scaled-down plant require considerable 
further study, and especially the relationship between 
plant size and the total arable acreage or yield. There 
appears to be reasonable ground for supposing that, 
in many instances, permanent drying facilities and 
storage on the farm need only be sufficient for, say, 
50 per cent. to 70 per cent. of the load under the worst 
conditions. Two examples can be quoted. One 
instance is that of a small 75-ton three-silo ventilated 
grain store where 105 tons of dried grain were handled 
during the season and 6-25 tons of water were evapor- 
ated in 920 operating hours. This through put was not 
the maximum obtainable, since at times experimental 
work restricted the availability of silos. Grain which 
was removed after a drying period was accommodated 
in miscellaneous storage space in existing buildings 
for short-term disposal, for feeding or dispatch. The 
second example has been the apparent ease with which 
200 tons to 400 tons of grain have been handled on 
platform driers in batches of 40 to 50 sacks of about 
1 cwt. each. 

Further investigations into mechanised crop con- 
servation may produce valuable long-term results, and 
possibly some more immediate benefit. A dual-purpose 
plant to handle part of the grass or lucerne crop as well 
as the grain seems to offer opportunities for new engi- 
neering development ; and perhaps a barn hay-drying 
technique may prove to be more easily applicable 
than a wet-grass process, especially for small-holdings. 
Research work has been proceeding in the United 
States on drying or finishing baled hay on crop-drying 
plant, and a similar project might be worth investi- 
gation in this country, although climatic conditions 
are not so favourable. Since 1949, when the re- 
modelled platform drier was introduced for cereal 
grains, an increasing amount of interest in special 
drying problems has been evident in hitherto unex- 
plored directions; materials which have been the 
subject of inquiry have included loose and baled hay, 
Sheaves of oats, seeds such as grass, clover, lucerne, 
millet, beans, peas, maize, sunflower, sugar-beet, 
onion and brassica, fir-tree cones, onion bulbs and 
gladioli corms. The use of this type of equipment as 
a cool ventilated indoor potato store during the winter 
months is the subject of active investigation. 

The wider use of mobile driers and air-heater units 
might be of assistance in a number of cases, since it 
would often be convenient to carry out drying or 
ventilating at the most suitable site or in a specially 
adapted building rather than in arbitrary accommoda- 
tion adjacent to a stationary drier. Mention has 
already been made of a mobile continuous-flow grain 
drier, and more experience with plant of this kind 
may demonstrate that, on some farms, it may be 
preferable to take the drier tq the crop than to bring 
the grain to the central machine. 

The rather low utilisation factor for specialised 





grain-drying plants tends to limit the scope of the 
designer in the problem of providing low-cost high- 
efficiency equipment ; but improved thermal efficiencies 
may be obtainable by attention to engineering detail 
and the application of theoretical data as these become 
available. The better use of waste heat might be 
examined to see whether it could be employed to 
supply or supplement the low-grade total heat required 
for crop drying which usually takes place during the 
warm summer months. 

The operation and control of grain-drying plant 
under farm conditions are not simple, and improved 
methods seem to merit further investigation. Further 
instrumentation, with, perhaps, semi-automatic control 
of certain operations, might simplify supervisory 
duties and increase the uniformity and quality of the 
crop. Some savings in power and fuel consumption 
might also be obtainable in this way. Much time 
might be saved if more accurate knowledge were 
available of the correct relationship and scale effect 
(if any) between laboratory experiments and the per- 
formance of full-sized equipment. 

As far as the author is aware, there is no British 
standard code for moisture-content measurement of 
grain or seeds, and for comparing the results obtained 
with different apparatus and methods. It is suggested, 
therefore, that, in view of the advantages and con- 
siderable importance of recommended moisture test 
procedure, a survey of the problem should be under- 
taken to include both laboratory and field techniques. 
Similarly, it might be of much convenience to engineers 
if certain other properties such as bushel weight could 
be ascertained by means of standardised instruments 
and with recognised procedure. 





GusT ALLEVIATOR FOR AIRCRAFT.—A mechanism for 
detecting wind gusts and automatically applying aileron 
movements to alleviate the loads imposed on the wings 
of an aircraft has been developed by Messrs. Boulton 
Paul Aircraft, Limited, Wolverhampton, and is now 
undergoing preliminary trials in a Lancaster aircraft. 
It consists of an electro-manometric transducer installed 
in the nose of the aircraft, which detects the vertical 
components of gust pressures. The gust signals are 
amplified and are applied to the input of a Boulton-Paul 
electro-hydraulic power-control unit to produce the 
required aileron displacement. Provision is made in the 
experimental installation for varying the time lag between 
detection of the gust and the corrective movement. 





SUMMER SCHOOL IN AUTOMATIC COMPUTING.—Arrange- 
ments are being made for a summer school in programme 
design for automatic digital computing machines to be 
held in the University mathematical laboratory at 
Cambridge from September 11 to 21. The course will 
be on the same I‘nes as that held last year; it will give 
a basic training in the mathematical use of the machines, 
dealing with the processes employed and their embodi- 
ment in programmes which specify the operation in 
detail. Lectures and practical classes will be held in the 
design of programmes for the Edsac (the machine which 
has been built in the laboratory), and it will be shown 
how the same principles may be applied in designing 
programmes for other machines. A syllabus and form of 
application may be obtained from Mr. G. F. Hickson 
M.A., secretary of the Board of Extra-Mural Studies, 
Stuart House, Cambridge. 


TRANSPORT SINGLE-DECK 
PASSENGER VEHICLES. 


Tue delivery recently of the first of a post-war order 
for at least 700 single-deck passenger vehicles marked 
the inception by London Transport of a two-year plan 
for the replacement of its entire pre-war fleet of buses 
and coaches of this type. All the new vehicles, which 
will be known as the RF type, will be of one basic 
design with undeffloor-engine chassis and entrance 
forward of the front wheels. In general, the layout 
and appearance of the body follow the lines of the 
5Q5 “ central-area ” *bus introduced in 1936, while the 
chassis arrangement is basically similar to that of the 
TF coach. It will be remembered that it was the 
introduction of the TF coach in 1937, by the London 
Passenger Transport Board, as it was then, that 
pioneered in this country the underfloor location of the 
engine. 

On the new vehicles, improvements have, in the 

main, been directed towards ease of maintenance ; 
as a consequence, standard RT components have been 
used where possible so that, although the new chassis 
follow modern practice so far as layout of the various 
components is concerned, they retain the well-tried 
features of the R.T. vehicles. The new vehicles will be 
divided more or less equally between central, country 
and Green Line services, and will consist of four basic 
types, namely, central-area and country-area *buses and 
Green Line and private-hire coaches. The central-area 
*buses will be 30 ft. by 7 ft. 6 in. vehicles, seating 41 on 
standard metal-framed seats, and the country-area 
"buses will be similar but with the addition of power- 
operated folding doors. In general, the Green Line 
coaches will be similar to the country "buses, but will 
have 39 coach-type seats, a heating system, luggage 
racks and an appropriate decorative scheme. There 
will be two categories of private-hire vehicle, namely, 
35-seat coaches, 27 ft. 6 in. long and 7 ft. 6 in. wide, 
and 39-seat coaches, 30 ft. long and 8 ft. wide, intended 
for long-distance work. The 35-seat coach is shown in 
the accompanying illustration ; the transparent curved 
roof panels, a feature common to both types, will be 
noted. The long-distance coaches will be known as 
the RFW type, thus following the nomenclature 
adopted with the 8-ft. wide double-deck vehicle, the 
RTW. 
All the new vehicles will be based on the A.E.C. 
Regal Mark IV underfloor-engine chassis, RT practice 
being followed in the size of the engine, namely, 
9-6 litres, and in the installation of a fluid flywheel, 
four-speed air-operated pre-selective gearbox and 
compressed-air brakes. The majority of the com- 
ponents in the engine and transmission are therefore 
interchangeable with those for standard RT ‘buses, 
an arrangement which will simplify servicing and keep 
the stocks of spare parts to a minimum. A notable 
feature of the design is the provision of a built-in jack 
which permits the engine unit to be lowered to the 
ground without recourse to outside lifting gear ; other 
features of interest are the use of pilot injection to 
reduce the ‘‘ Diesel knock,” and dry-sump lubrication. 
With the exception of the 27 ft. 6 in. private-hire type, 
which has a wheelbase of 15 ft. 8 in., all the new vehicles 
will have the same wheelbase as the RT series, namely, 
16 ft. 4 in. 

Apart from the long-distance private-hire coaches, 
the new vehicles will be fitted with metal bodies 
constructed by Metropolitan-Cammell-Weyman Motor 
Bodies, Limited. The long-distance coaches are being 
built by Eastern Coachworks, of Lowestoft, and will 
have more luxurious bodywork together with increased 
luggage accommodation. A considerable degree of 
standardisation will be achieved, in that both t of 
*bus and the Green Line coaches will have identical 
body structures and chassis, while the private-hire 
bodies will be closely related to them, only the long- 
distance coaches being non-standard. The first of the 
range, namely, the 35-seat private-hire coaches, are 
now being delivered and will be allocated to central- 
area garages to augment, and, in the autumn, replace, 
LTC and TF types. The 8-ft. wide long-distance 
coaches will follow and, except for a few 20-seater 
*buses, the complete ned fleet will, by the end 
of the present programme, consist of post-war vehicles. 





DISTRIBUTION OF SULPHUR AND SULPHURIC ACID.— 
The Board of Trade has put into effect detailed allocation 
schemes for the distribution of sulphur and sulphuric 
acid to industry. These are based on a consumption 
rate of sulphur of 100,000 tons per quarter and, in 
general, will mean that users will receive between 80 and 
90 per cent. of their total 1950 consumption. The 
superphosphate industry, however, will continue to 
receive sulphuric acid at a level of about two-thirds of its 
capacity. Tle iron and steel, explosives, metal-extrac- 
tion, tin-plate and certain oil-refining processes will 
continue to receive full quantities. 
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MECHANICAL-HANDLING PLANT 
FOR WOOD WASTE. 


Messrs. Permali, Limited, Bristol-road, Gloucester, 
formerly the New Insulation Company, Limited, 
manufacturers of Permali, a laminated electrical 
insulation, have made a practice for some time now of 
burning wood chips, etc., in their boilers which are 
used to generate process steam, and this practice 
has proved invaluable during the fuel shortage. The 
chips are collected not only from their own sawmills 
but also from adjacent timber yards. They are 
conveyed to the boiler house in a special self-discharging 
container designed and constructed within their own 
organisation and mounted on a Lister light three- 
wheeled truck. Handling of the waste in the boiler 
house, however, proved difficult and to facilitate this 
process, the company have installed recently a 
mechanical-handling and storage plant which enables 
the wood-waste to be conveyed to a storage bin, and 
subsequently fed to the boilers without any need for 
manhandling. Furthermore, the design is such that 
coal can be elevated to the appropriate storage bunkers 
with equal facility. 

The plant was designed and erected in the boiler 
house by Redler Conveyors, Limited, Dudbridge 
Works, Stroud, Gloucestershire, and has given 
trouble-free service. The layout of the complete 
handling plant is shown diagrammatically in the 
drawings reproduced in Figs. 2 and 3, on this page, 
Fig. 3 showing the conveyor system for feeding the 
coal and wood waste into their respective bins, or 
hoppers, and Fig. 2 the system for conveying the wood 
waste to the stoker. On arrival at the boiler house, 
the wood waste is tipped into a trough arranged 
across one end of the discharge area and designed to 
direct it into the main conveyor. It should be men- 
tioned here that the discharge area is completely 
covered in, the roof being formed by the base of the 
ash hopper so that delivery of the wood chips or coal, 
and the removal of the ash from its hopper, can be 
carried out in the dry. 

The main conveyor is of the endless type and consists 
of a chain built up from a series of standard Redler 
detachable links, or “ flights,” as they are referred 
to by the manufacturers, which are arranged to move 
in a duct. The duct has flat sides and is of bolted 
construction to facilitate erection on site. As will be 
seen from Fig. 3, it follows a rectangular path and 
acts as an elevator as well as a conveyor, the material 
being raised up the left-hand vertical section of the 
system, as viewed in the illustration, and the empty 
flights returning down the right-hand vertical section. 
The materials are discharged through four openings 
formed in the base of the top horizontal section of the 
duct, three of which are connected by chutes to the 
coal bunkers and one to the storage bin for the wood 
waste. The coal bunkers are of brick construction and 
the storage bin for the wood consists of a cylindrical 
tank of riveted construction having conical ends. Part 
of it can be seen in Fig. 1, which is a general view of the 
upper part of the boiler house, the main conveyor 
and the associated delivery chutes also being visible 
in this illustration. 

The main conveyor is driven by a 7-h.p. slip-ring 
motor which is arranged to drive a countershaft 
through a roller chain. The countershaft is connected 
to the spur-gear final drive unit by two chain and 
sprocket assemblies designed to give high and low 
ratios respectively, either of which may be selected by 
Renold chain clutches incorporated in the shaft. 
High ratio is used when dealing with wood waste 
and low ratio when handling coal, the maximum 
capacity in the former case being 3-5 tons an hour and 
in the latter, 10 tons an hour. Part of the driving 
gear for the main conveyor can be seen in Fig. 7, 
opposite. When coal is being delivered to the bunkers, 
alt three chutes are opened and the three bunkers filled 
progressively, provision being made to stop the con- 
veyor when all are filled. This is accomplished by 
a ler ‘‘ Tidal” control unit, which is installed in 
the chute leading to the last bunker. It consists of a 
flexible rubber diaphragm let into the wall of the chute 
and provided with a mercury switch. When the coal 
starts to pile up inside the chute, it bears against the 
diaphragm, the resultant pressure causing the mercury 
switch to tilt and break the circuit to the driving motor. 

As previously mentioned, the wood-waste is stored in 
the bin shown in Figs. 1, 2 and 3. It is fed into one 
of two Lancashire boilers by a Gordon-Alison stoker, 
the hopper of which is filled by another conveyor 
extending from the base of the bin to a point just 
above the hopper. This conveyor can be seen in the 

otograph of the boiler-house interior reproduced in 
Fig. 6, opposite, and it will be noted that it acts also 
as an elevator, the waste being fed into the stoker 
hopper by a suitable chute built into the underside of 
the conveyor casing. The driving motor is situated 
inside the boiler house at the top of the conveyor, the 
transmission assembly consisting of a roller chain which 
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connects the motor to a P.I.V. variable-speed gear while 
a further roller chain transmits the drive from the 
variable-speed gear to the spur-gear final-drive unit. 
The P.I.V. variable-speed gear was supplied by Stone- 
Wallwork Limited, 157, Victoria-street, London, 8.W.1, 
and its use enables the delivery of wood waste to be 
varied from 400 to 1,600 Ib. per hour. The conveyor is 
similar to that used to elevate the coal and wood waste 
into their respective bunkers and bin but does not, of 
course, follow such a circuitous route, the return duct 
— situated immediately above that used for the 
elivery. 

The wood waste is extracted from the storage bin by 
@ kedler circular bin discharger, a notable feature of 
which is the provision of an “ arch-breaker” which, 
a8 its name suggests, is a device for preventing “ arch- 
ing” of the material inside the bin. The bin discharger 
Consists of a power-driven cone located at the base, 
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and in the centre, of the bin, to which feed-fingers are 
fitted. These are designed to sweep over the entire 
circular base of the bin and, in so doing, propel the 
waste through an opening in the bottom plate of the 
bin, which is in direct communication with the con- 
veyor ducting. The cone, together with its feed 
fingers and driving mechanism, can be seen in the 
drawing reproduced in Fig. 4, opposite, which shows a 
sectional elevation through the base of the bin. 

The arch breaker consists of an arm provided with 
vanes which, as will be seen from Fig. 4, is driven from 
the apex of the feed cone through a universal coupling. 
The arm is free to swing about the universal coupling 
and the outer end is fitted with a “spider” which 
makes contact with the bottom rim of the cylindrical 
portion of the bin. When the feed cone rotates, the 
action of the spider causes the arm to travel slowly 
round the lower coned surface of the bin and prevent 








pres 


— 


f 


° : e 


pegeaegee 


Fic. 6. Conveyor tn Borer Hovss. 


any tendency for the material to arch. As will be 
seen from Fig. 4, the feed cone and associated arch 
breaker are driven through bevel wheels which, in 
turn, are driven by a 2-h.p. motor, a P.I.V. variable- 
speed gear and a Radicon worm-reduction unit being 
incorporated in the drive. The P.I.V. gearbox and 
Radicon reduction unit can be seen in the photograph 
of the base of the bin reproduced in Fig. 5, on this 
page, and are provided to give the required speed range. 





TRADE PUBLICATIONS 


Electrical Measuring Instrument.—Full details of their 
new Model 8 Universal Avo Meter, which has been 
designed for electronic, radio and television measure- 
ments, are given in a leaflet received from the Auto- 
matic Coil Winder and Electrical Equipment Co.. Ltd., 
Winder House, Douglas-street, London, 8.W.1. 


Electro-Mechanised Vibrators.—The Plessey Co., Ltd., 
Ilford, Essex, have sent us a twelve-page brochure which 
describes the principal design features and operation of 
electro-mechanical vibrators. Details of suitable electrical 
circuits and notes on the identification of faults resulting 
from incorrect usage of vibrators are also included. The 
company have spent many years of research on developing 
these units, and manufacture a number of types. 


Operation Recorders.—Evershed and Vignoles, Ltd., 
Acton Lane Works, Chiswick, London, W.4, have issued 
List No. 248 which describes automatic recorders manu- 
factured by the company. These plot on a single chart, 
and on a time base, records of the frequency and duration 
of an operation which it is desired to study. Multi-pen 
instruments employing roll charts and single-pen types 
having drum charts are described. 


Geared Motors.—Details of a new range of geared 
electric motors and speed reducers, covering the ranges 
0-1 to 27 h.p. and 6 to 556 r.p.m., have been issued by 
the Electropower Co., Ltd., Kingsbury-road, London, 
N.W.9. Spur gears are employed in all gear boxes, and 
the range of motors includes vertical and horizontal types 
and single-worm reduction-geared motors. 


Steam Drier.—A leafiet issued by the Superheater 
Co., Ltd., 53, Haymarket, London, 8.W.1, describes the 
firm’s Melesco helix steam drier, which is designed to 
fit in the main saturated-steam pipe between the boiler 
and superheater. The moisture is extracted by the 
action of two semi-elliptical baffles and is discharged to 
a steam trap. The efficiency is improved, however, by 
taking advantage of the differential pressures which 
occur, to cause a recirculation of part of the steam flow. 
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NOTES ON NEW BOOKS. CONFERENCE OF EDUCATION LAUNCHES AND TRIAL TRIPS. 
Physics of Lubrication. OFFICERS. S.S. “ EXEDENE.”—Single-screw cargo vessel, with 
. . odation for three passengers, built and engine< 
+ age oe ee 2 re a sme rar tal is rom, 0g My Cambridge bn by William na & Co., Ltd., West Hartlepool, for — 


Tuis publication, which constitutes Supplement No. 1 
to the.current volume of the British Journal of Applied 
Physics, contains the papers presented at a symposium 
held in the University of Manchester from June 29 to 
July 1, 1950, under the joint auspices of the Manchester 
and District Branch of the Institute of Physics and the 
British Rheologists’ Club (now the British Society of 
Rheology). To each paper is appended a report of the 
pr sg upon it ; condensed, obviously, but, as the 
editor (Dr. H. R. Lang) explains, revised where neces- 
sary by the speakers themselves and therefore represen- 
ting “substantially that which took place.” The 
symposium was divided into two parts, the first, 
containing only four papers, dealing with “‘ Hydro- 
dynamic Lubrication and the Rheology of Lubricants,” 
and the second, comprising 14 papers, with ““Boundary 
Layer and Extreme Pressure Lubrication.” The list 
of authors, too long to quote in detail, is an impressive 
one, and the production of the book is worthy of the 
high level of their material. There is an index of 
names as well as a subject index. 





Electric Power Stations. 

By T. H. Carr. Vol. II. Third edition. Chapman 

and Hall, Limited, 37, Essex-street, London, W.C.2. 

(Price 75s. net.] 
In reviewing an earlier edition of this book, we said 
that it formed an admirable guide to the range of 
application embodied in a power station ; and there is 
no reason to revise that opinion in noticing the present 
volume. It may be re , however, that the first 
volume deals with the fundamentals of power station 
design and the civil engineering work, as well as with 
the cooling water system, coal and ash handling plant, 
boilers, pipe work and turbines. The second volume 
covers in some detail the condensers, feed heating and 
water treating plant as well as the wide range of 
electrical equipment, while there are also useful chapters 
on the commissioning and testing of plant, on organisa- 
tion, station costs and fire fighting. New chapters on 
hydro-electric, Diesel-electric, and gas turbine plants, 
are included in the present edition, as is another on 
wind and atomic plants. The whole field has therefore 
been fully surveyed and the result is well worthy of 
study by those engaged in the industry. The diagrams 
are clear and well chosen, but it might have been better 
if the half-tones had included rather more examples of 
actual installations. The complete bibliographies at 
the end of each chapter are a pleasing feature, especially 
as they are reasonably up-to-date, but the index 
might with advan be expanded. During the ten 
years which have elapsed since the book was first 
published, many changes have taken place in power 
station design and these are fittingly dealt with. 





Ki tics of Machines 
By PROFESSOR GEORGE L. GUILLET and PROFESSOR 
AvusTIn H. CourcH. Fifth edition. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 4-00 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
32s. net.) 
Tue fourth edition of the late Professor Guillet’s book, 
which was published in 1940, is practically unknown in 
this country, and the present fifth edition, revised by 
Professor A. H. Church, will be for most readers a new 
book. The presentation of the simple harmonic 
motion, and the scale determination for the velocity 
and acceleration curves have been revised. In the 
chapter dealing with “ Instant Centers,” a method of 
recording progress by means of tables has been added. 
The chapter on velocity and acceleration in plane 
motion has been extensively rewritten, particularly the 
section on Burmester’s image method, and it has been 
amplified by the inclusion of Coriolis’s acceleration. 
Klein’s construction for determining the acceleration 
of a piston has also undergone revision, and inversions 
of the slider-crank mechanism are discussed. The 
chapter on cams now includes cycloidal cams, on which 
comparatively little had been published until com- 
paratively recent years, and some discussion of cam 
pressure angles. The chapter on gearing has been 
rewritten (Professor Church’s term is “largely re- 
vamped,” an interesting example of the influence of the 
cinema on philology) and now devotes more space to 
the generating principle of gear production; bevel 
gears occupy a good deal of this chapter. In the 
chapter dealing with epicyclic gear trains, the tabulation 
method receives particular attention, and a section is 
devoted to gear trains with no member fixed. Many of 
the illustrations have been redrawn. 





sity from Thursday, July 19, until Sunday morning, 
July 22. The main object of the conference will be to 
give delegates an opportunity to see something of the 
university training of engineers and physicists with 
whom they have to deal as graduate apprentices. 
At the same time, it is hoped that there will be exchanges 
of ideas between the delegates from industry and 
members of the university teaching staff and, with this 
object in view, the conference will end with a series of 
discussion groups attended by members of the teaching 
staff. The Conference will be residential and will 
be housed in Christ’s College. The delegates will arrive 
in Cambridge in time for dinner at 7.30 p.m., on 
Thursday, July 19. On the following day, Friday, 
July 20, at 9.30 a.m., Professor Sir Lawrence Bragg, 
O.B.E., M.C., F.R.S., will give a talk which will be 
followed by a visit to the Cavendish Laboratory. At 
2.30 p.m., Professor J. F. Baker, O.B.E., M.A., Sc.D., 
M.I.C.E., will speak on “‘ The Education of Engineers,” 
and, at 5 p.m., Professor E. B. Moullin, M.A., Se.D., 
M.I.E.E., will deal with “The Training of Electrical 
Engineers.” On Saturday, July 21, at 9.30 a.m., Mr. 
E. G. Sterland will give a talk on “The Teaching of 
Engineering at Cambridge,” and this will be followed 
by a visit to the University Engineering Laboratories. 
At 2.30 p.m., the subject of ‘‘ Education for Manage- 
ment ”’ will be dealt with by a speaker to be arranged. 
At 5 p.m., discussion groups, attended by members of 
the teaching staff of the Engineering Laboratories, will 
be held and the final session, at 9.30 a.m., on Sunday, 
July 22, will be devoted to reports of the discussion 
groups. The inclusive fee for the conference is 41. 10s., 
and intending participants should communicate as 
soon as possible with the Steward, Christ’s College, 
Cambridge, as numbers will be limited to about fifty. 





BOOKS RECEIVED. 


N.P.L. Jubilee Book of the National Physical Laboratory. 
By JoHN LANGDON-DAVIES. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 4s. net.] 

Productivity Team Report. Non-Ferrous Metals 
(Wrought). Report of a Visit to the U.S.A. in 1950 
of a Productivity Team Representing the Wrought 
Non-Ferrous Metals Industry. The Anglo-American 
Council on Productivity, 21, Tothill-street, London, 
8.W.1. [Price 4s. 6d., post free.] (See page 629, ante.) 

Department of Scientific and Industrial Research. Report 
of the Radio Research Board for the Year 1949. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
1s. 9d. net.) (See page 662.) 

Carnegie Institution of Washington. Annual Report of 
the Director of the Department of Terrestrial Magnetism, 
1949-1950. The Director, The Department of Terres- 
trial Magnetism, 5241, Broad Branch-road, Northwest, 
Washington 15, D.C., U.S.A. [Gratis.] 

Nuclear Chemistry at Rensselaer Polytechnic Institute. 
By ProrgessoR HERBERT M. CLARK. Rensselaer 
Polytechnic Institute Bulletin No. 64. The Rensselaer 
Polytechnic Institute, Troy, New York, U.S.A. 

The College of Aeronautics, Cranfield. Report No. 43. 
Measurement of the Pressure Distribution on Swept- 
Back Wings with Trailing Edge Split Flaps. By 
A. W. BaBIsTeR. [Price 5s.) No. 44. The Evalua- 
tion of Matrix Elements for the Analysis of Swept-Back 
Wing Structures by the Method of Oblique Co-ordinates. 
By 8S. R. Lewis. [Price 5s.] The Librarian, The 
College of Aeronautics, Cranfield, Bletchley, Bucking- 
hamshire. 

The Rockets (Operation Manhattan). By Major HARRY 
EDMONDS. Macdonald and Company (Publishers), 
Limited, 16, Maddox-street, London, W.1. [Price 
9s. 6d. net.) 

Isothermal Transformation Diagrams for Nickel Steels. 
The Mond Nickel Company, Limited, Sunderland 
House, Curzon-street, London, W.1. ([Gratis.] 

The Gas Turbine Manual. By R. J. WELSH and 
GEOFFREY WALLER. Temple Press, Limited, Bowling 
Green-lane, London, E.C.1. [Price 25s. net.] 

A.C./D.C. Test Meters. By W.H. Cazaty and THomas 
Roppam. Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 18s. net.] 

Telai Elastici. By Dorr.-Inc. CARLO LUIGI BRUNOLI. 
Ulrico Hoepli, Milan, Italy. [Price 2,000 lire.] 

Skill and Age. An Experimental Approach, By A. T. 
WELFoRD. Published for the Nuffield Foundation by 
Oxford University Press (Geoffrey Cumberlege), Amen 
House, Warwick-square, E.C.4. [Price 8s. 6d. net.] 

30 Jahre Bayernwerk A.G. 1921-1951. Bayerische 
Landeselektrizitat gung. Bayernwerk A.G., 








Munich, Germany. 

Royal Festival Hall: The Official Record. Max Parrish 
and Company, Limited, Adprint House, Rathbone- 
Place, London, W.1. [Price 30s. net.) 





E.C.3. First vessel of an order for two. Main dimen- 
sions: 406 ft. between perpendiculars by 56 ft. by 
36 ft. 44 in. to shelter deck ; deadweight capacity, 8,90 
tons on a draught of 25 ft. 0} in. Triple-expansion 
engines in conjunction with a Bauer-Wach exhaust 
steam turbine and two oil-fired boilers. Speed on service, 
104 knots. Launch, May 21. 

M.S. ‘“‘ CHaKpINA.”—Single-screw reirigerated-cargo 
vessel, accommodating twelve passengers, built and 
engined by Swan, Hunter, and Wigham Richardson, 
Ltd., Newcastle-upon-Tyne, for the British India Steam 
Navigation Co., Ltd., London, E.C.3. Third vessel of a 
series of four for these owners. Main dimensions: 
455 ft. between perpendiculars by 62 ft. 6in. by 40 ft. 9 in. 
to shelter deck ; deadweight capacity, about 9,600 tons 
on a draught of 27 ft. 3in.; gross tonnage, 7,150 ; cargo- 
carrying capacity, 94,000 cub. ft. Swan Hunter-Doxford 
six-cylinder opposed-piston oil engine, to develop 6,800 
b.h.p. at 116 r.p.m. Service speed, about 15 knots. 
Launch, May 21. 

M.S. ‘“‘ DERRYMORE.”—Single-screw cargo vessel, 
built by the Burntisland Shipbuilding Co., Ltd,, Burntis- 
land, Fife, for McCowen and Gross, Ltd., London, E.C.3. 
Sixth vessel built for these owners. Main dimensions: 
435 ft. by 60 ft. by 39 ft. 6 in. to shelter deck; dead- 
weight capacity, 10,570 tons on a draught of 26 ft. 74in.; 
gross tonnage, 5,678. Hawthorn-Doxford four-cylinder 
opposed-piston reversible Diesel engine, to develop 
4,400 b.h.p. at 112 r.p.m., constructed by R. and W. 
Hawthorn, Leslie & Co., Ltd., Newcastle-upon-Tyne. 
Speed, 134 knots. Trial trip, May 21. 

M.S. ‘‘ ATHELFOAM.”—Single-screw oil tanker, built 
by Smith’s Dock Co., Ltd., South Bank-on-Tees, for the 
Athel Line, Ltd., London, W.1. Main dimensions: 
430 ft. between perpendiculars by 61 ft. by 31 ft. ; dead- 
weight capacity, about 10,300 tons on a draught cf 
25 ft. 6 in. Hawthorn-Doxford four-cylinder opposed- 
piston Diesel engine, to develop 4,450 b.h.p. at 112 r.p.m. 
in service, constructed by R. and W. Hawthorn, Leslie & 
Co., Ltd., Newcastle-upon-Tyne, and installed by the 
shipbuilders. Service speed, about 13 knots. Launch, 
May 22. 

M.S. “‘ PRINCESS ROyAL.”’—Single-screw trawler, built 
by John Lewis & Sons, Ltd., Aberdeen, for the North 
Cape Fishing Co., Ltd., Grimsby, First vessel of an 
order for four. Main dimensions: 120 ft. between per- 
pendiculars by 25 ft. by 12 ft. 6in.; fishroom capacity, 
7,000 cub. ft. Mirrlees six-cylinder direct-drive and 
reversing oil engine, developing 650 b.h.p. at 250 r.p.m., 
constructed by Mirrlees, Bickerton and Day, Ltd., 
Stockport, Cheshire. Launch, May 22. 

M.S. “Knut KNuTtsEen 0O.A.S.”—Single-screw oil 
tanker, built by the Furness Shipbuilding Co., Ltd., 
Haverton Hill, County Durham, for Knut Knutsen 
O.A.S., Haugesund, Norway. Main dimensions: 560 ft. 
between perpendiculars by 80 ft. by 42 ft. 3 in. to upper 
deck; deadweight capacity, 24,800 tons on a summer 
draught of 32 ft. 34 in. N.E.M.-Doxford six-cylinder 
opposed-piston reversible oil engine, to develop’ 6,800 
b.h.p. at 116 r.p.m. in service, constructed by the North 
Eastern Marine Engineering Co. (1938), Ltd., Wallsend- 
on-Tyne. Speed, 14 knots. Launch, May 22. 

S.S. “ BriTIsH BULLDOG.”—Single-screw oil tanker, 
built by Swan, Hunter, and Wigham Richardson, Ltd., 
Wallsend-on-Tyne, for the British Tanker Co., Ltd., 
London, E.C.2. Main dimensions: 610 ft. between 
perpendiculars by 81 ft. by 44 ft. 6 in. to upper deck; 
deadweight capacity, about 28,100 tons on a draught of 
34 ft.; oil cargo tank capacity, about 26,000 tons; 
gToss tonnage, 18,000. Steam turbines with double- 
reduction gearing, developing a maximum of 13,750 
8.h.p. at 116 r.p.m., and two Babcock and Wilcox oil- 
burning boilers, constructed by the Wallsend Slipway 
and Engineering Co., Ltd., Wallsend-on-Tyne. Speed 
on service, 15 knots. Launch, May 22. 

M.S. ‘ POLARBRIS.”—Single-screw oil tanker, built 
and engined by Barclay, Curle & Co., Ltd., Whiteinch, 
Glasgow, for Melsom & Melsom, Larvik, Norway. Main 
dimensions : 566 ft. by 72 ft. 6 in. by 40 ft. 6in.; dead- 
weight capacity, 19,000 tons. Barclay Curle-Doxford 
six-cylinder opposed-piston airless-injection oil engine, 
to develop 8,000 b.h.p. Speed, 154 knots. Trial trip, 
May 22. 

S.S. “Cape BEAVER.”—Single-screw trawler, built 
by Cochrane & Sons, Ltd., Selby, Yorkshire, for the 
National Sea Products, Ltd., Halifax, Nova Scotia. 
First vessel of a series for these owners. Main dimen- 
sions: 137 ft. between perpendiculars by 26 ft. 6 in. by 
13 ft. 9 in.; gross tonnage, 365. Triple-expansion en- 
gines, to develop 700 i.h.p. at 125 r.p.m., and one oil- 
burning boiler, constructed and installed by Amos and 
Smith, Ltd., Hull. Speed, about 10 knots. Launch, 
May 23. 





River Plate trade of the Dene Shipping Co., Ltd., London, 
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THE DEVELOPMENT OF A 
WIND TUNNEL. 


By H. G. Ruopen, M.A., Wa.Sc. 


TE development is described below of a wind- 
tunnel capable of supplying various rates of air flow 
up to a maximum of 50,000 cub. ft. per minute. 
It is intended to use the tunnel for research into 
flow problems arising in mechanical engineering. 
Power is provided by a variable-speed induction 
motor of 150 h.p. Importance was given in the 
design to comparatively low turbulence, uniformity 
of total head, static pressure and angle of flow over 
the test section, and steadiness in the readings. 

















considerable demand for men who have both an 
aptitude for the design of heat-engine plants and a 
ood understanding of the fundamentals of air flow. 
Such men therefore require to be trained in a field 
which is a combination of mechanical and aero- 
nautical engineering. 

It was considerations such as these which led to 
the decision to build a wind-tunnel in the heat 
engine section of the Cambridge University Engi- 
neering Laboratory. It is the purpose of this 
article to discuss the factors which decided the 
arrangement of the tunnel and to relate the experi- 
ence in developing the tunnel to the point at which 
it could produce a steady supply of air of the 
desired low turbulence, uniform total head, static 
pressure and angle of flow over the test section. 
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The effectiveness of wire gauzes and perforated 
plates for smoothing out the air flow is described. 
The results emphasise the value of wire gauze in 
this respect, and, in particular, show the importance 
of uniformity of weaving of the gauze. The work 
described was carried out in the Cambridge Univer- 
sity Engineering Department, and financed by the 
Ministry of Supply, to whose Chief Scientist, Sir 
Harry Garner, K.B.E., acknowledgment is made for 
permission to publish this article. 

Problems involving for their solution a knowledge 
of the fundamentals of air flow are becoming 
Increasingly important to the mechanical engineer. 
This is due to such causes as the development of 
internal-combustion turbine plants having flow 
Passages designed on aerodynamic lines, and the 
growing importance in engineering practice of the 
efficient design of heat-transmission apparatus 
involving a knowledge of boundary-layer effects. 
In the field of mechanical engineering there is a 





The tunnel was designed to investigate Reynolds 
Number effects and can therefore be described as a 
low-velocity tunnel. 

The arrangement of the tunnel is shown in Figs. 
1 and 2, herewith. It was made of welded steel 
plates approximately 0-10 in. thick, reinforced by 
channels made of folded steel, of about the same 
thickness. It was designed to supply 25,000 cub. ft. 
of air per minute at 25 in. water-gauge pressure 
when. operating at its optimum efficiency, and to 
supply up to 50,000 cub. ft. of air per minute on an 
open discharge. 

It will be seen from Figs. 1 and 2 that it is a 
pressure tunnel, i.e., the test section is on the 
discharge side ; also, that it is of the open type, 
since air is drawn from the atmosphere and also 
discharged to the atmosphere. In comparing the 
relative merits of a suction and a pressure tunnel 
it was considered that, as the intention was to use 
the tunnel initially in the testing of large-scale 





axial-flow compressor blades, arranged in cascades 
4 ft. long, a pressure tunnel would be the more 
convenient. This was because an important dis- 
advantage of a suction tunnel, when testing such 
large cascades, is that there would have to be a 
very bulky ducting between the cascade outlet and 
the blower, in order that there should be no inter- 
ference between the cascade outlet air stream and 
any reverse flow in the ducting. Such interference 
would reduce the accuracy of the readings and also 
cause an objectionable low-frequency variation of 
the readings at the cascade. In addition, the outlet 
from the cascade would have to be designed so that 
the air could leave the cascade at different angles 
in different tests without interference with the walls 
of the ducting. 








Fic. 2. Ovurtet ENb, witH CASCADE OF BLADES IN POSITION. 


On the other hand, an advantage of a pressure 
tunnel is that the traversing at the cascade outlet 
would be easier, since there would be no need to 
seal the instruments against leakage from the 
atmosphere, as the pressure at the outlet would be 
approximately equal to atmospheric pressure. At 
the inlet to the cascade, whether a pressure or 
suction tunnel is used, it would be necessary to seal 
the traversing gear against such leakage. Another 
important advantage of a pressure tunnel, due to the 
cascade discharging to atmosphere, is that the 
discharge stream can be easily seen. This is useful, 
for example, when observing the effects of secondary 
flow, which is becoming increasingly important in 
axial-flow compressor design. The large size of the 
cascades makes them particularly suitable for 
observing these effects. With a pressure tunnel, 
too, it is essential to have a blower which does not 
contaminate the discharged air with lubricating oil, 
unless the oil can be carefully filtered out before 
the test section. Standard superchargers for aero- 
plane engines are unsuitable in this respect, as 
they contaminate the air. The blower used with 
the present tunnel had its shaft bearings outside 
the blower casing, so that there was no trouble on 
that account. 

The advantage of a suction tunnel is that, with 
a carefully designed inlet, uniform conditions at 
low turbulence can be easily obtained over the 
cascade inlet, whereas, in the case of a pressure 
tunnel, means have to be provided for smoothing 
out the air flow after leaving the blower. It is 
believed that sufficiently uniform conditions were 
produced by the means adopted, and that, together 
with the advantages in the proposed tests of a 
pressure tunnel, they justify the use of that type. 
An open type of tunnel was preferred to a closed 
type partly because of the need to limit the space 
occupied by the tunnel and partly because less time 
would be required with the open type before the 
air temperature reached a steady value. This latter 
objection to the closed type could have been reduced 
by having an air cooler in the tunnel, but the 
resulting complications were thought undesirable. 

The principal dimensions of the tunnel are given 
in Figs. 3 and 4, herewith. Subsequent tests showed, 
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The Mean Velocity at J was Approximately 120 ft. per Second. 
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however, that the portion marked X was unneces- 
sary, and it has therefore been discarded. Two of 
the main considerations which decided the shape of 
the tunnel were that an air supply of rather low 
turbulence was desired at the test section, and that 
the available axial length was very restricted. To 
ensure low turbulence, the air from the blower was 
slowed down in a diffuser to an average velocity, 
over the cross-section of the tunnel body, of 30 ft. 
per second at maximum flow conditions. Because 
of the low velocity in this part of the tunnel, 
sheets of perforated plate and wire gauze could be 
inserted to produce uniform velocity over the 
tunnel cross-section, without also producing large 
losses of head at these baffles. To produce the 
maximum smoothing effect in the air-velocity 
distribution over the cross-section, the solidity of 
the baffles was chosen to be as near as possible to 
the recommendations in “The Effect of a Gauze 
on}the Velocity Distribution in a Uniform Duct,” 
by A. R. Collar.* In this report, it was concluded 
that a baffle which results in a loss of 2 velocity 
heads would produce the maximum smoothing 
effect. The perforated plate used was 0-06 in. 
thick and had 38 holes to the square inch, each 
hole being 0-134 in. in diameter. The wire mesh 
used had wires 0-0076 in. in diameter at 45 mesh. 
It was estimated from Collar’s results that the 
perforated plate would result in a loss of 2-0 velocity 
heads and the wire mesh 2-7 velocity heads. It 
was not possible to get wire mesh of a solidity 
which would result in a loss of head nearer to the 
recommended loss of 2 velocity heads. After the 
air has passed through the baffles, it then passes 
through a converging portion of area ratio 5-9. 
The resulting increase of velocity has the effect of 
reducing the remain’ng lack of uniformity in the 
velocity over the cross-section. 

As the axial length available for the tunnel was 
so very restricted, the diffuser was arranged to have 
a large angle of divergence and a correspondingly 
short length. Splitters could be inserted subse- 
quently in the diffuser to suppress break-away of 
the air from the sides of the diffuser. 

A radial-flow type of blower was preferred to 
the axial-flow type because the space available in 
an axial direction was very limited; also, as it 
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was intended to use the tunnel for a wide range of 
air pressures and rates of air flow, troubles due to 
stalling of the axial-flow type might have been 
objectionable. The type of radial-flow blower 
adopted was one having backward-turned blades, 
which result in a fairly flat curve of brake horse- 
power against rate of air flow at constant revolu- 
tions, causing less overloading of the motor com- 
pared with alternative types of blower. It was 





appreciated that the radial-flow type of blower 
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would have a lower efficiency than the axial-flow 
type, but it was considered that this would not 
be very important, as, in general, such a tunnel 
would be in operation only for a comparatively 
small fraction of its time. 

The type of blower drive adopted was by a 
150-b.p. slip-ring induction motor, with a resistance 
in its rotor circuit to vary the rotational speed of 
the motor. This resistance was able to reduce the 
speed down to about 30 per cent. of full speed. 
Some thought was given to the question of the 
speed remaining at a steady value and whether a 
complicated drive would be necessary, for example, 
by the use of a motor-generator set with Ward- 
Leonard control, supplying current to a direct- 
current motor driving the blower. It was decided 
to install the simpler drive mentioned above, 
keeping the air flow steady by variable throttling 
of the air supply at the inlet to the blower. Even 
after the motor had been running for its necessary 
warming-up period, two types of rotational speed 
variation were contemplated as possible troubles, 
one caused by erratic changes in the electrical 
supply, and the other by the tendency for such a 
motor to be unstable when large resistances are in 
its rotor circuit, that is, when running at the lower 
8 : 
The experience over the last two years has been 
that (for example, during a three hours’ test) varia- 
tions of airspeed of +-2 per cent. are fairly common, 
due to the former cause. This has been suppressed 
very effectively by variable throttling of the air 
at inlet to the blower, which was arranged by laying 
pieces of stiff paper on to the wire-mesh guard at 
the blower inlet. The paper was held on to the 
wire mesh by the air suction and the area of the 
paper was varied as desired. The evidence con- 
cerning steadiness of the conditions in the tunnel 
was obtained by observing the reading of the static 
pressure at a point where the air velocity was small, 
ie., at the point K in Figs. 3 and 4. It was found 
that this pressure could be kept as steady as was 
desired, by occasional adjustment of the inlet 
throttling. 

It was easy, therefore, to limit the variation in 
rate of air flow down to quite negligible proportions. 
If this had been unsuccessful it would not have 
affected greatly the accuracy of the proposed 
readings on the cascades, since the pressure readings 
there would be proportional to the tunnel static 
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In Each Test the Mean Velocity at J was Approximately 120 ft. per Second 
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pressure for modest variations in the rate of air flow. 
The pressure readings at the cascade could have 
been corrected, theréfore, to correspond to a constant 
tunnel static pressure, eliminating the effect of such 
variations in the rate of air flow. It was found 
that there was no appreciable tendency for the 
motor and blower to develop slow hunting due to 
any instability, and, even at the lowest speeds, 
conditions were very steady. 

The tunnel was first tested as in Figs. 3 and 4, 
except that the splitters and honeycombs in the 
diffuser and the honeycomb in the tunnel body 
had not yet been fitted. Traverses of air velocity 
were taken over the flange G with various arrange- 
men‘s of baffles at the flanges A B, CD and EF. 
Wit! no baffles at all, considerable negative direc- 
tion of flow occurred over the lower half of G; 
this was due to the breakaway on the lower surface 





Yawmeter Angle at Exit, Degrees 
of the diffuser. With one sheet of perforated plate 
at A B, this negative flow at G was almost entirely 
suppressed. The addition of a sheet of gauze at EF 
produced a further considerable improvement and 
resulted in a flow which was considered sufficiently 
uniform. 

The results of this test are shown in Fig. 7, oppo- 
site. It will be noticed that the variation in 
velocity along the horizontal lines, i.e., parallel to 
the 3-ft. 6-in. sides, is smaller than that in a vertical 
direction. This means that subsequent traversing 
along the vertical centre-line at the tunnel exit 
would give a good indication of any lack of uni- 
formity in the readings over that cross-section. It 
is of interest to note, however, that the insertion 
of a further sheet of perforated plate at CD 
resulted in no improvement. 

Preliminary tests on a cascade of axial-flow 


compressor blades at the test section at the tunnel 
exit indicated that the unsteady breakaway on the 
lower surface of the diffuser was causing a slight 
low-frequency variation of the total-head readings 
at the exit section. Splitters were therefore inserted 
in the diffuser as shown in Figs. 3 and 4, dividing 
it into six passages. At the entrance to each 
passage, a honeycomb block was fitted and the 
positions of the blocks were adjusted so that the 
air flowed down each passage without appreciable 
breakaway from the walls. These honeycombs are 
shown in Fig. 6, opposite, fitted at the inlet end 
of the diffuser. They were made of phenol- 
formaldehyde paper, impregnated with resin and 
shaped into cells approximately % in. bore and 
4in. long. This type of honeycomb is chiefly used 
for light structural work because it is light in 
weight and will carry comparatively high com- 
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pressive loads, applied longitudinally and distri- 
buted uniformly. The material as used for the 
wind-tunnel was in the so-called under-cured state. 
This rendered it less brittle and more flexible, so 
that it could be more easily adjusted to the diverging 
walls of the diffuser. A suitable technique was 
developed for glueing the honeycomb to the inner 
surfaces of the steel walls of the diffuser. These 
modifications considerably reduced the fluctuations 
in the total-head readings at the exit section. 

A honeycomb similar to the above, excepting 
that the cells were 6 in. long, was fitted in the 
tunnel body over the 6-ft. 6-in. by 3-ft. 6-in. cross- 
section at the position shown in Figs. 3 and 4, to 
reduce still more the fluctuation in the total-head 
reading, reduce the lateral turbulence in the air 
stream, and direct the air axially along the tunnel. 
This further modification reduced the fluctuation 
in the readings below a measurable amount. 

Mention has been made of the initial intention 
to use the wind-tunnel on an extensive series of 
tests on cascades of axial-flow compressor blades. 
One phase of these tests would involve an estimate 
of the blading efficiency, computed from traverses 
of total head, static pressure and angle of flow at 
the blade mid-height, i.e., along the vertical central 
plane of the tunnel at its exit (at J, in Fig. 5). 
Because of this, it was desired to produce, over the 
exit section, uniform values of the above readings. 
Traverres were first taken over the centre-line of 
the flange H. A summary of these is given in 
Fig. 5. The readings were taken by means of a 
claw-type yaw-meter, with total-head and static 
tubes similar in design to such an instrument 
described in ‘‘ Wind Tunnel Experiments with 
Infinite Cascades of Aerofoils,” by R. G. Harris and 
R. A. Fairthorpe.* These tests showed that con- 
siderable lack of uniformity of the readings existed 
at H and that a parallel portion J H was necessary, 
following on the converging portion. The improve- 
ment effected by JH is shown in Fig. 5. This 
portion was shortened from 2 ft. 6 in. long to 
1 ft. 11 in., without appreciably increasing the lack 
of uniformity in the readings at the exit. 

Tests were next carried out at the exit section J 
to investigate the uniformity of the total head, 
static pressure and angle of flow along the central 
vertical plane with various combinations of baffles. 
The results are summarised in Fig. 8, on page 679. 
The traverses of static pressure are not plotted, as 
the pressure in every case was almost equal to 
atmospheric pressure at all points. 

These tests showed that much of the initial lack 
of uniformity was due to the lack of uniformity 
in the wire gauze, and that other modifications had 
a negligible effect. Comparison of Tests Nos. 1 
and 2 showed that reversing the tunnel body had 
no effect, though it was hoped that such a reversal, 
by bringing the honeycomb nearer to the tunnel 
exit, would have resulted in some reduction in the 
variation in total head. Comparing Tests Nos. 2 
and 3 emphasised the effect of the non-uniformity 
of the wire gauze, since inverting the gauze into the 
upside-down position gave a total-head curve which 
corresponded almost exactly to the former total- 
head curve inverted. In this comparison, the 
insertion of the portion X of the tunnel in Test 
No. 3 was negligible in its effect, as is also suggested 
by comparing Tests Nos. 6 and 7. The portion X 
of the tunnel was subsequently discarded, as it 
was desired to keep the tunnel as short as possible. 
Comparing Tests Nos. 4 and 5 showed that two 
gauzes were considerably better than one. Com- 
paring Tests Nos. 5 and 6 showed again that invert- 
ing the gauzes inverted the total-head curve. 

Now that the importance of the uniformity of the 
wire gauzes was appreciated, it was felt that gradual 
deposition of dust on to the gauzes would aggravate 
any lack of uniformity in them and would therefore 
be an important factor. Because of this, the gauzes 
and the perforated plate were interchanged, so that 
the gauzes preceded the perforated plate in the 
tunnel, It was hoped that any considerable varia- 
tion produced by the gauzes would be reduced by 
the perforated plate. An extra perforated plate 
was also inserted. The effect of these modifications, 
and the relative importance of the perforated 


plates, is indicated by comparing Tests Nos. 7, 8, 
9, 10 and 11. The arrangement as used in Test 
No. 11 was considered to give a sufficiently small 
variation in total head and angle of flow for the 
immediate purpose of the tunnel. It was felt, 
however, that a more careful choice of gauzes 
would have reduced the variation in total head to 
an even greater extent, should this have been 
thought necessary. 

A hot-wire anemometer method was used to get 
an approximate figure for the level of turbulence at 
the tunnel exit. The electrical c#cuits were almost 
identical with those described by A. A. Hall in 
‘Measurements of the Intensity and Scale of 
Turbulence.”* Only the longitudinal turbulence 


factor fo was measured, in which U is the air 


velocity and w is the longitudinal component of the 
fluctuating velocity due to turbulence. The cooling 
effect upon the hot wire due to the turbulent 
velocities produced an alternating potential across 
the arms of an electrical bridge. The potential was 
fed into a four-valve amplifying circuit, arranged 
so that only the amplified fluctuating potential due 
to turbulence was measured. The hot wire used 
was silver-coated platinum, the platinum core being 
0-0001 in. in diameter. The silver coating facilitates 
the soldering of the wire on to its supports. The 
removal of the silver coating over the test length 
of about 0-05 in. was done by etching in a bubble 
of dilute nitric acid, as described by Hall. 

In these tests, there was always a tendency for 
the amplifier to oscillate and much difficulty was 
experienced because of this. A more stable 
amplifier circuit was therefore built of a design 
which had been developed by Dr. A. A. Townsend 
of the Cavendish Laboratory. This was used in 
conjunction with a hot-wire arrangement suitable 
for measuring the three mutually perpendicular 
components of the turbulence coefficient. Turbulence 
readings were taken at J with this more stable 
apparatus. During this test, the tunnel arrange- 
ment was similar to that used in Test No. 11, except 
that the portion Z of the tunnel was restored to its 
original position with the flanges E and F adjacent 
to each other, the two perforated plates mentioned 
in Test No. 11 being between E and F. Over a 
range of air velocities from 40 to 100 ft. per second 
it was found that the intensity of turbulence was 
approximately 0-22 per cent. This was considered 
to be sufficiently small. 

It is now intended to use the apparatus in 
investigating the effect of turbulence on the flow 
through the cascades of axial-flow compressor 
blades. Thanks are due to Dr. A. A. Townsend, of 
the Cavendish Laboratory, for valuable advice in 
connection with the turbulence measurements, and 
to Mr. E. C. Deverson, of the Cambridge University 
Engineering Laboratory, for valuable assistance 
with the development of this tunnel. 





LITERATURE, 

High-Speed Small Craft. 

By PETER Du CANE. Temple Press, Limited, Bowling 

Green-lane, London, E.C.1. [Price 30s. net.] 
Tue author’s definition of a “high-speed small 
craft ’” is a vessel of under about 130 ft. in length 
and having a speed of over 15 knots. This definition 
covers such diverse types as the motor torpedo-boat, 
the planing dinghy, the express cruiser and the 
racing hydroplane, though the main concern of 
the book is with the design, construction and 
powering of hard-chine craft running at planing 
or semi-planing speeds. A great deal of propaganda 
has been published about such boats, but very little 
information has been given that is of technical or 
scientific value. Commander Du Cane’s book is 
therefore especially welcome and meets an undoubted 
need. As the managing director of Messrs. Vosper, 
Limited, the author has had almost unique oppor- 
tunities for comparing and testing the behaviour of 
small craft of all types and in all weather conditions. 

In general, the appraisal of the respective merits 
and demerits of round-bilge, hard-chine and stepped 





* Aeronautical Research Council Reports and Memo- 
randa, No. 1206 (1928). 





* Aeronautical Research Council Reports and Memo- 
randa, No. 1842 (1938). 


hulls is fair and temperate. Though the author 
evidently has a distinct preference for the hard-chin: 
type, he recognises that it is only suitable for speed / 


v 
length ratios above about PY a 2-5; or above 


about 3-0, if the endurance at cruising speeds is 
important. This attitude is in pleasing contrast 
to that of some other protagonists of the hard-chine 
type, who refuse to admit its limitations and who 
advocate its use, irrespective of the speed to be 
attained. Commander Du Cane is primarily an 
engineer rather than a naval architect; this is re- 
flected in his personal contributions to the book, 
which deal mainly with general considerations of 
design and handling, machinery arrangements and 
structural details ; wisely, he has called in a team 
of experts to prepare special chapters on their own 
subjects. Mr. K. H. Thomas, R.C.N.C., deals with 
model testing, propellers and speed trials; Captain 
(E) B. Cronk, R.N. (rtd.), contributes a short chapter 
on reverse gears; Mr. R. E. Lovell is responsible 
for a chapter on the application of plywood and 
laminated wood construction; and Mr. E. J. 
Hocking discusses the most suitable electrical 
arrangements. These articles by specialists greatly 
enhance the book. 

Naval architects are likely to disagree with some 
of the author’s statements, as given in Chapter III. 
They will quarrel not so much with his facts, as 
with his explanations. Perhaps the most obvious 
example is his reason “‘ why the hard-chine type of 
boat does not have the reputation for rolling 
possessed by the round-bilged form.” This is 
said to be due to the larger righting moment inherent 
in a more box-like form. Admittedly, as a hard- 
chine form will usually have greater beam than the 
equivalent round-bilge type, it will also, other things 
being equal, have more metacentric height and 
greater initial stability. These increases, however, 
augment and do not diminish the rolling proclivities 
of any form, whether hard-chined or round-bilged. 
This confusion between stability and non-rolling 
is the less understandable as the author gives a 
correct view on a later page, where he states that 
“too much stability will result in violence in 
rolling.” Acceptable reasons for the good behaviour 
of a bard-chine hull in a seaway would have been, 
at slow speeds, the excellent roll-damping effect 
of a square-cornered bilge and, at high speeds, the 
dynamic support provided by a planing surface. 

A statement about balanced rudders is also open to 
criticism. It is said that “‘ although quite a large 
degree of balance can be used to help in the initial 
angles, after a certain point a ‘reversal’ can and 
does take place, which has the effect of helping 
the rudder too much to hard over, the oncoming 
water then holding it there by a considerable 
force.”” In fact, the centre of pressure of a normal 
rudder is nearest to the leading edge at small 
angles of helm, and it travels aft, not forward, 
with increasing angles; thus there is no actual 
reversal of balance. An over-balanced rudder, at 
large angles, will be still more over-balanced at 
small angles. The apparent reversal which the 
author has observed occurs at the point where the 
over-balancing moment exceeds the restraint pro- 
vided by the friction and self-holding properties of 
the steering gear. With a very frictionless gear, 
such as the Mathway type, an even smaller amount 
of balance than that quoted by the author may be 
necessary. 

In discussing the outward and inward heels 
set up when turning, Commandtr Du Cane implies 
that a low rudder position is the one factor changing 
a normal outward heel into an inward heel. A 
calculation of the rudder moment and of the centri- 
fugal moment will show, however, that, as a rule, 
the former moment is quite insufficient to cancel 
out the latter. It certainly helps and, as the 
author states, is a very desirable safety feature. 
The main reason for the inward heel of a fast boat 1s 
undoubtedly the banking up of water on the outside 
of the turn against the after portion of the hull. 
This is also shown by the fact that some fast boats 
have a relatively high rudder position and yet heel 
inward. : 

Commander Du Cane recommends the use of & 
power gear for the larger types of motor torpeo- 





boat. This seems to be sound advice, provided 
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that hand operation can be quickly brought into 
use in an emergency. A point arises from the 
author’s description of the Vesper type of mechanical 
gear, where it is stated that “‘ a study of the geometry 
of the gear (as illustrated on page 129) will reveal 
the fact that, as the tiller moves over, so the leverage 
becomes greater, thereby relieving the coxswain of 
effort.” If this relief is a fact and not a delusion, 
it deserves a better explanation. Geometry does, 
indeed, show the longer leverage of the telescopic 
tiller arms when hard over, but applied mechanics 
would indicate that there is no advantage in this 
increased length, as the position of the rack and its 
distance from the rudder stock have remained 
unaltered. 

There is a useful chapter on the application of 
light alloys. As the author states, there are so 
many trade names and designations given by 
different makers that it is very difficult to determine 
the most suitable alloys for marine use ; the guid- 
ance given will be found helpful. Mr. Thomas, in 
his chapter on model experiments, brings out the 
interesting point that William Froude long ante- 
dated the American designer Apel. Froude tested 
a triangular arrangement of three hydroplane floats 
rigidly connected together, and the same principle 
of a three-point support was that adopted by Apel 
and on the record-breaking Vosper-built Bluebird 
II. What Froude did not foresee was the dynamic 
lift that could be given by a suitably shaped hull 
connecting the floats. As Commander Du Cane 
observes about water-speed record-breakers, ‘‘ they 
consist in the production of an aeroplane which will 
only just not fly.” 

Mr. Thomas ‘deals with model experiments, 
propellers and speed trials in a competent and clear 
fashion, though some may consider that the methods 
described are rather more suited for large vessels 
and are a little too academic for the builders of small 
craft. It is doubtful, for instance, if practical 
designers would want to make much use of the 
Froude “circular constants,” and they would 
certainly try to short-circuit the rather ponderous 
propeller calculations. Incidentally, there is an 
apparent misprint in the formula for the quasi- 
propulsive coefficient. The denominator should 
read ‘‘ power developed at the screw ”’ and not ‘‘ by 
the screw.’ A clearer term would be ‘“ power 
delivered to the screw.” 

The book can be recommended to all interested 
in high-speed small craft, even though there are 
certain details which are open to criticism. We 
might suggest, however, that more credit might 
have been given to other workers in this field. After 
all, the popularising of the hard-chine hull in this 
country was largely due to the efforts of Hubert 
Scott-Paine and Fred Cooper. Firms such as 
Saunders-Roe, Thornycroft and J. Samuel White 
also played a very important part in developing 
fast craft of all types. They surely deserve some 
mention. 


Man the Maker: The History of Technology and 
Engineering. 

By PROFESSOR R. J. FORBES, M.N.R.I.A. Constable 

and Company, Limited, 10, Orange-street, London, 

W.C.2. [Price 25s. net.] 
Tus, the 14th volume in the “ Life of Science 
Library,” published by Henry Schuman, Incor- 
porated, of New York, more than maintains the 
standard set by its predecessors. It is an attempt 
to show how man’s material achievements in tech- 
nology and engineering, over a period of roughly 
6,000 years, have been effected and have become 
part of modern civilisation : in short, it is the story 
of homo faber. It is only comparatively recently 
that the history of these subjects, and their pre- 
potence in determining social and political environ- 
ment, have been recognised, and the study of them 
actively prosecuted. Knowledge of the subjects 
—at any rate, as regards pre-history, Chinese and 
Arab technology and the period of the Dark Ages 
—Iis not yet fully elucidated ; indeed, it may never 
be. Professor Forbes, however, has presented what 
1s known with critical acumen and just balance 
Within the limits set out, and he has accomplished 
his task with wide range of vision and with com- 


stricted his field, the subjects treated (power 
resources, transportation and communication, 
metallurgy, textile fabrics, glass, chemical tech- 
nology, and some aspects of civil engineering) 
have entailed severe condensation ; indeed in the 
latter part of the work especially, this makes reading 
difficult. 

The plan of the volume is chronological, the 
divisions being into periods very unequal in length 
of time, but roughly covering particular phases of 
development. The author stresses the vital dis- 
tinction between discovery and invention; he 
believes that very simple inventions were made 
independently, at different périods, and in widely 
separated places, but when inventions became more 
intricate, the knowledge of them passed on by 
diffusion and usually the route can be traced. The 
presumption is that the cradle of man’s inventions 
was in the warm climate of the Near East. Urban 
civilisations developed in the great river valleys of 
the Nile, the Euphrates and the Indus, probably in 
that order, and it is observable that though, during 
the ages, empires have arisen and disappeared 
technology has been handed on; with stagnation 
now and then, but without falling back. To the 
dawn of history, say, before 3,000 B.c., are to be 
credited the harnessing of fire, the fashioning of 
stone tools, the rudiments of agriculture, accom- 
panied by irrigation and earthworks, the beginnings 
of geodesy and of astronomy, the mechanical 
powers, pottery, spinning and weaving, and the 
first steps in mining and metallurgy; altogether 
an immense advance. The author next deals with 
the great empires of the ancient East, 3,000 to 
600 B.c., when documented history begins. There 
was yet no clear-cut distinction between the fields 
of religion, philosophy and science. Those were 
the days of the earliest architects. Succeeding 
them came the Greek and Roman people, 600 B.c. 
to a.p. 400, a period that has been studied and of 
which more is known than of its predecessors. 
Natural forces were harnessed in the water-mill ; 
deep mining and metallurgy were actively prose- 
cuted. Arab technology, a.p. 600 to 1200, and 
that of the Dark Ages, a.p. 400 to 1500, of which 
much is yet to be documented, was not unfruitful, 
for then entered the windmill. From the Renais- 
sance (A.D. 1500) onwards, there has developed the 
modern field of experiment, observation and infer- 
ence, i.e., the novel idea of actively prosecuting 
research. The author’s treatment of the palmy 
days of the steam engine, 1715 to 1850, is regrettably 
brief and not quite accurate. This period was 
followed by the rise of the new ferrous metallurgy, 
of the chemical industry, of the factory system— 
the bases in fact of present material civilisation. 
The conquest of distance (1750 to 1930) by land, sea, 
and air—roads, bridges, canals, ships and aero- 
planes—next engages attention. Lastly, a chapter 
on steel and electricity (1830 to 1930) brings the work 
down, rather hurriedly, to the days of power supply 
in bulk, food refrigeration, synthetic materials, 
telegraphs, telephony, radio and television. 

Though the author expresses his belief that the 
conquest of Nature has been the effort of the whole 
world rather than of a particular nation, it is 
observable that, of the inventors that he names, 
about 35 per cent. are of British origin; Professor 
Forbes, a Dutchman, can hardly be accused of 
partiality. Altogether, this is an absorbing book 
that every engineer and technologist would do well 
to read, to lift him out of the rut of specialisation. 
Its value is enhanced by a bibliography of selected 
works to each chapter, to guide the reader to 
further sources. The index is satisfactorily ample. 





ImporT DUTIES EXEMPTION ORDERS.—The Treasury 
have issued the Import Duties (Exemptions) (No. 5) 
Order, 1951, which exempts from import duty, for a 
period of one year, metal fork bits, having four or more 
prongs, for forks of the type used in agriculture or 
mining. The Order, which is now in operation, has been 
published as Statutory Instruments, 1951, No. 853. 
The Treasury have also issued the Import Duties 
(Exemptions) (No. 6) Order, 1951, which exempts from 
import duty sulphuric acid and oleum. This Order, 
which is also in operation, has been published as Statutory 
Instruments, 1951, No. 880. Both are obtainable from 


HIGH-EFFICIENCY SHEET- 
METAL BLADES FOR AXIAL- 
FLOW FANS. 


By R. A. Watts, A.M.I.E.Aust. 


THE use of sheet metal in the fabrication of axial- 
flow fans has proved very popular because of the 
simplicity and cheapness with which they can be 
made. Most such fans, however, have efficiencies 
below that which can be obtained with aerofoil- 
section blades, and, as a consequence, this more 
expensive type of blade is employed when high 
efficiency is required. Nevertheless, by proper 
design and manufacture, very little efficiency is sacri- 
ficed by using sheet metal for blades. To achieve 
the higher efficiency, the blade shape is slightly 
cambered in cross section, with a carefully designed 
twist from root to tip. In this article it is shown 
how these requirements can be met, in many circum- 
stances, by cutting sheet metal of single curvature 
to a predetermined shape, so avoiding the use of a 
press and the manufacture of dies for making 
blades of double curvature. 

By the method described, the making of a fan of 
reasonably high efficiency becomes a simple work- 
shop process, once the design has been determined. 
The method is as follows: the blade outlines are 
marked out on a sheet of flat metal by means of a 
template. After rolling the plate into a part cylinder 
with its axis in the appropriate direction (see 
Fig. 1, on page 682, the blades can then be profiled 
out on a bandsaw and finally secured to the fan boss, 
The method was evolved by the Aeronautical Re- 
search Laboratories, Fishermen’s Bend, Melbourne, 
Australia, and is the subject of an Australian patent, 
No, 132,484, held by the Department of Supply of 
the Commonwealth of Australia, the address of which 
is Box 4331, G.P.O., Melbourne, Australia. This 
article is published by permission of the Department. 
When the slipstream rotation produced by the 
fan is small, the efficiency at a particular cross 
section of the blade is expressed as a function of 
two ratios : 


Lift force 

™ Drag force’ 
Axial velocity of air 

aad Speed of fan at a particular cross section’ 
The efficiency is plotted in Fig. 2, page 682, as a 
function of the two ratios and demonstrates that the 
most desirable value of Q is approximately unity, 
while the advantages of using aerofoil sections with 
a greater lift/drag ratio than 40 are quite small. It 
is not possible for the whole blade to work at the 
optimum value of Q, as this is a local value which 
varies along the blade; also, with heavily loaded 
fans, it may not be possible for Q to equal unity at 
any section of the blade for the following reasons. 
As the load on a fan is increased, the slipstream rota- 
tion, which is a measure of the fan torque, becomes 
larger and, unless this rotational energy is recovered 
in the form of pressure, the efficiency of the unit 
suffers as a consequence. It is this recovery of 
energy which imposes certain limitations on the 
values of Q. Pressure recovery is usually obtained 
by the installation of stationary aerofoils inserted 
radially, downstream of the fan. An alternative 
arrangement is to have stators upstream providing a 
counter rotation of the air so that the air leaves the 
fan in an axial direction. Whichever system is 
used, the rotation has to be limited in order to pre- 
vent. the stall of the stators or fan blades, respec- 
tively. Because the swirl velocity is a measure of 
the fan torque, and the power to perform a certain 
task will not vary greatly, it will be seen that by 
limiting the torque for the above reason, a certain 
minimum fan speed is fixed. This, of course, fixes a 
maximum value of Q which, for heavily loaded fans, 
is below the optimum value of unity. 
The dominant factors affecting the efficiency at a 
particular blade section have been briefly reviewed 
in the foregoing. Wind-tunnel tests have shown 
that, for plates of 4 to 10 per cent., camber under 
specific loading, P can be greater than 40, which 
compares very favourably with the values of 60 
obtainable with aercfoils. Hence, as demonstrated 
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use of cambered blades. The above is applicable 
only to fans operating at the design condition, 
owing to the fact that the efficiency of cambered 
plates falls off more rapidly than is the case with the 
orthodox aerofoil. Other factors which have to be 
taken into account are tip losses and root interfer- 
ence, and these tend to be slightly greater for the 
cambered-blade fan. The actual test curves given 
in Fig. 4, for the sheet-metal fan illustrated in Fig. 3, 
indicate a peak efficiency of 83 per cent. As very 
few fans achieve a greater efficiency than 86 to 88 
per cent., it follows that the use of cambered 
blades need only involve a penalty of about 5 per 
cent., provided that the fan operates in the vicinity 
of the design condition. 

Irrespective of the method employed in designing 
a fan, the final requirements are a certain camber, 
chord and blade setting at each station along the 
blade. As the chief advantage of using cambered 
blades of sheet- material is to facilitate manufacture, 
it is essential to have a simple but accurate procedure 
for producing the blades. One method which 
suggests itself is the use of press tools but, because 
of the cost of tooling, this may be acceptable only 
for quantity production. The patented process, 
which is suitable for small-scale production and does 
not involve heavy machinery, consists of cutting, 
with a power saw, a metal sheet of single curvature 
to a predetermined blade shape. The simplest 
application of this method is when the fan design is 
arranged with constant chord and camber along the 
blade. 

The correct variation of twist along the blade is 
obtained by setting out the blade in the following 
manner. It is assumed that the line joining the 
mid-chord points at the root and tip is perpendicular 
to the fan axis, ie., perpendicular to the chord 
line (see Figs. 3 and 6). From Figs. 5 and 6 it 
can be seen that m’h’ and ob are the axis and radius 
of curvature, respect’'vely The cross section of the 
blades is no longer circular but elliptical. When the 
camber is small, however, which is usually the case, 
the section is, for all practical purposes, circular, 
with a radius of curvature given by 


(ne chord? ) (5 ) 
R= 4 =(-+— 
2 8 x camber 2 8a 
where 
a=mt, and c = a’b’,c'd’ and ef’. 
The radius to which the sheet has to be rolled is 
then given by 


@ _  (ccos Cc) 
te {s * cect. 
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(167. D.) 
If D were the desired angle of twist between blade 
sections c’d’ and a’b’, the angle A will then be 
tan a) 
cos C /" 


Once the angle C is determined, it is then possible 
to set out the blade. Let the length of the blade 





A ~ tan ( 





equal 7, Then 
sin C -"*; 
also 
n’'h’ = rsin A, 
hence 
sin C -"=* 
a c*cos*C _, tan D 
(§ + oe ) («tm tan 4) 





I 

This equation can be solved very readily by 
substituting an assumed value for cos C in the sin A 
term. This method of approximations gives a 
rapid convergence to the true value of C as small 
changes in cos C have only a second order effect on 
the equation. The sin A term can now be replaced 
by sin A’ where sin A’ is calculated using the 
assumed value of cos C. By writing 1 — sin* C for 
cos* C the following quadratic is obtained. 


Lsin*C + lsinC —M =0, 





where 
c* sin A’ " sin A’ 
,<elS om ee yy, 
8a 2 
hence 
ahi 2 
sin w rit VET ELM, 
2L 


After a little experience, one or two approxima- 
tions usually suffice in the determination of C. 
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If E were the angle of twist between sections ¢’f’ 


and a’b’, then the angle B would be 





The arc length pm is then the product of r and B, 
where B is in radians. Other stations along the 
blade can be treated in a similar manner. 

Hence, once C has been determined, it is then 
possible to find the radius r and set out the curved 
centre line of the blade. After modifications have 
been made to the root, to allow for fixation to the 
boss, and to the tip for duct clearance, it is possible 
to construct a template from which the blades are 
marked out. Only two operations are then required 
to produce the blade, namely, the rolling of the 
material to the desired curvature and shaping 
with a power saw. A desirable refinement, espe !- 
ally when the material is thick relatively to the 
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chord, is the rounding of the leading and trailing 
edges of the blades. The above geometrical treat- 
ment can be applied to blades of tapering plan form, 
but in this case the aerodynamic design problem has 
to assume a trial and error procedure owing to the 
varying amount of camber along the blade. 

When the correct aerodynamic twist is maintained 
along the blade, the leading and trailing edges form 
spiral curves, which, if the boss diameter were 
less than half the fan diameter, would assume an 
extreme shape for fan blades. However, as it is 
difficult to design an efficient fan for a boss ratio 
less than half, the above limitation will not be 
serious. 

A survey of the design factors connected with fan 
efficiencies has shown that it is possible to obtain 
high efficiency with cambered sheet-metal blades, 
provided each element of the blade operates at its 
optimum condition. This involves maintaining 
accurately a certain distribution of chord, camber 
and angle of setting from root to tip. Sufficient 
information is normally available to facilitate the 
aerodynamic design from which the above distri- 
butions can be obtained. The blades can then be 
produced accurately by either the use of press tools 
or by the method described. 





THE PROBLEM OF IRON 
AND STEEL. 


WHEN supplies of iron and steel are plentiful, 
they are taken for granted ; it is only during times 
of scarcity that the problems of the industry attract 
much attention. Chief among these are the short- 
ages of iron ore and scrap, which, in turn, are 
aggravated by the general shortage of shipping. In 
times of scarcity, one shortage begets another. 
The shortage of coal in the United Kingdom and 
its importation from the United States, at a time 
when world-wide rearmament and war in Korea 
were making exceptionally heavy demands on cargo 
space for the transport of raw materials, led directly 
to a shortage of shipping suitable for carrying iron 
ore. Moreover, in the resulting stress there are 
inevitable failures in the administrative machinery, 
and complaints are heard of ships sailing in ballast 
when urgent cargoes are awaiting shipment, or of 
ships laden with iron ore proceeding in opposite 
directions across the Atlantic. It is not, however, 
the purpose of this article to apportion blame or 
carry out an analysis of abnormal circumstances ; 
it is proposed here to review the more permanent 
factors affecting the supply of iron and steel. 

Since the war, the production of iron and steel 
has been rising rapidly. Provisional figures for 
1950 indicate that the world production of crude 
steel in 1950 was 184-23 million tons, 17 per cent. 
more than in 1949 and 39 per cent. more than in 
1937. Nevertheless, in many countries, notably in 
Western Europe, production in 1950 advanced 
very little and in some it actually fell; in France, 
for example, only 8-5 million tons were produced, 
half a million less than in 1949. This was due to 
a slackening in demand in the early months of 1950, 
when there were growing signs of saturation in the 
international markets. This was all the more 
serious since plans for increasing capacity in Western 
Europe were far from complete. After Korca, the 
situation changed radically and now the problem 
18 again one of finding quickly more capacity and 
more raw materials. Lasting prosperity cannot, 
however, be based on the alarms of war. Any 
analysis of the iron and steel industry must, there- 
fore, discover what the more permanent level of 
demand is likely to be, and, in relation to that, 
assess the availability of productive capacity and 
raw materials, 

The demand for iron and steel is not, of course, 
Static. From Table I, herewith, which shows the 
annual world production of iron and steel for every 
tenth year, it will be seen that, as late as 1900, the 
production of crude steel was only 28 million metric 
tons. Ten years later, however, it was 60 million 
son: and 20 years after that, 141 million tons. 
Steel, in fact, begets a demand for more steel, for, 
as steel machinery, steel ships, steel vehicles and 
steel Structures raise productivity and increase 
material wealth, new demands are created. The 


result has been that a few countries with high pro- 
ductivity consume the bulk of the world’s steel. 
Moreover, any large increase in demand for steel 
in future must come from those countries. The 
consumption of steel in the under-developed coun- 
tries may show a fairly high percentage increase, but 
in absolute terms this demand must for long con- 
tinue to be small compared with that in the more 
highly industrialised countries. 

Some underdeveloped countries may, of course, 
be prepared to force the pace of industrialisation, 
as Russia did in the inter-war period. The produc- 
tion of steel ingots and castings in that country was 
raised from 3-5 million tons in 1927 to 16-3 million 
tons in 1936 and 20-5 million tons in 1941. Such 
a policy, however, can be carried out only at con- 


TABLE I.—World Production of Pig Iron and Steel, 
1870 to 1950. 


(Thousand Metric Tons.) 























Pig Iron and - 

ae Ferro Alloys. Crade Steel. 
1870 a on ee 12,030 520 
1880 ws af ee 18,450 4,250 
1890 - ‘in a 27,180 12,480 
1900 sad <s oa 40,450 28,280 
1910 a ‘ - 65, 280 
1920 as on <a 62,980 72,480 
1930 7 mie oe 80,570 95,100 
1940 ae — sg 103,680 140,560 
1950* - oe ae 120,000 180,000 

* Estimated. 

TABLE II.—United Kingd Ci yption of Finished 

Steel: Distribution by Industry. 

(Thousand Tons.) 
Industry. 1924. 1930. 1935. 1937. 1949. 





Shipbuilding and 
arine Engineer- 
ing = si 925 880 540 840 925 
Building and Con- 
structional Engin- 
eering ete = 670 20 1,375 1,725 1,350 
Mechanical Engin- 
eering ih ow 780 820 8380 1,180 2,340 
Electrical Engineer- 
ing o0 es 100 120 180 235 565 
Motors, Cycles and 
Aircraft .. os 187 275 450 575 1,045 
Railways and Rolling 
Stock me oa 




















600 565 610 760 850 
Collieries ree <a 200 250 330 360 555 
Hardware, Hollow- 
ware, etc. .. me 350 500 685 790 980 
Rivets, Bolts, Nuts, 
Springs, etc. ae 400 450 510 630 500 
Wire and Wire 
Manufactures .. 300 300 400 500 685 
Other os me 363 395 540 685 | 475 
Total .. ..| 4,875 5,475 | 6,500 | 8,280 10,270 





siderable sacrifice of the standard of living, or with 
the help of foreign finance. In most under- 
developed countries, the building up of iron and 
steel industries may be expected only as the rising 
standard of living creates a demand for more iron 
and steel. It must not be thought, however, that 
the demand for steel in the industrialised countries 
will continue upwards in geometrical progression, 
for this assumes unlimited scope for increasing 
productivity and wealth, and the greater suitability 
of steel compared with other materials in meeting 
new requirements. Periods of rapid technological 
advance are often followed by comparative stagna- 
tion until new inventions again widen the scope for 
further progress. 

The changing character of the demand for steel 
in the United Kingdom may be seen in Table II, 
herewith, which shows that, 25 years ago, ship- 
building and marine engineering consumed more 
steel than any other industry ; they now take less 
than half the quantity that is consumed in mechani- 
cal engineering. Equally striking is the advance 
in consumption by the motor-vehicle and the build- 
ing and constructional industries. The demand for 
steel, therefore, cannot be predicted with accuracy 
over periods of much more than five years, and, 
even in this short period, trade fluctuations may 
play havoc with estimates. Within broad limits, 
however, it is possible to obtain an indication of 
steel consumption five years ahead, and this is 
precisely what was attempted by the Steel Division 





of the Secretariat of the Economic Commission for 
Europe in their report on ‘‘ European Steel Trends 
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in the Setting of the World Market,” published in 
1949. 

Three separate methods were employed in com- 
puting the future demand in Western Europe 
It was noted that consumption per head increased 
by 32 per cent. between 1925 and 1929; an increase 
of this order between 1948 and 1953 would raise 
consumption to 60 million tons. Results obtained 
by other methods, based on the trend of industrial 
production and consumption of user industries, 
gave figures which were not significantly different. 
On the other hand, the planned expansion in 
European capacity was 70 million tons. Western 
Europe would thus be faced with the problem of 
finding export markets for 10 million tons. 

Total net imports in the world outside Canada, 
the United States and Russia averaged only 6-4 
million tons from 1935 to 1939, and were 6-4 million 
tons in 1948. Since the output in India, Australia, 
South Africa and several of the Latin American 
countries is rising, and Japanese production is 
reviving, it was thought that world imports outside 
the main producing areas would most probably be 
lower in 1953 than in 1948—perhaps about 5 million 
tons ; and that, since the United States and Canada 
would meet some of this demand, Western Europe 
might be faced with surplus capacity of 4 million 
tons. The situation is potentially even more serious 
than this would indicate, because a small over- 
estimate of European consumption would mean a 
large surplus of capacity, and a very substantial 
increase in European exports above the estimated 
rate would be necessary to dispose of it. 

A more recent study estimates Western European 
capacity at 75 million tons in 1953. This compares 
with a production of 60-7 million tons in 1950. 
It was thought, however, that European consump- 
tion, taking no account of defence programmes, 
would be 60 million tons. The demand for steel in 
the undeveloped countries has been increasing 
rather more rapidly than was expected and there 
has been an increasing, but perhaps only temporary, 
demand for European steel from the United States 
and Canada. On the other hand, Brazil, Argentina 
and Chile will be exporting steel by 1953, and 
steel plants are planned for Venezuela, Colombia 
and Peru. It appears, therefore, that, re-armament 
apart, there might be surplus capacity in Europe. 
Much will depend, however, on how cheaply steel 
can be made available, and upon the efficiency of 
the European steel industry in relation to that in 
the Western hemisphere. Steelmaking capacity is 
also rising rapidly in the United States and is 
expected to reach 100 million tons in 1952 (8-8 
million more than in 1950), and 107 million tons in 
1953. Capacity has already expanded by 17 million 
tons since 1940. During the war years, 9 million 
tons capacity were added in four years, and this is 
only half the present rate of construction. It is, 
however, proportionately less than the increase in 
Europe, where capacity is scheduled to expand by 
14-3 million tons, or 21 per cent., in the three years 
to 1953. 

The production of steel by Russia and the Russian 
satellite European countries has also been growing. 
In 1950, it was 34 million tons, of which 27 millions 
were produced within the borders of Russia; this 
compares with 125 million tons in the North Atlantic 
Treaty countries, including Canada and the United 
States. For strategic reasons, therefore, it is 
important that Russia should rapidly increase 
production ; so the target for 1960 is 60 million 
tons, excluding the production of satellite countries. 
There is nothing phenomenal about this rate of 
expansion, for, under normal conditions of peace 
in the decade 1900 to 1910, the world output 
rose from 28 million to 60 million tons. It is quite 
conceivable, therefore, that, over ten years, there 
could be an increase of this magnitude in the 
demand for steel in Russia, apart from requirements 
for armaments. If the planned output is achieved 
in Russia, the output per head will still be only 
5 cwt., compared with 7 ewt. in Britain and 11 ewt. 
in the United States. In the Russian satellite 
countries, the proportional increase is even higher ; 
East Germany, Czechoslovakia and Poland together 
produced 5-5 million tons in 1949, but in 19565 it is 





hoped to achieve 10-5 million tons. 
In view of the very large extension schemes now 
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being undertaken, there is little fear that a shortage 
of capacity will frustrate the demand for steel. It is 
possible, in fact, that, under very favourable condi- 
tions of peace, the demand will grow sufficiently to 
absorb all the steel that can be produced, though 
this should not be taken for granted. The obstacles 
are many, There must be no slowing down in the 
rate of technological advance, it must be possible 
to obtain adequate and cheap raw materials, and 
generally to maintain a standard of efficiency in 
the new steelworks which will ensure low prices ; 
also, there must be no cyclical fluctuations. In the 
decade 1927 to 1937, the production of steel in 
the United Kingdom rose from 9-1 to 13 million 
tons, but in 1930 it had fallen to 5-2 million tons. 
There is some evidence that the fall in demand in 
1949 was the beginning of a depression of the normal 
cyclical type, and that the downward trend was 
arrested only by re-armament expenditure and 
“stockpiling.” If this were the case, it would 
probably have taken the demand five to seven years 
to recover to pre-slump levels. 

Another difficulty is that some of the expansion 
that is taking place can hardly be economic. Some 
countries, where the demand for crude steel is no 
more than half a million tons, for example, are 
planning to produce the whole range of steel pro- 
ducts, whereas the smallest size of unit which can 
be expected to do so efficiently is one consuming 
about 2-5 to 3 million tons per annum. The total 
production of steel in such countries, is, of course, 
proportionately small. The total output of the 
very large number of countries each producing less 
than 2 million tons of steel in 1950 was 11-16 
million tons, or only 6 per cent. of the total world 
production. It should be remembered, however, 
that, in times of falling demand, even a small excess 
of production can have serious effects. The develop- 
ment of uneconomic iron and steel industries since 
the war has been encouraged by the shortage of 
supplies and the high prices charged by some 
exporting countries. 

According to the Rollman report on ‘‘ European 
Steel Trends,” already cited, they have, in fact, 
been stimulated by two fallacies. The first is the 
misconception that the shortage of steel after the 
war was due to a shortage of steelmaking capacity, 
when, in fact, it was primarily,due to raw material 
deficiencies. The second is that a country can 
avoid being dependent on outside supplies—-for 
this merely puts pressure on the already limited 
supplies of coal and ore. The Schuman Plan is, 
of course, an attempt to ‘rationalise ’’ European 
production and thus to counter the evils of economic 
nationalism. It is argued that costs will be reduced 
more than by merely national plans, because the 
larger free market will allow more specialisation 
and because it will be possible to eliminate badly 
located works and to dispense with poor or exhausted 
coal mines. Ideally, therefore, the Schuman Plan 
may be an important factor in maintaining and 
stimulating the demand for iron and steel. In 
times of pressing demand and high production, 
moreover, it may be possible within its framework 
to secure a fair apportionment and the most effective 
use of scarce raw materials. There are, however, 
grave doubts that, as with all co-operation schemes, 
the main function of the new organisation will be 
to maintain prices and to restrict output in times of 
falling demand. ' 

A review of the evidence suggests that the plans 
being carried through by the major iron and steel 
industries in the world are too ambitious. Since 
the demand may well rise less steadily and less far 
than has been anticipated, there was every reason 
for allowing caution rather than optimism to dictate 
plans for increasing capacity. Taking into con- 
sideration the availability of raw materials, the 
need for caution becomes even more apparent. It 
is only fair to add, however, that the bold gamble 
has come off in the past. Henry J. Kaiser obtained 
a loan from the United States Government and 
went ahead with the building of a new plant on the 
Pacific Coast, although it was widely held in the 
United States steel industry that the demand did not 
Warrant it. In the event, Kaiser proved to be 
right. 

The first question to be considered is that of ore 
reserves, As may be seen from Table III, herewith, 


‘ 





iron ore is by no means a scarce commodity ; the 
world production of iron and steel could be sus- 
tained at many times the present level for as long 
into the future as the present civilisation need 
consider. Potential reserves in Africa alone could 
support a steel industry with an output equivalent 
to that of the United States for 2,000 years. The 
problem lies in the distribution of the iron ore. 
Table IV, herewith, shows that 57-3 per cent. of the 
probable reserves occur in underdeveloped areas 
which are responsible for only 7-3 per cent. of the 
production of iron ore and 4-6 per cent. of the pro- 
duction of crude steel. Moreover, the quality of 
ores in the industrial areas is comparatively low 
and is deteriorating. Industrialised countries are 
thus faced with the choice of importing high-grade 
ores or exploiting poor ones at home ; both courses 
involve increased costs. In Europe, excluding 





Russia, and setting cost considerations aside, the 


ported on the Great Lakes, steel could be produced 
at low cost in Pittsburgh and Chicago. At the 
current rate of production, however, the rich Mesabi 
ores will be exhausted by 1970. Lower-grade 
‘taconite’ ores are still available in abundance, 
but they require further processing before they can 
be used. Steelmakers in the United States have 
to choose, therefore, between obtaining their ores 
from other countries or setting up expensive plants 
for the ‘‘beneficiation’’ of taconite. Plans for 
increasing steel capacity make the problem all the 
more urgent, for it is estimated that an extra 
17 million tons of ore will be required by 1952. The 
reserves of some companies in the United States, 
moreover, will be exhausted long before 1970, and 
these companies have already been buying ore 
wherever they could obtain it. 

American imports of ore from abroad have risen 
since pre-war from 2 million to 8 million tons a year, 


TABLE III.—Wortp IRON ORE RESERVES, BY CONTINENTS. 
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TABLE IV.—Iron Ore Reserves in Relation to Iron Ore 
and Iron and Steel Production in 1948. 
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Production. 
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Areas. Iron Ore Pig Iron 
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Japan and Russia) 22-9 -- + 0-9 
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developed areas .. 57-3 7:3 5-5 4-6 
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industrialised 23-3 30-5 28-8 27-8 
North America oe 10-6 50-2 51-5 54-8 
Australia and New 
aland .. - 0-4 1-0 1-1 0-8 
Russia es a 8-4 10-7 12-4 10-9 
Total industrial areas 42-7 92-7 94-5 95-4 














reserves are sufficient to sustain a much higher level 
of production than at present. 

European steel manufacturers, however, have 
been importing ores for many years, for, with the 
exception of the Swedish ores, European ores are 
largely of low iron content. The United Kingdom, 
for instance, now obtains much of its ore from 
Spain, Sweden, North Africa, Sierra Leone and 
Newfoundland, and reliance on imported ore has 
been increasing. In 1938, the proportion of im- 
ported ore to total ore consumed was 27 per cent., 
in 1946 33-5 per cent., and in 1949 and 1950, 40 per 
cent. The high-grade hematite ore beds of Cum- 
berland are now thought to contain only about 
100 million tons. The quantity which can be mined 
economically, however, is far lower than this figure 
suggests. In 1937, the production of iron ore in 
Cumberland was 736,700 tons ; to-day it is less than 
half that amount. Reserves of the low-grade ores 
of the Midlands, which account for the bulk of pro- 
duction in the United Kingdom, are much more 
extensive, and, if cost considerations were unimpor- 
tant, it would be possible to mine ore in Britain at 
the present annual rate of 134 million tons for 
another 200 to 300 years. 

There is a similar kind of situation in the United 
States, where iron and steel production has been 
based hitherto on the high-grade ores of the Mesabi 
range, in the Lake Superior region. First-class coal 
deposits exist in the Eastern States, and, because 





of the ease with which the iron ore can be trans- 


and, according to the Economic Co-operation Ad- 
ministration, 20 million tons will be required 
eventually. Ten million tons of this will not be 
obtained without difficulty—probably only at the 
expense of other steel producers. By 1955, it is 
expected, the development of two hitherto un- 
exploited ore deposits, in Venezuela and in Labrador, 
will provide the steel industry in the United States 
with as much ore as it requires. Meanwhile, 
increasing quantities are being obtained from 
Brazil, where exploitation of the Itabira deposits, 
composed of compact hematite of up to 70 per 
cent. iron, is expected eventually to make 3 million 
tons available for export. There are, however, 
formidable transport difficulties to be overcome, 
and the amount available in 1951 will probably be 
only 1-5 million tons. Despite the longer haulage, 
it is considered that the production of steel from 
these ores will be cheaper than from the taconite 
ores; but other difficulties must be overcome. 
Proved reserves of high-grade ore in the Knob 


._| Lake district of Labrador alone amount to 400 


million tons, and it is thought that surrounding 
districts hold many times that amount; some 
estimates of potential reserves are as high as 1,000 
million tons. Unfortunately, the deposit is 350 
miles north of the St. Lawrence River, so that 
exploitation involves the construction of a railway 
as well as the provision of a fleet of ore-carrying 
vessels, The five American steel companies who 
are interested in the project are planning to lay out 
200 million dollars on developing mines and rail 
facilities, which will enable them to obtain 10 million 
tons of ore annually during the shipping season. 
The scheme would be very attractive indeed if a 
seaway were cut to link the St. Lawrence River with 
the Great Lakes. As long ago as 1932, an agree- 
ment was signed with Canada which provided for 
co-operation between the two countries in such a 
project for providing a seaway and developing 
hydro-electric power, but no work was begun. It 
is thought that the Administration are now i 
favour of starting work on the plan, the total cost 
of which was estimated at 800 million dollars (of 
which Canada was to pay 230 million’ dollars) 10 
1949. 
(To be continued.) 





HYDRAULIC PRESS FOR LARGE AIRCRAFT COMPONENTS : 
ErraTuM.—In an article, on page 641 ante, it was 
stated that a British Clearing double-action press hid 
been installed at the works of Sir W. G. Armstrong 
Whitworth, Limited, Baginton, Coventry. This should 
have read Sir W. G. Armstrong Whitworth Aircraft, 


Limited. 
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THE JOINT ENGINEERING 
CONFERENCE, LONDON. 


ALTHOUGH the three “senior ’’ engineering insti- 
tutions—the Institution of Civil Engineers, the 
Institution of Mechanical Engineers and the Insti- 
tution of Electrical Engineers—regularly work in 
close collaboration on many matters of common 
professional interest, it is rare for them to combine 
in the organisation of functions which are a blend 
of the technical and the social; if there were no 
other reason, the total of their aggregate member- 
ship, especially when supplemented by ladies and 
other guests, involves problems of accommodation, 
transport and catering of more than usual magni- 
tude. The Festival of Britain, however, presented 
an opportunity not to be missed, to bring together 
the professional engineers who are the descendants 
and successors of those whose labours have contri- 
buted so greatly to the advances which it is one of 
the main objects of the Festival to honour and 
emphasise. It was decided, therefore, in the com- 
paratively early stages of preparation for the 
Festival, to arrange a Joint Engineering Conference, 
to be held in London, which would support the 
objective of the Festival by recording ‘‘ the contri- 
butions to the advancement of civilisation made by 
the engineers and scientists of this country during 
the past hundred years,”’ while paying due regard, 
also, to those of other countries. 

This was the inception and the purpose of the 
Conference which was opened at 3 p.m. on the 
afternoon of Monday, June 4, in the Great Hall 
of the Institution of Civil Engineers, and which will 
continue until the evening of Friday, June 15, 
when the members and delegates are to dine together 
in the Connaught Rooms, London, W.C.2, after the 
eonclusion of the technical business at the closing 
session. The intervening days—with the exception 
of Sunday, June 10, for which no programme has 
been arranged—are being divided approximately 
equally between technical sessions for the presenta- 
tion and discussion of papers, and visits to works 
and other places of interest. Most of the evenings 
are being left free, but each Institution has arranged 
one social evening for its own members and their 
ladies, together with the representatives from 
kindred societies overseas. 

In the report which follows, we propose to present 
brief summaries of the papers and discussions, 
together with some account of the opening and 
closing sessions, and of the concluding dinner; but 
space does not permit any description of the many 
visits that have been arranged, which are unusually 
numerous and, of necessity, concurrent—yesterday 
afternoon, for example, there were no fewer than 13, 
or 14including the South Bank Exhibition, for which 
many tickets have been issued. The members 
registered for the Conference number 929 and are 
accompanied by 417 ladies; and 16 overseas 
institutions are represented. 


OPENING SESSION. 


Dr. W. H. Glanville, C.B.E., President of the 
Institution of Civil Engineers, took the chair at the 
Opening session and was supported by Mr. A. C. 
Hartley, C.B.E., President of the Institution of 
Mechanical Engineers, and Sir Archibald J. Gill, 
President of the Institution of Electrical Engineers. 
The official opening was to have been undertaken by 
the Lord President of the Council, but as Lord 
Addison, the present holder of that office, was unable 
to be present because of ill health, his place was 
taken by the Lord Privy Seal, the Rt. Hon. 
R. R. Stokes, M.P. 

In welcoming the Lord Privy Seal, Dr. Glanville 
said that the general aim of the Conference was to 
review the progress made in the branches of engi- 
heering represented by the three Institutions, from 
1851 to 1951; to present, in fact, an integration of 
engineering for the future service of the world. 

Mr. Stokes, after stating that he would convey to 
Lord Addison the good wishes of the Conference 
members for a speedy recovery of health, observed 
that he was himself a member of one of the Institu- 
tions concerned. The meeting was unique, he 
continued, in that the three Institutions were co- 
operating in it to an extent never experienced 





before. The themes of the Conference and of the 
Festival of Britain were identical, and he hoped that 
the members would not become so absorbed in the 
Conference as to forget the Festival. Turning to the 
work of engineers in the modern world, Mr. Stokes 
observed that, during the past century, the expecta- 
tion of life had increased in this country from 40 
years to 66 years; Lord Addison, as a doctor, 
might be inclined to attribute that to the work of 
the medical profession, but he (Mr. Stokes) was not 
prepared to admit such a claim. The doctors could 
not do without the engineers, and, indeed, the world 
might be a better place if more engineers were 
engaged in government. It was the engineer’s job 
to anticipate rather than to invent. At present, the 
main source of difficulty in production was the 
shortage of materials. He looked to the engineers to 
solve that problem also, as they had done so many 
others. Lord Russell had stated recently, in an 
American periodical, that he saw three possible 
directions which the world might follow: we might 
either exterminate the human species, or return to a 
state of barbarism, or, thirdly, learn sense while 
there was time. The intelligentsia had made such 
a mess of the world that the masses might extermin- 
ate the so-called thinking people. Greater unity 
meant some form of world government based on the 
United States and the United Kingdom, to ensure 
the survival of the individual human being. Mean- 
while, there was the problem of materials, a problem 
that would not end with the end of the defence 
programme; for some means must be found to 
provide a continual progress in materialistic satis- 
faction for the common people. The alternative 
was complete disaster. 

The Lord Privy Seal having formally declared the 
Conference open, a vote of thanks to him was 
proposed by Mr. A. C. Hartley, who, referring to the 
need for a constant recruitment of trained engineers, 
pointed out that, of the 88,000 persons belonging to 
the three Institutions, 41,000 were either Students 
or Graduates. Mr. Herbert Morrison, M.P., speaking 
on the occasion of the centenary of the Institution 
of Mechanical Engineers, in 1947, had urged that 
engineers should feel that they were under an 
obligation to the world at large. Mechanical engi- 
neers, Mr. Hartley felt, had accepted their share of 
that obligation, as witness the three great mechanical 
advances represented by the Parsons turbine, the 
work of F. H. Royce in constantly striving for 
mechanical perfection, and the Whittle jet engine. 

Sir Archibald Gill having supported the motion on 
behalf of the Institution of Electrical Engineers, the 
proposition was put to the meeting and carried by 
acclamation. 

At the opening technical sessions on the morning 
of Tuesday, June 5, three papers were presented at 
the railways (civil engineering) session, one at the 
sea transport (mechanical engineering) session, and 
one at the power (electrical engineering) session. 


Rattway Crvit ENGINEERING. 


Mr. A. 8. Quartermaine, vice-president, L.C.E., 
took the chair at the meeting in the Institution of 
Civil Engineers, where the following three papers 
were presented: ‘‘ Permanent-Way Developments 
in Great Britain,’ by Lt.-Col. H. B. Everard, 
D.S.0., B.A., A.M.LC.E.; ‘‘ Underground Railway 
Planning and Construction,” by Dr. David Ander- 
son, M.I.C.E. (who receives a knighthood in the 
Birthday Honours); and ‘ Railway Bridges,” by 
Mr. J. S. Campbell, M.L.C.E. Mr. E.K. Bridge pre- 
sented the latter paper on behalf of the author. 

The first part of Colonel Everard’s paper was 
devoted to the history of the evolution of the rail, 
from the “‘ wooden way’’ to the present time. In 
1936, the first flat-bottom rail was laid experi- 
mentally in Britain. Attempts were made to reduce 
the number of rail joints, and to improve the 
efficiency of such joints, though, in the latter case, 
most of the supposedly improved joints have been 
abandoned. Difficulties in the supply of timber 
for sleepers led to trials with concrete (which, 
however, has certain disadvantages) and with steel 
(which was found unsatisfactory owing to cracking 
around the chair seats or breakage of the lugs 
securing the chairs). ‘‘ Measured packing’’ for 
track maintenance dated from 1910, on the London 
and North Western Railway; the method was 





refined by the French, and was standardised by 
British Railways. From 1925, competition from 
other forms of transport compelled the railways to 
introduce higher speeds ; as a result, track curves 
were re-aligned, transition curves were introduced, 
and, by using two-level chairs, it was found possible 
to provide transition curves and cant through 
branch lines at junctions so as to permit comfortable 
travel at much higher speeds. The Hallade track 
recorder facilitated track maintenance. Flat-bottom 
rails were standardised because of the following 
conditions : increasing weight of trains ; the possi- 
bility of accelerated schedules; extended electri- 
fication ; the reduced strength of the labour force, 
working shorter hours; and the need for securing 
maximum permanent economies. It had been 
assumed that the maintenance of flat-bottom rail 
track would cost 15 per cent. less, and the life would 
be two years longer. Future developments, Colonel 
Everard said, were likely to be as follows: no 
increase in the weight of rails ; more attention given 
to the composition or treatment of steel rails; no 
standardisation of welding long lengths of rails ; in- 
creased rail-end batter, which may occur with flat- 
bottom rails owing to their greater stiffness, may 
necessitate remedial measures; improvements in 
the lubrication of rail joints; further experiments 
to eliminate rail creep (rubber inserts in baseplates 
were being tried); developments in the design of 
flat-bottom switches and crossings, and in the type 
of track to be used in tunnels; and the adoption 
of an incentive scheme in track maintenance. The 
use of special cranes for track relaying and of 
mechanical aids for ordinary maintenance had been 
extended. Experiments were in hand with a new 
method of day-to-day maintenance; this involved 
an increased division of labour—the “‘ length gangs ”’ 
were reorganised into a number of small units for 
inspection and minor duties, and a few large gangs, 
with mechanical appliances, for major maintenance 
work. Finally, Colonel Everard reviewed formation 
improvement works which have been found neces- 
sary in recent years. 

Dr. Anderson, in his paper on ‘‘ Underground 
Railway Planning and Construction,” suggested 
that, as the proposals of the Working Party of the 
British Transport Commission (1949) were too 
costly to be undertaken at present, the construction 
of the middle section, from Victoria to Finsbury 
Park, of a new underground line which had been 
proposed by the Working Party, could and should 
be put in hand now. The length of this section 
would be seven route miles, and the total cost 
would not exceed 25,000,0001. There would be no 
great engineering difficulties and the relief to 
London traffic would be considerable. The pro- 
jected extension of the Bakerloo Line from the 
Elephant and Castle to Camberwell, which would 
have increased the capacity of the whole of the 
Bakerloo Line by 25 per cent., had had to be 
postponed owing to the exceptionally high cost. 
No arterial underground railway, Dr. Anderson 
pointed out, had been driven through and across 
the heart of London since the completion of the 
Northern Line from Golders Green and Highgate 
to Charing Cross in 1907. One of the present 
difficulties was the supply of men skilled in tunnel- 
ling; if a programme of work were put in hand 
now, men could be trained specially and an ade- 
quate supply of skilled labour built up. A steady 
programme of work involving an expenditure of, 
say, 5,000,000/. per annum, would eventually lead 
to lower prices, since contractors would be able to 
use their plant more fully and there would be greater 
inducement to adopt new methods and materials. 
The electrification of existing suburban railways and 
their integration with underground lines was a 
matter that was receiving some attention in several 
of the smaller cities abroad ; some of the provincial 
cities in Great Britain might well embark on a 
survey on these lines. 

Part of Dr. Anderson’s paper was devoted to a 
survey of tunnel-construction methods, The Great- 
head shield, as devised many years ago, was still 
used, with only slight modifications. In water- 
bearing ground the work had to be carried out 
under compressed air at pressures up to about 
25 lb. per square inch. Where the distance between 
stations was greater than half a mile it was economical 
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to install a Price rotary excavator, which gave a 
tunnelling rate of 140 ft. a week, compared with 
50 ft. a week when hand tunnelling without a 
shield and 85 ft. with a shield. With modern speeds 
of underground-railway operation there did not 
appear to be any great advantage in the provision 
of gradients at the approach to and departure from 
stations. In order to handle the increased traffic 
on London Transport, 169 escalators had been 
substituted for lifts at about 50 stations; this 
involved some difficult work, including the under- 
pinning of buildings. Fortunately, in addition to 
the use of compressed air, modern methods of 
treating unstable and difficult ground lying on top 
of the London clay had been devised. These 
included the Joosten chemical treatment and the 
Cementation Company’s process of injecting liquid 
cement into the ground. Dr. Anderson also referred 
to the recent construction of Gants Hill station, and 
to the use of reinforced-concrete instead of cast-iron 
for the tunnel-lining rings. This showed a saving 
of nearly 40 per cent., though, possibly, at the cost 
of increased maintenance after, say, 50 years. 
Alternative rings of cast iron and concrete, at least 
in the running tunnels, would also save money. 
The elimination of grouting would help. 

In his paper on “‘ Railway Bridges,’”’ Mr. Camp- 
bell remarked that the majority of railway bridges 
in this country were built between the years 1850 
and 1890, and the maintenance of these structures 
constituted a major problem; annual expenditure 
was high and traffic was frequently disturbed. 
Masonry or brickwork arch bridges were by far 
the best maintenance proposition and a large num- 
ber of these bridges, which had been built more than 
100 years ago, were still in existence. It was not 
possible, however, to renew these bridges as arches, 
since it was impossible to maintain traffic while 
reconstructing. Mr. Campbell then referred briefly 
to some outstanding railway bridges, namely, the 
Newcastle high-level bridge, the Britannia bridge, 
the Royal Albert bridge (Saltash), the Forth 
bridge, the Hardinge bridge (India), the Lower 
Zambesi bridge, a reinforced-concrete viaduct near 
Belfast, and the Sydney Harbour bridge. 

The main developments which took place between, 
say, 1920 and 1945, were directed more towards 
the maintenance aspect, including the factors of 
drainage, deck construction, deck waterproofing, 
and, wherever possible, provision for the track to 
bear on ballast. The most common types of con- 
struction were: longitudinal steel main girders, 
cross girders encased in concrete, with bitumen 
waterproofing on top protected by tiles; cross 
girders in brick or concrete jack arches, also with 
waterproofing and tiles. Ideally, if the site con- 
ditions allowed, the new bridge was built alongside 
the existing bridge and then rolled into position. 
In the reconstruction of bridges destroyed by floods 
in South-East Scotland, the deck-type bridges 
used consisted of four welded plate girders with a 
well-type deck of reinforced concrete to contain 
the ballast. The girders were connected by welded 
diaphragms in pairs. On British Railways a 
standard reinforced-concrete slab or beam con- 
struction had been developed for spans ranging 
from 10 to 50 ft. The first prestressed-concrete 
railway bridge in the country had been built by 
the L.M.S. in 1945, using the Freysinnet method of 
post-tensioning. Designs for a range of spans 
were now being developed ; standard prestressed- 
concrete slabs might be used. In the construction of 
new lines, factory or site-manufactured concrete 
U-shaped units might be used. 

Factors influencing the use of prestressed con- 
crete, Mr. Campbell concluded, were the elimination 
of tension in concrete, the need for economy in 
steel, the fact that the first cost and the mainten- 
ance cost were less than those for steel, and the 
greater facility for improved zsthetic treatment. 
Two designs of prestressed-concrete ‘‘ through ”’ 
bridges were being prepared. 

The discussion on the three papers was opened by 
Mr. V. A. M. Robertson, C.B.E., Past-President, 
LC.E., who said that experiments with grouting 
for the improvement of track formations had not 
proved so successful on the Southern Region as 
they hadin America. With regard to Dr. Anderson’s 
paper, he suggested that the Government should 








appoint a committee to investigate the cost of tube- 
railway construction, with a view to reducing it. 
Sir William Halcrow, Past-President, I.C.E., advo- 
cated the elimination of steps at tube stations by 
ensuring that the escalator was from street level to 
platform level, and referred to a new development 
in tunnel construction which avoided grouting ; an 
experimental length of 300 yards had proved satis- 
factory. Mr. J. C. L. Train remarked on the fact 
that little was known at present of the fatigue of 
prestressed-concrete bridges. Mr. W. K. Wallace, 
who spoke next, recalled past experience with 
various weights of rails and remarked on the 
possibility of using standard prestressed-concrete 
parts in bridges. Colonel C. M. Norrie recalled the 
words of George Stephenson about the potential 
maximum speed of railways—Stephenson said it 
was subject only to the endurance of the human 
frame—and said: ‘‘ How far short of the hopes 
and ideals of Stephenson we are to-day.’ Speaking 
of Dr. Anderson’s paper, he suggested that an overall 
capital expenditure of 4,000,000/. per annum on 
tube construction would keep about 1,600 men in 
regular employment in this class of work, and thus 
ensure that a sufficient number of skilled men were 
kept in being. With regard to the Camberwell 
extension, Mr. H. G. Martin felt that it must have 
been formulated by the operating department 
without the early advice of engineers; he hoped 
the scheme would be scrapped. Mr. H. J. B. 
Harding spoke of the tremendous financial respon- 
sibility of the contractor for tube construction. 


MECHANICAL ENGINEERING IN THE MERCANTILE 
Marine. 


The first paper to be presented at the Institution 
of Mechanical Engineers was by Mr. T. A. Crowe, 
M.Sce., M.I.Mech.E., and was entitled ‘‘ Mechanical 
Engineering in the Mercantile Marine : Past, Present 
and Future.” The chair was taken by Dr. S. 
Livingston Smith. 

In 1849, said Mr. Crowe, the steam vessels owned 
in Great Britain amounted to only 170,000 tons, 
compared with about three million tons of sailing 
vessels. By 1866, the corresponding figures were 
747,000 tons and 4,705,000 tons. It was not until 
the general adoption of the compound engine, in 
the eighties, that steam tonnage in British owner- 
ship exceeded the tonnage of sailing vessels. The 
introduction of the triple-expansion engine made 
possible further reductions in fuel consumption per 
horse-power per hour and, with the use of the 
evaporator to produce make-up feed water, greatly 
increased the steaming radius and commercial 
economy of steam ships. The reciprocating steam 
engine reached its zenith in the quadruple-expansion 
engines of the German liner Kaiser Wilhelm II, 
built in 1902, which developed 43,000 h.p. on two 
shafts. In 1894, Parsons built the turbine-engined 
Turbinia, and 12 years later the Cunard liner 
Mauretania went into service, with four shafts, 
and turbines developing 68,000 h.p. The Diesel 
engine, which was being fitted in about 63 per cent. 
of the tonnage building in Britain in June, 1950, 

a great advantage in its low fuel consump- 
tion of 0-36 to 0-37 Ib. of oil per brake horse- 
power per hour, and offered additional economy 
when operated on boiler oil. Mr. Crowe thought it 
likely that the four-stroke Diesel engine would 
eventually disappear for main propulsion, but, in 
other respects, found it difficult to forecast its future 
development. In his opinion, the steam turbine 
would remain unchallenged for many years to come 
for the propulsion of large passenger liners or for 
any vessel requiring more than 12,000 h.p. per 
shaft. The gas turbine, however, had made rapid 
advances, and it was only a matter of time before 
gas turbines would be used for the propulsion of 
merchant ships. He considered that the design of 
gas turbines for merchant ships would be based 
more on that of industrial gas turbines than on the 
aircraft type. All engineers would welcome the day 
when the reciprocating engine was displaced by the 
simple rotating turbine. Nuclear energy was not 
likely to be applied for ship propulsion for many 
years to come. The fuel consumption of a nuclear 
reactor had been calculated as about 1 gm. of 
uranium per day for an output of 1,000 kW., on 
which basis the Queen Elizabeth could be propelled 


from Southampton to New York for an expenditure 
of 1} lb. of uranium; but the cost of uranium— 
125,0001. per pound—made that picture look much 
less attractive. 

The discussion was opened by Dr. 8S. F. Dorey, 
F.R.S., who said that British marine engineers 
could be proud of the fact that, in 100 years, they 
had increased the maximum power of marine 
engines a hundredfold ; the Queen Elizabeth could, 
if necessary, develop 200,000 h.p. In the same 
period, fuel consumption had been reduced to 
one-tenth of what it had been. Of the ships 
launched in 1950, 61 per cent. were oil-engined, and 
only 8} per cent. had steam reciprocating engines. 
Turbines, which went into 31 per cent. of the ships 
built last year, were coming into wider use in cargo 
liners, largely as a result of better gearcutting. 
Much had been written about the gas turbine, but 
as yet there was little practical experience with it. 
The use of nuclear energy introduced the problem 
of disposing of radioactive waste products; morc- 
over, the parts of the plant which were radioactive 
could not be examined during their lifetime. He 
had no doubt that the next 100 years would produce 
advances as revolutionary as those of the past 
century, and he was confident that marine engineers 
would be equal to the demands thus presented to 
them. 

Captain (E) W. Gregson, R.N.R., said that the 
story of marine propulsion centred upon the two 
themes of reliability and fuel economy. The im- 
provements in fuel economy in recent years had 
been due in great measure to the competition of the 
Diesel engine ; but, in pressing for high efficiency, 
the real question was, what was the best commercial 
efficiency. At the present time, further advances 
were being held up by metallurgical considerations. 
Ordinary carbon steel could be used at temperatures 
up to 800 deg. F. Steels were available that could 
be used at higher temperatures, but they were 
difficult to work. 

Mr. John Lamb, who was the next speaker, 
thought that Mr. Crowe would do well to be cautious 
before venturing into four-figure steam tempera- 
tures. There were many points still requiring 
attention in marine machinery; safety valves still 
‘* feathered,’ and furnace brickwork still needed a 
great deal of attention. Economy in fuel was still 
the main incentive, but he felt some concern over 
the number and the complication of marine auxi- 
liaries needed to achieve it. Between 1851 and 
1900, considerable improvements could be effected 
at very slight cost, but recent improvements seemed 
small in relation to the expenditure and compli- 
cation they involved. Low maintenance cost and 
a quick turn-round had become of great importance 
in recent years, and this affected the design of 
machinery ; tankers were now required to discharge 
up to 3,000 tons of cargo oil an hour, and this made 
it impracticable to do so by means of special 
pumping plant which would be idle for 95 per cent. 
of its life; it could only be done economically by 
using some part of the main machinery to work 
cargo. Cargo-working must be speeded up, and 
made less dependent upon labour; this applied to 
dry cargo as well as to liquids in bulk. In the 
past 15 years, the cost of operating tankers had 
trebled ; and the cost of survey work, and other 
port expenses, had increased so greatly that it was 
now time to say that the only difference between 
the cost of keeping a ship in port and keeping her 
at sea was the cost of the fuel expended at sea. 
Amenities for the crew represented a great increase 
in expenditure. When he first went to sea, 4 
10,000-ton ship was reckoned to require no more 
evaporating plant than would provide one ton of 
fresh water per day; now, the requirement was 
20 tons, and a great deal of that went in providing 
shower and other baths for the ship’s complement. 
It must be remembered, too, that all this extra 
equipment meant a corresponding reduction in the 
cargo capacity. In conclusion, Mr. Lamb referred 
to the serious shortage of competent marine eng!- 
neers at the present time, and expressed the opinion 
that the twelve months at sea, now accepted as a 
qualifying period, was quite inadequate to enable 
a man to become really familiar with the machinery 
with which he was concerned. He admitted that 





he was an optimist in regard to the future possi- 
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bilities of the gas turbine for ship propulsion ; but 
a test-bed could not compare with actual sea 
experience. His company hoped to obtain that 
experience shortly, and would publish the results 
when they were available. 

Commander L. Baker, D.S.C., superintendent 
engineer of the Blue Funnel Line, considered that 
the late Commander Lay’s work on the development 
of high-speed steam gunboats, during the recent 
war, was probably the greatest single advance made 
in steam-propelling machinery for many years. 
With regard to Diesel machinery for cargo vessels, 
he mentioned that his firm had four Diesel-engined 
ships, built in 1921, which were now averaging 
} knot more speed, on 1} tons less of fuel per day, 
than when they were first put into service. They 
now had under construction a steamer which would 
use steam at 950 deg. F. They had converted all 
their former blast-injection Diesel engines to solid 
injection, and had been running their Diesel ships 
on boiler oil for a number of years. He did not 
favour the exhaust-gas turbo-blower for super- 
charging. : 

Among other speakers, the Hon. James Weir 
drew attention to the considerable advances which 
had resulted from the use of separate auxiliaries 
and especially the benefits which followed the 
introduction of feed-heating on board ship, on the 
principles covered by James Weir’s patents of 1871 
and 1876. 


ELectriciry GENERATION AND TRANSMISSION. 


The third meeting was held at. the Institution of 
Electrical Engineers on Tuesday morning, June 5, 
at which Mr. T. G. N. Haldane presided, and a 
paper on ‘‘ Generation, Transmission and Distribu- 
tion of Electricity ’’ was read by Sir John Hacking, 
who sketched the history of electricity supply 
from the establishment of the first power station 
in Holborn Viaduct in 1882 to the decision to 
construct the grid in 1926. This grid was the 
largest. centrally-controlled interconnected power 
system in the world and now comprised about 
3,750 miles of 132-kV lines and nearly 1,700 miles of 
66-kV and lower voltage lines. There were eight 
regional control centres and one co-ordinating 
national control centre, together with nearly 300 
generating stations, with a total installed capacity 
of over 14,000 MW. 

Sir John went on to say that early high-voltage 
systems were often designed on an empirical basis 
and there had been a tendency to err on the side 
of safety. The position had been improved by the 
use of the direct-current calculating board and the 
alternating-current networks analyser. There were 
26 of the latter in use in the United States and three 
in this country, while a further machine was being 
installed. The two primary functions of system 
operation were the economic loading of the generat- 
ing plant and the maintenance of supply. Both 
could be exercised through some form of centralised 
system control rooms. 

Recent developments in the design of the principal 
plant items of the electricity supply system had 
included the use of hydrogen cooling, employing a 
gas pressure of 30 Ib. per square inch and giving 
an increased rating of about 25 per cent. By 1950, 
a total of 58 alternators operating at 33 or 36 kV 
had been installed and a further 22 were under 
construction. As regards the future, it appeared 
that single-shaft 30 lb. per square inch hydrogen- 
cooled machines of about 250 MW rating at 3,600 
or 3,000 r.p.m. and of over 350 MW rating at 1,800 
or 1,500 r.p.m. were possible ; and the existence of 
large interconnected systems made the use of such 
machines economically practicable. Further pos- 
sible developments in alternator design included the 
use of improved synthetic insulating materials 
and better cooling systems. The last 20 years 
had seen considerable development in the tbree 
basic types of impregnated-paper-insulated cable ; 
and it should be possible to employ the oil-filled 
and gas-pressure types at higher alternating-current 
Voltages than 220 kV when required. Work was 
also proceeding on direct-current cables for 500 to 
1,000 kV and for submarine work. The conven- 
tional oil circuit-breaker, the oil-poor circuit- 
breaker and the air-blast circuit-breaker could be 
developed to meet requirements at 400 to 500 kV. 





Rupturing capacities up to 15,000 MVA were 
probable in the fairly near future. Transformers 
for 400 kV could now be provided and the present 
maximum rating of 145 MVA could be exceeded. 

As regards the future, the next 20 years might 
see a greater development of water power than of 
any other form of energy for electricity generation. 
The overall thermal-efficiency combination of a 
high-pressure and high-temperature boiler with a 
steam-driven turbo-generator might be increased 
within the next few years from the present figure of 
36 per cent. It was unlikely that the gas turbine 
would become competitive with the steam turbine, 
until it could be designed to use pulverised fuel. 

In opening the discussion, Mr. E. L. E. Wheatcroft 
said that the technical development of electricity in 
Great Britain would be influenced by the facts that 
coal was the chief source of energy and that 
nationalisation would enable the problems that 
would have to be faced to be considered as a whole. 
He thought that it might be longer than the author 
anticipated before an adequate and reliable supply 
of electricity would be obtainable. It was satis- 
factory that other sources of energy than coal 
were being investigated. The development of 
water power became more economically favourable 
as the value of money fell ; and might with advan- 
tage be combined with the use of tidal power in con- 
junction with a super grid. It must not be for- 
gotten that British engineers had also achieved 
great successes overseas, where conditions with 
regard to coal, water power and long distance trans- 
mission were different from those in this country. 

Mr. J. D. Peattie, sketching the history of the 
electricity industry in this country, pointed out that 
the Government in 1882 had begun by granting 
licences to supply electricity and had followed this 
in 1909 by laying down rules for constructing power 
stations. This procedure was still with us; and it 
was interesting to note that while the Electricity 
Commissioners in 1917 were appointed to ‘‘ promote, 
regulate and supervise ’’—that was one-third enter- 
prise and two-thirds Civil Service—the British 
Electricity Authority in 1947 were only enjoined 
“*to develop and maintain.”’ In fact, while the 
pioneers had to persuade the public to use electricity, 
those now responsible had to do the reverse. 

Professor R. O. Kapp said that the paper, by 
welding an historical survey to present practice, 
helped to make it intelligible why certain things 
were done. It was fallacious to suppose that what 
was now a problem had always been a problem ; 
and that when a solution had been reached the 
matter was settled. Actually, every year brought 
new problems and a sense of history was one of 
the best safeguards against undue conservatism. 
One illustration of this was that it was now usual 
to design power stations with no overload capacity, 
a practice which would have been unthinkable 
25 years ago. Inter-connection had, however, made 
such spare capacity unnecessary, with a saving in 
complication and cost. 

Mr. D. P. Sayers thought that the full benefits of 
standardisation would not be obtained so long 
as British and foreign rules differed. Care must be 
taken to prevent standardisation becoming stagna- 
tion, by adopting a policy which included, say, 
15 per cent. experimentation. It was surprising 
that there were still three main types of circuit- 
breaker in use and he would like to know the reason. 
We seemed to have completed a cycle with regard 
to generation voltage, first 10 kV, then 33 kV, and 
now 11-8 kV stepped up to and switched at higher 
voltages. The advantage of using transformers 
was that flexible voltage regulation could be obtained 
by means of tap-changers. 

Mr. C. H. Mellor said that while electrical develop- 
ment in many Asiatic countries was at present 
much what it was in Great Britain in 1920, there 
Were some ways in which it was more advanced. 
He mentioned the use of 40-ft. poles for carrying 
6-6-kV lines, 2,000-volt street-lighting circuits, and 
230-volt distributors. The result might not be 
beautiful, but there had been no shut-downs, 

Mr. J. C. Forsyth said that in New Zealand they 
were investigating the use of the solid system of 
distribution and of geophysical steam. It would 
not be economically wise to transmit electricity 
generated by water power from the South to the 





North Island, as about 400 miles and a sea crossing 
would have to be negotiated. Mr. K. H. Tuson 
asked whether the standardisation of alternator 
sizes had reduced costs and whether any progress 
had been made in forming a body to act as an 
intermediary between the Authority and the con- 
sumer. Mr. A. Carstairs thought that a great deal 
of spare plant could be saved. if the Authority were 
less discouraging towards the use of back-pressure 
turbines on industrial premises. 
(T'o be continued.) 





DEVELOPMENTS IN LONG- 
DISTANCE TELEPHONY. 


THE position of London as a capital city and a 
centre of trade and industry has had the natural 
consequence that it has also become the focal 
centre for the internal toll and trunk telephone 
system as well as for the Continental and inter- 
national communications. These services are the 
responsibility of the Long Distance Area, London 
Telecommunications Region, and are operated from 
the trunk, continental and toll exchanges in 
Faraday Building, Queen Victoria-street, and from 
the International Radio Exchange at Wood-street 
in the city. There are also trunk control exchanges 
at Ironmonger-lane, Clerkenwell, at Chenies-street, 
Bloomsbury, and at Judd-street, London, W.C.1. 

Faraday Building, which was opened in 1933, 
contains two toll exchanges, which deal with 
outgoing and incoming calls to places within about 
60 miles of London, most of the traffic from the 
former being routed by automatic equipment. The 
outgoing trunk calls are handled in five switchrooms 
with more than 500 operating positions, from which 
communication can be established with all parts 
of the British Isles (including the Channel Islands) 
and with the Irish Republic. Most of these calls 
are normally completed on demand. There are 
also three incoming trunk switchrooms, comprising 
280 operating positions in which some 137,000 trans- 
actions are handled daily from provincial exchanges 
and certain London local exchanges. In addition, 
about 9,000 incoming trunk calls are connected 
daily through relief positions in the toll exchange. 

The Continental Exchange in Faraday Building 
is concerned with the operation of 316 trunk lines 
to the Continent of Europe, of which 96 go directl 
to Paris. It has over 160 operating and 30 record- 
ing and inquiry positions and connections can be 
made from it to all European countries with the 
exception of Albania. The volume of the traffic 
now handled exceeds that before the war and calls 
to Paris, the Department of Seine-et-Oise, in France 
Belgium, Rotterdam and the whole of Switzerland can 
be connected almost as quickly as can inland trunk 
calls. In the case of calls to Aarhus, Amsterdam, 
Copenhagen, Diisseldorf, Frankfort, The Hague, 
and Hamburg only a short delay occurs. 

The apparatus for the local central and city 
exchanges is also housed in Faraday Building. 
Originally, in addition, the building contained the 
International Radio Exchange from which com- 
munication was established with the United States 
and other countries outside Europe. This exchange 
was, however, transferred to Wood-street in Novem- 
ber, 1947, and direct access is afforded to it from 
the London Director Automatic Exchanges by 
dialling “‘ INT.” Outgoing calls can be established 
through it by radio to 69 countries other than the 
European continent, as well as to Athens and 
Pireus in Greece. Communication can also be 
obtained with 14 transatlantic liners and with the 
cable ships Monarch and Iris when these are at 
sea. A further service, which was opened on 
July 1, 1949, provides telephone communication 
between craft on the Thames estuary and the 
inland telephone system. The International Radio 
Exchange has 83 operating positions and 21 booking 
and inquiry positions. Calls to the United States 
and Canada can be connected almost immediately, 
but to other countries booking is necessary. The 
Wood-street building also houses the London Wall, 
Metropolitan and Monarch local exchanges. 

The Trunk Control City exchange in Ironmanger- 
lane was opened in January, 1949, to relieve the 
trunk exchange in Faraday Building of a proportion 
of the outgoing traffic. It has 50 operating posi- 
tions, and another 50 are to be added shortly. 
The building also contains the Clerkenwell and 
Shoreditch local exchanges. The Trunk Control 
Bloomsbury exchange, which was opened on 
October 16, 1950, is equipped with 120 demand and 
18 special inquiry positions, while the Trunk Control 
North Exchange, which was opened on April 30, 
1951, will ultimately have a capacity of 300 operat- 
ing and more than 50 special positions. These are 
also relief exchanges. 
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RE-SIGNALLING AT YORK 
RAILWAY STATION. 


An installation which makes an important contri- 
bution to the employment of power signalling in the 
North Eastern Region of British Railways was brought 
into full use at York on Sunday, May 27. The instal- 
lation controls 33} track miles with 317 track circuits, 
and extends from Skelton signal box, 14 miles north 
of York, and Barton-lane signal box, the same distance 
to the east of the city, through the passenger station, 
goods yard and locomotive sidings, to the Copman- 
thorpe and Naburn Swing Bridge boxes, four miles to 
the west and south. Nearly 18 miles of running lines 
and 54 miles of loop, reception and platform lines in 
this area have thus been brought under the control of 
one signal box in York station, while another 10 miles 
are automatically signalled. As a result, it has been 
possible to close no less than eight mechanically- 
operated signal boxes which housed a total of 867 levers, 
while the increase in operational simplicity is shown by 
the fact that Chaloner’s Whin junction, where the 
London lines join those from Leeds and Sheffield, is 
now operated by 12 route switches controlling five 
signals, instead of from an 80-lever box. It has there- 
fore been possible to increase the average speed of 
trains running through the area. The new installation 
links up with the existing colour-light signalling system 
(partly automatic) between Skelton signal box and 
Darlington, a distance of 44 miles. It therefore forms 
part of the longest continuousJsection of colour-light 
signalling in the British Isles on which there are three 
or four tracks for the greater part of the distance. 

The new signal box, which is illustrated in Fig. 1, is 
equipped with a control console and is designed 
for operation by four men under the direction of a 
traffic regulator. As will be seen, the console is 
arranged in four sections, the inner two being 11 ft. 3 in. 
and the outer two 10 ft. 6 in. long. Each section is 
set at an angle of 120 deg. with its neighbour, so that 
the whole panel is visible to all operators, and dupli- 
cation is avoided. The route switches are visible in 
the foreground of Fig. 2, which is an illustration of the 
south end of the console, and are fixed on an inclined 
desk, so that they can be operated from a seated 
position. The switches, which enable 827 separate 
routes to be set up, are arranged in groups for each 
signal, those controlling the main signals being coloured 
red and those operating the subsidiary signals white. 
They are placed peer yond below the position 
occupied by the signal symbol on the illuminated panel. 

Above each group of switches are small indicating 
lamps—red to show when the signal is at danger and 
green or white to indicate when a running or sub- 
sidiary signal, respectively, has been cleared. A 
printed description, giving the number and direction 
of each route, is installed on a glass-topped ledge in 
front of the switches. Above the route switches on a 
vertical face are mounted other switches for indi- 
vidually controlling the points. These switches have 
three positions. When standing normally, or vertical, 
the points are operated by the route switches, while 
when they are turned to left or right the points are 
moved in one direction or the other, if the interlocking 
and control circuits permit. The position of the point 
switches is indicated by lights, while a third lamp 
gives a flashing indication to show when the points 
do not correspond with the point-lock relay for more 
than a few seconds. This enables a failure, such as that 
caused by an obstruction in the blades, to be rapidly 
located. 

Owing to the height of the panel on which the lines 
are portrayed, it is mounted on pillars behind the 
console. The running “ lines” are set out on an olive- 
green matt-finished background, the individual track 
circuits being represented by differently coloured 
circuits. The “‘ track-occupied ” indication is given by 
two or more red lights at the end of each track circuit. 
White route lights are provided to indicate the actual 
routes set up when a switch is turned, and a row of 
such lights thus traces out the route that the train will 
follow. The operation of the points is detected 
by a lamp placed over them on the panel. These 
lights are not extingiished until conflicting routes 
have been freed by a relay. The only other indication 
is the “train ready tc start” signal; this consists 
of a lamp in the appropriate place on the panel, which 
is illuminated when a plunger is depressed on the 
eye and extinguished when the signal concerned 

as been ol > 

The route switches are connected in the circuits of 
interlocking relays, each of which has two energised 
positions controlled by a separate solenoid. These 
relays operate combinations of metal-to-metal contacts 
which, in turn, operate the locking and setting relays 
of the points on the appropriate route. When all the 
points have been moved to the desired position and 
detected, the circuit of the signal relay, which is of 
standard design, is energised and the signal clears to its 
“off” aspect, any intermediate shunt signals being 
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proved clear before the main signal is operated. This 
clearing of intermediate shunt signals was specially 
included in the scheme for reasons of'standardisation. 

As the train proceeds over the route, red lights appear 
on the diagram at the end of each section. The 
signals are automatically restored to danger as the 
train passes and, when the route switch is put back to 
normal, the points are freed progressively and the fact 
is shown on the diagram. Once a signal has been 
cleared, it can be cancelled by restoring the route 
switch, provided a train has not entered the approach 
track. It can also be restored to danger in the same 
way if the train has entered the track, but in this case, 
a thermal relay delays the cancellation of the route 
locking until the train has been brought to rest. 

The various relays, of which there are nearly 3,000, 
are housed in a room 144 ft. long and 34 ft. 6 in. wide. 
Over 400 miles of single-core cable were used for con- 
necting these relays and that length would have been 
greater had not the circuits associated with a particular 
part of the layout been grouped together. With a few 
exceptions, all the relays have terminals mounted on 
detachable tops to facilitate replacement and to avoid 
errors in connecting up, and the majority have 26 
normal and 26 independent reverse contacts. The 





wiring was carried out in flame-proofed vulcanised- 
rubber insulated cable and, owing to the large number 
of circuits involved, all the outgoing cables are installed 
along one side of a mezzanine floor and all the multi- 
core cables to the console and panel on the other. The 
terminations of the cables are arranged as far as possible 
directly below the apparatus with which they are 
associated in the room above. The wiring from the 
relay racks is also brought down to this floor and run in 
racks suspended from the ceiling. From the relay racks, 
multi-core lead-covered cables are run to underground 
chambers where they are connected to the outside 
equipment through armoured multi-core cables. 

The main contractors for this portion of the work 
were the Westinghouse Brake and Signal Company, 
Limited, 82, York-way, King’s Cross, London, N.1, while 
the cables were manufactured by the Craigpark 
Electric Cable Company, Limited, Springburn, Glas- 
gow, N.; British Insulated and Callender’s Cable 
Company, Limited, Norfolk-street, London, W.C.2 ; 
and the Edison Swan Electric Company, Limited, 155, 
Charing Cross-road, London, W.C.2. 

The running signals, of which there are 79, are 
generally of the three- or four-aspect multi-unit type, 
depending on the speed of the traffic and the braking 
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distance required. Of these signals, 74 are controlled 
from the new signal box, while 65 have subsidiary 
signals and 43 are fitted with route or junction indica- 
tors. For shunting purposes, there are 154 subsidiary 
signals. A typical four-aspect signal, with its sub- 
sidiary signal and route indicator, is illustrated in 
Fig. 4, while a view of the signals on a. gantry, 
designed by the Civil Engineer’s Department, appears 
in Fig. 3. The sequence of aspects of these signals 
to the driver is red, yellow, green, yellow, reading 
upward, the red aspect being fixed as far as possible at 
the level of the driver’s eye. The separation of the 
two yellows prevents any possibility of the lights 
appearing as one at a distance. Light for the red 
aspect is provided by a 16/24-watt 12-volt tripole lamp, 
the more highly rated filament being brought into use 
automatically should the other fail. "The other aspects 
are provided by 25-watt lamps, with 15- and 9-watt 
filaments burning in parallel, the latter being a stand-by. 
The route indicators at the diverging junctions were 
designed in the Telecommunication Engineer’s Depart- 
ment and carry five 14-watt 12-volt double-filament 
lamps which are arranged in a row close together 
behind clear lenses, so that they appear as a white 
strip at a distance. As will be seen from Fig. 3, they 
are mounted above the signal and the “arm” is 
sloped_at an angle of 45 deg., left or right, as required. 
When there are two diverging lines on one side, an 
additional horizontal arm is provided. They are 
Supplied from a 110/12-volt transformer. At low-speed 
turnouts, theatre-type route indicators with 15-watt 
110-volt lamps are used. These are of the double-sided 
type to give an indication to the rear for the benefit of 
men working on the track. Up to 19 different indica- 
tions may be given. The position-light subsidiary 
signal, also shown in Fig. 4, displays a horizontal red 
and white aspect for “stop” and two white lights, 
inclined at 45 deg., for the “‘ proceed ” aspect. Where 
mounted below the running signals, the signals are 
not provided with an “on” aspect. The white light is 
provided by a 25-watt lamp and the red aspect by a 
40-watt lamp, the voltage in both cases being 110. 

The majority of the points, of which there are 157 
sets operated by 277 point machines, are fitted with 
facing point locks and are operated electro-pneumatic- 
ally, as this is considered to be quicker and lighter 
i maintenance than all-electric apparatus. The 
equipment, which was also supplied by the Westing- 
house Company, consists essentially of a cylinder 5 in. 
in diameter containing a piston with an 8-in. stroke, 
which is controlled by an electrically-operated valve. 
Facing-point locks and electric detector switches are 
also fitted. At Chaloner’s Whin, however, the out- 
lying point machines are operated by 110-volt direct- 
current motors and have combined locks and detectors. 
Current for this purpose is supplied from a local trickle- 
charged battery. Control is effected by alternating 
current double-element induction-type equipment and 
point detection by double-element vane-type relays. 
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two seconds from the time the route switch is operated, 
compared with 4} seconds for the electric machines. 

The majority of the track circuits are of the alter- 
nating current reactance-feed type and consist of a 
150-volt-ampere 110/12-volt transformer, the secondary 
of which is connected to the running rails and has an 
adjustable reactance of 5 to 25 ohms in series with it 
to control the rail voltage. The track relays are of the 
double-element resonated type, the local coil being 
supplied at 110 volts and the control coil at 1-2 to 
2 volts, depending on the arrangement of the relay 
contacts. Coded track circuits, which are supplied 
with intermittent direct-current pulses, have been 
installed experimentally in some of the reception 
sidings to determine whether they will operate more 
satisfactorily with rusted rail surfaces. In other cases, 
where the rail surface is likely to be tarnished, the rails 
have been surfaced by welding on stainless-steel strips. 

The supply of electricity for operating the signalling 
installation is obtained from the British Electricity 
Authority’s Foss Island power station at 6 kV through 
a three-phase ring, which is connected to duplicate 
6,000/660-volt transformers, constructed by Foster 
Transformer and Switchgear, Limited, South Wimble- 
don, London, 8.W.19. A supply at 440 volts is pro- 
vided from the same source for driving the air-com- 
pressor motors. A stand-by supply can also be 
obtained from a 85-kVA six-cylinder J. and H. McLaren 
Diesel-electric set. The signalling supply feeders are 
connected in parallel to a main contactor, which is set 
to trip if the mains voltage falls by more than 6 per 
cent. and to start the Diesel set. The latter can then 
be run up and take the load in eight seconds. Com- 
pressed air for operating the points is obtained from 
duplicate two-stage air compressors, each of which is 
driven by a 40 brake horse-power directly-connected 
motor and has an output of 200 cub. ft. of free air per 
minute. The operation of these sets, which were 
manufactured by Messrs. Alley and Maclellan, Limited, 
Polmadie, Glasgow, 8.2, is also automatic. The main 
set starts when the pressure falls to 55 lb. per square 
inch and stops when it rises to 65 lb. per square inch. 
Should the pressure drop to 53 lb. per square inch the 
stand-by set will be started. There is also an emer- 
gency set with a rating of 100 cub. ft. per minute, 
which is driven by a 22 brake horse-power two-stroke 
Diesel engine. This is started by manual control by 
compressed air after an indication of failure of the 
other sets has been given in the signal box. 

The switchboard controlling the main transformers 
is housed in the relay room and comprises oil circuit- 
breakers with over-current and reverse-current protec- 
tion. It is connected to the main 35-kVA 660/100-volt 
and the 660/110/55-volt subsidiary signal lighting 
transformers and thence through further switchgear 
to two ring mains. The lower voltage from the sub- 
sidiary transformers is used at night to supply the 
signal lamps and thus to avoid dazzle to the engine 
men. It is switched in from the control console. 


The electro-pneumatic points will clear in just over | The 50-volt rectifiers for the route indicators, the 24- 
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volt rectifiers for the relay circuits, the 30-volt rectifiers 
for the point valves and the 110/24/12-volt trans- 
formers for indication purposes are also supplied from 
the main switchboard in the relay room, as are the 
fuse panels on the relay racks. The British Thomson- 
Houston Company, Limited, Rugby ; the Metropolitan- 
Vickers Electrical Company, Limited, Manchester ; 
Messrs. Parmiter, Hope and Sugden, Manchester, 12 ; 
and Contactor Switchgear, Limited, Wolverhampton, 
were contractors for the switchgear installation. 

A train-describer system, constructed by Standard 
Telephones and Cables, Limited, Aldwych, London, 
W.C.2, has been installed between the new signal box 
and six adjacent boxes. This is mounted above the 
main panel and can be seen to the left of the clock in 
Fig. 2. It not only indicates the order in which the 
trains are approaching, but also their class and destina- 
tion, while the indication moves forward automatically 
in step with the movement of the train to which it refers. 
Initially, the display at both the transmitting and 
receiving ends is shown as a flashing indication, while, 
in addition, a buzzer sounds at the receiving station. 
This buzzer is stopped, and both indications are 
steadied, by depressing an “ acknowledge ” key at the 
receiving end. The transmitter and receiver units are 
usually only linked by two wires over which codes on 
the Polaridex system are sent. : 

All the running signals, with the exception of those 
in the immediate vicinity of the station, are equipped 
with selective-ringing signal-post telephone. A separ- 
ate switchboard is also installed in the relay rooms 
for maintenance pu This is connected to three 
points in the control room and to other points in the 
building as well as to sockets at the most important 
places outside. The linemen working outside can be 
“* paged ” by loudspeakers and communicate with the 
control room by hand sets through the sockets. 

As regards the progress of this extensive conversion, 
it may be mentioned that the points were changed over 
to power operation shortly after the war, and most of 
the alternating-current track circuits were installed at 
the same time. The first signal change-over occurred 
on April 8, 1951, when the old Chaloner’s Whin and 
South Points boxes were closed. The locomotive 
yard, platform, waterworks, Leeman Road and Clif- 
ton signal boxes were closed on May 20-21, while, 
as has already been stated, the new system was 
brought into full operation on May 27. Prior to this, 
however, the point detection and track-circuit relays 
in the new signal box had been operated in parallel with 
those temporarily installed in the existing boxes, 80 
that the changeover was facilitated, especially as the 
majority of the points had been well “‘ worked in.” 

The initial work was carried out under the super- 





vision of Mr. C. Carslake, signal and telegraph engineer 
of the North Eastern Area, London and North Eastern 
Railway, while the scheme was brought into use under 
the control of Mr. J. H. Fraser, signal and telecom- 
munication engineer, North Eastern Region, British 
Railways. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


EXHIBITION OF INDUSTRIAL POWER.—The average 
daily attendance at the Exhibition of Industrial Power 
in the Kelvin Hall, Glasgow, since the opening on May 28, 
is 3,600. It is expected, however, that the attendances 
will improve, as exhibitions of this type gain in popularity 
as people begin to discuss them. 

ScoTTisH STEEL INDUSTRY AND NATIONALISATION.— 
Mr. 8S. J. L. Hardie, chairman of the Iron and Steel 
Corporation of Great Britain, speaking at the annual 
general meeting of Colvilles Ltd. on June 1, said that 
the Corporation believed there was a good future for 
the steel industry in Scotland. Referring to raw 
materials, he said the shortage affected Scotland particu- 
larly, because the industry was so largely dependent 
upon scrap and imported ore. 





STEEL ROLLING REsTRICTED.—Reflecting the decline 
in ingot-steel production on account of the shortage of 
scrap for the melting furnaces, another shift at the bar- 
rolling mill at the Dalzell Steel Works, Motherwell, of 
Colvilles Ltd., has been stopped ; in this case, it is the 
6 a.m. to 2 p.m. Monday shift. 

KirRk 0’ SHoTTs TELEVISION STATION.—During the 
past three weeks the mast for Scotland’s first television 
station, at Kirk o’ Shotts, Lanarkshire, was raised to a 
height of nearly 300 ft. Given good weather it is hoped 
that the 750-ft. mast will be completed in the next six or 
seven weeks, If so, the station may be ready to start 
transmitting early next year. 

PoRT WaTER FAcILitTiEg.—Authority was given on 
May 28 by the Docks and Inland Waterways Executive 
for the re-laying of the water-pipe system at Grange- 
mouth Docks, at an estimated cost of 30,0001. For 
several years, shipping interests have complained of the 
lack of facilities for taking on fresh water at the port. 





INSTITUTE OF Hovusine.—At the annual meeting of 
the Scottish branch of the Institute of Housing, held in 
Glasgow on May 30, Mr. David Emsley, Paisley, was 
elected chairman, and Mr. Samuel Bennett, Motherwell, 
vice-chairman. It was stated that the branch had been 
unable to find examiners in Scotland willing to tutor 
students in purely Scottish practice. Students were not 
coming forward in sufficient numbers, and no college 
would provide the tuition unless it was a commercial 
proposition. Last year, none of the ten students from 
Scotland passed the Institute’s examination. 

MODEL ENGINEERING.—The Glasgow Society of Model 
Engineers have opened an experimental track in the 
grounds of J. & J. White, Ltd., Shawfield Chemical 
Works, Rutherglen. The opening ceremony was per- 
formed by Mr. J. N. Maskelyne, A.I.Loco.E. 





UNIVERSITY OF GLASGOW APPOINTMENTS COMMITTEE. 
—The demands made by industry on the Appointments 
Committee of Glasgow University for science and engi- 
neering graduates were fully maintained last year. In 
the case of honours graduates in these groups, it is 
stated in the committee’s annual report, the demand 
was greater than the supply. 


CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE POSITION IN IRON AND STEEL.—Operations at 
North-East Coast iron and steel producing plants are 
much hampered by inadequate blast-furnace outputs and 
by shortages of raw material and of scrap. Ordinary 
foundry pig is slightly less scarce than of late and some 
improvement in foreign ore imports is considered not 
unlikely, but iron and steel scrap is very dear and much 
needed in larger quantities than are obtainable. Recently 
placed substantial orders are mainly for material to deal 
with re-armament requirements, and smaller deliveries 
for ordinary home purposes as well as a curtailment of 
tonnage loadings for overseas are considered inevitable. 
The output of commodities in strong request for home 
needs and for export are much below the pressing require- 
ments of clients and indications of early material improve- 
ment in the unsatisfactory situation are absent. At the 
same time, the decline in tonnage production of several 
descriptions of material is not so extensive on the Tees- 
side area as in other districts, 

FOREIGN-ORE Import DiIFFICULTIES.—North of Eng- 
land foreign-ore consumers are much perturbed by the 
very insufficient intake of tonnage. More shipping 
facilities at foreign ports are needed to deal with the 





embarrassing position, Freights remain at a very high 
level and rarely is it possible to arrange new fixtures 
at the rates formerly paid ; the provision of more ships 
at ore ports is a matter of greatest urgency. 

GLENDALE WATER-SUPPLY SCHEME.—A water-supply 
scheme submitted by the Glendale Rural Council, and 
to be carried out in stages, has been approved by the 
Northumberland County Council. The total cost is 
estimated to be 200,0001., of which the first portion will 
be 24,0002. The scheme involves the sinking of bore- 
holes and the construction of ancillary works. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


Tue SEARCH FOR Scrap.—The search for scrap ma- 
terials of all types is being pursued with vigour. Indus- 
trial concerns in Yorkshire and elsewhere are co-operating. 
in a system in which some 2,000 firms throughout the 
country subscribe to a monthly bulletin giving details 
of surplus and waste materials which are available. 

Exports OF STEEL Roiis.—Hadfields Ltd., Sheffield, 
are expanding their business in rolls of forged and fully- 
hardened steel for cold-rolling ferrous and non-ferrous 
metals and are now supplying to Canada and the United 
States rolls which formerly were acquired by Canadian 
firms from the United States and by United States firms 
from German manufacturers. Further orders are 
expected. 

SHORTAGE OF Raw MATERIAIS.—Some West Riding 
blast-furnaces have had to be damped down, and Sheffield 
steel-melting plants are still short of scrap and pig-iron. 
The outlook is such that the Steel, Peech and Tozer 
branch of the United Steel Companies, Ltd., which have 
five furnaces out of commission, have decided to retire, on 
pension, about 100 men over 65 years. Until recently, 
these had been in full employment, and some had been 
doing a full week’s work, although past the retiring age 
under the firm’s pension scheme. 

TRAINEES FROM PAKISTAN.—Of four Pakistan engi- 
neering graduates who are to receive two years’ training 
in British workshops under the scheme sponsored jointly 
by the Federation of British Industries and the Pakistan 
Government, Mr. S. J. K. Jaffri is to train at the Sheffield 
works of the English Steel Corporation, Ltd. 

DEARER NICKEL.—<Another addition to soaring costs 
of manufacture is the rise of 481. per ton in the price of 
nickel, making the total cost 4541. per ton. Even at the 
restricted rate at which nickel is now being used in 
Sheffield industry, it means that the production costs of 
alloy steels, especially stainless steels, will be higher and 
will provide further evidence of the necessity to raise 
steel prices. The electroplate industry will also feel the 
effects. 

TURBINE LOCOMOTIVE TO BE “ REBUILT.”—The Lon- 
don Midland Region, British Railways, announce that 
the steam-turbine locomotive, No. 46202, built by the 
L.M.S. Railway in 1935, is to be converted to a normal 
reciprocating engine. It has now run 440,000 miles and 
“ sufficient knowledge of the capabilities of this method 
of propulsion have been obtained.” A serious failure 
affecting the transmission took place last year, and, in 
view of the loss which would be incurred in repairing 
this damage and affecting other replacements, it is now 
felt that it would be economical to take the opportunity 
to convert the locomotive. It was fitted with a Lysholm- 
Smith Ljnngstrom turbine. 


THE MIDLANDS. 


UTILISATION OF PULVERISED-FUEL ASH.—An experi- 
ment is in progress near Hams Hall power station which 
may make it possible to find a use for pulverised-fuel 
ash. The ash is mixed with sludge from the Birmingham 
Tame and Rea Drainage Board’s sewage disposal works, 
and the resulting “soil” will be planted for grazing 
purposes. The British Electricity Authority and the 
Warwickshire Agricultural Executive Committee are 
co-operating in the experiment, which is being super- 
vised by Dr. W. J. Rees, of Birmingham University. 





LaBOUR TURNOVER.—The question of labour turn- 
over is being investigated by the University of Bir- 
mingham. Professor P. Sargent Florence, in an address 
to the Greater Birmingham Employment Committee on 
May 31, said that investigations had shown that, in some 
cases, the figure was excessive, that the greatest move- 
ment was found among unskilled labour, and that there 
was little difference between men and women in this 
respect, Professor Florence said that the investigation 
was being conducted to find the causes for labour turn- 
over, but it could be said that it was “‘ a disease due to 





full employment.” It was particularly noticeable in 
Birmingham, where the unemployment figure was 0-3 





per cent. of the insured population, compared with the 
national figure of 1-2 per cent. 

OLD PEOPLE IN INDUSTRY.—At a meeting of the 
Midland Old People’s Welfare Committee in Birmingham 
on May 31, Mr. A. G. B. Owen, chairman and managing 
director of Rubery Owen & Co., Ltd., Darlaston, des- 
cribed a scheme which his company operate for employing 
people over retiring age. It is based on an appreciation 
that not all of those over 65 wanted to retire, or were 
necessarily in a position to do so, and that many of them 
were fully capable of useful work. There were, however, 
some who could not keep pace with the demands of the 
ordinary works department, but whose work, never- 
theless, was of value. To meet their needs, Rubery Owen 
& Co. have had in operation for some time a special 
workshop which provides light employment under condi- 
tions suitable for older persons. At present, 11 men, 
with an average age of 74, are employed in this work- 
shop. They are not restricted as regards attendance, 
but their record in this respect is extremely good, and 
they are all satisfied with the conditions. The company 
are so pleased with the results of the experiment that 
they are considering extending the scheme. 

WREXHAM TRADING EstTATE.—Board of Trade ap- 
proval has been given to a scheme for a 2,000,0001. fac- 
tory to be built on the Wrexham Trading Estate by 
British Celanese Ltd. The site has been cleared and 
plans are now before the local authority. The new 
factory is to employ about 4,000 persons, and the firm’s 
existing works on the estate, where 900 people are 
employed, will become part of the new factory. 





SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


LLANELLY ANTHRACITE-COAL SEAM.—Following the 
discovery of an important seam of good-quality anthracite 
coal at Sylen, near Llanelly, Mr. G. E. Aeron-Thomas, 
Chairman of the South Western Divisional Coal Board, 
told members of the Institute of Mining Surveyors at 
their annual conference at Cardiff that the borehole 
would be continued to a total depth of 3,000 ft. They 
hoped to strike a three or four further seams of coal, 
the last of which would possibly be the finest seam in the 
country. He added that it would cost from 3,000,000I. 
to 4,000,0007. to develop the colliery. 

MATERIAL DIFFICULTIES.—Lack of steel billets has 
forced the Whitehead Iron & Coal Co., Ltd., Newport, 
to close their three hot-strip rolling mills for a week. 
Nearly 800 men were idle as a result. 

ABBEY STRIP MILL OPERATIONS.—Steel is now being 
produced at the Abbey strip mill at Margam, near Port 
Talbot. The new melting shop, which is 1,340 ft. in 
length, will eventually have eight 200-ton basic open- 
hearth furnaces. Two are already in operation, two 
more are nearing completion, and the construction of 
the last four is proceeding. 

RECOVERY OF MAIZE FROM A WRECK.—A cargo of 
7,000 tons of Russian maize is being recovered from a 
ship which was wrecked in the Severn. The skip is the 
Rameses II, an Egyptian vessel, which struck a sandbank 
in the Severn while proceeding from the Black Sea to 
Sharpness. First efforts to recover the cargo were not 
successful, but a ship with special pumping gear has 
been sent from Dover. The maize is being pumped from 
the sunken ship, cleaned in the process and loaded into 
barges. The grain will be used as cattle food. 

SouTH WALES Ports TRaAFFIc.—In the four weeks 
ended May 20 last, trade at the South Wales ports, 
aggregating 1,562,152 tons, was the highest four-weekly 
tonnage since the period ended July 16, 1950, and was 
46,805 tons higher than that dealt with in the correspond- 
ing month last year. For the year to date, namely, 
January 1 to May 20, the total trade was 7,156,306 tons 
compared with 7,179,381 tons for the corresponding 
period of 1950. 

SEWERAGE SCHEME FOR BRISTOL.—The Bristol City 
Council have received permission to proceed with the first 
part of the scheme that they have had in hand for some 
years, for the construction of a system of stormwater 
drains. The section authorised consists of a main sewer, 
about a mile long, from Whiteladies Gate to the foot of 
Durdham Down. The original estimated cost was about 
500,0007., but the lowest recent tender, that of 
A. E. Farr, Ltd., was 942,0711. The City Council 
therefore propose, in order to reduce the cost, that the 
tenderers should undertake the work on the basis of a 
“ target ”’ figure of 645,3001., subject to adjustments for 
any increased cost of labour or materials, and with the 
addition of a fee of 6 percent. If the firm can reduce the 
cost below 645,3001., they will share the saving equally 
with the Council. By this means, it is hoped to reduce 
the actual cost to 746,0001. 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF ECONOMIC ENGINEERING.—London 
Branch: To-day, 7 p.m., the George Hotel, Kingsbury. 
“ First Things First,’”” by Mr. A. G. Northcott. 

NORTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, June 9, 2.30 p.m., 
Neville Hall, Newcastle-upon-Tyne. ‘“‘The Develop- 
ment of the ‘Dunelm’ Circular Fluorescent Mine 
Lighting Unit,’ by Mr. W. B. Bell and Mr. E. L. J. Potts. 


INCORPORATED PLANT ENGINEERS.—East Lancashire 
Branch: Tuesday, June 12, 7.15 p.m., Engineers’ Club, 
Albert-square, Manchester, 2. Discussion on “ The 
Maintenance of Industrial Instruments.” Newcastle- 
upon-Tyne Branch: Thursday, June 14, 7.30 p.m., 
Roadway House, 8, Oxford-street, Newcastle-upon-Tyne. 
Discussion on “ Industrial Photography.” Liverpool 
Branch: Thursday, June 21, 7 p.m., Radiant House, 
Bold-street, Liverpool. Discussion on ‘‘ Feedwater 
Treatment.” 


INSTITUTE OF INDUSTRIAL ADMINISTRATION.—London 
Centre: Wednesday, June 13, 6.30 p.m., Fyvie Hall, The 
Polytechnic, Regent-street, W.1. ‘‘ Company Control,” 
by Mr. T. G. Rose. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Saturday, June 16, to Tuesday, June 19, at 
Buxton. Saturday, June 16, 2.30 p.m., the Palace Hotel, 
Buxton, “‘ Social Aspects of Heating and Ventilating,” 
by Mrs. P. G. Allen. Tuesday, June 19, 9.30 a.m., the 
Palace Hotel, Buxton, (i) an address by Professor 
H. Wright Baker and (ii) “‘ Heat Treatment of Welds in 
Pipe Lines,”’ by Mr. A. H. Goodger. See also page 648, 
ante. 


RoyaL SANITARY INSTITUTE.—Armagh: Saturday, 
June 16, 10 a.m., the Minor City Hall, Armagh, Northern 
Ireland. (i) “The Housing Problem,” by Dr. John 
McLaughlin ; (ii) ‘‘ Procedure Under the Planning and 
Housing Act (Northern Ireland), 1931,” by Mr. W. E. 
Weir; and (iii) ‘ Rural Housing, with Special Reference 
to Sewage Disposal,” by Mr. K. H. Lynas. 

IRON AND STEEL INSTITUTE.—Iron and Steel Engineers’ 
Group: Tuesday, June 19, 4, Grosvenor-gardens, 
Westminster, S.W.1. Morning session, commencing at 
10.30 a.m. ‘‘ Protection of Structural Steelwork Against 
Atmospheric Corrosion,” by Dr. J. C. Hudson. After- 
neon session, commencing at 2 p.m., Report of Anglo- 
American Council on Productivity on “ Materials 
Handling in Industry,” introduced by Mr. A. Roebuck; 
“‘ Labour Aspects of the Report,” by Mr. James Young ; 
and “Cost Considerations of the Report,” by Mr. 
L. W. Robson, to be followed by an open discussion on 
all the above. 


INSTITUTION OF PRODUCTION ENGINEERS.—W olver- 
hampton Graduate Section: Tuesday, June 19, 7.30 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton, ‘Industrial Economics,” by Mr. 
C. Tragen. 

RoyaAL METEOROLOGICAL SooreTy.—Wednesday, 
June 20, 5 p.m., 49, Cromwell-road, South Kensington, 
S.W.7. (i) “ Observations of Rain from Non-Freezing 
Clouds,” by Mr. E. J. Smith; (ii) ‘‘ The Size of Cloud 
Droplets,” by Mr. A. C. Best ; and (iii) “‘ Billow Clouds,” 
by Mr. R. S. Scorer. 


Roya Socrery.—Thursday, June 21, 4.30 p.m., 
Burlington House, Piccadilly, W.1. Bakerian Lecture on 
“* Reacti in Monolayers,” by Mr. E. K. Rideal, F.R.S. 

INSTITUTE OF PETROLEUM.—Thursday, June 21, 
4.30 p.m., Royal Institution, 21, Albemarle-street, W.1. 
Cadman Memorial Lecture on “ Competitive and Co- 
operative Researchin the American Petroleum Industry,” 
by Dr. Robert E. Wilson. (Alteration of title.) 


INSTITUTION OF MINING AND METALLURGY.—Thursday, 
June 21, 5 p.m., Geological Society’s Apartments, 
Burlington House, Piccadilly, W.1. (i) “ Sinking of 
Irwin Shaft at the Roan Antelope Copper Mine,” by 
Mr. R. Cornthwaite and Mr. F. Juretic ; and (ii) ‘ Some 
Notes on a Simplified Method of Laying Out Diamond- 
Drill Holes for Stoping,” by Mr. E. K. McDermott and 
Mr. P. A. Wilken. 


r WOMEN’S ENGINEERING SocieTy.—Thursday, June 21, 
‘ p.m., 35, Grosvenor-place, 8S.W.1. Annual Meeting. 








THE OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians will be held on Thursday, June 14, 
at the restaurant ‘‘ Chez Auguste,” 47, Frith-street, 
London, W.1, at 12.45 p.m. for 12.55 p.m. The after- 
lunch speaker will be Mr. B. White, technical director 
of the Federation of British Industries, whose subject 
will be the work of the Anglo-American Council on 
Productivity. The lancheon secretary is Mr. A. C. 
Vivian, Beaufort House, Gravel-lane, London, E.1. 





CONTRACTS. 


During May, the British Electricity Authority placed 
contracts for equipment for power stations, transforming 
stations and transmission lines, including several bulk 
orders for transformers, amounting in the aggregate to 
5,231,5471. The principal contracts include a steel 
frame for turbine-house and boiler-house buildings for 
Bold power station, St. Helens, with Dorman, LONG 
AND Co., Ltp.; coal-handling plant for Huddersfield 
power station, with RICHARD SUTCLIFFE, LTD.; two 
turbo-alternator blocks for Chadderton power station, 
Oldham, with M. J. GLEESON (CONTRACTORS), LTD. ; 
two brick chimneys for Roosecote power station, Barrow, 
with P. C. RicHarRDsSON & Co. (MIDDLESBROUGH), LTD. ; 
132-kV 3,500-MVA switchgear for Elstree substation, 
with A. REYROLLE & Co., LTp.; 132-kV overhead lines 
from Brighton to Three Bridges and also to Worthing 
with WatsHaMs, LtTp.; Tilbury to Elstree 275-kV 
double-circuit overhead line, with J. L. EVE Construc- 
TION Co., LTp.; 132-kV overhead line from Bustleholme 
to Drakelow, Burton-on-Trent, with BaLFouR BEaAtTtTy 
AND Co., Lrp.; 60-MVA 132/33-kV transformers and 
earthing transformers for Rodley substation, Yorkshire, 
with the ENGLISH ELECTRIC Co., LTp., and 132-kV 
2,500-MVA switchgear for Currie substation, Midlothian, 
with the BririsH THOMSON-HovusTON Co., LTp. The 
bulk orders for 60-MVA 132/33-kV transformers and 
earthing transformers comprised 14 from FERRANTI, 
Lrp.; 8 from METROPOLITAN-VICKERS ELECTRICAL Co., 
Lrp.; 6 from BRITISH ELECTRIC TRANSFORMER CO., 
Lrp.; 6 from the ENGLISH ELECTRIC Co., LTD.; and 
2 from the British THOMSON-HousTON Co., LTD. 
Orders for 45-MVA transformers of this type comprised 
10 from HACKBRIDGE AND HEWITTIC ELECTRIC Co., LTD. ; 
8 from FULLER ELECTRICAL AND MANUFACTURING Co., 
Lrp.; 8 from C. A. Parsons & Co., LTp.; 2 from the 
GENERAL ELEcTRIC Co., LTp.; and 2 from BRUCE 
PEEBLES & Co., Ltp. Four 30-MVA transformers of 
this type have been ordered from JOHNSON & PHILLIps, 
Lip. 


A.C.V. Sates LimirepD, Southall, Middlesex, have 
received an order for 362 A.E.C. “ Regal’ Mark IV 
motor-vebicle chassis from the London Transport 
Executive. This makes a total of 665 vehicles ordered 
by this undertaking in the past few months. Other 
notable contracts for this model have been placed by 
the British European Airways Corporation, which have 
ordered 40; Western S.M.T., which have ordered 20 ; 
and Neath and Cardiff Luxury Coaches, which have 
ordered six. Liverpool Corporation have signed a 
contract for 50 A.E.C. “‘ Regent ’”’ double-deck vehicles, 
and another large order for this model emanates from the 
South Wales Transport Co., which have ordered 15. 
Bowaters Sales, Ltd., have ordered 22 A.E.C. “‘ Mammoth 
Major ” goods vehicles, and the Road Haulage Executive 
have signed orders for 50 of this model. In addition to 
the above, three “‘ Regent ’”’ Mark III and three “ Re- 
gal’? Mark III passenger chassis have been ordered by 
Aberdare Urban District Council, and 32 “ Regal” 
Mark IV and eight “‘ Regal ’’ Mark III passenger chassis 
have been ordered by other operators. 





** UNANSWERED QUESTIONS.”—The third issue of 
Unanswered Questions has recently been published by the 
intelligence service of the Department of Scientific and 
Industrial Research. The purpose of the bulletin is to 
circulate scientific and technical questions to which 
answers have not yet been found, in the hope of finding 
solutions to some of them. Bulletin No. 3 contains a 
review of some of the answers to questions posed in 
Nos. 1 and 2 (which are no longer available) and presents 
a further list of 16 unanswered questions. Particulars 
are given also of the technical information services of the 
Department. Copies of the bulletin may be obtained 
from Miss V. Heath, Intelligence I, Department of 
Scientific and Industrial Research, 5-11, Regent-street, 
London, 8.W.1. 





FESTIVAL LIGHTING AT A.E.I. HEADQUARTERS.—AS & 
contribution to the special illuminations in London 
marking the Festival of Britain, Associated Electrical 
Industries, Limited, have equipped the facade of their 
headquarters, Crown House, Aldwych, London, W.C.2, 
with an arrangement of tubular lighting intended to 
symbolise the importance of electrical power in present- 
day Britain. The scheme employs cold-cathode tubing 
and was designed by engineers of the British Thomson- 
Houston Company, Limited, 9, Langley-road, Watford, 
Hertfordshire and installed by Claude-General Neon 
Lights, Limited, Pitman House, Parker-street, London, 
W.C.2. The pillars on the Aldwych and Drury-lane 
fronts of the building are outlined in white and the main 
design in colour over the entrance at the corner repre- 
sents a large transformer across which a discharge writes 
A ETI in Morse code. This is surmounted by the well- 
known Festival sign, also in colour. The installation 
came into operation on June 4. 





PERSONAL. 


ADMIRAL LORD MOUNTEVANS, K.C.B., C.B., D.S.O., 
LL.D., has been elected chairman of the Parsons Engi- 
neering Co., Ltd., marine-engine manufacturers, South- 
ampton. 

SmrR ARTHUR SmovuT, J.P., a director of Imperial 
Chemical Industries, Ltd., and a past-president of the 
Institute of Metals, was elected President of the Bir- 
mingham Chamber of Commerce on May 28. 

Dr. C. J. SMITHELIS, M.C., was installed as President 
of the Institution of Metallurgists, 4, Grosvenor-gardens, 
London, S.W.1, at the annual general meeting, held in 
London yesterday, Thursday, June 7. Dr. Smithells has 
succeeded Mr. E. W. COLBECK, M.A. 

Mr. S. Camm, C.B.E., F.R.Ae.S., Mr. G. H. Dowty, 
F.R.Ae.S., and Mr. G. R. Epwarps, M.B.E., B.Sc., 
F.R.Ae.S., have been elected to serve as vice-presidents 
of the Royal Aeronautical Society, 4, Hamilton-place, 
London, W.1, for the year 1951-52. 

Mr. W. HUMBLE, who became a director of the Staveley 
Coal and Iron Co., Ltd., in 1920, is retiring from the 
board of that company on July 1, owing to his other 
business commitments. He is also retiring from the 
board of the Staveley Iron & Chemical Co., Ltd. 

Mr. H. R. Naytor, works manager of the Canadian 
Pacific Railway Company’s Angus Shops, Montreal, for 
the past 10 years, has retired. He began his railway 
career in this country with the North Eastern Railway 
Company at Hull and joined the staff of the Canadian 
Pacific Angus Shops in 1907. Mr. Naylor’s successor 
as works manager is Mr. W. D. DICKIE, assistant works 
manager, locomotive, at Angus since 1948. 

Masor E. A. WIMBERLEY, B.A., O.B.E., M.I.Mech.E., 
has now taken up the position of chief engineer to 
A. Boake Roberts & Co., Ltd., Stratford, London, E.15. 

The British Electricity Authority have announced 
that Mr. H. F. CARPENTER has decided to relin- 
quish his appointment as secretary on reaching super- 
annuation age in the autumn. 

Mr. J. M.BorRLAND,A.M.I.Mech.E., has been appointed 
manager of engineering design in the chief mechanical 
engineer’s department, Colvilles Ltd., Glasgow. 

Mr. T. A. W. Barrow, A.M.I.Mech.E., has joined the 
staff of the Crown Agents for the Colonies as an engineer 
in the mechanical engineering department. 

PROFESSOR A. M. PORTEVIN has been awarded an 
honorary doctor’s degree by the University of Quebec, 
Canada. 

An agreement has been reached between the BIRMING- 
HAM SMALL ARMS Co., LTD., on behalf of their subsidiary 
company, MoNocHROME LTD., Redditch, and the VAN 
DER Horst Co., of Hilversum, Holland, under which 
each company will be able to use either of their two pro- 
prietary processes of hard-chromium plating Diesel and 
other internal-combustion engine cylinder liners. The 
Van der Horst Co. are thus empowered to operate the 
Monochrome “‘ Honeychrome ” process in Holland, while 
Monochrome Ltd. are similarly authorised to operate the 
Van der Horst “ Porus Krome ” process in the United 
Kingdom. 

SaBEN, Hart & PARTNERS LTD., design consultants, 
announce that their new London address is 3 and 4, 
Albemarle-street, Piccadilly, W.1. (Telephone: GROs- 
venor 4666-8.) They have closed their offices at 1 and 2, 
Regent-square, W.C.1. 

G. Percy TRENTHAM LTD. are vacating their Hilling- 
don office on June 16. On and after that date their 
offices will be situated at Pangbourne, Reading, Berk- 
shire. (Telephone : Pangbourne 411.) 

The Ministry of Transport announces that THE Roap 
AND Ratt APPEAL TRIBUNAL has moved to 6, Spring- 
gardens, London, S.W.1. (Telephone: TRAfalgar 
6782/3.) 

THE ACCURATE RECORDING INSTRUMENT CO., Aric 
Works, Garth-road, Lower Morden, Surrey, have recently 
opened a new extension of 4,500 sq. ft. at their Garth-road 
works. 

BLaw KNox LTp., announce that on and after Monday, 
June 11, their executive offices are to be removed to 
90-94, Brompton-road, London, 8.W.3. (Telephone : 
KENsington 5151; telegraphic address: Blawnox 
Southkens London.) 

Mr. W. E. J. Cross, A.1.Mech.E., Midlands Engineer 
of ACHESON COLLOIDS, LTD., 18, Pall Mall, London, 
S.W.1, has moved his office from Great Barr to Victoria 
Buildings, 5th Floor, Corporation-street, Birmingham. 
(Telephone : Midland 3287.) 

Wo.Lr ELEcTRIC Toots, LTp., are opening a branch 
service depot for Scotland at 1-3, Strathcona-street, 
Anniesland, Glasgow, W.3, on June 18. Mr. A. R. 
GRAYDON will be in charge. 

The research office of the LOCOMOTIVE DEVELOPMENT 
COMMITTEE OF BITUMINOUS COAL RESEARCH, INO., has 
been moved from 10, Light-street, Baltimore, to 320, 
South Roberts-road, Dunkirk, New York, U.S.A. 
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NEW POWER STATIONS FOR THE 
B.E.A.: XV.—BLACKWALL POINT. 


THe new 90-MW Blackwall Point station of the 
British Electricity Authority on the River Thames at 
Greenwich, which is illustrated in Fig. 1, is interesting 
from the fact that it is being built on the same site as 
a station of the South Metropolitan Light and Power 
Company, which was opened in 1900. 

Coal will be brought by river to the outside face of 
an island jetty in sea-going colliers. The inside face 
of this jetty, which can be seen in Fig. 3, will be 
arranged to accommodate ash barges. 

The coal will be taken by a conveyor system, con- 














ENGINFER NG 


Fic. 1. GrNERAL View oF Station. 








Fic. 3. Jetty UNDER CONSTRUCTION. 


| structed by Fraser and Chalmers Engineering Works |each with an output of 30 MW at 11 kV. These 


and R. Dempster and Sons, Limited, Manchester, either | sets will exhaust into condensers, which will be cooled 
to a 5,000-ton coal store or to the boiler house, where it |by water drawn from the river through an inlet 
willbe pulverised. It will be supplied thence to three | tunnel to chambers equipped with Drysdale pumps 
Babcock and Wilcox boilers, each of which will be |and Brackett screens in the corner of the turbine 
capable of generating 365,000 lb. of steam per hour |house, and discharged through a second tunnel to 
at a pressure of 635 lb. per square inch and a tempera- |an outlet below a dolphin at the opposite end of the 
ture of 875 deg. F. A furnace of one of these boilers is | jetty. The condensate will be heated in three stages 
illustrated in Fig. 2. A balanced draught system will | to a temperature of 340 deg. F. and delivered to the 
be installed and the flue gases will pass through electro- | boilers by Weir feed pumps. The alternator voltage 
static precipitators to a single chimney. The ash will | will be raised to 33 kV in transformers manufactured 
be handled by a high-pressure sluicing system. by the Hackbridge and Hewittic Electric Company. 

The generating plant will consist of three turbo- | Limited, Walton-on-Thames, and will be controlled 
alternators, supplied by the English Electric Company, | at that voltage by Reyrolle switchgear. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.Le BAR 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
Se aT AO TR OT 

Oe COIR © inecsciaice shee ieee, £5 5 0 

Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d, per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years, 








INDEX TO VOL. 170. 


The Index to Vol. 170 of ENGINEERING 
(July-December, 1950) is now ready and will 
be sent to any reader, without charge and 
postage paid, on application being made to the 
Publisher. In order to reduce the consump- 
tion of paper, copies of the Index are 
being distributed only in response to such 
application. 
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AGE AND SKILL. 


In highly developed countries, of which Great 
Britain is one, the expectation of life has been 
rising for many years. The result of this is that the 
average age of the members of the population is 
increasing, so that, assuming those of the more 
advanced ages are non-productive, the younger 
generation has an increasing proportion of the older 
to support. The rate of growth of this increasing 
load is strikingly illustrated by the fact that in 
1911 the expectation of life of a male subject at 
birth was 51-5 years; in 1938, it was 61-4 years. 
The corresponding figures for females are 55-35 
years and 65-84 years. This matter has not escaped 
the attention of politicians and sociologists, and in 
recent years there has been much discussion about 
methods of keeping older people at work and some 
concessions have been made by means of which 
those who are drawing old-age pensions are not 
penalised if they continue as producers, or part-time 
producers. 

There is a tendency to look upon this matter as 
a temporary problem raised by the re-armament 
programme. This is a short-sighted view; the 
problem is of permanent and growing importance. 
The policy of universal old-age pensions which has 
been adopted, coupled with the increasing average 
age of the population, is tending to throw a load on 
the younger generation which it may not be willing, 
or able, to bear. In so far as the load may be 
rejected, the standard of living will fall. This is 
already happening and, although there is much talk 
about its maintenance, it is, in fact, not being 
maintained. Partly as a result of steadily rising 
prices and partly because of the multitudinous 
controls which have been introduced in attempts 
to dominate an increasingly difficult situation, the 
amenities which the average citizen enjoys are 
being progressively restricted. The standard of 
living is affected by Government regulations, some 
of which may appear to generate more ills than 
those they are designed to control; basically, 





however, it is determined by the supply of goods and 


duced. In other words, it must work harder, and— 


6sq | Which is hardly less important—it must. do so 


without increasing the cost of production of the 
necessaries of life, not to mention that of the 
various amenities which have come to be regarded 
as almost-necessaries. 

There is a further factor in this matter, the 
long-term implications of which are probably not 
generally realised. Many, perhaps most, semi- 
developed and undeveloped countries are showing 
a tendency to insist on managing their own affairs, 
without outside tutelage ; some have attained that 
end. In the not distant future, that tendency will 
have a definite effect on the standards and amenities 
of what are usually known as Western countries. 
Many raw materials and many foodstuffs are 
obtained from these semi-developed or undeveloped 
countries and, under the management of their native 
populations, outputs and efficiency of development 
are likely to fall, at least for very many years. 
Supplies to other countries will be smaller than in 
the past and they will cost more, as exploitation 
will not be so efficient. Furthermore, developed 
countries in the past have to a considerable extent 
based their high standards of living on the low 
standards of living of some of the countries on 
which they have relied for raw materials and food. 
This state of affairs is not likely to endure; the 
producing countries will want to keep more of the 
proceeds. 

It was suggested above that, if the people of this 
country desire to maintain their standard of living, 
they must work harder; it might be added that 
they must also work longer, not only every weekday, 
but also over more years. One of the ways of 
combating a rise in prices of raw materials is to 
reduce the cost of handling and fabricating them. 
This is largely a matter of the organisation of 
industry, and particularly of the extent to which 
labour is prepared to co-operate in taking full 
advantage of modern possibilities. This aspect of 
the matter is actually of more importance than the 
question of the length of the working week, but, 
none the less, labour shortage is such that more 
goods would be produced and more services rendered 
if work was carried on over longer periods. This 
elementary fact was clearly illustrated by the intro- 
duction of the Saturday shift in the coal mines ; the 
practical benefit of which, incidentally, is partly 
nullified by the higher rates of pay attached to 
Saturday work. 

Although it is not likely to prove a major factor 
in increasing production and thus raising the 
standard of living, a useful contribution may 
possibly be made by postponing the age of retire- 
ment of more elderly persons. It has frequently 
been suggested that elderly manual workers*may 
remain longer at work, or may be attracted back 
to work, by setting them tasks of a lighter nature 
than those with which they were concerned in their 
prime. At first sight, this suggestion appears 
reasonable, but actually it is merely based on a 
general impression and not on any data showing 
that an elderly man set to a light task with which 
he was not previously familiar will prove a more 
effective producer than if he continues at his old 
heavier work. A recent investigation suggests that 
he will not. 

The question of the relation between skill, both 
manual and mental, and age is a highly complicated 
one. Broad overall generalisations could only 
usefully be based on large-scale experience extending 
over many years ; it is possible that that experience 
will ultimately become available. In the meantime, 
and in view of the conditions which even now are 
tending to induce older people to remain at work, 
it is useful that an experimental investigation should 
have been undertaken in an effort to establish some 
relationship between skill and age; if older people 
are to remain in industry, it is desirable that they 
should be employed as effectively as possible. Such 
an investigation has been undertaken by the Nuffield 
Research Unit into Problems of Ageing by means 
of a grant by the Nuffield Foundation to the Univer- 
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and the results obtained between that year and 


1948 are recorded in a recent publication.* 

This book describes a series of experiments carried 
out with groups of younger (under 30) and older 
people. The experiments were of the type associated 
with mental and dexterity tests, as, for instance, 
keeping a pointer, which could be moved from side 
to side by a handle, in line with a second pointer 
which was moved irregularly from side to side by 
the apparatus. The details of this and the other 
experiments cannot be given here, but the general 
result found was that the inferior performances of 
older people appeared to be due to slowness of the 
‘receptor ’’ mechanism, rather than the “‘ effector.” 
The book quotes, without approval, the criticism 
that ‘‘a psychologist is a person who tells you 
what you know already in language you can’t 
understand.’’ Some may think that the use of the 
words ‘‘ receptor ”’ and “‘ effector ”’ is an illustration 
of this. The point appears to be that older people, 
not unnaturally, were slower than the younger in 
weighing-up the implications of a new set of facts 
presented to them. 

There is, however, a further fact associated with 
“ greater” age and its greater past experience. This 
was illustrated by an experiment on logical thinking. 
The subjects were presented with a series of state- 
ments, some of which were apparently contra- 
dictory to others, They were required to say which 
statements were compatible with others and what 
overall deductions might be drawn. Broadly, the 
result of the experiment showed that an inability 
to draw conclusions from the data, especially an 
inability increasing with age, resulted in pre- 
conceived opinions influencing the answers, which 
became comments on the statements, and not logical 
conclusions drawn from them. This suggests that 
older subjects, when set a new task, may be ham- 
pered rather than helped by their greater past 
experience, and that they will be slower than the 
younger in learning a new task. In manual opera- 
tions, the difficulty may be in un-learning some 
previous sequence of operations. 

The academic experiments were followed up by 
a series of studies in industry. Twenty-four fac- 
tories were visited and data obtained referring to 
2,485 men and 736 women. The factory results 
will, no doubt, appear to many to be of more 
importance than academic tests, but these latter 
enable specific activities to be studied in a way that 
is not usually possible in the more complicated 
procedure of a workshop. It is, however, the 
factory results which may possibly have useful 
application in the present industrial situation, even 
though they are described as only “‘ preliminary.” 
Briefly, the conclusions are that the idea that older 
people should be moved from heavy to lighter work 
is, except for very heavy operations, not valid, 
especially if continuous effort is not required. 
pie | people are not so well suited when continuous 
rapid action is required and this is frequently the 
case With light operations. Evidence was obtained 
that older people were suitable for operations 
demanding high degrees of accuracy. As, in middle 
and old age, skill is more easily maintained than 
acquired, when older workpeople have to change 
their jobs it is of the greatest importance that 
‘*elements ”’ from the former skill should be trans- 
ferred to the new task. It is stated that the manage- 
ments of all the industrial concerns which were ap- 
proached showed themselves fully aware of the need 
for a better understanding of the problems of 
ageing. 

The work described in this book is a contribution 
to a subject that is certainly deserving of study, 
though we feel some ‘little doubt whether the 
inquiry has taken into account all the relevant factors. 
Apparently, the investigations are to continue, 
and, if so, it may be worth while to differentiate 
between those of retiring age who may be willing to 
continue at work, and those who have been in 
retirement for some time and wish to resume 
working—not necessarily in their old trade or 
industry. 





* Skill and Age. An Experimental Approach. By 
A. T. Welford. Published for the trustees of the 
Nuffield Foundation by Geoffrey Cumberlege, Oxford 
University Press, Amen House, London, E.C.4, [Price 
8s. 6d. net.) 


NOTES. 


Tue Brerapay Honovrs List. 

Tar names of those who have been created 
Knights Bachelor, announced in the Birthday 
Honours Lists published yesterday, include Dr. 
David Anderson, LL.D., M.LC.E., senior partner, 
Messrs. Mott, Hay and Anderson; Mr. Gerald R. 
Barry, director-general, Festival of Britain, 1951 ; 
Mr. Roger Duncalfe, chairman, British Standards 
Institution; Lieut.-General J. F. Evetts, C.B., 
head of United Kingdom Ministry of Supply staff 
in the Commonwealth of Australia; Mr. B. Guy 
Harrison, chairman, Messrs. Harrison and Sons, 
Limited (the printers of this journal); Mr. R. J. 
Hodges, general manager and secretary, Mersey 
Docks and Harbour Board; Dr. E. K. Rideal, 
M.B.E., F.R.S., Professor of Chemistry, King’s 
College, London; Mr. R. Snedden, C.B.E., general 
manager, Shipping Federation and International 
Shipping Federation; Dr. H. W. H. Warren, 
M.I.Mech.E., M.I.E.E., managing director, Asso- 
ciated Electrical Industries, Limited; and Mr. 
J. R. Young, director, Messrs. Vickers Limited, and 
Messrs. Vickers-Armstrongs Limited. The honour 
of K.B.E. has been conferred upon Sir F. W. 
Leggett, C.B., for services relating to the conditions 
of industrial employment and Mr. H. D. MacLaren, 
C.B., D.F.C., M.LE.E., director of electrical engi- 
neering, Admiralty. Other names of interest in 
the engineering industry will be given in our next 
issue. 


University GRADUATES IN INDUSTRY. 

Opportunities in industry, for university 
graduates in arts or economics, were the subject of 
a discussion organised jointly by the Federation of 
British Industries and London University which 
was held in the Senate House, Malet-street, London, 
W.C.1, on Tuesday, June 5. More specifically, the 
meeting was called to discuss the relationship 
between industry in the south-east region and the 
university of London. After being welcomed by 
the vice-chancellor, Professor Lillian M. Penson, 
LL.D., D.Litt., the delegates were addressed by 
Professor B. Ifor Evans, M.A., D.Litt., Principal of 
Queen Mary College, and Mr. Madron Seligman of 
the Aluminium Plant and Vessel Company, Limited, 
on the subject of a university education in arts as 
the basis for a career in industry. The former 
defended the study of arts subjects and particularly 
the humanities which, he said, were losing ground 
owing to the growing prestige of science and tech- 
nology. He thought that an arts degree course 
was an excellent training for the mind and that there 
were some special fields in industry where arts 
graduates could be usefully employed provided 
they were given the requisite vocational training. 
The latter, however, should not be undertaken by 
the universities. Mr. Seligman said that his firm 
was always ready to engage suitable arts graduates 
and train them for executive posts, but some 
difficulty had been experienced in persuading 
graduates of good quality to enter the industrial 
field. He thought that, for organisational duties, 
a graduate in arts was supefior to a technician, but 
he must have some knowledge of, and liking for, 
science and be interested in his firm’s products. 
During the second part of the meeting, the place of 
the university graduate in arts or economics, in 
the administration and management of industry, 
was discussed. The principal speakers were Mr. 
Lloyd Thomas of the Ford Motor Company, Limited, 
who gave details of his company’s trainee scheme, 
and Sir Alexander M. Carr-Saunders, M.A., LL.D., 
Litt.D., Director of the London School of Economics 
and Political Science. Sir Alexander stressed that 
there were many types and possible classifications 
of arts courses, some of which included subjects of 
direct consequence for industry. A course in 
economics provided a training intermediate in 
character between those given by courses in natural 
science and arts. Most students of economics were 
required to know something of statistical methods, 
a subject with many applications in industry. The 
value of a university training was that a student 
learned to work intensively, marshal facts, make 
objective analyses, approach questions with an 





open mind, form independent judgments, and under. 


stand and respect the truth. The measure of 
success achieved was a test both of intellect and 
character. He did not think that any one university 
faculty necessarily gave a better training than 
another in these fundamentals, The problem was 
never what to do with the brilliant student, who 
would inevitably follow his bent, but rather how 
to employ the much greater number of ordinary 
students. Some students thought that the mere 
possession of a degree entitled them to a senior post ; 
they must be disillusioned. At the same time, 
industrialists should recognise that many graduates 
were fairly ordinary persons who might be employed 
usefully by them, although they would never be 
suitable for the highest executive posts. 


PROFESSIONAL ENGINEERS AND THE “ CLOSED 
SHop.” 

The recent controversy in Parliament and else- 
where on the action of the Durham Educational 
Committee in requiring that all school teachers 
employed by them should be trade unionists appears 
likely to have its counterpart in another direction, 
since the borough of Edmonton, Middlesex, im- 
posed a similar condition in seeking to fill a vacancy 
for a borough engineer. The matter has been 
taken up by the Engineers’ Guild—membership 
of which consists exclusively of corporate members 
of the Institutions of Civil, Mechanical and Elec- 
trical Engineers. We reproduce below a letter 
which has been sent to the Clerk of the Edmonton 
Borough Council by the Council of the Guild. It 
reads : “‘ Sir,—I am directed by my Council to refer 
to the Conditions of Appointment which relate to 
the appointment of Borough Engineer and Sur- 
veyor to the Borough of Edmonton. One of these 
Conditions reads as follows : ‘ The person appointed 
shall during the term of his employment by the 
Council be and continue to be a member of a Trade 
Union affiliated to or specified by the Trade Union 
Congress or eligible for affiliation to the T.U.C. 
Failure to comply with this condition renders any 
employee liable to instant dismissal.’ The im- 
position upon professional engineers of compulsory 
trade union membership as a condition of employ- 
ment has been the subject of careful consideration 
by my Council, who have, as a result, published the 
following declaration of policy: ‘The Engineers’ 
Guild Limited, an Association of Chartered Civil, 
Mechanical and Electrical Engineers, considers 
that to require, as a condition of employment, that 
professional engineers be members of a trade union 
or any other organisation, apart from such as are 
recognised as conferring an appropriate professional 
qualification, constitutes an unwarrantable inter- 
ference with their professional and personal free- 
dom, and is contrary to the interests both of the 
engineering profession and of the public which it 
serves. Any attempt to impose such a condition 
of employment on members of the engineering pro- 
fession will be resisted by the Guild by every means 
which it can properly employ.’ I am, therefore, 
to ask, firstly, that you will place this letter before 
your Council, and, secondly, if my Council may 
have your assurance that professional engineers 
shall be exempt from the Conditions of Appoint- 
ment herein quoted. Yours faithfully, J. H. W. 
Turner, Honorary Secretary.”’ Copies of the letter, 
which is dated June 1, have been sent to the Minister 
of Transport and to the Minister of Local Govern- 
ment and Planning. 


SumMerR MEETING OF THE NEWCOMEN SOCIETY. 

The summer meeting of the Newcomen Society 
for the Study of the History of Engineering and 
Technology was held this year in South Lincolnshire, 
with headquarters at Boston; though it began on 
Wednesday, May 30, for about half of the party, at 
Grantham, where, by courtesy of Mr. J. L. Coltman, 
a visit was paid to the works of the Grantham Boiler 
and Crank Company. To see the construction of 
small boilers, by modern methods, was one purpose 
of the visit, but the main attraction, from the 
historical point of view, was the process of forming 
bent wrought-iron crankshafts. Normally this is 
done in a hydraulic press, but a demonstration was 
also given of the older method of forging the cranks 
by blows on the end of the shaft, imparted by 4 





steel tup, swung by a belt passing over a friction 
pulley. A short halt was also made at the works of 
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Messrs. Ruston and Hornsby, Limited, to inspect 
an early Hornsby-Akroyd engine ; a Stockport two- 
stroke gas engine of the 1878 type, by J. E. H. 
Andrew; and two Bisschop vertical gas engines. 
The evening of the same day was devoted to a 
reception, at Boston, by the President, Dr. C. H. 
Desch, F.R.S., and Mrs. Desch, after which Dr. 8. B. 
Hamilton presented the results of his researches 
into the career of Captain John Perry (1670-1732), 
the engineer who, inter alia, closed the Dagenham 
breach in the bank of the Thames. On the follow- 
ing morning, a visit was paid to the Municipal 
Buildings, where the Town Clerk, Mr. C. T. Hoffrock- 
Griffiths, had arranged a display of the Borough 
archives, the silver mace, and, among other items, 
the two silver oars which are borne in procession 
on ceremonial occasions in token of the Mayor’s 
office of Admiral of the Port of Boston. The party 
then proceeded, under the guidance of Mr. R. H. 
Clark, A.M.I.Mech.E., to Messrs. Soames’s brewery 
at Spalding, to see a table engine, made about 
95 years ago by William Tuxford and Sons, Boston ; 
a steam hoist of unusual design, by the same firm ; 
and some early gas engines. The afternoon was 
devoted to two visits, namely, to the March pump- 
ing station of the Deeping Fen, Spalding and 
Pinchbeck Internal Drainage Board (by permission 
of Mr. Edwin G. Taverner, the Board’s engineer), 
and to the Gentlemen’s Society at Spalding. The 
pumping plant at March, consisting of a beam 
engine, built in 1833, driving a scoop-wheel, is 
believed to be the last of its kind in working order ; 
it was shown under steam for the occasion. The 
Spalding Gentlemen’s Society, a historic foundation 
dating back to 1710, possesses a library and museum 
containing many rare books and objects of interest, 
which were shown to the members ky Mr. G. W. 
Bailey, the secretary. On the evening of May 31, 
the annual dinner of the Newcomen Society was 
held in the White Hart Hotel, Boston, the Mayor 
(Councillor J. P. Roe, J.P.) and the Town Clerk 
being the principal guests. It was followed by two 
papers: one, by Mr. Rex Wailes, M.I.Mech.E., 
F.S.A., dealing with the windmills of Lincolnshire 
and with the now extinct manufacture of woad, 
and the other, by Mr. Ronald Clark, with the 
engineering history of Boston and district. The 
morning of Friday, June 1, was spent at Sibsey, 
where the windmill (a former six-sailed mill with 
two sails removed) was seen at work, and also a 
Marshall portable engine, of the circular-firebox 
type; and at the engineering works of Mr. J. H. 
Rundle, New Bolingbroke, where particular interest 
was taken in a number of traction engines—one, a 
Brown and May machine, sufficiently dated by its 
name of “‘ General Buller ”’—and a portable cupola, 
which supplied the iron foundry. In the afternoon 
the tour was continued as far as Aswardly, where 
the watermill was seen at work; this mill was 
stated to be the only one still grinding in Lincoln- 
shire—a distinction which it should retain for some 
time yet, as the wheel was renewed as recently as 
1948. This visit concluded the official programme, 
but a number of the members remained in Boston 
until the following day and took the opportunity to 
visit the docks—one of only three systems which 
are still municipally owned—the Grand Sluice on 
the River Witham, etc. 


British Piastics EXHIBITION AND 
CONVENTION. 


The first exhibition representing the whole of the 
British plastics industry was opened on the morning 
of Wednesday, June 6, by the President of the 
Board of Trade, Sir Hartley Shawcross, K.C., M.P. 
The British Plastics Exhibition and Convention, 
which is being held at Olympia, has been organised 
by the journal British Plastics, with the approval 
of the British Plastics Federation ; it will remain 
open until June 15. Although it is known that the 
thortage of sulphur is affecting the whole plastics 
industry, and shortages of cotton and benzine are 
also having adverse effects on the production of 
plastics, Sir Hartley Shawcross, in his opening 
speech, was optimistic about the supply of raw 
materials for plastics. Production of raw materials 
in the United Kingdom, he said, was to-day five 
times greater than in 1938; and when the new 
oil-cracking plants, now being erected, came into 


operation, further sources of essential materials 
would become available. There are 97 firms show- 
ing; the exhibits fall mainly into three classes— 
plastic materials, manufactured products, and plant 
and equipment. Among the exhibits may be 
mentioned a large combined extruding and moulding 
machine ; a new hydraulic pre-forming press, shown 
in conjunction with a radio-frequency heater ; high- 
vacuum equipment for metal-coating and lacquering 
plastics ; and a display showing a ship’s cabin lined 
with laminated wood and finished with a plastic 
varnish. The Convention, which is being held in 
conjunction with the Exhibition, was opened on 
Wednesday afternoon by Sir Ben Lockspeiser, 
K.C.B., F.R.S., Secretary of the Department of 
Scientific and Industrial Research. After pointing 
out that there was no possibility that synthetic 
materials could substantially affect the world 
supply of basic materials, Sir Ben reviewed some 
of the developing fields of application for plastics, for 
example, sheathing for communication cables ; water- 
supply piping ; aircraft structural materials, such as 
the filling for plywood ‘‘ sandwich ” construction, 
and metal-to-metal bonding ; components for radio 
and electrical installations ; moving parts in textile 
machinery ; optical lenses; anti-friction bearings ; 
etc. The Convention comprises 15 sessions at which 
36 papers are being presented. The morning sessions 
are intended for technologists in the plastics indus- 
try; the afternoon sessions are of a more general 
character dealing with the application of plastics 
to particular industries. In addition, a film show is 
given each afternoon, at 5 p.m., which members of 
the public are invited to attend. 


Fur. Inpustrizs RESEARCH aT LEEDS 
UNIVERSITY. 


The blending of reactive materials such as peat 
with Yorkshire coking coals, before carbonisation, 
has been carried out for some years past on a 
laboratory scale in the Department of Coal Gas and 
Fuel Industries with Metallurgy of the University 
of Leeds. The results have proved encouraging 
and work on a larger scale has continued. in his 
latest report, covering the two sessions 1948-9 and 
1949-50, Dr. A. L. Roberts, Livesey Professor of 
Coal Gas and Fuel Industries at the University, 
states that the blending experiments have been 
extended to lignite and that, in the production of 
reactive fuels for domestic use, such blended 
materials offer advantages. An investigation of a 
process for the removal of organic sulphur com- 
pounds from coal gas prior to the removal of hydrogen 
sulphide has been concluded. It has been demon- 
strated that the process is technically possible but, 
unfortunately, its adoption in practice is stated to 
be unlikely at present owing to the expense 
involved in the renewal of the catalyst. In the 
report for the 1947-48 session, which has also been 
published recently, it was stated that work 
was in progress to find a cheaper catalyst, but 
apparently this has not yet borne fruit. Two pro- 
cesses which it is claimed will completely and con- 
tinuously remove hydrogen sulphide from a gas 
stream have been evolved. Fluidised beds of iron 
oxide are employed, and it is stated that a work’s 
trial of the process is to be the next stage in the 
investigation. In addition to research on fuels, much 
work is done on refractories in the Department. 
An example of this is the special study made of 
the silica minerals, cristobalite and tridymite, each 
of which has now been shown to exist in several 
forms. The effect of re-hydrating decomposed 
clay minerals by treating them with steam at high 
temperatures and pressures in an autoclave has 
been investigated, and it has been found that 
dehydrated kaolinite can be largely re-hydrated by 
this means. A general survey of the constitution 
and properties of a series of representative alumino- 
silicate refractories has also been made and new 
light thrown on the progressive improvement in 
properties which accompanies an increase in the 
aluminium-oxide content of these materials. In 
the metallurgy section of the Department, in addi- 
tion to research work of a fundamental nature, an 
investigation has been commenced on the high- 
temperature properties of copper-aluminium alloys 
to which age-hardening additions have been 





made. 


ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


VII.—Exuisirts at THE SoutH Bank 
EXHIBITION. 


Tue structures and buildings at the South Bank 
Exhibition, described in previous articles in this 
series, are readily enumerated; but the exhibits 
chosen to illustrate the several themes are multi- 
farious in the extreme and are to be found in the 
most unlikely places. For example, there is a 
universal measuring machine in the Lion and 
Unicorn pavilion. This, however, is one of the 
characteristics of the exhibition; the designers 
have deliberately cut across the barriers of industrial 
specialisation and have sought display themes in 
apparently unclassed subjects. The arts jostle 
with the sciences in a way tnat only lively imagina- 
tions could conceive. 

In the main, most of the exhibits of engineering 
interest are in the following buildings : the Country 
(agricultural machinery), Minerals of the Island 
(mining, iron and steel, etc.), Power and Production 
(electrical plant, machine tools, etc.), Sea and Ships, 
Transport and Communications (rail, road, air and 
marine) and the Dome of Discovery. The number 
of “live” exhibits is comparatively small, except 
in the Transport and Communications section, 
partly, at least, owing to the restricted space at the 
South Bank. Great use is made of models, ‘‘ mock- 
ups,”’ illuminated displays, and the like. No one is 
obliged to follow the sequence adopted in the official 
guide book and catalogue, but, for anyone who 
wants to see virtually everything it is the only 
practicable way. It is, in any case, impossible to 
observe everything ina day. The natural sequence 
is followed in this review of the exhibits. 


AGRICULTURAL MACHINERY. 

Farming is still the premier industry of tbis 
country and it is, therefore, fitting that this review 
should open with the agricultural machinery in the 
Country Pavilion. Great Britain to-day can claim 
the most highly mechanised and, possibly, the 
most efficient farmed countryside in the world. 
Many factors have played a part in bringing 
about this unique situation but underlying it all 
has been, and always will be, the British farmer 
whose inherent skill, good husbandry and sound 
common sense have ensured that the machines 
developed by the engineers have been put to proper 
use. Tribute should also be paid to the Royal 
Agricultural Society, which has for many years 
encouraged the use of machinery on the land and, 
by its system of implement trials and award of 
medals, etc., for new implements, has provided the 
farmer with a safe guide and, at the same time, 
encouraged the designers. 

Pride of place in the exhibition has been given to 
tractors, as shown in Fig. 76, on Plate LIII; and 
rightly so, as their introduction revolutionised farm- 
ing and made possible the present high degree of 
mechanisation. Originally introduced to replace 
horses, they have since been developed to such an 
extent that they have become “ maids of all work ” 
on the farm, performing an endless variety of tasks. 
The introduction of mounted implements, in which 
the implements and the tractor work together as 
an integral unit, represented a distinct advance in 
tractor farming. This system was pioneered largely 
by Mr. Harry Ferguson and due credit is paid by 
showing a potato spinner, a steerage hoe and a 
Leverton rear tool-bar, all of which have been 
designed specifically for use with the Ferguson 
tractor, the last-named item being fitted to a 
tractor in the pavilion. The Ford Motor Company, 
Limited, Dagenham, have, of course, done much 
towards the successful development of farm tractors 
and they are represented at the Festival by a Ford- 
son Major tractor fitted with a Ford-Ransome three - 
furrow mounted plough, a root harvester and a 
three-furrow disc plough, the latest addition to 
their large range of mounted implements. More 
recently, Morris Motors, Limited, Oxford, have taken 
up the manufacture of farm tractors and the display 
of wheeled tractors is completed by their Nuffield 
Universal tractor fitted with a three-furrow mounted 





plough. 
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Until comparatively recent times, Britain did 
not produce any appreciable number of track- 
laying tractors. Fortunately, this position has 
been largely rectified during the past few years 
and several firms are now producing such machines, 
which are represented at the exhibition by a Track- 
master tractor made by Messrs. David Brown 
(Tractors), Limited, Huddersfield. This machine is 
powered by the manufacturers’ four-cylinder Diesel 
engine developing 25 belt-horse-power at 1,600 
r.p.m. The transmission comprises a Borg and 
Beck clutch, a three-speed gearbox with high and 
low ratios giving six speeds in all, the usual form of 
spiral-bevel drive to a rear cross-shaft and final- 
reduction side spur gears. Controlled-differential 
steering is employed, this system being designed so 
that at no time during a turn is either of the 
tracks locked. 

One of the outstanding advances made in agricul- 
tural engineering during recent years has been the 
development of beet harvesters ; had such machines 
not been perfected, it is doubtful whether the large- 
scale growing of sugar beet would have proved so 
economical, This type of machine is represented 
at the exhibition by a sugar-beet top ‘‘saver,” 
designed and constructed by the Catchpole Engi- 
neering Company, Limited, Bury St. Edmunds. 
This machine is illustrated in Fig. 83; when at 
work, it holds the beet firmly during the topping 
operation, accomplished by two horizontally dis- 
posed discs, and, as the top is severed, the crown is 
pierced by spiked “‘ picker’’ wheels. These are 
arranged so that they run eccentrically to the 
**feeler’’ wheels which hold the beet during the 
topping operation and, as the picker wheels move 
into the “‘feeler’’ wheels, the tops are discharged 
into an elevator and subsequently into a trailer 
drawn alongside. The machine is driven from the 
tractor rear power take-off, the outstanding feature 
being that the beet tops are harvested without 
touching the ground and are, therefore, fit for silage, 
ete. 

Other harvesting machinery on show includes a 
grass cutter designed specifically for use with the 
David-Brown tractor, and a combined side-rake 
and tedder. The latter machine, manufactured by 
Messrs. W. N. Nicholson and Sons, Limited, Newark, 
is unusual in that the tines are driven from the 
rear power take-off instead of from the land- 
wheels. The machine is adjustable for height of 
working and, in accordance with latest practice, 
the land wheels are fitted with pneumatic tyres. 
No form of grain-harvester is being shown, probably 
because this class of machinery was not developed 
entirely in Britain. On the other hand, eminently 
satisfactory machines of this type are manufactured 
here, and in view of the tremendous part that 
reaper-binders and, later on, combines have played, 
and are still playing, in agriculture, it is surprising 
that room has not been found for some form of 
grain harvester. 

By no means, however, have developments been 
confined to harvesters, as equally important ad- 
vances have been made with planting machines. 
Foremost among these, of course, is the grain drill, 
which enables the seed to be sown evenly at a 
uniform depth «nd has virtually replaced hand 
sowing. In recent years, machines have been de- 
veloped which “‘sow” fertiliser with the grain, 
thereby placing it where it can do most good, and 
this development has received due recognition by 
the showing of an Albion combined grain and fer- 
tiliser drill made by Messrs. Harrison, McGregor 
and Guest, Limited, Leigh, Lancashire. This 
machine has two separate hoppers, one for the grain 
and the other for the fertiliser, and is designed so 
that the depth of drilling may be adjusted according 
to conditions, It is, of course, not always possible or 
convenient to ‘‘sow ”’ fertilisers, so, in addition to 
the grain and fertiliser drill, an automatic artificial- 
manure spreader, developed by Massey-Harris, 
Limited, Manchester, is also being shown. A notable 
feature of this machine is the provision made for 
folding the two outer sections of the hopper inwards 
so that the overall width can be reduced for purposes 
of transport. 

Important developments have also been made 
with potato planters and a wide variety of such 
machines, capable of accurate spacing, is now 





available. This type of equipment is represented 
by the Robot three-row planter made by Trans- 
planters (Robot), Limited, St. Albans, and designed 
so that it can be attached to the hydraulic-lift link- 
age of a normal tractor. Like the grain drill, this 
machine is also capable of distributing fertiliser and, 
working at a speed of one acre an hour, it opens the 
furrow, plants the seed, delivers the fertiliser and 
ridges-up in one operation. An advantage of the 
machine is that, at the end of a row, the complete 
unit can be raised by means of the hydraulic lift, 
thus saving time on the headlands. The row 
widths can be varied and the planting depth altered, 
the latter adjustment being effected by the lift 
linkage. 

Considerable thought has been given lately to the 
development of horticultural implements. In the 
course of a year the horticulturist often grows 
more than one crop on the same piece of land ; 
furthermore, he usually requires deep tillage and his 
tractor is generally expected to perform on a 
reduced scale all those operations carried out by the 
larger farm tractor. As a consequence, some 
extremely versatile horticultural implements have 
been produced which, by a simple system of inter- 
changeable parts, can perform a wide variety of 
tasks. Two implements have been chosen to repre- 
sent this class of machine, namely, the Hoe-Matl and 
the Bantam. The Hoe-Matl, which is produced by 
B.M.B. Products Division of Brockhouse Engineering 
(Southport), Limited, is intended primarily for row- 
crop work but its range of operations includes 
ridging, disc-cultivating and seeding, to mention but 
a few. Furthermore, a 30-in. cutter bar can be 
installed at the front of the machine, thereby 
rendering it useful for cutting grass in confined 
spaces. The standard machine is fitted with 20-in. 
by 4-in. pneumatic tyres and the wheel track is 
adjustable between the limits of 14 in. and 21 in. 

The Bantam machine, illustrated in Fig. 84, 
opposite, is manufactured by Rotary Hoes, Limited, 
East Hordon, Essex, and has been designed for 
market gardeners with small holdings, or even for 
private gardens where the size justifies the expendi- 
ture. Basically, the machine is a rotary cultivator 
in which a number of steel blades project from a 
horizontally-mounted power-driven rotor, so dis- 
posed that, as the blades rotate, they break up the 
soil. Although primarily a rotary cultivator, the 
machine is designed so that the rotating tines can be 
removed as a unit and replaced by a lawn-mower 
cylinder or by a normal tool bar for cultivating 
between rows. It can also be fitted with a cutter bar 
for grass cutting in orchards, etc., while other fit- 
ments include a power take-off for driving a hedge 
trimmer, saw bench, etc. Rotary cultivation, how- 
ever, is by no means confined to horticulture, as 
Rotary Hoes, Limited, are also represented by a 
much larger machine of this type, known as the 
Rotavator, designed for use behind a Nuffield 
Universal tractor. In principle, the unit operates 
in the same manner as the smaller machine, but in 
this case the rotor is supported from the rear- 
implement linkage of the tractor and is driven from 
the rear power take-off. Although the same in 
principle as the smaller machine, it can, of course, 
only perform the one operation. 

Ploughing and harrowing still remain the most 
popular method of preparing a seed bed. There 
are, of course, many different types of plough and 
those on show can only be regarded as a representa- 
tive cross-section. Nevertheless, space has been 
found in the exhibition for a reversible, or one-way, 
plough, that shown being a prototype model made 
by Messrs. Fisher, Humphries and Company, 
Limited, Pershore, and based on a design evolved by 
the National Institute of Agricultural Engineering. 
One-way ploughing, although common on the 
Continent, has not received the attention it merits 
bere. It certainly has several advantages as it 
dispenses with the marking out of fields and reduces 
idle running on the headlands to a minimum; 
furthermore, the formation of ridges is avoided and, 
on hilly ground, all the furrows can be turned uphill 
with consequent reduction in soil erosion. It is 
gratifying to see that the work done by the National 
Institute of Agricultural Engineering towards the 
evolution of a satisfactory one-way plough has been 
duly recognised. 





MINERALS OF THE ISLAND. 


From agriculture}to minerals—a logical sequence 
reflecting, in the emphasis on coal, the prime source 
of Britain’s industrial wealth and achievements, 
There is a flame-proof Diesel locomotive, made by 
the Hunslet Engine Company, Limited, Leeds, who 
have been prominent in this class of work for a 
number of years; and the present endeavour to 
achieve a higher degree of mechanisation in the coal 
mines is illustrated by a Meco-Moore cutter-loader, 
made by the Mining Engineering Company, Limited, 
Worcester, and by a “mock-up” of a Samson 
stripper, which is made by Messrs. Mavor and 
Coulson, Limited, Glasgow. In addition, there are 
several items of electrical, telephonic and illumina- 
tion equipment for use in mines. 

Prominent in the iron and steel section of the 
Minerals of the Island pavilion are four scraper- 
board portraits of Abraham Darby, who first 
smelted iron with coke in 1709 ; Sir Henry Bessemer 
and Sir William Siemens, the steelmaking pioneers ; 
and Sir Robert Hadfield, who discovered the pro- 
perties of manganese and silicon steels. Probably 
considerations of space ruled out such figures as 
Benjamin Huntsman, Henry-Cort, Sidney Gilchrist 
Thomas, David and Robert Mushet, and Harry 
Brearley. The main features of iron and steel- 
making processes are shown by illuminated coloured- 
glass mural diagrams, and there are also excellent 
models of a blast furnace, open-hearth furnace, and 
ore-crushing and screening installations, provided 
by the United Steel Companies, Limited, Sheffield. 
Among the finished products are ball and roller 
bearings shown by the Ball and Roller Bearing 
Manufacturers’ Association, stainless-steel house- 
hold and hospital equipment produced by various 
manufacturers, a turbine rotor of heat-resisting 
steel, and a series of assorted springs displayed by 
the Coil Steel Spring Federation. Depicting the 
use to which metals are put are several machines, 
including a sectioned Diesel engine made by Messrs. 
F. Perkins, Limited; a water heater shown by 
Ascot Gas Water Heaters, Limited; a diaphragm 
pump, model DMF 100, made by Girdlestone 
Pumps, Limited, and an electric washing machine 
with electric pump and wringer, manufactured by 
the English Electric Company, Limited. 


PowER AND PRODUCTION. 


In the light of present conditions, electrical 
engineering is adequately, if not overwhelmingly, 
represented in the Power and Production building. 
As in the other buildings, the products have been 
selected to illustrate the story of British achieve- 
ment, and may be described as doing this both 
directly and indirectly. The direct exhibits include 
those of actual plant, but mainly consist of models, 
which show how electricity is generated, distributed 
and controlled throughout the country. The latter, 
and larger portion, shows how it is used, but there 
is some risk that the part it plays in driving machine 
tools, silk weaving looms and in glass manufacture, 
as well as in operating plastic presses and in testing 
both raw and finished products, may be subordinated 
to the interest aroused in these actual processes, 
especially when the machinery is shown in action. 
This, however, is in itself a tribute to the skill of 
electrical engineers in integrating the motors 
and control gear with the machine that is being 
operated. In any event, the display as a whole 
provides an outstanding illustration of one great 
change which has taken place in power production 
since 1851. In the Great Exhibition of 1851 the 
electrical exhibits were confined to telegraph instru- 
ments, among them, it may be noted, a magnetic- 
electric telegraph entered by W. T. Henley. This 
instrument, of which examples were at work in the 
Welwyn tunnel of the then Great Northern Railway 
and on the Scottish Central Railway, was awarded 
a gold medal for the ‘“‘ingenious application ot 
magnetic electricity to the purpose of electric 
telegraphs.” This W. T. Henley was, of course, 
the founder of the well-known firm of cable makers 
which still bears his name and has been responsible 
for supplying the electric cables with which the 
Royal Festival Hall is wired. 

Among the actual equipment, as distinct from 
models, which can be seen, mention may be made 
of the 3,500-MVA 275/300-kV “‘Shuntare”’ oil 
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Fig. 84. 


circuit-breaker, which is exhibited by the British 
Thomson-Houston Company, Limited, Rugby, 
outside the Dome of Discovery. Details of this 
switch have already been published in ENGINEER- 
ING,* but it may be recalled that it consists of 
three identical single-pole units, which are coupled 
together by operating rods and links to form a three- 
pole equipment. As will be seen from Fig, 78, on 
Plate LIV, an unusual shape of tank has been adopted 
so that it has been possible to reduce the oil volume by 
about 30 per cent. compared with that necessary 
when a conventional cylindrical tank is used. 
Operation is by compressed air and, to ensure 
rapidity in opening and closing, all the linkages in 
the internal mechanism have been made as simple 
as possible and ball bearings and stainless-steel pins 
have been widely employed. Full use has also been 


* See ENGINEERING, vol, 167, page 413 (1949). 














“ Bantam” Rotary Cuttivator ; Rotary Hogs, Limi1rep. 


made of high-tensile steel, special laminated wood 
and light alloys, so that the weight is reduced 
without any sacrifice of mechanical strength. 

The development of British electrical generating 
plant, which is one of the features of the exhibits 
in the Power and Production building has, of course. 
to be illustrated mainly by the use of models. 
These include a seven-eighths scale model of a Metro- 
politan-Vickers 60-MW turbo-alternator, which has 
been designed for operation at a steam pressure of 
900 Ib. per square inch and a temperature of 
900 deg. F. The model is shown in the background 
of Fig. 77. Adjacent to this is a sectional drawing 
of a similar machine and, by way of contrast, a work- 
ing drawing of Watt’s beam engine of 1788. The 
actual construction of a steam turbine is illustrated 
by a bladed disc exhibited by Messrs.:C. A. Parsons 
and Company, Limited, Newcastle-on-Tyne, while 
water-power turbines of the impulse type are repre- 





sented by a 17,500-h.p. runner shown by the 
English Electric Company, Limited, Kingsway, 
London, W.C.2. This runner has been in operation 
at the Tongland station of the Galloway Water 
Power Company. 

Opposite the model of the Metropolitan-Vickers 
turbine on the gallery of the Power and Production 
building is a control room which, though on a 
reduced scale, is similar in its apparent features to 
those in various centres of the British Electricity 
Authority ; it is illustrated in Fig. 79, on Plate LIV. 
This room, shown in operation, enables visitors to 
appreciate how instructions regarding loading, fre- 
quency, voltage and power factor, as well as the 
shutting down and starting up of plant, are issued 
from a central point to power stations and line engi- 
neers. In this way, transfers of energy between the 
various areas can be effected and the maximum use 
is made of the higher efficiency plant. These func- 
tions are carried out by the aid of wall diagrams 
which show all the circuits and items of plant and 
equipment in their correct relative positions and 
condition, and by telephone messages to points on 
the system. In the case of the model control room 
at the South Bank, the necessary apparatus for 
purposes of communication has been supplied by 
the Automatic Telephone and Electric Company, 
Limited, Liverpool, 7; the General Electric Com- 
pany, Limited, London, W.C.2; Standard Tele- 
phones and Cables, Limited, London, W.C.2; and 
Messrs. Creed and Company, Limited, Croydon. 

The transmission side of the electricity supply 

industry is well represented by samples of cables 
supplied by the Cable Makers’ Association, although 
there seems to be only one example of that important 
piece of equipment, the transformer, in the shape of 
a small pole mounting unit provided by the British 
Power Transformer Company, Limited, Ponders End. 
The cables include lengths of the new 264-kV trans- 
mission cable, as well as of a 132-kV three-phase oil- 
filled cable and a 33-kV three-phase gas-filled cable. 
There are also several cables for lower voltage 
circuits, so that the whole range of products in this 
branch of the industry is well represented. A 
reminder of the plant required for the manufacture 
of such cables is provided by the model of the new 
factory, in South Wales, of Brynmawr Rubber 
Limited, while the design of submarine cables is 
illustrated by the exhibit of Submarine Cables, 
Limited, 22, Old Broad-street, London, E.C.2. 
“The earliest application of electricity other than 
for communication purposes was, of course, for 
illumination. It is therefore fitting that space in 
the Power and Production building should be 
devoted to this subject. The exhibits include 
examples of Swan’s early lamps, provided by the 
Edison Swan Electric Company, Limited, London, 
W.C.2, and a selection of more modern lamps and 
their components shown by the Electric Lamp 
Manufacturers Association, 2, Savoy-hill, London, 
W.C.2. Among the latter are a 3-kW lighthouse 
lamp, while at the other end of the scale is a medical 
micro-lamp, shown by Down Brothers and Mayer 
and Phelps, Limited, London, 8.E.1. The exhibits 
also include a number of lighting fittings produced 
by various firms well known for this class of work. 

In addition to the motors and control equipment, 
which form an essential part of the machines in 
this part of the exhibition, fractional horse-power 
motors, which are now receiving a wide application 
both for industrial and domestic purposes, are dis- 
played by Tilling Stevens, Limited, Maidstone, and 
Opperman Gears, Limited, Newbury, while small 
switches of various kinds, measuring instruments 
and fuses are also on view. 

Electrical switchgear is fittingly represented in 
the Power and Production pavilion by a 250-MVA 
11-kV horizontal draw-out metal-clad unit, which 
was manufactured by Messrs. A. Reyrolle and Com- 
pany, Limited, Hebburn, Co. Durham. This may 
be regarded as « lineal descendant of the equipment 
which was introduced by the firm as long ago as 
1906, and, with its oil circuit-breakers, is typical of 
a range which is being widely used for controlling 
generators, transformers and feeders and for 
sectioning and coupling ’bus-bars. The circuit- 
breaker tank and hood and the cable dividing box 
of the unit shown are provided with Perspex 
windows; so that the construction can be seen. The 
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oil circuit-breakers have two breaks per phase, 
which are fitted with turbulators for controlling 
the arc. When the switch is opened, each moving 
contact travels vertically downwards in the turbu- 
lator chamber, which is vented transversely by a 
series of slots. The gas and oil are forced out 
through these openings by the pressure generated 
by the arc, so that a strong de-ionising effect is 
produced. Operation is effected either by a spring 
or direct-current solenoid. Interlocks and other 
safety devices are incorporated to prevent incorrect 
operation. In the Minerals of the Island pavilion, 
the same firm are showing examples of their flame- 
proof switches which are made for use in the mining 
industry. 

Features of the metals section in the Power 
and Production pavilion are the general excellence 
of the models and the space given to the various 
exhibits. The latter may be viewed from several 
angles in comfort and, although they are intended 
for non-technical visitors, engineers and metal- 
lurgists will find much of interest. The display 
includes such products as rolled and polished sheets 
and other rolled products of various metals, and 
wire, steel castings with patterns, gravity and 
pressure die castings in various metals, stampings 
and an illuminated representation of a red-hot steel 
ingot. All the leading steel and non-ferrous metal 
firms are participating, among them the English 
Steel Corporation, Limited, Messrs. Richard Thomas 
and Baldwins, Limited, Messrs. Thomas Firth and 
John Brown, Limited, Messrs. Firth Derihon 
(Stampings), Limited, the British Aluminium Com- 
pany, Limited, the Northern Aluminium Company, 
Limited, Imperial Chemical Industries, Limited, 
Metals Division, the Mond Nickel Company, 
Limited, Davy and United Engineering Company, 
Limited, and Messrs, Dorman, Long and Company, 
Limited. A particularly fine working model of a 
6,000-ton forging press is shown by Davy and United 
Engineering Company, Limited, while other models 
indicate the operation of rolling mills and wire- 
drawing and similar metal-working plants. There 
is also a small Titan cupola installed by the Con- 
structional Engineering Company, Limited, in 
which the skilful use of coloured glass tubing and 
other illuminated objects give the visitor quite a 
good impression of the tapping of liquid iron from 
the cupola into a ladle. The sphere of metals 
research, however, appears to us to be inadequately 
represented. On quite a narrow stand, three testing 
machines of small size are shown, namely, a Houns- 
field tensile-testing machine and an impact-testing 
machine, supplied by Tensometer, Limited, and a 
Denison creep-testing machine. Two hanging spring 
balances by Messrs. George Salter and Company, 
Limited, are also on view, while in small niches are 
shown a few broken magnesium-alloy creep-test and 
other specimens. Taking into consideration this 
country’s considerable contributions to metal testing 
in all its forms, and the hundreds of investigators 
engaged on the subject in various laboratories in 
many parts of the country, it is felt that something 
rather more ambitious might have been attempted. 

The metal-working section in the Power and 
Production pavilion opens with a series of photo- 
graphs and portraits relating to the British pioneers 
in this branch of engineering ; they include Joseph 
Clement (planing machine), Richard Roberts (back- 
geared lathe), John Wilkinson (boring mill), Henry 
Maudslay (screwcutting lathe) and Sir Joseph 
Whitworth (measuring machines, gauges and surface 
plates). Close to the entrance to the pavilion is the 
16-in. high-speed centre lathe shown in Fig. 80, on 
Plate LIV. This machine is made by Messrs. 
Craven Brothers (Marchester), Limited, Stockport, 
and is shown in use. The same firm have also 
supplied the table-type horizontal boring, facing, 
milling and drilling machine which is illustrated in 
Fig. 85, on this page. It is made in four sizes, 
designated according to the diameter of the spindle, 
namely, 34 in., 4} in., 5 in. and 6 in. The spindle 
and faceplate can be run together at the same speed 
or separately at different speeds. Feeds can be 
set to read either in inches per revolution of the 
spindle, or faceplate, or in inches per minute, and 
can be applied to the spindle, the facing slide, the 
spindle slide vertically and the work table longi- 
tudinally or transversely. Quick power traverse 
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is also included for each of these motions. The 
table can be rotated manually or under power. 
The machine embodies several interlocking and 
safety features and a range of accessory equipment 
is also made. 

An impression of the products of metal working is 
given by such exhibits as pumps made by Mono 
Pumps, Limited, Manchester, and Gwynnes Pumps, 
Limited, London, W.6; a 20-h.p. vertical twin- 
cylinder Diesel engine of the air-cooled type, made 
by Messrs. Armstrong Siddeley Motors, Limited, 
Coventry; and a controllable-pitch marine pro- 
peller made by Messrs. J. Stone and Company, 
Limited, Deptford. In the main hall of the Power 
and Production building, a general view of which 
appears in Fig. 77, on Plate LIII, there is a stand 
where a demonstration is being given of instrument 
making, in particular draughtsmen’s instruments ; 
this has been arranged by Messrs. W. H. Harling, 
Limited, London. Other sections in the building 
deal in a general way with woodworking, rubber and 
plastics. 

In the central area of the hall there are several 
interesting machines at work, including a plastic 
moulding press, an Axminster-carpet loom, a centri- 
fugal spinning machine, a rubber-vulcanising press 
and a wire and strip forming machine. The latter 
is illustrated in Fig. 81, on Plate LIV, and is made 
by Messrs. Heenan and Froude, Limited, Worcester. 
The type M.1.4 machine, as it is known, is universal 
in its applications; it is capable of producing a 
wide variety of forms direct from coiled wire or 
strip metal, according to the forming tools required. 
It is unusual in that the forming slides are arranged 
radially round a circular vertical face, and in the 
fact that the angular position of these slides can be 
altered instantly. The machine has a capacity of 
10 s.w.g. wire diameter, and § in. width of strip ; 
the maximum feed is 5in. The rubber vulcanising 
press, shown in Fig. 82, on Plate LIV, is made by 
Messrs. David Bridge and Company, Limited, 
Rochdale. It is fitted with two electrically-heated 
platens, 24 in. squre, and the maximum load is 
130 tons. The maximum platen temperature is 
150 deg. C. 

The ‘“‘ freestanding ’’ exhibits in the Power and 
Production building include a tractor made by 
Messrs. Ransomes, Sims and Jefferies, Limited, 





Ipswich, a flour roller mill made by Messrs. Henry 
Simon, Limited, Stockport, and a heavy-duty 











Fie. 85. Tasie-Type HorizontaL Bortnae Macuine; Messrs. CRAVEN BROTHERS 
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Diesel engine made by Messrs. Ruston and Hornsby, 
Limited, Lincoln. This engine, which is shown in 
Fig. 86, opposite, is typical of modern medium- 
power Diesel engines. It runs at 1,000 to 1,500 
r.p.m. and develops from 50 to 112 brake horse- 
power, though in the exhibition it is rotated at 
20 r.p.m. to show the working. 


(To be continued.) 





THE TIN RESEARCH INSTITUTE. 


THE International Tin Research and Development 
Council was founded in 1932 by the tin producers of 
Malaya, the Netherlands, Bolivia, the Belgian Congo, 
Nigeria and French Indo-China, to take the place of 
an earlier Tin Research and Industrial Applications 
Committee formed in 1927. The purpose of the Council 
is to carry out research into the uses and applications 
of tin and to provide technical advice and assistance to 
industries and manufacturers using the metal. To 
fulfil this purpose the Council established the Tin 
Research Institute at Fraser-road, Greenford, Middle- 
sex, where it was decided, in 1937, to erect a labora- 
tory. This was opened in December, 1938, and, at 
the outbreak of war in 1939, much of the scientific 
work of the Tin Research Institute was reaching @ 
stage at which facilities for semi-industrial scale 
investigations were required to prepare new or improved 
processes for application in industry. Consequently, 
as soon as sible after the conclusion of hostilities, 
the Council decided to build large extensions to the 
premises in Fraser-road, and the first stage of this 
programme has now been completed the new labora- 
tories being opened by H.R.H. The Duke of Gloucester, 
K.G., on May 31. 

The newly-completed rooms are equipped as general- 
metallurgical, heat-treatment, and corrosion-testing 
laboratories, and provide also a new and enlarged 
library and additional office space. In spite of building 
operations, research work has been proceeding steadily 
at the Institute and, among recent developments, 
perhaps the most interesting is the invention of 
new tarnish-resistant tin-nickel electroplating process. 
The deposit consists of an alloy containing about 65 per 
cent. of tin and 35 per cent. of nickel, and a feature 
of the process is that the coating is deposited bright 
and requires scarcely any polishing. It is hard and 
resistant to scratches, has a faint rose-pink colour and 
is stated to remain untarnished even under bad weather 
conditions. At the Institute, a good deal of work on 
the new process has been done in a 120-gallon plating 
vat and numerous articles, including motor-car and 
cycle accessories, tableware, locks and hinges, shop- 
fittings and decorative hardware, have been plated 
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and tested. The electrolyte used consists of chlorides 
of tin and nickel with added fluorides, and separate tin 
and nickel anodes are employed. The process is con- 
ducted at a temperature of 65 deg. C. Work is also 
proceeding on the established tin-zinc and speculum 
plating processes. In the former,a coating containing 
about 78 per cent. of tin and 22 per cent. of zinc is 
deposited to protect steel against corrosion, and, in the 
latter, a white deposit for use indoors, containing about 
40 per cent. of tin and 60 per cent. of copper, retains its 
lustre for long periods. 

Much work is carried out in the hot-tinning workshop, 
which contains three full-size hot-tinning pots and one 
oil pot, measuring 18 in. by 22 in. by 18 in. deep. 
Each tin pot contains about 15 cwt. of metal. The pots 
used for tinning mild steel or cast iron are gas fired, 
while that used for tinning non-ferrous metals is 
electrically heated; all the pots are thermostatically 
controlled. Research on _ electro-tinplate is also 
proceeding. An apparatus which has been designed 
in the laboratory to simulate conditions in modern 
high-speed electro-tinplate manufacturing plants has 
recently been completed. It will be used for studying 
the effect of the quality of and methods of preparing 
the steel, and the plating conditions on the quality of 
the resultant electro-tinplate. In the apparatus, as 
at present set up, the steel plate to be tinned is station- 
ary and the electrolyte is passed over it and a tin anode, 
as this is simpler than causing the steel specimen to 
travel at speed through the electrolyte. 

In addition to corrosion tests, microscopic work, 
polarographic and other forms of chemical analysis, 
much mechanical testing work is done, chiefly on 
tin-base bearing alloys. Five rotating-load fatigue- 
testing machines have been installed recently. They 
are designed for the testing of tin alloys at temperatures 
up to 200 deg. C. The specimen is a cantilever sub- 
jected to rapidly alternating stress, applied by a revolv- 
Ing eccentric weight and recorded automatically. A 
typical test involves 100 million reversals of stress over 
& period of about three weeks. Installed in a specially- 
constructed sound-proof room are two modified 
Underwood bearing-testing machines, designed for 
testing bearings under conditions similar to those in 
which the big-end bearings of a motor car or Diesel 
engine operate. The bearings under test are mounted 
in two connecting rods in the centre of the machines. 
The shaft carries eccentric weights and, when rotated 
at high speed, subjects the bearings to alternating 





loads. During a test, the temperature of the oil is 
controlled and recorded and the load on each bearing 
is measured by strain gauges. 





ANNUALS AND REFERENCE BOOKS. 


The Aeroplane Directory of British Aviation, 1951.— 
From the 1950 edition onwards, the Society of British 
Aircraft Constructors have recognised the Aeroplane 
Directory as the official directory to the British aircraft 
industry. This, however, constitutes only one part of 
this valuable handbook, which sets out, with con- 
siderable success, to be a complete guide to British 
Service and civil aviation in all its aspects and including 
a section entitled ‘‘ Who’s Who in British Aviation,” 
which aims at including every notable personality 
connected with aeronautics either in a flying, technical 
or administrative capacity. Returning to the directo 
of the British and Empire aircraft industries, which wi 
probably be the most useful section to readers of this 
journal, it is classified under various headings, such as 
aircraft constructors, aero-engine constructors, aircraft 
components and accessories, materials, tools and work- 
shop equipment, etc.; within these classes, firms are 
arranged alphabetically, their principal executives, 
addresses, and associate companies are given, and in 
the case of ancillary firms, a brief summary of their 
activities is given. The book, which is indispensable 
to anyone in frequent contact with the aircraft industry, 
is edited by Mr. W. C. M. Whittle, and is published by 
Temple Press, Limited, Bowling Green-lane, London, 
E.C.1, at a price of 15s. net. 

Catalogue of Lewis’s Medical, Scientific and Technical 
Lending Library.—No introduction is necessary to the 
lending library which was established in the year 
1848 by H. K. Lewis, primarily for the medical pro- 
fession, but has been expanded to cover a wide range of 
technical subjects. Librarians, research workers and 
students are well aware of the value of this institution. 
The present catalogue has been revised to December 31, 
1949, and comprises an index of authors and titles, a 
classified index of subjects with the names of authors 
who have written upon them, and an alphabetical list 
of subject headings. Books published after 1949 are 
recorded in bi-monthly lists. The catalogue is available 
at a price of 17s. 6d. to library subscribers, and 35s. 
to others, from H. K. Lewis and Company, Limited, 
136, Gower-street, London, W.C.1. 





SOME UNSOLVED PROBLEMS IN 
CIVIL ENGINEERING.* 


By G. A. MaunsEL1, B.Sc. (Eng.), M.1.C.E. 


A CONSIDERABLE number of major problems in the 
present century have a bearing on engineering, and a 
surprisingly large number of them seem to derive 
from that very wonderful and comparatively modern 
thing we call science. In dealing with the theme 
which has been allotted to me, the path that I propose 
to follow has a historical trend ; but first I would ask 
your consent to consider three present-day problems 
which have not been mentioned by previous James For- 
rest lecturers. These problems have to do with, firstly, 
the big part that the engineer is very soon going to 
have to play in bringing the uncultivated parts of the 
earth into cultivation ; secondly, a certain improve- 
ment in land fertility that the engineer should con- 
trive ; and, thirdly, a minor problem dealing with the 
methods pursued by British engineers when trading 
abroad. 

Having dealt with these three present-day problems, 
I propose to to an examination of engineering 
problems that have been mentioned by earlier lecturers. 
There are five or six such problems that I shall recall ; 
they are the storage and transmission of power, the 
need for new and improved constructional materials, 
the prevention of corrosion, the conservation of fuel in 
Great Britain, and how to provide the engineer with a 
serviceable outfit of mathematical tools. That will 
bring me to two final problems which are more of a 
philosophical nature, namely, the problem of the 
proper relationship between science and engineering, 
and the problem of the engineer’s own attitude towards 
his profession. 

The first of the present-day problems has to do with 
food production. The world is faced with a crisis. 
The root cause of the crisis is the extraordinary increase 
in world population. Where, in early Roman times, 
it is supposed that 100 million people were alive, the 
population to-day is in the neighbourhood of 3,000 
million and the population graph, in spite of wars and 
famines, is rocketing upwards in a most alarming way. 
At the same time, there is an upward regrading of the 
standard of life that is being everywhere attempted, 
if not achieved. Then, again, unoccupied land for 
growing food, land which is naturally ished with 
the essential concomitants for plant growth, namely, 
good soil, sufficient rainfall, ample sunshine and a 
suitable range of temperature in the growing season, 
is no longer to be found. 

The situation is, therefore, compounded of three 
main factors: firstly, a world population of unpre- 
cedented size advancing in geometrical progression ; 
secondly, a world-wide demand for a higher standard 
of living; and, thirdly, the fact that almost all the 
available areas of land where crops can be grown 
naturally without preparation have already been taken 
up and put into service. A fourth factor which differ- 
entiates the present situation from anything ever 
experienced before is the mobility of population and 
the mobility of foodstuff supplies made possible by 
modern transport. Food shortages of the future is 
no longer a regional trouble to be settled by local 
famine, but rather a threat that all people everywhere 
may be reduced to a level of bare subsistence, such as 
has prevailed in parts of India over long periods. 
That is a grim prospect. 

Anyone who has had to take transcontinental 
journeys by air is bound to be impressed by the limited 
areas of the earth’s land surface which are under 
cultivation and the comparatively large areas which 
are not. Great potentialities for food production 
could be created in some of the desert areas and in the 
tropical rain forest areas; but before these territories 
can produce very much they require more or less 
intensive preparation, and a great part of that prepara- 
tory work is of a kind which must be done by civil 
engineers. Developments at present inconceivable will 
doubtless have to be embarked upon. Much could be 
achieved, for example, if, by some process, sea water 
could be made suitable for irrigation. Methods of 
inducing rainfall by charging the atmosphere with 
water vapour have also been suggested. 

While on this subject of food supply, there is this 
other problem of retaining soil fertility. The problem 
is how the engineers can make restitution from the 
injury they have, through their modern sanitation, 
inflicted upon the balance of fertility by depriving the 
soil of those waste products which ought to return to 
it. It is true that methods of sewage treatment and 
disposal have been devised and are in successful use 
in many places, whereby the valuable waste products 
are not thrown away into the sea, but are preserved 
and put back into the land. Unfortunately, such 
systems do not seem as yet to be generally acceptable: 





* James Forrest Lecture to the Institution of Civil 
Engineers, delivered at a meeting held in London on 
April 14, 1951. Abridged. 
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The problem is to make them so much more acceptable, 
and indeed preferable, to the other unnatural and waste- 
ful systems as to reverse the present one-way traffic 
whereby the human inhabitants are made to perpetrate 
the folly of taking everything they can out of the land 
while putting nothing back. 

The third modern problem that I should like to men- 
tion is relatively a small matter, in that it mainly 
affects, in a professional sense, the members of this 
Institution. It relates to the prospects of British 
engineers who are seeking to be engaged on work 
overseas. The British system has been, and is, that 
the prospective owner or promoter of works engages 
the services of a consulting engineer to do his designing 
and advisory work, the said engineer being also em- 
ployed during the construction period to supervise 
and control the activities of a contractor who does the 
work. This system worked very well in the days 
when most pioneering efforts abroad were being 
financed out of the 300/. million favourable annual 
balance of British trade; but to-day the British con- 
sulting engineer and the British contracting firm no 
longer find themselves in the happy position of being 
backed by a monopoly of unassailable British financial 
interests. British engineers to-day have to do the 
pioneering without such backing, and they have also 
to meet the competition of foreign firms (largely 
American) who are backed by dollar interests and who 
are able to draw upon great resources of engineering 
plant and engineering material in the United States. 
These foreign firms operate upon a different system, 
a system which, although not perhaps really so advan- 
tageous from the owner’s or the client’s point of view, 
has the advantage of being easier to understand and of 
greater appeal to the foreign mentality. 

This is the system whereby our foreign competitor, 
assuming the dual role of consulting engineer and 
contractor offers to do everything, to investigate every- 
thing, to build and supply everything that the client 
needs, so as to produce an electric power station, or a 
hydro-electric project, or whatever it is that the client 
wants. It is evident that the successful overseas 
adventure of British civil-engineering contractors and 
engineers is a matter of importance to this country 
from the point -* view of the export drive, and if the 
British engineers are to hold their own in the present 
and future conditions it may be that they will have 
to amend their methods of trading. 

This completes my excursion into the realm of 
topical problems and it is now proposed to confine 
attention only to those problems which have been 
referred to by previous James Forrest lecturers. In 
delving into the previous lectures, there are some 
circumstances that impress the investigator. The 
first of these is the fact that the lectures were delivered 
before this Institution, which, during those 50 years, 
was undoubtedly the leading engineering society in the 
world. 

The next thing that stands out is that these lectures 
were delivered in Great Britain, a country which, during 
those 50 years, or for a part of the time at any rate, 
can be said to have led the world in science and engineer- 
ing. They were delivered, moreover, during a period 
in which there seems to have been more development 
and more incident than-ever occurred in any other 
50-year period of human history. The lectures were, 
moreover, delivered by people some of whom were 
themselves the authors of, or largely responsible for, 
the extraordinary technical development they des- 
cribed. One such was Senator Marconi, another was 
Sir Dugald Clerk, who nursed the internal-combustion 
engine. There was also Sir Robert Hadfield, the 
pioneer of special steels, and Colonel Crompton and 
Professor Elihu Thompson, pioneers of the electrical 
industry. The lectures did, therefore, represent the 
outcome of a momentous period. 

The unsolved engineering problem theme is by no 
means a new one. There was a period of seven conse- 
cutive years, namely, 1903 to 1909, during each of 
which the Council postulated that the lecture should 
deal with unsolved problems in one or other branch of 
engineering. In approaching this series of lectures, it 
was natural to expect to rediscover a rich mine of the 
problems which existed at that time. 

In this expectation I was disappointed. 
exception of Colonel Crompton, the lecturer on un- 
solved problems in elect7ical engineering in 1905, the 
other lecturers of the series-seem to have dealt not so 
much with unsolved problems as with problems which 
they themselves had helped to solve, or, at any rate, 
which were well on the way to being solved. 

Whatever the reason why the six other lecturers 
side-stepped their remit, it is refreshing to find that 
the late Colonel Crompton had no inhibitions. He 
came forward boldly with at least four most interesting 
electrical problems, two of which have been satisfac- 
torily solved since the date of his lecture, and two of 
which have not yet been solved, or at any rate, not 
solved in the way he wanted. 


(To be continued.) 
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LABOUR NOTES. 


EmPLoyYEzs in British engineering establishments are 
expected to press new wage claims for an all-round 
increase of at least 20s. a week in the near future. 
This was made known by Mr. Jack Tanner, the Presi- 
dent of the Amalgamated Engineering Union, during 
the course of an address to a rally of members of the 
Union at Belle Vue, Manchester, on Sunday last. 
The rally was held in celebration of the centenary of 
the formation of the Amalgamated Society of Engineers, 
out of which the present Amalgamated Engineering 
Union, with a membership strength of about 815,000, 
has been developed. Mr. Tanner stated that the 
Union had an engineers’ charter and that, in another 
two weeks, its national executive committee would 
undoubtedly decide to make demands for further 
increases. 





It must be realised by all, Mr. Tanner declared, that 
production was related to better planning, better 
equipment and greater efficiency. The greater the 
production, the greater reason was there for demanding 
for the employees a larger share of what was produced. 
“* Let us see to it,” he continued, “that the cost of 
the goods produced is so reduced that the increased 
production will benefit a vast number of people in this 
country, namely, the employees.” He pointed out 
that, out of every seven workpeople in Britain, one 
was at the present time engaged in the engineering 
industry, and that that industry contained a greater 
number of employees than any other industry in the 
country. As a result of rearmament, the number of 
employees therein was likely to be increased still 
further in the near future. 





In an announcement made at the close of the rally, 
Mr. Tanner stated that when the Union’s annual con- 
ference met at Brighton on June 18 it would discuss 
motions on wages, ranging from demands for an overall 
increase of 2/. a week to requests for an extra 6d. an 
hour. What the ultimate decision of the conference 
would be could not be foretold, but Mr. Tanner felt 
confident that the demands put forward would be for 
not less than an extra 20s. a week all round. The 
A.E.U. is one of the 37 unions belonging to the Con- 
federation of Shipbuilding and Engineering Unions, and 
it may be expected that any decision on wages reached 
at the Union’s annual conference will be referred to the 
Confederation for discussion, in the first instance, in 
order that a uniform policy can be agreed upon for 
presentation to the employers’ organisation. It may 
be remarked, however, that the influence exerted by 
the A.E.U. on the Confederation is very considerable, 
owing to the large proportion of its members who are 
affiliated to the Confederation. 





Complaints regarding the unsatisfactory position of 
members of the Association of Supervisory Staff, 
Executives and Technicians, in view of the continual 
shrinkage of the differential between the earnings of 
supervisors and operatives, were referred to on June 2 
and 3 at the annual conference of the Association at 
Filey, Yorkshire. The President of the Association, 
Mr. J.. H. Williams, considered that employers should 
not expect to obtain efficient personnel to fill technical, 
managerial or supervisory positions, unless they were 
prepared to pay them salaries in proportion to the res- 
ponsibilities attached to these posts. A resolution was 
subsequently passed, by a small majority, recommend- 
ing that claims should be drawn up in each industry and 
in every works, pressing for a differential for foremen 
and supervisors of not less than 20 per cent. above the 
earnings of the persons under their supervision. 





Attention was also drawn, at the conference, to the 
frequent rises in the cost of living and it was resolved 
to recommend that the principle of merging cost-of- 
living bonuses in basic salaries should be generally 

opted. The view was expressed that retail prices 
woul rise sharply during the course of the present 
year, owing to the “negative attitude which the 
Government was pursuing.” Mr. Williams complained 
of the existence of too many middlemen between 
producer and consumer and claimed that the position 
in this respect was such as to warrant a public inquiry 
into “all costs on specific articles right from the con- 
sumer to the producer.” Criticisms were also made 
regarding the attitude of some local managements in 
certain nationalised industries which, it was alleged, 
sought to put obstacles in the way of supervisors join- 
ing their trade union. The Association’s general 
secretary complained of the non-arrival of parcels, 
containing papers connected with the conference, 
which had been collected by British Railways a week 
previously. 








Some 5,802,500 persons received increases in their 
basic full-time weekly wages during the four months 
from January to April, 1951. The cost of these 
increases amounted altogether to a weekly total of 
2,242,7001. net. The Ministry of Labour Gazette for 
May contrasts these figures with the increases granted 
during the first four months of 1950, when 2,246,500 
workpeople received net increases in their basic full- 
time weekly wages amounting to only 366,2001. in all. 
Between January and April, 1951, 1,097,000 employees 
in the building and contracting industry received 
increases amounting to 553,7001. a week, 904,500 
operatives in the transport and communications 
industry obtained increases totalling 381,0001., 578,000 
persons in the textile industry were awarded advances 
aggregating 204,600/., and 406,000 workpeople engaged 
in mining and quarrying received increases amounting 
to 147,5001. Another industry which benefited sub- 
stantially during the period was the vehicle-manufac- 
turing, in which 302,000 employees secured advances to 
a total of nearly 132,000/. a week. 





Wage increases during April were estimated by the 
Ministry of Labour to amount to a total of 360,0001. a 
week and to benefit about 1,102,000 workpeople. In 
the main, these increases affected persons employed 
in the iron and steel industry, the gas industry, the 
furniture-manufacturing industry, and in certain 
sections of the tailoring trade. Employees in a large 
variety of other industries and trades also shared in 
the advances in weekly wages conceded during April, 
including operatives in the electrical-installation indus- 
try, the pottery industry, the carpet-manufacturing 
industry, in waterworks undertakings in England and 
Wales, and in the wholesale grocery and provision trade 
in England and Wales. In the iron and steel industry, 
there was an increase of about 84d. a shift for men in 
most districts, as a result of a rise in the index of retail 
prices and a revision of the sliding-scale arrangements 
based on the index. For operatives in the electrical- 
installation industry, there were increases of 4d. an 
hour for journeymen in the London area and of 3d. 
an hour in other areas. Adult mates in that industry 
in England, Wales and Northern Ireland received im- 
provements in their pay varying from 2}d. to 34d. an 
hour, according to the area in which they work. 





Industrial disputes in progress in the United King- 
dom increased in intensity during April, when there 
were 190 stoppages, with 46,100 workpeople involved 
and 153,000 working days lost, compared with 156 
stoppages during March, with 36,800 workpeople in- 
volved and 145,000 days lost. During April, 1950, 
there was a total of only 133‘strikes and, in these, 
35,500 persons were concerned and 159,000 days were 
lost. The Ministry of Labour records that there were 
565 industrial disputes during the four months from 
January to April last and that a total of 128,500 persons 
took part in them and lost an aggregate of 715,000 
working days. These figures compared with 509 indus- 
trial disputes in progress during the first four months 
of 1950, in which 101,500 employees were involved and 
a total of 441,000 days lost. 





Warnings that the advantages of increased produc- 
tion could easily be thrown away by industrial discord, 
were given by Mr. Alfred Robens, the Minister of 
Labour and National Service, in an address at Whitley 
Bay, Northumberland. He stated that he was “ not 
happy ” about the increasing trend of discontent which 
had manifested itself during the early months of the 
present year and appealed to employees everywhere to 
be on their guard against those “ evilly-disposed ” 
men who seek to encourage industrial disputes of all 
kinds for purposes of their own. Such men, although 
they pretend to be the friends of the workpeople, are 
in reality, he stated, their enemies. He asked his 
hearers to watch these people very carefully, to seek 
them out, and to expose them for the troublemakers 
they were. 





Mr. Robens stated that he had never examined the 
reasons for industrial disputes without discovering 
that, if common sense had been used and a sincere 
discussion had taken place, the dispute need not have 
arisen at all. The final end of every stoppage was 
round the conference table. Was it not common sense, 
therefore, that both sides should start round the con- 
ference table? He quoted figures showing that, 
during the five months from January to May of the 
present year, the number of days lost through indus- 
trial disputes had exceeded 750,000, although the total 
for the corresponding five months of 1950 had been less 
than 500,000 days. Adequate discussion and joint 
consultation was the answer. In conclusion, he under- 
took to do everything in his power to promote peace in 
industry, for without it everyone in the country would 
inevitably suffer. 
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PHOTOELASTIC LABORATORY AT THE N.P.L. 
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PHOTOELASTIC LABORATORY AT 
THE NATIONAL PHYSICAL 
LABORATORY.* 


By A. F. C. Brown, B.Sc., A.M.I.Mech.E., and 
V. M. Hickson, B.Sc. 


A PHOTOELASTIC section has been set up recently 
in the Engineering Division of the National Physical 
Laboratory. The aims of the section are twofold : 
firstly, to provide facilities for photoelastic stress 
analysis and, secondly, to assess the value of some of 
the known methods, and perhaps to improve them or to 
develop new methods. In order that the reasons for 
the choice of particular equipment may be appreciated, 
a brief review will be given of existing photoelastic 
techniques and of the information which can be 
obtained from them. 

A first essential is an accurate and convenient 
optical bench, with provision for the use of plane or 
circularly polarised light. This can be used for the 
well-known two-dimensional photoelastic methods 
developed by Cokert and also for the examination of 
slices cut from three-dimensional models when the 
* frozen-stress *’ method is employed. This technique, 
developed more recently by M. J. Hetenyi,t depends 
on the ability of certain plastics to retain a stress dis- 
tribution after undergoing a heating and cooling cycle 
under load. Slices cut from a three-dimensional model, 
treated in this way, can be made to yield valuable 
information in cases where an analytical solution is not 
practicable. 

In two-dimensional problems, the lines of principal 
stress difference, or isochromatics, which are seen in a 
photoelastic stress pattern, often give the designer all 
the information he requires. This is because the 
principal stress difference is equal to twice the maximum 
shear stress, which may itself be a useful criterion of 
failure. Moreover, the maximum shear strain energy 
(Mises-Hencky) criterion, which is generally accepted 
as being applicable to ductile materials, does not differ 
much from that of the maximum shear stress. Further 
information arises from the fact that, all along the 
unloaded boundaries of the model, one principal stress 
follows the contour while the other is zero. Hence, 
the stress pattern for a two-dimensional model gives 
the value of the direct stress, tensile or compressive, 
all along the unloaded boundaries. This is particularly 
useful when the part represented is subject to fatigue 
loading, in which case failure is likely to begin as a 
Surface crack originating in a region of high tensile 
stress. Separation of the principal stresses within 
the boundary is sometimes necessary, as in the case of 
brittle materials, where a knowledge of the maximum 
principal stress is desirable. This can be effected in a 
number of ways for the two-dimensional case, and a 


useful summa f met i 
Frankl § ry of methods has been given by E. K. 
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Communication from the National Physical Labora- 
tory. «Abridged. 


+t A Treatise on Photoelasticity. By E. G. Coker and 
L. N. G. Filon (1931), 


+ Applied Mechanics, vol. 5, page A149 (1938). 
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The isochromatics in a slice cut from a three-dimen- 
sional model give the difference of the principal stresses 
resolved in the plane of the slice. If the slice is cut 
in a plane of symmetry, the principal stress difference 
gives one of the principal shear stresses. This alone 
may provide the designer with sufficient information. 
——— of the three principal stresses is difficult 
unless the case is one where the directions of the stresses 
are known. H. T. Jessop* has shown that the Lamé- 
Maxwell equations can be applied to a plane of sym- 
metry in a three-dimensional model to separate the 
principal stresses, using only the normal data obtained 
from the photoelastic bench. V. M. Hickson, in an 
article to be published shortly in the British Journal of 
Applied Physics, shows how Drucker’s oblique incidence 
method can be used to evaluate the surface stresses in 
a completely unsymmetrical case. 

How far the requirements of a photoelastic labora- 
tory have been met at the National Physical Labora- 
tory will be shown by the following description. The 
space allotted for the laboratory is 20 ft. by 12 ft. 6 in., 
with good natural lighting. A disadvantage is the 
fixed pillar shown in the plan in Fig. 1, herewith, but 
it was decided to make this the corner of a small com- 
bined darkroom and polishing room, partitioned off 
from the main laboratory. the windows are fitted 
with dark blinds so that the daylight can be completely 
obscured. The optical bench, at first a temporary 
wooden structure and later a welded steel bed, is placed 
lengthwise in the room, so that a large image can be 
thrown on to a screen on the wall without resorting to 
the use of lenses of unduly short focal length. The 
bench is placed so that access is free to it on all sides, 
and electric and compressed-air supplies are brought 
to it underneath the floor. In a corner of the main 
laboratory there is a wooden bench on which stands the 
electric oven used for frozen-stress work. Artificial 
lighting is provided by three overhead lights, one of 
which, located over the bench, is controlled by a ceiling 
switch from a position which is convenient when adjust- 
ments are being made. 

The darkroom, which is shut off by a light-tight 
sliding door, is intended mainly for developing the 
photographs of photoelastic patterns, and its close 
proximity to the bench is a great convenience. The 
darkroom also contains a 12-in. lapping machine, such 
as is used for the working of glass or quartz. Cast-iron 
laps are used, with various grades of Aloxite for smooth- 
ing such photoelastic sheet materials as are not obtain- 
able in a highly finished state, and for the preparation 
of slices cut from three-dimensional models. Any 
final polishing which may be necessary is effected with 
a woollen cloth, stuck to one of the iron laps and fed 
with rouge and water. Since long periods have often 
to be spent in the dark, a ventilation system is very 
desirable in a laboratory of this nature. This need is 
met by fitting 2 small fan to extract air from the 
darkroom, inlets above the sink admitting air to the 
darkroom from the laboratory. Cool air from the 

-way enters the laboratory through louvres 
above the two doors, thus ensuring a satisfactory 
circulation of air in the working spaces. The passage- 





* Jl. Scientific Instruments, vol. 26, page 27 (1949). 





way outside is sufficiently wide to accommodate a small 
workbench as well as cupboards for apparatus, tools, 
etc. 
Figs. 2 and 3, on page 702, show the general arrange- 
ment of the bench, which has a light field 6 in. in dia- 
meter. The main frame consists of a welded box-girder, 
12 ft. long, made from channels and flats with the top 
surface planed flat within 0-01 in. Two lengthwise 
grooves are machined in the top surface, one of which, 
together with the flat surface, provides a bearing for the 
geometrically-mounted lens carriers. The second groove 
can also be used with the lens carriers turned end to 
end, thus providing a means of centring the com- 

ments. The girder is mounted on three welded-steel 
legs, with adjustable feet for levelling. 

The arrangement of the optical components can be 
seen from the diagram of the bench in Fig. 1. The 
light source m, a 1,000-watt compact-source mercury- 
vapour lamp, is contained with the heat filter h, and 
the light filter f, in a naturally ventilated container 
which occludes the unwanted radiation. The heat 
filter, a disc of Chance’s ON20 glass, specially pre- 
pared for absorbing infra-red rays, removes sufficient 
of the heat to prevent damage to the optical com- 
ponents. The filter f, a Wratten No. 74 green filter, 
is normally used for quantitative work. When a 
white light-source is needed, the mercury light is 
generally used unfiltered, the complete lamp-house 
being changed on the rare occasions when a true white 
source is needed. Lens J, provides a collimated beam 
of light through the polariscope p, q;, 2, @, Which is 
spanned by the loading frame containing the model 
under examination ; p is the polariser, g, and q, are 
the quarter-wave plates, and a is the analyser. The 
lens system /, 1, is used to focus the model plane on to 
a screen, either on the bench or on the wall of the 
laboratory. 

For photography, plates are simply mounted in a 
plate carrier c on the bench, the laboratory being dark 
enough for there to be inappreciable fogging under 
normal conditions. Ilford ortho half-tone plates are 
used, with exposures of the order of 0-1 to 1 second. 
A shutter, s, is placed at the focal point of the lens 
system, and this also carries a diaphragm which is 
useful for excluding unwanted reflections from the 
many glass surfaces. The lenses are adjustable by 
three translational and two rotational motions, no 
rotation about the optical axis of the bench being 
necessary. The manner in which translation and 
rotation on the vertical and transverse horizontal axes 
are effected will be clear from Fig. 4, on page 702. The 
carriers can be firmly clamped to the bench when 
adjustment is completed. j 

The model loading frame can be seen in Figs. 2 
and 3. It is capable of exerting a load of 1,000 lb., 
either tensile or compressive, in a vertical direction 
and it permits horizontal and vertical movement of the 
model while it is under load. The frame can also be 
rotated about a vertical or transverse horizontal axis 
to ensure the best possible definition of the boundaries 
of the model. The frame was originally designed 
large enough to accommodate a whole sheet of the 
American Bakelite BT61 893. Though this material 
is less used now at the N.P.L. than it was, and other 
materials in larger sizes are obtainable, this size limita- 
tion has not so far proved to be a serious drawback. 

Load is applied to the model by means of com- 
pressed air from the Laboratory air mains. The way 
in which this is done is shown diagrammatically in 
Fig. 5, on page 702. The lower end of the model, a, is 
attached to the inner sliding frame bcde. Its upper 
end is fixed to a cylindrical bar f, which is guided by 
flat steel spokes to move only in a vertical direction. 
Load is applied to f through the plate g, to which 
metal bellows are soldered so as to form annular spaces 
above and below it. Thus, if air is admitted to the 
space h, tension is exerted on the model, and if to the 
space i, compression results. Since the metal bellows 
have appreciable stiffness, the pressure of the air in 
the loading space cannot be used as a measure of load 
unless the bellows are returned to their original unde- 
flected state. This is effected by turning the capstan- 
wheel nut, j, until the electrical contacts, k, indicate 
that this condition is fulfilled. The capstan wheel 
also serves as a coarse adjustement to allow the inser- 
tion of models of different lengths. 

The central lead-screw, which is firmly attached to 
the body of the air loader, supports the weight of the 
whole inner frame from an adjusting nut, J, which 
serves to raise or lower the model. It bears on an 
outer frame mnop which is free to be moved side- 
ways under the action of a second lead-screw, not 
shown in the diagram. The loads are read on two 
standard pressure gauges, one for tension and the other 
for compression, calibrated directly in pounds by 
applying known loads with a lever and dead weights. 
The accuracy of loading is within 1 per cent. The 
control valves for the air circuits can be seen in Fig. 2 
and the method of load adjustment in Fig. 3. This 
methdd of loading has proved very satisfactory in use, 
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particularly as regards its smoothness and ease of 
control. 

The polarising equipment comprises two discs of 
Type Il Polaroid and two mica quarter-wave plates, 
ali mounted between thin plate-glass discs. To 
minimise reflection at the glass surfaces in contact with 
the Polaroid and mica, a layer of medicinal paraffin is 
used. This is preferable to cementing the sheets, 
because it makes assembly easy and introduces no 
constraint on the delicate films. The mounted com- 
ponents are housed in metal rings, which can be turned 
for initial adjustment. These fit into two larger rings 
running on three small ball bearings, the polariser and 
first quarter-wave plate before the model, the second 
quarter-wave plate and analyser behind. The large 
rings are coupled by a flexible wire drive so that they 
rotate together. The complete polariscope is illus- 
trated in Fig. 6, opposite. The coupling is con- 
venient when isoclinics are required, since a single 
adjustment only is necessary to give any required 
angle. For isoclinics, the quarter-wave plates, which 
are located by spring-button stops, are turned through 
45 deg., so that their principal axes lie in the planes 
of polarisation. The coupling of the components is 
also convenient for compensation by the method of 
H. L. Tardy.* 

If the retardation is required to be accurately mea- 
sured at a point in a stress pattern, the polariscope is 
first set for plane-polarised light and rotated until the 
isoclinic falls across the point under consideration. 
The polariscope is then locked to prevent rotation and 
the quarter-wave plates are returned to their normal 
position for circularly polarised light. In the Tardy 
method, the analyser is rotated separately till the 
adjacent fringe of :ower order is brought to the measur- 
ing point. The angle in degrees which the analyser 
has been turned through, divided by 180 deg., then 
gives the fraction of a fringe to be added. The whole 
number of fringes must be determined separately by in- 
spection or by the use of a compensator such as the Babi- 
net or the ‘ bent-beam ” compensator described below. 

In the polariscope illustrated, there are special 
facilities for the use of the Tardy method. Two 
separate scales are provided, a degree scale which 
registers the rotation of the coupled components, and a 
second scale which only comes into operation when 
tbe analyser is rotated to read fractions of a fringe. 
This scale has 100 divisions instead of 180 for the half 
revolution, so that each division corresponds with a 
hundredth of a fringe. 

Fig. 7, opposite, shows an inclined viewer constructed 
for tracing isoclinics or the examination of stress 
patterns. It consists of a sheet aluminium structure 
sontaining a plane mirror inclined at 45 deg. to the 
optical axis of the bench. The mirror throws an image 
up to 15 in. square on to a sheet of tracing paper 
stretched over a sheet of plate glass. The mirror and 
screen can be rotated so that the image can be horizontal 





5 ane = 
Revue d’Optique, vol. 8, page 59 (1929). ' 
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Fie. 4. ApsusTABLE LENS HOLDER. 


and viewed from above, or inclined so that it can be 
viewed from either side of the bench. 

A useful addition to the equipment of the laboratory 
has been a special photometer designed to improve 
the accuracy of compensation measurements, i.e., the 
measurement of retardations corresponding with 
fractional parts of a fringe. This instrument, a detailed 
description of which, by the present authors, has been 
published already,* was intended primarily for use 
with the Tardy method of compensation, but can be 
used with separate compensators such as the Coker or 
Babinet. These compensators depend on counter- 
balancing a retardation, to be measured, with a super- 
imposed known retardation. In all compensation 
methods, the correct setting is indicated by a partial 
extinction of the light, such as occurs with a crossed 
polariscope, and this condition is normally judged 
visually. By using a photocell for determining the 
best degree of extinction, the sensitivity of compen- 
sation can be improved tenfold and retardations az low 
a8 550 fringe can be easily detected. 

The photocell and its accompanying electrometer 
valve are housed in a metal box behind the wall screen 
shown in Fig. 1. It records on a portable galvanometer 
standing on a bracket at the side of the bench, which can 
be seen in Fig. 2. The photoelastic pattern is thrown 
on to the screen at a magnification of about 10: 1 and 
a small aperture in front of the photocell is brought 
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to the required position, either by moving the model 
or the screen. The smallest aperture to give sufficient 
sensitivity has a diameter of 0-03 in., and this corre- 
sponds with a circle on the model, 0-003 in. in diameter. 
It is thus possible to examine the stresses in small 
models and slices of three-dimensional models in detail. 
The bent-beam form of compensator, described by 
P. E. Jellyman and A. J. Milne,* has great value for 
making quick determinations of fringe orders and their 
sign, i.e., whether they correspond with tensile or 
compressive stresses. It merely consists of a beam of 
photoelastic material which has a pure bending stress 
system frozen into it, so as to give a series of fringes 
similar to those of the Babinet compensator. This can 
be placed quite close to the model in the polariscope, 
and examination of the resulting pattern readily gives 
the required information. ; 
Fig. 8, herewith, shows a portable polariscope which 
is very convenient for preliminary examination of sheet 
material and frozen-stress models. It consists of two 
cast-aluminium rings holding Polaroids and quarter- 
wave plates between glass plates. The quarter-wave 
plates are made from several sheets of Celanese Clarifoil, 
which is more uniform than Cellophane, though less 
birefringent. Each quarter-wave plate is permanently 
clamped with its polarising filter, so that its polarisation 
planes are at the correct inclination. Cireularly 
polarised light is normally used, but the light is plane- 





* Brit. Jl. Applied Physics, vol. 1, page 39 (1950). 





* Nature, vol. 161,{page 477 (1948). 
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Fra. 8. PortaBLe PoLaRIscoPsE. 


polarised if the rings are turned over so that the 
quarter-wave plates are outside the Polaroid sheets. 
The rings are supported in an inclined position and light 
is reflected through them by a horizontal mirror. 

A small projection photoelastic bench has been found 
convenient for lecture demonstrations. It has a 3-in. 
diameter field and throws an image up to 3 ft. across, 
sufficiently brightly for it to be visible to 100 people. 
The light source is a 500-watt filament projector lamp, 
so that the colour rendering of the fringes is good. 
As the bench is intended to be placed on a lecture-room 
table and to throw the image on to the wall behind the 
Speaker, a mirror has to be used. It is not usually 
Convenient to arrange for the reflected beam to be 
horizontal, so that there is some rotation of the axis of 
the image after reflection. This can be counteracted 
by inserting an erecting or roof prism in the optical 
System. Objects viewed through the prism appear to 
rotate as the prism is revolved, so that the prism can 
be used to correct for any angle of tilt due to the mirror. 

Apart from the main girder of the optical bench, the 
whole of the equipment described above has been made 
in the Engineering Division workshop. The photo- 





elastic laboratory is fortunate in being able to call 
upon the services of an efficient workshop for making 
numerous types of models from a number of different 
materials, all of which have their special peculiarities. 
For two-dimensional work, Columbia Resin 39 is now 
generally used. This material is supplied with a 
perfect surface finish and needs no polishing. Its 
comparative freedom from time-edge stresses is another 
advantage. Its liability to chip in cutting can be 
overcome by the use of sharp tools and good support 
where the tool breaks through. For many applications, 
particularly where more than one model of a type is 
needed, an engraving machine is ideal for the machining 
of two-dimensional models. For three-dimensional 
models, Fosterite is by far the best material at present, 
almost its only disadvantage being its high cost in 
dollars. Fosterite machines well with all metal- 
working tools, the cut surfaces showing a good finish. 
Slices can be cut out by making parallel cuts with a 
slitting saw and, where the surface stresses only are in 
question, the material between the cuts can be removed 
with a fretsaw, leaving the remainder of the model free 
for further slices. Slices are lapped to a smooth 


Fig. 7. 





INCLINED View FINDER. 


finish, but must not be polished lest the edges become 
rounded. The lapping is best done by hand on a 
cast-iron lap with Aloxite grinding powder and water. 

It is the authors’ opinion that three-dimensional 
stress analysis by the frozen-stress method is likely 
to become of increasing value to the designer as its 
possibilities become more generally acknowledged. 
It is particularly applicable in those cases which cannot 
be treated analytically, and where it is known that the 
surface stresses determine the strength of the design. 
In cases where a knowledge of the stresses inside the 
body is essential, it may be that R. J. Weller’s scattered- 
light method will be required,* but the authors have, as 
yet, no first-hand experience of this method. 

Most of the equipment required for the frozen-stress 
method is of a simple nature, but a few refinements in 
technique which have proved their worth in increased 
accuracy or saving of time may be of interest. The 
examination of slices cut from the three-dimensional 
model necessitates some form of compensation. This 
is because interest mostly centres round positions of 
high stress concentration resulting from high surface 
curvature; and, the surface stresses having to be 
determined from slices cut normal to the surface, 
satisfactory extrapolation to the stress at the surface 
can only be made in a very thin slice. Practical 
considerations prevent the use of slices less than about 
0-02 in. thick, but with this thickness the retardations 
to be measured are generally less than one fringe. It 
is here that the photometric method has proved its 
worth and, though it is not essential, the extra compli- 
cation is considered to be justified on grounds of 
greatly improved accuracy. 

A first essential to the frozen-stress method is some 
means of providing the heating and cooling cycles 
necessary for annealing and stressing three-dimensional 
models. With some materials, it is desirable to use 
an inert liquid as a heating medium, but Fosterite, 
being almost free from time-edge effects, can be heated 
in air. Fig. 9, on page 704, shows an electric oven, 
having a heating space 18 in. by 16 in. by 16 in., which 
has been fitted with attachments for the application of 
dead loading by means of a rod passing through the 
base of the oven. On the top is a temperature con- 
troller, specially designed for this work. The controlling 
dial of the bi-metallic element was removed and a 
rack and pinion gear substituted, so that the tempera- 
ture could be made to vary in accordance with the 
contour of a cam. The cam, a flat plate with the end 
of the rack bearing on its edge through a small roller, 
is driven along by a lead-screw. Change gears are 
provided, so that the period of travel without resetting 
can be either one day or nine days. During that time, 
any sequence of rising and falling temperature can be 
applied merely by shaping the cam in a suitable way. 

Slices cannot be polished, since this would prevent 
retardation, measurements being made close to their 
edges. They must therefore be rendered transparent, 
either by clamping them between glass plates with a 





* Jl. Applied Physics. vol. 12, page 610 (1941° 
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layer of oil between them and the glass, or else by 

lacing them in a glass-sided immersion cell, containing 
fiquid of the same refractive index as the slice. The 
latter method is preferable for small slices, since they 
can be turned at various angles to the light, an essential 
feature of the oblique incidence method. A form of 
holder, shown in Fig.10, herewith, has been made to 
permit rapid and accurate adjustment. The slice is 
held by a clamp on the end of a square rod, which is 
held in a brass cap having its underside formed to a 
sphere centred at the point on the slice which is to be 
examined. The slice can thus be tilted in any direction 
till its image on the screen shows it to be accurately 
set. The brass cap rests on a Perspex dial which can 
be turned through any angle about a vertical axis 
without disturbing the adjustment of the slice. The 
sides of the holder are made of Perspex. The immersion 
cell can be seen in position in the figure. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Materials for Damp-Proof Courses.—A second revision 
of B.S. No. 743, covering materials for damp-proof 
courses, extends the scope of Part 1 of the specification 
by including references to mastic asphalt courses. 
Part 2 of the specification, which concerns the classi- 
fication, composition and construction of bitumen 
damp-proof courses, has also been extended to include 
two new types having an asbestos-fibre base. The 
specification contains details of lead, copper, bitumen, 
mastic-asphalt, slates and bricks for use as damp- 
proof courses and information concerning mortar for 
the bedding of the materials. An appendix contains 
guidance on the selection and laying of damp-proof 
courses. [Price 2s. 6d., postage included.] 


Cast-Iron Columns for Street Lighting.—A revision 
of B.S. No. 1249 has just been issued. This covers 
cast-iron columns fot gas and electric street lighting 
suitable for supporting a light source at approximately 
30 ft., 25 ft., 15 ft. and 13 ft. above the ground line, 
when fitted with an appropriate design of bracket and 
lantern. The main difference between this revision and 
the 1946 edition of the specification is that detailed 
designs of the decorative mouldings have been deleted 
and a 15-ft. mounting light column without a door has 
been included. The strength of the columns is ensured 
by a deflection test and dimensions of a suggested 
design are given. [Price 2s., postage included.]} 


Small Rivets for General Purposes.—Another revision, 
B.S. No. 641: 1951, supersedes the 1935 edition of the 
specification which covers the dimensions of small 
rivets, such as snap, pan, mushroom, flat and counter- 
sunk headed rivets of nominal diameters below }¢ in., 
for general purposes, and the dimensions of 140 deg. 
countersunk-head rivets (hose rivets) and reaper rivets. 
The dimensions of washers for use with 140-deg. 
countersunk head rivets (hose rivets) are also included. 
The materials from which the rivets are made are 
mild steel, copper, brass, aluminium alloys and pure 
aluminium. One of the few changes introduced in the 
present revision is that dimensional requirements for 
the above-mentioned reaper rivets have now been 
included. Details of coopers’ flat-head rivets, $ in. in 
diameter, and below, are given in an appendix. [Price 
2s. 6d., postage included.]} 


Water-Tube Boilers and their Integral Superheaters.— 
A fourth revised specification, just published, is that of 
B.S. No. 1113, first issued in 1943, and relating to 
water-tube boilers and integral superheaters. The 
terms ‘‘ maximum permissible working pressure ” and 
“safety valve blow-off pressure ” in the Factories Act, 
1937, have been deleted and replaced by the term 
“* design pressure.” Other new provisions to bring the 
specification into line with present-day practice have 
been included, notably those for standpipes fabricated, 
and secured to the boiler shell, by fusion welding. It 
has been the general desire to avoid the use of compli- 
cated formule and this has been made possible by 
confining consideratior. to the types of water-tube 
boilers in general use. It is stipulated that tho calcu- 
lations made to determine the scantlings shall be based 
on the design pressure, which shall be not less than the 
highest pressure at which any safety valve is to be set 
to lift. Requirements for materials such as plates and 
rivet bars are those given in B.S. No. 1633, covering 
steel for land boilers, receivers and other pressure 
vessels, but with the addition of a clause relating to 
the defacing of material failing to satisfy the tests. 
It is recognised that the design of water-tube boilers is 
the subject of continuous development and it is intended 
to review as necessary the specification. [Price 12s. 6d., 
postage included. } 
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UNITED KINGDOM OVERSEAS TRADE.—The value of 
United Kingdom exports shipped overseas in April 
reached the very high figure of 230,200,0001. and so offset 
the comparatively low average of 193,400,0001. for the 
first three months of this year. Exports for the first 
quarter were affected by the Easter holiday and the 
April figures may also include some goods which, but 
for shipping difficulties, would have been exported in 
the first quarter, so that too much significance cannot be 
attached to this large increase in one month’s figures. 
The total value of United Kingdom exports in the first 
four months of 1951 was 810,900,0001., an increase of 
12 per cent. over the average for the whole of last year 
and just above that in the fourth quarter. Imports in 
April (311,500,0001.) showed a further increase over the 
high March figure and were 10 per cent. above the first 
quarter average. Imports in the period January-April 





totalled 1,159,600,0007.; this was 34 per cent. above 
the 1950 average, but a large part of the increase was 
due to higher prices, the volume of imports being only 
about 7 per cent. higher than the 1950 average. Re- 
exports in April (11,000,000/.) were just below the first 
quarter average and brought the four months’ figure 
for total exports (including re-exports) to 854,800,000I. 
The increase in April exports compared with the first 
quarter was shared by almost all commodities ; the only 
reductions were for coal and coke and for some non- 
ferrous metals. The total exports of metals and engi- 
neering products, for April, namely 105,100,0001., was 
17 per cent. above the first quarter average and 10 per 
cent. above the high fourth quarter figure. For ma- 
chinery exports the very high April figure (92,000 tons 
valued at 32,500,0001.) brought the January-April qu?n- 
tity up to the average for 1950. 
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LIGHT-ALLOY COACH FOR LONDON TRANSPORT SURFACE 
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LIGHT-ALLOY ROLLING STOCK 
FOR LONDON TRANSPORT. 


THE saving of weight is of special importance on 
railways with high-frequency services operating over 
short sections, since the fuel consumption is directly 
proportional to the weight. For this reason, the Lon- 
don Transport Executive decided to undertake a large- 
scale experiment in the construction of light rolling 
stock. The relative merits of mild steel, rustless steels 
and high-tensile aluminium alloys were investigated, 
due consideration being given to mechanical properties 
and cost. The previous standard construction had been 
in mild steel, and both the alternatives considered were 
higher in first cost. Consideration was therefore given 
to the fuel and brake-block savings that could be 
regarded as compensating for the capital cost. It was 
finally decided to use an aluminium alloy of the alu- 
minium-magnesium-silicon type, corresponding with 
the British Standard Specification STA 7/AW10 for 
the load-carrying structure, and supplied by Imperial 
Chemical Industries, Limited, Metals Division, under 
their designation Kynal M 39/2. This alloy has a 
reasonable strength when heat treated and good 
resistance to corrosion. Its composition and chief 
mechanical properties are as follows: manganese, 
0-4 to 0-9 per cent. ; magnesium, 0-5 to 1-0 per cent. ; 
silicon, 0-75 to +25 per cent.; aluminium, the 
remainder ; 0-1 per cent. proof strength, 17-0 tons per 
Square inch ; ultimate tensile strength, 20-0 tons per 
Square inch; and elongation, 10 per cent. on 2 in. 
The three latter properties are for the alloy in the heat- 
treated condition. General data relating to the cars 
are: overall length, 51 ft. 1} in.; distance between 
bogie centres, 35 ft.; maximum width of body, 
9 ft. 82 in.; width over solebar webs, 8 ft. 4} in. ; 
height, rail to top of carlines, 11 ft. 9} in. ; weight on 
rails, 26-65 tons ; number of seats, 40; and maximum 
passenger load (192 people), 12 tons. 

The general appearance of these cars, both exterior 
and interior, is identical with the latest steel coaches, 
and the profile and finish are unaltered (Fig. 1). The 
construction, as previously standardised by London 
Transport for steel cars, is of the stress-structure type. 
'he bogies and wheels are of steel and follow the 
standard pattern of L.T.E. bogies with one driving axle 
on each bogie, the bogie centre being offset towards 
this axle to give greater adhesion. 





Fic. 1. Compietep Coacu Bopy. 


In considering the practicability-of aluminium rolling 
stock, London Transport took advice from a Swiss 
consulting engineer, Dr. Koenig, a consultant to 
A.L.A.G. (Lausanne) and Imperial Chemical Industries, 
Limited, and the engineers of the Swiss Federal Rail- 
way; and also drew upon the experience of the New 
South Wales Government Railways who have had 
an aluminium train in service for a number of years. 
The cars have been designed and built by the Metro- 
politan-Cammell Carriage and Wagon Company, 
Limited, Saltley, Birmingham, under the direction of 
Mr. W. 8S. Graff-Baker, Chief Mechanical Engineer 
(Railways) of London Transport. The present contract 
is for 90 cars, which are now under construction ; 
one prototype car has been completed and sent to the 
South Bank for exhibition in the Festival of Britain. 
This is the largest application of aluminium yet made in 
the British rolling-stock industry and has involved the 
adoption of new techniques and manufacturing methods 
in order to take the maximum advantage of the scope 
offered by this material. 

The weight of the car body, complete with all 
equipment, seats, finishing, etc., has been reduced 
from 17 tons 16 cwt. to 11 tons 5 cwt. by the substi- 
tution of light metal for steel, a saving of 6 tons 11 cwt., 
of which 5 tons 18 cwt. is contributed by the body 
structure and 13 cwt. by the brake, door, electrical 
equipment, etc. The saving is thus 37 per cent. for 
the car body, complete with equipment, and 20 per 
cent. for the car complete with bogies and motors. 

The structure generally follows standard practice, 
the monitors, purlins, cantrails, waistrail, solebar and 
longitudinal assemblies all being conventionally located. 
When first studying the design, several points were 
borne in mind to decide the form of members to replace 
one or more steel sections ; these included the improved 
disposition of material afforded by the use of extruded 
sections, which allow more freedom in the design of 
profiles, and the increased moment of inertia required 
to obtain a stiffness and rigidity comparable with 
that of the steel coach. With the exception of a 
few members, such as body-end corner pillars and 
certain other details which are castings or forgings, the 
structure is made from extrusions and sheet. Conven- 
tional methods of attachment and assembly are used, 
including riveting, bolting and welding, although, 
pending further investigations, welded joints have been 
avoided where high loads are possible. The rivets 








used are of the same material as the rest of the struc- 
ture. Where steel bolts are used they are sprayed with 
zinc or cadmium. The body, as in steel cars, is 
designed to carry its full share of all loads, the only 
parts not assumed to be part of the unit construction 
being floor sheets, glass, interior panels and furnishings. 

The roof structure is of the conventional type with 
certain improvements made possible by the use of 
extruded sections. The main longitudinal load-carrying 
members are the roof cantrails and monitor rails, which 
are unbroken from end to end of the car, it being 
considered advantageous to allow as many longitudinal 
members as possible to run the full length of the coach 
to obtain the required stiffness under vertical loads. 
Moreover, in the event of a collision, the maximum 
amount of structure is brought into play, thus ensuring 
that the energy is dissipated with the least damage to 
the passengers and coach. The roof cantrail is an 
interesting design, being used to locate the roof struc- 
ture of the body sides, to form a large rainwater gutter 
(a feature peculiar to this type of car), to locate the 
carlines or cross-members of the roof, and to form an 
attachment for the roof sheets. 

The other main longitudinal member in the roof is 
the monitor rail, which is of intricate profile, being 
called upon to fulfil many subsidiary functions besides 
forming an important structural member. It is 
located immediately below the carlines to give a direct 
run from end to end of the roof. Attachment is made 
to every carline by #-in. rivets passing through the 
two upper flanges of the monitor and the lower flange 
of the Z-section carline. This allows the carlines to run 
in one piece for the whole span of the roof. Other uses 
made of the monitor inelude the attachment of the 
vertical steel grab poles at doorways, the fixing of hand 
grips for standing passengers, the formation of cable 
ducts, the location of fluorescent-light fitting extrusions 
and the support of internal furnishings and panels. 

Thus, full use has been made of the extruding process. 
The steel tubes or grab poles are placed at every wind- 
screen and run vertically between the monitor in the 
roof and the longitudinal in the floor structure, pro- 
viding effective ties for the transmission of load between 
the floor and roof. Between monitor rails, the roof 
sheet is stiffened by purlins of “top-hat” section 
running in short lengths between carlines. Thus, 
the basic structure is formed by four main longitudinal 
members, crossed at short intervals by carlines, 
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forming a stiff latticework on which the roof sheets 
are laid and stiffened further by purlins. The roof 
sheets are made of M39/2 alloy in the full heat-treated 
condition, and are left in their natural colour. They are 
laid across the roof structure in the orthodox manner, 
the joints being lapped at carlines and attached to the 
carline section by }-in. rivets. The ends of the roof 
are tied to the body ends by a stiff centrally-disposed 
diaphragm plate of j-in. material, connecting the 
monitors with the end posts of the car, the whole being 
covered by a pressed canopy to form the required 
profile. The roof sheets between the door pocket 
sections of the car are of 15-s.w.g. (0-072 in.) material, 
and those across double doorways, where loads are 
expected to be somewhat larger, are 14 s.w.g. (0-083 in.) 
in thickness. Ample drainage from the gutters is 
provided by 1 in. by 2% in. rectangular tubes adjacent 
to each sliding door, which carry the water away inside 
the body walls. The gutters which form a step at the 
junction of roof and body sides are not visible in the 
end view of the car, since the end canopy spans the full 
width of the body. 

Owing to the intensive urban traffic with which these 
coaches have to deal, it is essential that passengers 
should be able to board the trains and alight in the 
shortest possible time. This has made it necessary to 
have wide unobstructed doorways; there are six 
sliding doors on each side of a non-driving car, four of 
these being in pairs between bogie centres. This 
layout, though ideal from the operator’s point of view, 
presents some problems in designing an integral 
structure to act as a unit. There are two windows, 
5 ft. in length, between double doorways. Because of 
these factors, the coach body resolves into two large 
beams formed by the longitudinal structures above and 
below the openings. 

The basic structure of the body sides is formed from 
extrusions and }-in. high-tensile aluminium-alloy 
sheet. The framing is formed between the bod 
cantrail assembled in one length, and the skirting rail, 
an extrusion extending from the top of the solebar 
out to the “ flare”’ of the body panels. Also running 
longitudinally between the doors, just below the 
lights, is the waistrail, a stiff member between pillars 
which effectively provides the upper boundary of the 
lower coach structure. The distance between the 
waistrail and skirting rail is about 30 in., and is divided 
into three spaces by two panel stiffeners running 
between pillars. Thus, all expanses of body side 
panelling are supported by extrusions along the four 
edges, the larger panels being broken into small rect- 
angles to increase the effectiveness of the sheet. 

While the ‘ flared’’ body panels extend approxi- 
mately 8 in. beyond the solebar, the pillars are attached 
directly to the solebar by taking them vertically from 
the waist to the solebar. The centre pillars are joined 
to the solebars with y-in. rivets, a pillar foot being 
formed by a short length of channel section, the web 
lying along the solebar with the flanges extending 
upwards and locating each side of the pillar extrusion. 
In general, all rivet heads formed on the job are either 
flat or conical in shape, for ease of forming, but those 
used to fix the }-in. exterior body panels to the extru- 
sions are countersunk on the outer face to maintain 
the clean exterior surface. The sliding doors are 
accommodated in pockets in the large pillars at each 
side of the doors, so that there is an external structure 
formed by the vertical pillar extrusions and skin, and 
an external structure to support the interior finishings 
and locate the windscreen structure. The corners of 
the body are formed by Alpax castings having an 
average thickness of } in., which are attached to the 
floor structure and body side and end skins. The 
fabrication of such a pillar from extrusions and pressings 
was considered expensive and awkward, but the casting 
of such a component presented little difficulty and the 
material used has sufficient strength. These castings 
are assembled as part of the body-end assembly. Alpax 
is an aluminium alloy with a high silicon content, 
yielding exceptionally sound castings due to its low 
contraction coefficient ; in addition, it has very good 
resistance to corrosion. 

The floor structure is somewhat stronger than the 
roof or body sides for a number of reasons, chief among 
these being that it must first receive and then transmit 
to the main body structure the heavy passenger load 
and also the concentrated loads due to electrical and 
mechanical equipment. The frame is formed by four 
longitudinal members approximately 7 in. deep, these 
being the solebars which are unbroken for the full 
length of the car, and the longitudinals which run in 
one length between the bolsters. The longitudinals are 
continued from the bolster to the headstock with a 
rather heavier section. In this way the bolster can be 
made extremely stiff, extending between solebars, and 
the longitudinal section can be stiffened at the ends 
where shocks from the coupler are highest. 

The headstock is formed by a stiff extrusion more 
or less of channel section, and the whole of the end 
structure is strengthened by a large gusset of }-in. 
plate extending for the full width of the floor and 
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3 ft. towards the bolster. The transverse members 
of the floor structure are of T and Z sections, running 
for short lengths between the longitudinal members, 
attachment being to the webs by riveted knee joints. 
Where heavy equipment is to be carried, additional 
cross-members of Z section run in one piece between 
the solebars, passing beneath the longitudinals. The 
body bolster is of riveted construction, formed from 
angle extrusions and flat plates into a box section. 
The depth at the centre pivot is 11} in., with 4-in. 
thick angles and cover plates, and webs of #-in. plate. 
At the solebars the bolster depth is nearly 7 in. The 
floor sheets are of corrugated 16-s.w.g. (0-064-in.) 
sheet, the corrugations being laid across the car. 

Full-scale vertical and horizontal loading of the 
completed car structure has not yet been undertaken, 
but a series of loads were applied to an 18-ft. length 
of the car incorporating a large centre window and 
one of the jae doors. Strain-gauge tests proved 
the structure to be capable of withstanding the high 
loading conditions encountered in service. 

During the design of the car, the structure was the 
subject of a thorough theoretical stress investigation, 
all important parts being considered, and the load and 
bending-moment distributions, together with the 
stresses, were calculated. It is generally agreed that 
the main load-carrying structure of a coach should be 
considered as two vertical trusses, necessarily of the 
Vierendeel type, since the windows and door apertures 
dictate the form of construction. Each truss is com- 
posed of two longitudinal beams formed by the struc- 
ture above and below the windows and doors, which 
are connected by upright members, i.e., the pillars. 
This form of structure approaches closely to the 
build-up of many railway coaches; nevertheless, the 
best theoretical methods entail certain assumptions 
regarding the behaviour of the structure and the t 
of loading. Provided the mathematical treatment of 
the rectangular framed structure is sound, the accuracy 
of the results depends entirely on the assumptions 
initially made re the effectiveness of each 
structural member of the car. When these results are 
required at an early stage in design, the assumptions 
can only be based on previous experience gained with 
cars of similar construction. 

The various assumptions relating to the behaviour of 
the structure of these light-alloy cars are as follows. 
Firstly, the unity of the whole structure is affected by 
the large cutouts necessitated by doors and lights, the 
result being that deflections under vertical load: 


take place about two neutral axes, one in the roo! ‘ 


structure and one in the lower coach structure below 
the lights and doors. Secondly, the roof structure 
being composed of the cantrail group, together with 
the portion of roof sheet adjacent to the cantrails and 
monitor rail, it has been found from full-size tests that 
the centre part of the roof sheet and the purlins con- 
tribute little to the effective stiffness of the cars between 
the bolsters when subjected to vertical loads, and con- 
sequently have not been relied upon in the calculations. 
Thirdly, the lower coach structure is formed by the 
longitudinals and solebars, together with skirting rails, 
side panels and waistrails where these occur at the 
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saloon portions of the car. The floor sheets are neg- 
lected, as are the cross-members, the chief function of 
these parts being to support the component equipment 
and passenger loads and transmit them to the main 
structure of the car. Fourthly, the structural part of 
the pillars is formed by the vertical extruded members, 
together with the exterior panelling attached thereto. 
Finally, all internal panelling, furnishings and fittings 
are neglected, though there is little doubt that these 
parts help to carry loads because of the nature of their 
connection to the load-carrying structure. 

Using the above assumptions as a guide, the structure 
of the car can be represented as a Vierendeel truss, and 
various data required for the solution calculated. These 
data include cross-sectional areas, stiffness factors and 
moments of inertia, effective lengths between the inter- 
section of neutral axes, etc. Usually, loading con- 
ditions are of a simple and determinable nature, 
although the structure is statically indeterminate. The 
solution of the rectangular framed structure when 
subjected to various loading conditions is effected by 
using a form of the standard equation of work, 
assuming that when the structure is in a state of 
equilibrium the work done by all the internal forces 
equals the total work done by the external loads. 

As a first step towards a solution, one member in 
each rectangular frame is cut and sufficient forces 
introduced to represent completely the original function 
of the member. It is therefore necessary to introduce 
three forces, the combined actions of which will repre- 
sent any condition of bending moment, shear force 
and axial load carried by the continuous member. 
Some of the more approximate metbods of stressing 
assume the introduction of one unknown force in each 
rectangle, and while this reduces considerably the labour 
of calculation, the results obtained are on the whole 
unreliable and not sufficiently accurate for use on a new 
design. Quite generally, the solution used is based 
upon the cutting of one member in each frame, the 
application of the external loads thus causing movement 
at each cut, and then the introduction of loads in the 
position and direction of the unknown forces to bring 


‘YPe |the faces of the cuts together and in line. The 


equation used to determine the unknown forces is as 
follows :— 


® By tty 84, +23 343+ 
where 5,9 is the deflection at cut 1 in the direction 
of x, when all external loads are applied; ,,, 512 
8,3 are deflections at cut 1 in the direction of 2, 
when unit loads are applied in place of 2,, 22, 23, 
respectively; and 2,, 2%, 2, are unknown forces 
applied at cuts 1, 2, 3, respectively. Hence a series of 
simultaneous equations, there being three times as 
many equations as there are rectangular frames. In 
..1er the loads in all members are obtained and 

ing voresses are obtained directly by standard formul. 
This method of stressing has been expounded more 
fully by Dr. Karl Sutter in Economie et Techniques 
des Transport (Lucerne, June-September, 1947) and 
it has proved most useful in application to steel cars as 
well as to aluminium-alloy structures. The calculated 
stresses are quite low under normal loading conditions, 
the maximum being just below 3 tons per square inch 
over one of the double doorways. The distribution of 
bending moments and stresses throughout the structure 
are illustrated in Figs. 8 to 11, on the opposite page. 
Figs. 2 and 3, on this page, and Figs. 4 to 7, on Plate LV, 


= — 8p. 





illustrate the coach in course of erection. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ LEASOWE.”—Twin-screw ferry to carry about 
1,350 passengers, built by Philip & Son, Ltd., Dart- 
mouth, for the Liverpool, Seacombe and New Brighton 
Service of the Wallasey Corporation. Main dimensions : 
145 ft. between perpendiculars by 34 ft. by 12 ft. 3 in. 
Two eight-cylinder Diesel engines, together developing 
1,280 b.h.p. at 370 r.p.m., constructed by Crossley 
Brothers, Ltd., Openshaw, Manchester. Launch, May 18. 


M.S. “Tank Kine.”—Single-screw oil tanker built 
and engined by Harland & Wolff, Ltd., Belfast, for 
Sigurd Herlofson & Co., Oslo, Norway. Main dimen- 
Slons: 580 ft. between perpendiculars by 78 ft. by 
42 ft. 6 in. to upper deck ; deadweight capacity, 24,000 
tons on a draught of about 32 ft. Harland-B. and W. 
Seven-cylinder two-stroke single-acting opposed-piston 
oil engine. Launch, May 22. 

5.8. ‘* GEorGIOs.”—Single-screw cargo vessel, built 
and engined by William Gray & Co., Ltd., West Hartle- 








pool, for Mr. N. G. Livanos, Pirw@us, Greece. Main 
dimensions : 431 ft. between perpendiculars by 57 ft. 6 in. 
by 38 ft. 3 in. to shelter deck; deadweight capacity, 
approximately 10,000 tons on a draught of 26 ft. 5 in. 
Triple-expansion steam engines and three oil-fired forced- 
draught boilers. Service speed, 114 knots. Launch, 
May 23. 

8.S. “Van ORLEY.”—Single-screw trawler, built by 
Cook, Welton & Gemmell, Ltd., Beverley, Yorksbire, 
for the Motorvisscherij, N.V., Ostend, Belgium. Third 
vessel of a series built for these owners. Main dimen- 
sions: 170 ft. by 29 ft. by 15 ft. 3 in.; gross tonnage, 
580; fishroom capacity, 12,600 cub. ft. Triple-expan- 
sion engines and one oil-fired boiler, to develop 900 i.h.p. 
at 125 r.p.m., constructed and installed by Charles D. 
Holmes & Co., Ltd., Hull. Speed, 12 knots. Launch, 
May 24. 

M.S. “ BEnNy SKov.”—Single-screw cargo vessel, 
built and engined by Aktieselskabet Burmeister & Wain’s 
Maskin- og Skibsbyggeri, Copenhagen, for Dampskibs- 





selskabet Ove Skou A/S, Copenhagen, and Dampskibs- 
selskabet af 1937 A/S, Copenhagen, in partnership. 
Main dimensions: 390 ft. between perpendiculars by 
55 ft. 6 in. by 35 ft. 6 in. to upper deck; deadweight 
capacity, about 6,850 tons on a draught of 24 ft. 4in. ; 
cargo capacity, 425,000 cub. ft. B.and W. eight-cylinder 
two-stroke single-acting Diesel engine, to develop 8,700 
ih.p. at 128 r.p.m. and a loaded speed of 17 knots. 
Launch, May 24. 


M.S. “ BLACKWALL POINT.’’—Single-screw  oollier, 
built by 8S. P. Austin & Son, Ltd., Sunderland, for the 
British Electricity Authority, London, W.1. Second 
vessel of an order for two. Main dimensions: 260 ft. 
between perpendiculars by 39 ft. 6 in. by 18 ft. 6 in. ; 
deadweight capacity, about 2,700 tons on a draught of 
17 ft. 1 in. Clark-Sulzer eight-cylinder two-stroke single- 
acting trunk-piston Diesel engine, developing 1,280 b.h.p. 
at 225 r.p.m., constructed by George Clark (1938), Ltd., 
Sunderland. Speed on trial, 114 knots. Trial trip, 
May 24. 
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NOTES ON NEW BOOKS. 


Heat Treatment Fundamentals. 


By S. COLLARD CHURCHILL. The Machinery Publish- 

ing Company, Limited, National House, West-street, 

Brighton, 1. [Price 3s. 6d.] 
PusiicaTion No. 26 in the Machinery Publishing 
Company’s “ Yellow-Back” Series deals with the 
fundamental features of the heat treatment of carbon 
steels. The aim of the little work, which runs to just 
over 60 pages, is to survey existing knowledge on the 
subject and to present the facts in as non-technical 
language as is possible in a book dealing with such 
complex matters as the change in structure due to 
annealing, quenching, normalising, tempering and 
carburising. The result is that an enormous amount 
of information is packed into a small compass, and a 
relative novice in the subject may find some portions 
of the work difficult to follow. There are five chapters 
concerned, respectively, with heating and quenching ; 
hardenability and methods of hardening ; normalising 
and tempering ; austenite transformations ; and car- 
burising and nitriding. The author has chosen his 
words with care throughout and although he takes 
austempering, martempering, the McQuaid-Ehn test, 
the S-curve and other matters in his stride, he has been 
at some pains to make his meaning clear. He is also 
helped by some well-chosen illustrations, and, taken 
altogether, his treatment of the subject is quite 
pleasing. 





A.C./D.C. Test Meters. 

By W. H. CazaLy and THoMas RoppaAM. Sir Isaac 

Pitman and Sons, Limited, Pitman House, Parker- 

street, Kingsway, London, W.C.2. [Price 18s. net.] 
Tuts book is largely the work of the first-named author, 
the second only contributing an appendix and per- 
forming the useful task of criticism. It is intended as 
a study of the principles, circuit design and practical 
construction of multi-range test instruments for the 
measurement of voltage, current resistance, impedance 
and audio-frequency in low-power apparatus, and, by 
assembling a large amount of scattered information on 
those subjects, should prove of great utility to the 
radio service engineer, test-room assistant, and, perhaps, 
the enthusiastic amateur constructor. The various 
chapters give details of moving-coil indicators, direct 
and alternating-current circuits, rectifiers and current 
transformers. Some pertinent abstracts trom the rele- 
vant British standard specifications are given and 
constructional details are also set out. The appendix 
by Mr. Roddam gives a mathematical analysis of the 
capacitance measuring circuit. Except for this appen- 
dix, the treatment is generally speaking non-mathe- 
matical and the clear descriptions of the various 
apparatus are well illustrated by good drawings and 
diagrams. Considerable restraint has been exercised 
by the authors in keeping themselves within the boun- 
daries of their subject, although the title is, perhaps, a 
little misleading. In dealing with alternating-current 
instruments, regret is expressed that it has not been 
possible to use M.K.S. units. Commercial informa- 
tion, however, is not published in these units and 
comparisons with the formule used by the makers of 
magnetic materials would, therefore, have been 
difficult. 





BOOKS RECEIVED. 


Port of Cochin. Administration Report for 1949-50. 
The Administration Officer, Cochin Harbour, Willing- 
don Island P.O., South India. 

Department of Scientific and Industrial Research. National 
Building Studiex. Bulletin No. 10. Eaternal Rendered 
Finishes for Walls. By G. E. Bessty. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1s. 9d. net.] 

The Regional Boards for Industry. Prepared by the 
Treasury (Regional Boards for Industry) and the 
Central Office of Information. Information Division, 
H.M. Treasury, Treasury Chambers, Great George- 
street, London, S.W.1. [Gratis.] 

The British Electrical and Allied Industries Research 
Association. Technical Report No. G/T 235. Rates 
of Rise of Restriking Voltage at Circuit Breaker Positions 
on 66 kV Systems. (System B.) By L. GOSLAND and 
H. GOLDENBERG. [Price 4s. 6d.] No. G/F236. Rates 
of Rise of Restriking Voltage at Circuit-Breaker Positions 
on 66-kV Systems. (System C.) By L. GOSLAND and 
J.S. Vosper. [Price 7s. 6d.) No. L/T 232. ‘“* Heat 
Developed”’ and “‘ Powder” Lichtenberg Figures and 
the Ionization of Dielectric Surfaces Produced by Elec- 
trical Discharges. By A. Morris THomas. [Price 9s.] 
No. L/T 249. Dielectric Properties of Ketones. By 
Dr. VERA DANIEL and K. H. Stark. [Price 7s. 6d.] 
No. W/T 19. Application of Electrical Slteam Generators 
to the Sterilization of Farm Dairy Equipment. By 
C. A. CAMERON Brown, H.S. HALL and P. WAKEFORD. 
{Price 6s. net.) Offices of the Association, Thorncroft 
Manor, Dorking-road, Leatherhead, Surrey. - 





CINEMA PROJECTOR. 














SOUND-FILM PROJECTION 
EQUIPMENT. 


THE educational value of the cinema, like that of 
broadcasting, is being increasingly realised in modern 
times, and many schools and colleges which have not 
already equipped themselves with ciné projectors 
are seeking to do so. The sound film possesses obvious 
advantages over the silent film, and there are further 
advantages to be gained by the use of equipment which 
is readily portable and adaptable. These features 
are possessed by equipment which has been developed 
by the Guildhall Trading Company, Limited, 40a, 
Greek-street, London, W.1, in collaboration with the 
Office Général de la Cinématographie Frangaise, Paris, 
and which is illustrated, in part, in the photograph 
reproduced on this page. This equipment, which is 
known as the Guild-Are Oemichen Series 4 equipment, 
is for 16-mm. sound, or silent, films and, in addition to 
being easily portable and simple to operate, can be 
used, at will, with either an arc or filament-lamp light 
source. 

The illustration shows the projector, lamp-house and 
sound amplifier. The projector employs a 2-in. lens 
and a triple-claw intermittent feed for the film, which 
is driven by a cam from the main motor shaft. The 
aperture plate is readily accessible by sliding back the 
lamp-house, and the gate, lamp-house and exciter 
lamp are cooled by a centrifugal fan. The scanning 
drum on the sound head is stabilised by means of a 
large flywheel, and the 8-volt 4-ampere exciter lamp 
is supplied with direct current from a rectifier which 
is part of the equipment. The beam from the exciter 
lamp may be adjusted, if necessary, to compensate 
for sound tracks which are scratched or out of register. 
The light source is normally a standard incandescent 
projection lamp rated at 110 volts, 750 watts, but may 
be changed readily to an arc source by replacement 
of the lamp-house. This is a simple operation requiring 
no tools. A single rotary master switch controls the 
motor, exciter lamp and projection lamp in the correct 
sequence. 

When an are source is employed for illumination, the 
arc is normally controlled automatically, but may be 
controlled by hand if desired. The carbons are fed 
through holders which are permanently fixed and 
require no centring, and the burning time of each 
pair is approximately 2 hours 15 minutes. The arc 
inductor is housed in a specially-designed carrying 
case, and works on an input of 100 to 120 volts. Its 
output on no load is 41 volts. The power transformer 
is of 1-25 kVA size and steps down the supply mains 
voltage from any value between 200 and 250 volts 
to 110 volts, approximately. A separate winding sup- 
plies the voltage for the exciter-lamp rectifier. The 








reflector is a Mangin mirror which is supported in a 
frame held by means of three screwed rods which 
terminate in ball sockets on the mirror frame. These 
rods are adjustable independently, and thus provide 
a fine control of the mirror’s position. 

The sound amplifier has an output of 12 to 15 watts 
and is fitted with separate base, treble and volume 
controls. An input socket is also provided so that the 
amplifier may be used with a microphone, radio set 
or gramophone pick-up. The loudspeaker normally 
supplied with the equipment is a 12-in. ‘‘ Audiom 60” 
permanent-magnet type, made by Messrs. Goodmans 
Industries, Limited, Lancelot-road, Wembley, Middle- 
sex. This is mounted in a carrying case with 60 ft. of 
cable and space for a spare amplifier, but a ‘‘ Ventex ” 
cabinet unit containing a Goodmans ‘“‘ Audiom 70” 
speaker can be supplied alternatively or additionally, 
at somewhat increased cost. The equipment described 
was recently demonstrated in London and gave an 
excellent performance. The arc-light source was 
employed and the resulting pictures, both black and 
white and coloured, were bright and clear. The sound 
reproduction, also, was excellent. Although, on 
account of its simplicity of operation and portability, 
the equipment is particularly suitable for use in 
schools, it is also adequate, when used with the arc 
light, for small auditoria, seating up to 400 persons. 





TRADE PUBLICATIONS. 


Polyphase Watt-Hour Meters.—The various types of 
polyphase watt-hour meters made by them are illustrated 
and described in a pamphlet recently issued by the 
English Electric Co., Ltd., Queen’s House, Kingsway, 
London, W.C.2. 


“Uni it”? Aut tic Welding Process.—Full details 
of the Unionmelt process of automatic submerged-are 
welding, for which they are the sole licensees in the 
United Kingdom, are given in a pamphlet received from 
the Quasi-Arc Co., Ltd., Bilston, Staffordshire. 





Air-Blast Circuit-Breakers.—Some details of the con- 
structional features and operating results of their 2,500 
to 3,500-MVA, 132- and 165-kV air-blast circuit-breakers 
are contained in 4 leaflet received from the English 
Electric Co., Ltd., Queen’s House, Kingsway, London, 
W.C.2. 


Hydraulic Draw-Cut Gear Key-Seater.—Soag Machine 
Tools, Ltd., Juxon-street, Lambeth, London, S.E.11, 
have sent us a pamphlet describing a hydraulic draw-cut 
key-seater, which is manufactured by Westdcutsche 
Getriebewerke, Bochum, Germany, and for which they 
are the sole agents in this country. 
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eS 
PRODUCTION METHODS AT 
THE FORD MOTOR FACTORY. 


Ir will be remembered, no doubt, that, during 
the 1950 International Motor Show held at Earl’s 
Court, London, the Ford Motor Company, Limited, 
Dagenham, introduced two entirely new series of 
passenger cars, namely, the Zephyr and Consul. 
These two models represented a complete breakaway 








longer applicable, so the opportunity was taken to 
devise new production methods. Machines were 
installed which were not only more efficient so far 
as cutting speeds and quality of work were con- 
cerned, but which eased the task of the operators. 
The general reduction in machining times, coupled 
with clever design of the actual components forming 
the cars, has enabled the cost of the final product 
to be reduced considerably. 

Many: of the machining operations employed, 





Fie. 1. 





Fig. 2. Rovuau-Macutnina CyLInpDER Borzs. 


Were fitted with overhead-valve engines, whereas 
their immediate predecessors had side-valve engines. 
Other new features included independent suspen- 
sion for the front wheels, unit construction of body 
and chassis, and the use of half elliptical springs 
for the rear suspension. The introduction of over- 
head valve engines meant, of course, that the 
majority of the existing jigs, fixtures and special 
tools developed for the side-valve engines were no 
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particularly on the major components of the engine, 
are considerably in advance of those used hitherto. 
A good illustration of the methods adopted is 
furnished by the cylinder line, in which it was 
found possible to arrange the machines so that both 
four-cylinder and six-cylinder blocks for the Consul 
and Zephyr models, respectively, could be dealt 
with without major alterations to the machinery 
or jigs. This necessitated designing the two blocks 


The underlying principle of the . cylinder-block 
line of machines is a “transfer”? or ‘* process 
through ” system, arranged so that there is a mini- 
mum of handling. The first operation consists of 
machining four pads incorporated on the valve side 
of the block, the four machined surfaces being used 
for location purposes in subsequent machining 
operations. These pads are milled on a Cincinnati 
two-spindle ram-type travelling-head milling mac- 
hine, the travelling head having two cutter 
spindles with individual adjustment to take up 
cutter wear and maintain the distance between 
top and bottom pads within specified limits. During 
thie operation, a fixture mounted on the table of 
the machine locates the casting from four points 
on the inner edge of the bottom flange, two cored 
holes in the top face and two points on the top face 
of the bottom flange. It will be appreciated that 
direct location of the castings in this manner 
entails exceptionally accurate work in the foundry. 

The locating points having been established, each 
block is passed to an Ingersoll nine-station process 
milling, drilling and reaming machine. This machine, 
part of which is shown in Fig. 1, herewith, is 54 ft. 
long, weighs approximately 90 tons and is driven 
by 13 electric motors, totalling 170 h.p. It is 
arranged to carry out nine separate operations, as 
follows: turn block through 90 deg. from head- 
face uppermost to water-jacket side uppermost ; 
rough-mill top face, bottom face of bearing cap, and 
cap seats; finish-mill bottom face and cap seats ; 
shave bearing cocks ; semi-finish mill top face ; drill, 
chamfer and ream two locating holes in bottom face; 
and, finally, turn cylinder block back to its original 
position. The machining processes, of course, 
follow a definite cycle and the blocks are held at 
the appropriate stations by hydraulic clamps, the 
machine being designed so that the blocks remain 
stationary while the milling-cutter heads move 
through the length of the cut. When a cut is 
finished, the clamps are automatically released and 
the milling heads returned to the start position ; at 
the same time, the blocks are moved forward one 
station and, after a further block has been placed 
in the first station, the cycle is repeated. The 
blocks are received from the foundry in an “‘un- 
dressed ”’ state, the surfaces to be machined, as a 
consequence, containing an appreciable amount of 
abrasive material ; it is doubtful, therefore, whether 
the machine could have more exacting conditions 
under which to operate. Even so, the rate of feed 
is 50 in. per minute and the rate of production 
50 blocks an hour. 

On leaving the Ingersoll nine-station machine, 
the blocks are transferred to a Sunstrand Duplex 
travelling-head four-station process milling machine. 
Briefly, this machine consists of a welded-steel base 
with hardened and ground strip ways on each side, 
on which slide the two milling heads. The centre 
section of the base carries the locating fixtures and 
transfer raiis, and above the fixture is a cast-iron 
housing incorporating the hydraulic clamping 
mechanism. In this machine, both ends of the block 
are rough-milled and finish-milled, the right-hand 
head carrying one roughing and one finishing cutter, 
each 12 in, in diameter, which operate at peripheral 
speeds of 250 ft. per minute for roughing and 300 ft. 
per minute for finishing. The left-hand head is 
similar and the cutters operate at the same speed ; 
they are, however, 14 in. in diameter. A feed 
of 50 ft. per minute is used and, as for the Ingersoll 
machine, the output is 50 blocks an hour. In 
operation, the cutter heads are set at a distance 
equal to the finished length of a four-cylinder block, 
The block is accepted from the previous machine 
on two rails on which are mounted pick-up fingers ; 
these engage the block ov the outside edge of 
the sump face and are then traversed hydraulically 
so that they carry it to the locating fixture. This 
is fitted with two locating dowels, and, when the 
block is in the correct position, the transfer rails 
lower it on to fixture-location pads, after which 
the clamping device comes into operation and the 
milling heads are tripped into the cutting cycle. 

As previously mentioned, the heads are set to 
accommodate a four-cylinder block. The machine 
is so designed, however, that, when a six-cylinder 
block is placed in position and the cutters have 
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traversed the front-end face, a hydraulically- 
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operated pusher moves the block over a distance 
corresponding to the difference in length between 
the two blocks before the opposite cutter head mills 
the flywheel-housing face. At the end of the cutting 
cycle, the block is unclamped, the transfer rails lift 
the block from the fixture, and a bar moves the 
block to the next machine. This is an Archdale 
No. 5 snout-type borer and is used for rough-boring 
the cylinder bores; it is shown in operation in 
Fig. 2, on page 709. The cutting speed is 160 ft. 
per minute and the feed 8 in. per minute. As 
in the case of the other machines, it is designed so 
that it can work on both four-cylinder and six- 
cylinder blocks. After rough-boring, the bores are 
semi-finish bored in another Archdale No. 5 snout 
borer, this machine being substantially the same as 
that used for rough boring. 

The next operation is that of milling the starter- 
motor pad. A Newton horizontal travelling-head 
machine is employed for this purpose. This is 
a single-station transfer-type machine in which 
the transfer bar pulls the block into the fixture ; 
dowel pins then enter the reamed holes already 
machined in the sump face, and the assembly of 
block and fixture is held together by hydraulic 
rams. The milling head, which carries a cutter 
12 in. in diameter, is set at right angles to the axis 
of the machine and, after passing over the starter 
pad, returns to the idle position. On leaving the 
Newton machine, the blocks are transferred manu- 
ally to a Kearney and Tracker travelling-head 
milling machine for machining the face for the 
push-rod cover. The transfer of each block into and 
out of this machine is accomplished in much the 
same way as on the Newton machine, but because of 
obstructions at each end of the casting, it is not 
possible to feed the cutter in a continuous path. 
The cutter head, t..erefore, first moves forward and, 
after being locked to resist the cutting pressure, 
moves along the side of the block. At the end of 
the cutting cycle, it retracts and is traversed rapidly 
back to the starting position. 

The machining of the push-rod cover having been 
completed, the block is passed to a Newton Duplex 
travelling-head machine for milling the oil-pump and 
distributor pads. In this case also, the component 
is automatically transferred, located and clamped in 
position, as described for previous operations. At 
the end of the cycle, the casting is passed manually 
to the next machine, namely, an Ingersoll Duplex 
mill, on one side of which is mounted a carrier 
with two cutter spindles, and on the other side, 
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a single-spindle carrier. This machine mills the 
fuel-pump and engine-mounting pad on the valve 
side, and the engine-mounting pad only on the 
opposite side, the cutter heads being arranged to feed 
down vertically because of the restricted space. On 
leaving the Ingersoll machine, the blocks are turned 
manually through 90 deg. ready for entering a nine- 
station automatic process machine for drilling, 
reaming, tapping, countersinking and boring the 
various holes at each end of the casting. The feed- 
in end of this machine is illustrated in Fig. 3, on 
this page ; it was built by W. F. and John Barnes 
of Rockford, Illinois, to specifications drawn up by 
the Ford Motor Company, and completes 81 distinct 
operations in a minute, the work being transferred 
automatically from station to station until the cycle 
is completed. 

At this stage, the partly-machined castings are 
water-tested and, if satisfactory, are passed to a 
machine designed by the Ford Motor Company for 





rough-machining the cam and crankshaft bores. 
The machine has four individual heads mounted 
on the base, each of which is small enough to 
enter between the bearings. Two drilling spindles, 
set at the centres of the cam and crankshaft bores, 
are arranged in each head and fitted with core drills; 
in operation, the block is lowered over the heads, 
located and clamped in position, after which the 
left-hand head travels to the right and the three 
right-hand heads to the left, so that the light 
bores are core-drilled simultaneously, the complete 
operation occupying one minute. Next on the 
production line is a Sunstrand rise-and-fall rigid 
mill, which is used to straddle-mill the intermediate 
bearings, and the inner faces of the front and 
rear bearings, and to rough-mill the oil slinger. The 
cutters are mounted on arbors located in the base of 
the machine and the block is positioned head-face 
uppermost in the fixture, the latter being arranged 
so that, in operation, the block is moved downwards 
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on to the cutters. This arrangement avoids turning 
the block over and allows the chips to fall clear of 
the cutters. 

For the next operation, the block is turned over 
mechanically on to its side with the water jacket 
uppermost, before entering a nine-station process 
drilling and tapping machine. This machine was 
built to the specification of the Ford Motor Company 
and is designed to carry out the main drilling, 
tapping and countersinking operations, etc., in the 
cylinder-head and sump faces. In all, it performs 
175 operations, the work not being handled manually 
at any stage of the cycle. A single control cabinet 
houses all the various controls necessary to isolate 
the individual functions of the machine, each of 
which may be actuated independently when 
setting up. 

When this work is completed, the blocks pass to a 
seven-station drilling and tapping machine, con- 
structed by W. F. and John Barnes, for drilling, 
countersinking, tapping and boring the holes in the 
distributor and oil-pump pads. This machine, which 
is illustrated in Fig. 4, opposite, is similar to that 
referred to above. Drilling and reaming of the 
tappet holes is carried out in three W7 Baush drilling 
machines ; these machines were already available 
and were modified and retooled by the Ford Motor 
Company. At the next stage, various drilling, 
reaming, countersinking and grooving operations are 
carried out on the water-jacket and valve sides of the 
block, a Foote-Burt seven-station process machine, 





similar in principle to that. described earlier, being 
used for this purpose. A total of 61 operations for 
the four-cylinder block and 71 for the six-cylinder 
block is accomplished on this machine, mainly on 
such parts as the generator pad, engine-mounting 
pads, oil holes in main bearings, etc. The cycle 
time, as on, the other machines, is one minute. The 
machine is illustrated in Fig. 5, opposite. 

On leaving the Foote-Burt machine, each block 
is passed into a mechanical turn-over unit which 
turns it through 180 deg. ready for the main- 
bearing caps to be fitted. These are, of course, 
fitted manually, but the bolts are tightened with a 
Hi-Cycle nut runner, mounted on a special stand 
to reduce operator fatigue. The bearing caps 
have previously been rough-machined in the bore 
and finish-machined on the joint faces, making it 
possible to pass the blocks directly to a special 
three-station cam and main-bearing boring machine, 
constructed by the Ingersoll Milling Machine Com- 
pany; this machine is illustrated in Figs. 6 and 7, 
above, in which it may be noted that the work is 
lifted towards the cutters by a cradle fixture. At 
the first station, the bores for the main-bearing and 
camshaft-bearing housings are semi-finish bored 
and chamfered, and the starter-motor bore is semi- 
finished. At the next station, the oil-slinger and 
felt grooves and the thrust washer recesses are 
turned; and at the third station, the bores for the 
camshaft bearings and starter motor are finish- 
machined and those for the main, bearings are semi- 
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finish machined. The work is transferred auto- 
matically to each station. Instead of using a 
conventional long bar, fitted with boring tools, 
which has to be dismantled each time a block 
is machined, the Ingersoll machine employs indi- 
vidual unit heads carrying multi-bladed carbide 
cutters, the heads being made to exceptionally close 
limits to ensure good alignment and permit inter- 
changeability. 

It will have been noted that, in the preceding 
operation, the bores for the camshaft bearings were 
finish-machined ; the next process, therefore, is 
insertion of the camshaft bushes. This is carried 
out on a special machine designed by the Ford 
Motor Company, in which the block is clamped in a 
fixture arranged to swivel about a trunnion, thus 
bringing the bearing housingsin line with plain spigots 
which carry the bushes, the spigots subsequently 
being pushed forward to press the bushes home. 
The machine is illustrated in Figs. 8 and 9, on this 
page, and is designed to handle both four-cylinder 
and six-cylinder blocks, Fig. 9 showing a four- 
cylinder block in position with the two extra spigots 
left free. When this operation is completed, two 
slots, 0-4 in. wide, are milled in the thrust cap to 
accept the “tang” of the thrust washer, which 
prevents the washer from turning under load. For 
this operation, a Pollard 21l-in. cam-feed drilling 
machine has been adapted by installing a special 
two-spindle milling head and fixture. The milling 
head carries two end-milling cutters, set to the 
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correct distance, and in operation the head is fed 
down to the stop position to produce the two slots. 
The next operation consists of finish-machining 
the bores for the main bearings and the bushes, lined 
with whitemetal, which are inserted in the camshaft 
bores. These two processes are carried out in a 
single-station Ingersoll cam and crank boring 
machine, similar in general to the semi-finishing 
machine feferred to previously. The unit heads, 
however, are fitted with short boring bars carrying 
single-point carbide cutters, and the spindles are 
fitted with special plain bearings, designed to ensure 
a high standard of finish. Two reaming spindles 
are also incorporated in this machine, and these are 
used to ream the dowel-pin holes in the flywheel- 
housing end of the cylinder block. On leaving the 
finish-boring machine, the block is turned through 
180 deg. to bring the cylinder-head face to the top, 
prior to finish-boring the oil-pump and distributor 
holes. This is done in an Excello single-spindle 
boring machine, the block being located from the 
bottom face, the forward end of the camshaft bore, 
and the dowel hole at the rear end of the sump face. 
The block is then to another Excello 
boring machine for finish-boring the cylinders. This 
machine is a No. 61 angular-type borer, fitted with 
a power-driven carrier which loads the component 
into the fixture at the correct angle for the boring 
spindles. When boring a four-cylinder block, the 
two extra spindles for the six-cylinder block cap be 
left in position. When boring is completed, a final 
cut is taken on the cylinder-head face and the face of 
the flywheel housing to ensure that they are exactly 
at right angles to each other, this operation being 
carried out on a Cincinnati two-spindle milli 
machine. The cylinder bores are then chamfered at 
top and bottom on a No. 3 Archdale cylinder-borer, 
prior to honing on a standard honing machine, 
equipped with Micromatic hones ; it has six spindles, 
so that both four-cylinder and six-cylinder blocks 
can be accommodated. On completion of honing, 
the blocks are washed, fitted with the necessary core 
plugs, and water-tested before final inspection. 
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Stephen of Iinthouse: A Record of Two Hundred 

Years of Shipbuilding, 1750-1950. 

By Joun L. CarveL. Alexander Stephen and Sons, 

Limited, Linthouse, Glasgow. 

RaTHER more than 18 years ago, we reviewed at 
some length a book entitled A Shipbuilding History, 
in which was contained the story of the firm of 
Alexander Stephen and Sons, of Linthouse, on the 
River Clyde. Why 1932 should have been selected 
as an appropriate year for its publication is not 
immediately obvious, though we suspect it may 
have been that Mr. Fred J. Stephen, then chairman, 
who had conducted the affairs of the company for 
over 40 years, had decided to retire and wished to 
record its fortunes down to that event. He died, 
however, in December, 1932, being succeeded by 
Sir A. Murray Stephen, his eldest son, to whom 
shipping historians must be indebted for the 
decision to rewrite the narrative so as to include 
in it the full two centuries. 

There are other shipbuilding firms (though not 
many) who can rival Stephen’s in longevity, but 
surely none can compete with them in mobility. 
They have been building ships on the Clyde since 
1852—which suggests another opportunity for 
suitable commemoiation in a year’s time—but 
before settling at Linthouse, they had been estab- 
lished successively in Burghead, on the Moray 
Firth, where the original Alexander Stephen prac 
tised his art; in Aberdeen, Arbroath, in Dundee, 
and at Kelvinhaugh. Some of these occupancies 
of shipyards overlapped, as they were in Dundee 
from 1844 to 1893 and at Kelvinhaugh from 1852 
to 1870. In all the earlier migrations, the firm 
were shipbuilders only ; they built steamships, but 
ordered the machinery from other firms. In 1871, 
however, they decided to construct their own 
machinery and, to take charge of this new venture, 
they engaged Ebenezer Kemp, engineer manager of 
Gourlay Brothers and Company, of Dundee. Kemp 
was a first-class engineer as well as being a sound 


man of business (which be exemplified at the outset 

by insisting on a partnership, thoroughly justified by 

events) and he conducted the affairs of his depart- 
ment with notable success until his retirement in 

1887. In marine engineering, indeed, the firm’s 

renown fittingly parallels their record as ship- 

builders, for they built the first turbine vessel to 
cross the Atlantic (Sir Christopher Furness’s yacht 

Emerald) and the turbo-electric P. and O. liner 

Viceroy of India, to mention only two of particular 

note. Mr. Carvel, in this book, has made a valuable 

addition to the historical literature of shipbuilding 
and marine-engine building. 

Elasticity, Volume III: Proceedings of the Third 
Symposium in Applied Mathematics of the Ameri- 
can Mathematical Society. 

McGraw-Hill Book Company, Incorporated, 330, 

West 42nd-street, New York 18, U.S.A. [Price 6 dols.] 

and McGraw-Hill Publishing Company, Limited, 

Aldwych House, London, W.C.2. [Price 51s.] 
Durie the past few decades, it has become increas- 
ingly necessary for engineers to study various 
methods of classical and modern mathematical 
analysis to meet the requirements of new develop- 
ments. While an approximate solution often suffices, 
methods which constitute the most powerful tools of 
the mathematician for proofs of existence of solution 
have proved extremely useful in formulating numeri- 
cal approximations, as, for example, step-by-step 
integration, successive approximation, and direct 
methods of the calculus of variations. The serious 
student of engineering usually meets with little 
difficulty so long as the problem is a linear one and 
the boundary conditions are easily understood ; 
but this excludes important problems in several 
branches of engineering, as is indicated by these 
Proceedings of the Symposium of the American 
Mathematical Society held, in June, 1949, at the 
University of Michigan. 

Of the 17 papers in the book, the engineering 
reader may find some of more interest than others, 
since a-wide interpretation is given to the pheno- 
menon of elasticity. Other readers may arrange 
their study according to groups of related topics. 
On the theory of plastic deformation, for example, 
particular aspects are to be found in four papers : 
the analysis of stress in elastic-plastic structures, a 
graphical method for use in the case of plane 
plasticity, stress discontinuities in plane plastic 
flow, and elastic-plastic straining. The problem of 
thin shells or plates is another subject that receives 
special attention, under the separate headings of 
axisymmetric deformation of shells of revolution, 
asymptotic solution of the equations, dynamic load- 
ing of thin plates with elastic foundations, pre- 
stressing a circular plate to stiffen it against buckling, 
bending of thin elliptic plates, and the elasticity 
stability of the facings of8andwich columns. Again, 
the treatment of torsion enters into two of the 
papers, one expounding new mathematical methods 
of estimating torsional rigidity, and the other dis- 
cussing the distribution of stress in axisymmetric 
shafts under torsion. While consideration of 
boundary conditions forms an essential part of the 
general subject, Professor K. O. Friedrich investi- 
gates the point in detail, in a paper bearing the title 
“ Kirchhoff’s Boundary Conditions and the Edge 
Effect for Elastic Plates,” in which he incorporates 
a rational analysis of an argument put forward by 
Kelvin and Tait in their Treatise on Natural 
Philosophy. 

Matters of more general application are treated 
in two of the papers. The first of these is by 
Professor I. 8. Sokolnikoff, on approximate methods 
of solution of two-dimensional problems in, aniso- 
tropic elasticity, this being the initial stage of 
research arranged with the ultimate aim of devising 
practical methods for the explicit solution of a wide 
class of problems of this type. The procedure 
hinges on an approximate determination of appro- 
priate stress functions for certain known stress 
functions in the corresponding isotropic cases. In 
the second paper, Professor B. R. Seth discusses an 
important subject under the title “Some Recent 
Applications of the Theory of Finite Elastic Defor- 
mation,” and draws the student’s attention to 
results which, in various ways, have elucidated 





points of practical interest to engineers and others. 





THE IRON AND STEEL 
INSTITUTE. 


(Continued from page 665.) 


We continue below our report of the annual 
general meeting of the Iron and Steel Institute, held 
in London on May 30 and 31 and June 1. On the 
first morning only one paper, entitled, “‘ The Present 
Position of the Converter Process: Economic 
Comparison with other Steelmaking Processes,” was 
presented by the author, Dr. B. Matuschka, after 
delivery of the presidential address by Mr. R. 
Mather. 


PosrrIon OF THE CONVERTER PROOEss. 


Dr. Matuschka, who is consulting engineer to the 
United Iron and Steel Works, Linz, Austria, stated, 
in his paper, that when the slag was recovered the 
ingot costs for the open-hearth and basic-Bessemer 
steel processes were about equal, provided that the 
open-hearth plant would work with 50 per cent. of 
scrap. For a works producing one-third basic- 
Bessemer steel and two-thirds open-hearth steel, the 
costs were lower than for an entirely open-hearth 
works, if equal amounts of scrap were available. 
When oxygen was used for blowing, a better yield 
could be anticipated and a greater proportion of 
scrap (as much as 30 per cent.) could be included in 
the charge. On the other hand, conversion costs 
were higher with oxygen than with air, and the 
wear on the converter was greater. Induction 
heating provided a promising method for blowing 
stahleisen (carbon 4 per cent., silicon 0-7 per cent., 
manganese 2 per cent, and phosphorus 0-1 per 
cent.), and those pig irons low in heat-generating 
elements, to produce commercial steels that were as 
cheap as basic-Bessemer steel. Since ore could be 
added to the charge, a steel low in nitrogen and of 
open-hearth quality could be produced at the same 
price as open-hearth steel and more cheaply than 
oxygen-blown steel. The oxygen-blowing process 
and the induction-heated converter enabled a great 
part of the manganese content of the pig iron to be 
converted into a slag suitable for the preparation of 
ferro-manganese low in phosphorus, and offered the 
possibility of providing a large portion of the ferro- 
manganese needs of Europe. 

Mr. D. F. Campbell, who opened the discussion, 
said that the first problem facing steelmakers was 
the shortage of scrap, and the second, the somewhat 
lesser shortage of iron ores. Other difficulties were, 
firstly, that the price of scrap was the equivalent of 
230s. a ton in Pittsburgh and only 80s. in this 
country. It was fantastic that there should be such 
a difference. A second difficulty was that the 
Government of this country had thought fit to help 
farmers by fixing the price of basic slag at such a 
figure that the steel industry was supporting the 
farming industry. The basic-Bessemer process, 
which had been born in this country, was widely used 
all over the Continent. With the growing demand 
for increasingly wide flat products, it was obvious 
that it was not possible to produce the quality of 
strip required at the right price except in strip- 
rolling mills, and that necessitated having good steel. 
Moreover, the motor-car manufacturers had intro- 
duced difficulties with their deep pressings and the 
problem arose of how to make basic-Bessemer steel 
suitable for strip mills and for deep pressing. The 
subject of the present paper, to a very large extent, 
was how to improve basic-Bessemer steel, mainly by 
the removal of nitrogen, so as to make it suitable for 
deep pressing and also for strip mills. 

Dr. R. Durrer said that the possibility of utilising 
oxygen in treating pig-iron was a problem which 
had been often discussed in recent years and the 
work done on utilising oxygen to convert pig-iron 
into steel had shown that the difficulties involved 
were not great. Bothacid- and basic-Bessemer steel 
contained a higher nitrogen content than that 
present in open-hearth steel. When using oxygeD 
blowing on a small 2}-ton converter in a Swiss 
works, however, the nitrogen content of the finished 
steel was found to be lower than that of open-hearth 
steel. There were enormous quantities of iron- 
containing minerals in the world which, at present 
were not called iron ores because they could not be 
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smelted in the blast-furnace. When, however, the 
latter was replaced by a more “elastic” furnace, 
it would be possible to smelt iron ores with very 
high contents of silicon and with low-grade carbon. 
In doing this an intermediate product, containing 
a much higher silicon content, would be obtained 
in place of the pig-iron of to-day. In converting 
this intermediate product into steel, much more 
heat would be generated than with the pig-iron as 
at present used and it would be possible to re-melt 
large quantities of scrap. 

Mr. T. Suess said that the question of refining 
pig-iron having a manganese content of from 2 to 
2-5 per cent. and a phosphorus content in the 
neighbourhood of 0-1 per cent. had occupied 
Austrian metallurgists for a long time. Austria 
possessed deposits of ore but only a small quantity 
of coal, and had very little scrap. In May, 1949, 
at Linz, a process of refining by blowing pure 
oxygen on the surface of molten pig in a vessel 
similar to a Bessemer converter had been com- 
menced. The process was now well beyond the 
experimental stage, several thousands of tons of 
steel of various qualities having been produced 
with its aid. The metallurgical difficulties had been 
completely mastered and methods had been de- 
veloped whereby any required steel quality could 
be produced with certainty. The oxygen consumed, 
per ton of pig-iron, was about 60 cub. m.; the life 
of the nozzle, as well as that of the refractory lining, 
was satisfactory and corresponded to that normally 
obtained in an ordinary Bessemer converter. Com- 
paring the practice at Linz with Austrian open- 
hearth practice by assuming the same percentage 
of pig-iron and scrap in both processes, namely, 
70 per cent. pig-iron and 30 per cent. scrap, the 
production costs of oxygen-blown steel were con- 
siderably lower than those of open-hearth steel. 
Under Austrian conditions, even with 50 per cent. of 
pig-iron and 50 per cent. of scrap, the production 
costs of open-hearth steel were higher than those of 
oxygen-blown steel. Furthermore, the capital costs 
for the oxygen process, including the oxygen plant, 
were considerably lower than for any open-hearth 
steel plant of the same capacity. 

Mr. W. L. Kerlie said that, as the author’s data 
portrayed clearly, the important items affecting the 
ingot cost were undoubtedly the proportion of pig- 
iron to scrap, the prices of pig-iron and scrap, and 
operating costs. The next speaker, Mr. H. Parn- 
ham, stated that the fact that dolomite was used 
for lining the basic-Bessemer converter made this 
process applicable in most of the countries of the 
world, and, being a cheap basic raw material, it 
had a great effect on the process itself. He would 
like the author to state what was the relative cost 
of the refractories used in the basic-Bessemer con- 
verter and in the open-hearth furnace, bearing in 
mind that large quantities of chromium ores and 
magnesite, both of which were costly raw materials, 
were used in the latter process. The life of linings 
in basic-Bessemer converters appeared to be most 
important, and he wondered what damage was 
done to the lining by oxygen blowing and whether 
repairs could be carried out quickly and effectively 
to keep down costs of refractories. 

Mr. T. Suess, who answered these points directly, 
said that the converters were lined with rammed 
dolomite and tar, and the consumption of dolomite 
worked out at about 34 Ib. per ton of steel. The 
life of the lining of the converter was influenced by 
operating conditions, but it could be assumed to 
range from 150 to 250 heats. Some small repairs 
had to be carried out at week-ends. 

Dr. T. P. Colclough said that British steelmakers 
had been privileged, during the last few years, to 
have additional quantities of scrap far beyond those 
which might be considered normal. The industry 
would have to return to a position which was 
uniform over a long period of time. Before the war, 
the use of scrap in the world had been obviously 
limited to the amount of scrap which arose. The 
rcal backbone of the present paper was that a review 
of the steelmaking processes was advisable. That 
must be done from time to time, and no one process 
of steelmaking could be made universal. The 
question could be settled only on economics—and 
the economics of a particular district and not of a 
Wide area. Moreover, the price of oxygen was a 


fundamental factor. There was no question what- 
ever but that the blowing of metal with oxygen led 
to a tremendous disturbance of the atmosphere by 
red fumes, and, so far as industrial conditions in 
Britain were concerned, this would involve the 
important question of a public nuisance. 

After a brief general reply by Dr. B. Matuschka, 
the President adjourned the meeting for luncheon. 

When the members reassembled for the afternoon 
session, the first matter on the agenda was the 
presentation of several films by Dr. J. B. Austin, 
director of research of the United States Steel 
Company, Kearny, New Jersey, U.S.A. Inaspeech 
of introduction, Dr. Austin stated that by means of 
very high-speed films the action in the interior of a 
blast furnace, as viewed through a tuyere, could be 
slowed down sufficiently to make a study of it 
possible. A speed of from 2,000 to 3,000 frames per 
second had been used, so that what took less than 
1}seconds to photograph in the ciné-camera occupied 
about 4 minutes to show on the screen. 


EQUILIBRIUM AND ReEacTION RaTE 
IN THE Buiast FuRNaog. 


Dr. Austin then introduced his paper, “‘ Signifi- 
cance of Equilibrium and Reaction Rate in the 
Blast-Furnace Process,” which was the only contri- 
bution considered that afternoon. The author 
stated that the blast-furnace process involved a 
series of reactions which were delicately balanced so 
that the furnace operated at a substantially steady 
rate. On the basis that all the reduction was 
**indirect,” it was possible to set up a thermo- 
dynamically ideal isothermal process, operating at 
minimum consumption of carbon. A comparison of 
this minimum with the amount of carbon required 
as fuel, indicated that, in a furnace producing the 
common grades of iron from Mesabi ore, the require- 
ment for carbon was determined primarily by the 
need for a reducing agent. The reaction between 
slag and metal in the hearth was not at equilibrium 
in respect of sulphur. The operation of the 
furnace was influenced by the effective rate of a 
number of reactions, such as the reduction of iron 
oxide, the dissociation of limestone or moisture, and 
the solution of carbon. 

Mr. R. A. Hacking, who opened the discussion, 
stated that in his references to the use of super- 
oxygenated blast, the author’s conclusions coincided 
fairly well with what had happened in experiments 
made in full-scale practice. Dr. Austin concluded, 
as most metallurgists had done, that, at the present 
time, it was likely to be helpful only in ferro-alloy 
manufacture. With regard to refractories, appre- 
ciation should be expressed of the author’s testi- 
monial to the progress made with carbon refractories 
in this country. This had resulted mainly from the 
efforts of the United Steel Companies, Limited, 
backed by the endeavour of the refractory manufac- 
turers, to meet their requirements. The experience 
of his (Mr. Hacking’s) own company (Richard 
Thomas and Baldwins, Limited), to date, however, 
indicated that the chief—not perhaps the sole— 
virtue of carbon, in addition to its refractoriness, 
was its conductivity. It seemed to be useful only in 
locations which were within reach of effective water 
cooling. 

Dr. H. L. Saunders said that it had long been 
realised that photography through the tuyeres could 
give some very interesting information on what was 
going on inside a blast furnace. He and his col- 
leagues were making one small contribution at that 
session which, he hoped, would be the beginning of 
further work to determine not only the motion as 


photography had been studied by the British Iron 


apart. To these were attached two gate valves 
with mounts and quartz windows. Two methods 
had been adopted to view the films. The first 
consisted in projecting the film and viewing it with 
prismatic spectacles. This method produced a good 
stereoscopic effect after the eyes had had a little 
time to accustom themselves to the new conception. 
It had a limitation, however, in that the observers 
must be at one correct distance from the screen and 
straight in front of it. The second method was to 
place in front of the projector a unit similar to the 
taking picture splitter. The two pictures thus 
separated were projected through the unit and 
made almost to coincide upon the screen. The 
two beams from the unit were polarised, one verti- 
cally and the other horizontally. For viewing, a 
pair of spectacles similarly polarised was worn ; 
thus each eye saw only one picture and the stereo- 
scopic effect was again created. This method 
enabled quite a number of people to view the film 
at the same time, and the effect was immediately 
obtained. The brightness of the picture, however, 
was affected by the polarisation and the level of 
illumination was down to about 50 per cent. 

Mr. R. P. Towndrow said that the author had 
given particulars of a study of a portion of the 
slag-metal-sulphur equilibrium and had referred to 
bringing down the sulphur from 0-03 per cent, to 
0-02 per cent. The average blast-furnace manager 
in this country would be very pleased if he could 
get the sulphur down to 0-03 per cent. and would 
not worry about getting down to 0-02 per cent. 
In the blast furnace, metallurgists were not dealing 
with a simple equilibrium between a bath of iron 
and a bath of slag; all kinds of other factors were 
at work, and particularly the conditions of oxidation 
or reduction which were prevalent in the space 
immediately in front of the tuyeres. 

Dr. I. T. J. Irvine stated that the author had 
brought out very clearly that, with Lake-ore 
practice, the amount of carbon was governed by 
the requirement of carbon as a reducing agent, and 
therefore the conclusion could be drawn that such 
work as ore sizing, the elimination of fines and 
high-pressure operation would be of more imme- 
diate concern than such improvements as oxygena- 
tion of the blast and high blast temperature. With 
regard to such features as structure of the ore, 
porosity, rate of reducibility, and so on, some 
information could be obtained by work outside 
the furnace, in the laboratory; but with regard to 
the actual reactions, efficiency of the gas-solid 
contact, and so on, it was much more difficult. In 
that respect, it seemed that one of the most valuable 
indications which could be obtained had been 
largely ignored, namely, the composition of the gas 
which came out of the furnace. By this was not 
meant a random average sample taken at widely- 
spaced intervals from some point remote from the 
furnace, but a continuous gas analysis from 4 
representative cross-section of the furnace. 

Dr. 8. Klemantaski said that the autbor’s broad 
survey referred only briefly to carbon deposition, 
and that mainly from the point of view of its effect 
on refractories ; yet it seemed likely that carbon 
deposition had an important influence on the blast- 
furnace process, not only through its well-known 
effect of disrupting the ore and causing swelling of 
the burden, but also by modifying the balance 
between indirect and direct reduction. Results of 
work conducted in the laboratory suggested that, 
by hindering ore reduction in the upper portion of 
a furnace, carbon deposition increased the concen- 
tration of oxygen in the lower portion. On account 


seen by an ordinary ciné-camera but also the| of deposited carbon, the carbon concentration was 
dimensions, in space, which a particular particle was| also increased in the lower portion of the furnace. 
occupying ; in other words, stereo-cinematography.| The combination of these two factors, namely, 
A film which must be viewed through prismatic] increased concentrations of oxygen and of carbon 
spectacles would be shown to small groups of| in a suitable temperature zone, must tend to favour 
members. Dr. J.H.Chesters, who spoke next, said| direct reduction. The suggestion might be ventured 
that the author’s film had certainly given metallur-| that if the early proposal of the Bone-Saunders 
gists a view inside a blast furnace which few of | school, that ores should be assessed for their effect 
them had had an opportunity of seeing before, but| on carbon deposition as well as their reducibility, 
what the views meant was still very much a mystery. | had been followed up, the control and understanding 


ight be better. 


Mr. H. D. Ward said that the subject of tuyere| of the blast-furnace process migh 


After a brief general reply by Dr. J. B. Austin, 


and Steel Research Association and a stereoscopic| the President adjourned the meeting until 10 a.m. 








made having two viewing holes with centres 4} in. 


system had been designed. A tuyere door was| on the following day, Thursday, May 31. 


(T'o be continued.) 
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THE NATIONAL PHYSICAL 
LABORATORY’S JUBILEE 
EXHIBITION. 

(Concluded from page 654.) 

A PARTICULARLY interesting exhibit, shown in the 
Light Division by Dr. L. A. Sayce, was a novel 
method of producing diffraction gratings of higb- 
quality. For this purpose, a small high-precision 
lathe, made by the Société Genevoise, is used to 
cut an extremely fine screw, having up to 15,000 
threads per inch, on one half of the length of a highly- 
finished rod of aluminium bronze. The resulting 
screw thread, of course, contains the periodic errors 
inseparable from the lathe mechanism, but these are 
eliminated in an interesting manner by a method 
due to Sir Thomas Merton, F.R.S. A relatively 
long nut, the inner working surface of which is 
formed of narrow longitudinal strips of cork, is 
pressed into contact with the screw, and the nut 
is connected to a diamond tool which follows the 
longitudinal movement of the nut as the screw is 
rotated and bears on the other half of the same 
rod, thus forming a second thread. The fact that 
the nut is long, and that the threads are formed in 
a resilient material, averages out the periodic errors 
present in the first screw, and the tool attached 
to the nut cuts a fresh thread on the remainder of 
the rod which is free from such errors. This second, 
nearly perfect, screw is coated with a solution of a 
plastic which, when dry and annealed, is slit longi- 
tudinally and opened out upon an optically flat 
surface of moist swollen gelatine. When the 
gelatine has completely dried through, this plastic 
** pellicle,” which has copied the screw thread as a 
series of paralle] grooves, can be removed and is 
found to have moulded the underlying gelatine to 
its grooved form. The gelatine grating formed in 
this way can then be hardened and rendered highly 
reflecting by an evaporated coating of aluminium, 
thus forming an efficient diffraction grating. 

In the Aerodynamics Division, a 50-ft. . flexible 
model of an early design for the proposed suspen- 
sion bridge over the Severn was on view and the 
nature of the oscillations was demonstrated. The 
design finally approved for this bridge was the 
outcome of research undertaken at the Laboratory 
and elsewhere by a team led by Dr. R. A. Frazer, 
F.R.S., and models of sections of this final design 
were also exhibited. The work was undertaken 
originally at the request of the Ministry of Trans- 
port, because there have been several instances in 
which suspension bridges have been damaged or 
destroyed by oscillations set up by the wind. 
The most spectacular failure of the kind was that 
of the first Tacoma Narrows bridge in the United 
States, which was wrecked in 1940. Oscillations 
of suspension bridges, caused by wind, are chiefly 
of two kinds, one being a longitudinal bending 
motion, termed galloping, and the other a lateral 
twist about the centre line. The object of the 
work was to arrive at a form of bridge which 
would be free from such oscillations and would 
also be economical to construct. The practical 
research was begun in the wind tunnels at the 
N.P.L., and, in this, rigid models supported on 
springs were used. Later work on large flexible 
models was undertaken in a wind tunnel which was 
constructed specially for the purpose at Thurleigh, 
Bedfordshire. Some account of this work was 
given in ENGINEERING in October, 1948 (vol. 166, 
page 423). The conclusions of the research will be 
applicable to all future designs of suspension bridges, 
a the proposed road-bridge over the river 

orth. 

In the design fina:ly approved for the Severn 
bridge there will be two separate roadways, each 
24 ft. wide. Additional tracks for bicycles, and 
footways for pedestrians will be carried on brackets 
outside the stiffening trusses. This means that the 
width of the bridge between the trusses will be less 
than was formerly thought necessary, and there will 
be a saving, therefore, in the cost of the piers and 
towers. The roadways are level with the tops of 
the stiffening trusses, an arrangement which has 
several advantages. Not only is a better view 
afforded, but the frame can be cross-braced hori- 
zontally at the top ani bottom of the stiffening 


trusses without any overhead obstruction of the 
roadway. A box-like structure of this kind is more 
efficient and more resistant to twisting than a 
mid-deck or bottom-deck design. The tracks of 
the Severn bridge will be separated by open slots, 
a feature which will reduce the tendency of the 
bridge to oscillate in pitch. One model of the 
proposed Severn bridge was shown modified over 
half its length in one detail. This concerned the 
method of bridging the gap between the two main 
roadways by means of a grid, and the modification 
shown has been proposed for adoption on the 
projected Forth bridge. 

The development, in recent years, of methods of 
producing ultra-short radio waves has opened up 
new possibilities as regards the precise measurement 
of length or displacement. The methods of optical 
interferometry, widely employed for this purpose at 
present, and recently facilitated by the introduction 
of greatly-improved discharge lamps which emit a 
closely monochromatic radiation, are only suitable 
for the direct measurement of comparatively short 
lengths, up to approximately 18 in. The use of 
ultra-short radio waves, however, which are con- 
siderably longer than light waves, permits the range 
of measurement to be increased greatly without an 
appreciable reduction in the percentage accuracy. 
The method, however, has its disadvantages as well 
as its advantages. When the length to be deter- 
mined is comparatively short, it is a simple matter 
to evacuate the apparatus almost completely, so 
that the refractive index may be taken as unity. 
When a long base is employed, however, evacuation 
of the air from the apparatus is less easy, and it is 
much more convenient to work in the open air. In 
this case, however, the refractive index of the air 
must be known, since it affects the velocity and 
length of the waves employed for measurement. 

Experiments, undertaken by Dr. K. D. Froome, 
are in progress in the Metrology Division on the 
application of radio waves to the measurement of 
length by interferometric methods. Waves, 
1-25 om. long, i.e., about 20,000 times longer than 
the average optical wavelength, are generated by a 
stabilised Klystron oscillator and when these are 
directed into a suitable interferometer, they exhibit 
interference phenomena similar to those character- 
istic of light waves. As the interferometer reflector 
is moved over distances up to several metres, the 
amplitude of the signal picked up on the receiver 
passes through a series of alternate maxima and 
minima. Ifthe number of minima occurring within 
a certain displacement of the reflector is noted, the 
displacement can be expressed as a multiple of the 
wavelength of the radiation. This is a much 
simpler matter than counting the number of optical 
wavelengths in the displacement. The radio wave- 
length is determined by dividing the velocity of the 
waves by the frequency of the Klystron oscillator, 
which is determined to a high degree of accuracy by 
comparison with that of a standard quartz 
oscillator. 

Conversely, if the displacement be short enough 
to be measured directly by high-precision end- 
standards or, better still, by optical interferometry, 
the velocity of the radio waves and, hence, the 
refractive index of the medium may be found. It is 
for this purpose that the equipment is being used at 
present. The method has the advantage over the 
cavity-resonator method of determining velocities 
and refractive indices that no correction has tobe 
applied for the effect of the cavity wall. On the 
other hand, it has the disadvantage that the metal- 
plate lenses of the radio-frequency interferometer 
are not large compared with the wavelength of the 
radiation and thus a correction has to be made for 
the spread of the latter. The effect is similar to 
that which would be experienced with an optical 
interferometer if minute lenses were employed. 

In parallel with the work just described, deter- 
minations of the refractive index of air at radio 
frequencies, using the cavity resonator method, are 
being made in the Electricity Division by Dr. 
L. Essen in collaboration with Dr. Froome. Some 
details of Dr. Essen’s earlier determination of the 
velocity of electromagnetic waves in vacuo by means 
of a cavity resonator were given in ENGINEERING, 
vol. 170, page 442 (1950). In his more recent work, 





the velocity of the waves in air, or in controlled 





amounts of the constituents of air, has been deter- 
mined by measuring the change in the natural 
frequency of the resonator when the air, or other 
gas, is evacuated. from it. Great accuracy is 
obtained by connecting the resonator into a wave- 
guide bridge circuit of high sensitivity and by 
measuring the frequencies directly in terms of the 
standard provided by a quartz clock. The values 
obtained are correct within one part in a hundred 
million. The basic frequency used in the deter- 
minations is 24,000 megacycles per second, corre- 
sponding to a wavelength of 1-25cm., approximately, 
the same as that used in the Metrology Division’s 
experiments. The results obtained for dry air and 
for water vapour have been incorporated in a 
formula from which the refractive index of air under 
any specified atmospheric conditions can be 
calculated. 





THE DESIGN OF A 
TWO-VARIABLE METROLOGY 
CHART. 


By K. L. Jackson, M.Sc.(Eng.), 
A.M.I.Mech.E. 


PRoDUCTION engineering methods involve the use 
of extremely accurate gauges, which from timejto 
time must be checked against standard gauges. 
Furthermore, there are many components which are 
produced to within fine limits, but which must be 
measured indirectly. In this case, it is usually 
necessary to calculate, from the measurements 
taken, the actual dimension or dimensions, and a 
certain amount of tedious calculation is involved 
for the metrologist. Should there be several like 
components which require checking, it would be 
expedient to resort to some method of guaranteeing 
the dimensions without the necessity of making 
any calculations and using only the normal measure- 
ments. It is possible to design a chart which 
obviates the need for calculation in any particular 
case. An example is described below. 

In the partshown in Fig. 1, opposite, a hole of dia- 
meter, d, is inclined at @ deg. to the reference plane, 
and the centre of the hole is at a distance y from the 
reference plane at the front surface. The method 
of checking the part is shown in Fig. 2. Two 
rollers of radius r and a gauge block of width / 
are used, and the heights h and H are measured. 

In general, limits will be set on both y and 8, 
and it is useful to be able to convert these limits to 
others applicable to the readings h and H. The 
limits on y and @ may be defined as 
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In the example given, the following relationships 
hold 
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Fig. 2. 
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where A, B, C and D are constants calculated from 
equations (6) to (9). 
The limits (10) may be represented by the space 


between two lines of slope — > referred to rect- 
angular axes AH and Ah, which intercept the 
axis of Ah at the points * and — =, respectively. 
The limits (11), similarly, give a pair of lines having 


slope -~ and making intercepts = and -? 
on the axis of Ah. The parallelogram thus formed 
(see Fig. 3) defines the limits for Ah and AH. 
For convenience, the nominal values of A and H 
may be added to Ah and AH, respectively, so 
that readings may be plotted directly on the chart. 
Any pair of measured values, A and H, must lie 
within the parallelogram if both dimensions y and 
6 lie within the prescribed limits. 

A further example is worked out numerically 
below. Consider a plug gauge of the type shown 
in Fig. 4, where the diameter, d, at the base is 
2-0000 in., with tolerances + 0 and — 0-00050 in., 
and where @ = 5 deg. + 0-25 min. The measured 
quantities are d, and d,, obtained by the use of 
gauge blocks of height, h, equal to 5-0000 in. and 
rollers of radius, r, equal to 0-5000in. The relevant 
equations are 


0 4r 
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which lead to 
2r 
Ad, - Ad=—_, 48. - (14) 
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Ad, —- Ady=—4p 49 - + (15) 


Equation (15) may be used directly. Another may 
be obtained by eliminating A @ between (14) and 
(15), namely, 


[2 + za + sin’ 6) Ad, -" a + sin 6) Ad, = Aa 


(16) 
On inserting numerical values in (15) and (16), the 
tolerance relations become 
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These limits are defined by the set of lines shown 
in Fig. 5. The nominal values of d, and d, are 
4-9662 and 4-0913, respectively, and these form 
the origin of the chart. Measured values of d, 
and d,, therefore, may be plotted directly on the 
figure. In the case of three variable dimensions, 
the tolerance relations represent three pairs of 
parallel planes which intersect to form a parallelo- 
piped. Any point lying within this solid figure 
satisfies the prescribed tolerance limits. 





THE PROBLEM OF IRON 
AND STEEL. 
(Concluded from page 684.) 


As in the case of the Labrador deposits, transport 
is the main problem confronting the Venezuelan 
project previously mentioned. In 1947, it was dis- 
covered that the Cerro Bolivar was composed almost 
entirely of high-grade iron ore ; it is the richest iron- 
ore find of the present century. Two companies, 
forming the United States Steel Corporation and 
the Bethlehem Steel Corporation, have leaseholds 
in the area and hope to be shipping the ore in 
quantity by 1953. The outlay on railway and 
harbour facilities will be at least 70 million dollars. 
Increasing dependence on ores imported from Latin 
America, Africa and Europe may have far-reaching 
effects on the iron and steel industry in the United 


TABLE V.—INTRA-EUROPEAN TRADE IN 


to deal with the tonnage requiring to be trans- 
ported, and it will not be until 1952 that new ships 
on order become available. 

‘Even a small change in the proportion of ore 
which the American steel industry obtains from 
abroad can make a considerable difference to the 
quantity available for other countries. Twenty 
million tons will represent only about one-sixth of 
the total ore consumption in the United States ; 
it is, however, only 3 million tons less than the 
total imported by all the European steel-producing 
countries. All of these, moreover, with the excep- 
tion of France and Sweden, are heavily dependent 
upon imported supplies. Table V, herewith, shows 
the position of each main importing and exporting 
country in 1949. Britain is particularly vulnerable ; 
from Table VI, it will be evident that it has not 
been possible to maintain ore supplies. British 
imports in 1950 were 3 per cent. lower than in 


TABLE VI.—United Kingdom Imports of Iron Ore* by 























Country of Origin. 
(Thousand Tons.) 
Monthly Averages. 
Country of 1950 1951 
Origin. 1949. | 1950. |(First Two |(First Two 
months). | months). 
Canada and 
Newfoundland 59-6 10-2 2-8 _ 
Sierra Leone --| 65-0 61-1 74-6 39- 
Other British 
Countries 0-4 2-3 0-8 2-2 
Total— British 
Countries 125-0 73-6 78-2 41-9 
Algeria --| 182-2 123-4 146-1 105-3 
Brazil ont cal — 1-5 -= _ 
France --| 90-7 31-1 28-9 34-4 
Morocco on 21°3 23-7 21-0 24-0 
Netherlands 5-4 3-5 0-4 1-3 
Norway 4:0 0-1 — _ 
Spain ia --| 67°38 62-5 57-1 69°5 
Spanish Ports in 
North Africa --| 40-9 36-1 38-3 34-8 
Sweden .-| 258-7 286-8 266-8 282-2 
Tunis - -.| 387-8 39-1 37-1 28-0 
Other Foreign 
Countries 0-9 18-8 6-9 5-6 
Total—Foreign 
Countries | 599-2 626-6 602-6 535-1 
GRAND TOTAL ..| 724-2 700-2 680-8 577-0 

















* Excluding manganiferous ore. 
1949, and, in January and February, 1951, 15 per 
cent. lower than in the corresponding period of 
1950. In the last quarter of 1950, production 
was maintained only by reducing the stocks of 
imported ore by 327,000 tons and of scrap by 
195,000 tons; this is equivalent to a steel ingot 
production of over 400,000 tons. In the first 
quarter of 1950, reductions made in stocks were 
equivalent to a steel-ingot production of over 
500,000 tons. As Mr. G. R. Strauss, the Minister 
of Supply, has said, much of the difficulty in the 
past six months has been due to the shipping 
situation, which is expected to be a little easier 





in the coming months; but the provision of ade- 
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Importing Countries. Belgium 
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and Western Other Total 
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States. Pittsburgh and the Chicago region, the 
traditional steelmaking centres, are likely to decline 
in importance relatively to the Eastern Coastal 
area. This trend could, of course, be offset, partly 
at least, if the Great Lakes were opened up to ocean 
traffic, permitting the importation of Labrador ores 
by this route. 

The pressure of the United States demand on the 
world’s iron-ore resources has been intensified by 
transport difficulties on the Great Lakes. A delay in 
the break-up of ice in 1950 held up 10 million tons. 





— 0-00073 < Ad, — Ad, <0-00073. . - (17) 
— 000050 < — 0-10872 Ad, + 1-10872 Ad, <0 
° ° > - (18) 





The ore fleet, moreover, has proved to be too small 


quate cargo space alone will not solve the ore 
shortage. 

The Iron Ore Working Group of the United Na- 
tions Economic Commission for Europe has esti- 
mated that European countries, on the basis of 
present production plans, may face in 1953 an 
overall shortage of between 5 and 10 million tons 
of iron ore or between 5 and 10 per cent. of their 
total requirements. The smaller figure was arrived 
at from calculations based on an average scrap 
ratio in blast-furnace charges equal to twice that 
of pre-war. It is unlikely, however, that this high 
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post-war ratio of scrap consumption can be main- 
tained, so the deficit in ore requirements is likely 
to be nearer 10 million than 5 million tons. The 
shortage could, of course, be overcome by increased 
production in the principal exporting countries, 
but this would require investment on a scale which 
mineowners are unlikely to undertake unless they 
are given some long-term guarantee of the level of 
future purchases. Since, however, the key to the 
situation is the level of American purchases, and 
these are likely to fall off by 1954 or 1955, there 
can be no assurance of a fair return on the invest- 
ment. 

The shortage of ferrous scrap is just as serious as 
the shortage of ore. In the United Kingdom, the 
consumption of ferrous scrap in 1950 amounted to 
over 14 million tons, of which 7 per cent. was used 
in the production of pig iron, 18 per cent. in the 
manufacture of iron castings, and 73 per cent. in 
steel manufacture. The remaining 2 per cent. was 
accounted for by wrought-iron works and dye works. 
In steelmaking, the scrap ratio has been increasing 
rapidly from an average of 53 per cent. in the years 
1920 to 1929, and 58 per cent. from 1935 to 1939, to 
63 per cent. in 1950. A shortage of steelmakers’ 
scrap can affect the output of iron castings as well 
as of steel, for the ironfounders find themselves in 
competition with the steel industry for available 
supplies of pig-iron. 

Much of the scrap used by the ‘iron and steel 
industries in most countries of the world is obtained 
locally. The absence of such scrap in the un- 
developed countries is, in fact, a serious bar to the 
development of the iron and steel industries there. 
In Britain, of the 10 million tons of steelmaking 
scrap consumed in 1950, 8-2 million tons were 
obtained at home. Of this, 4-81 million tons arose 
from the manufacture and re-rolling of steel. Since 
there is little loss with this circulating scrap, it is 
thought that the amount obtainable cannot be 
greatly increased. Process scrap, which arises from 
the machining, cutting, stamping, etc., operations 
of the steel-using industries, amounted to 1-75 
million tons. Economies which can be made here 
are also likely to be small, though it may be possible 
to quicken the rate at which process scrap is returned 
to the steel manufacturer. 

The third main type of scrap arises from the 
demolition of ships, old machinery, buildings and 
bridges, and can fluctuate considerably in amount. 
In times of prosperity, the quantity of scrap returned 
to the steel mills tends to be less than in a depression. 
The quantity available depends on the scale and 
pattern of steel consumption in the past. The 
growing relative importance of the manufacture of 
tin cans, motor vehicles, cooking appliances, office 
machinery and other manufactures with compara- 
tively short useful lives compared with, say, loco- 
motives and buildings, increases the amount of scrap 
available. In the United States, where the motor- 
vehicle and aircraft industries account for 27 per 
cent. of the consumption of steel, compared with 
10 per cent. in the United Kingdom, the quantity of 
scrap available is proportionally higher in relation 
to the total of steelmaking materials consumed. It 
is almost impossible to tell whether or not greater 
recovery of capital scrap is possible. The 
Statistical Bulletin of the British Iron and Steel 
Federation estimates that, making allowance for 
exports and imports of steel and steel manufactures, 
for every 100 tons of ingots and castings produced in 
the United Kingdom in 1950, 37 tons were retained 
in the country. The proportionate amount of 
capital scrap returned to the steelworks was only 
16 tons. When it is remembered that the home 
consumption of ste>l, 14-7 million ingot tons in 
1950, is more than twice the annual average for the 
years 1926 to 1935, the figure for scrap recovery 
appears to be reasonably high, and the prospects for 
an increase not over hopeful. More home scrap is 
necessary, however, to offset the fall in imported 
supplies. 

British imports of steelmaking scrap, almost 
entirely from Germany, have increased from 400,000 
tons in 1946 to 1-9 million tons in 1950. It has long 
been evident, however, that imports from that 
source could not be maintained indefinitely at this 
high level. Before the war, Germany was a net 
importer of scrap, and exports since the war have 





only been possible because of extensive war damage 
and the much reduced level of steel production. 
Steel production in Western Germany is now 
increasing, however, and most of the easily accessible 
scrap has already been salvaged. There is little 
prospect that the United Kingdom will find an 
alternative source. In spite of the fact that, in 
latter years, Germany has been exporting 3 million 
tons per annum, the world trade in scrap is con- 
siderably less than pre-war. During the depression 
year, when steel production sank to less than a 
quarter of the 1929 level, and until the outbreak of 
war, the United States was the largest exporter of 
scrap, accounting for about two-thirds of the total 
world exports in 1937. Since the war, the United 
States has been a net importer of scrap, and is 
bound to increase these imports in future. Purchases 
abroad amounted to 1 million tons in 1949 and 
700,000 tons in 1950. 

The justification for the rapid expansion in steel- 
making capacity may be strategic rather than 
economic. Even so, it cannot be carried out 
successfully without regard to the availability of 
raw materials and, in particular, ofiron ore. On the 
Russian side of the Iron Curtain, the threefold 
expansion in the output of steel in nine years will 
not be achieved without heavy outlay on the 
development of ore deposits, known to be vast but 
almost untouched, and on the extension and 
strengthening of weak communications. The major 
steel-producing companies in the United States have 
plans in hand for increasing ore production, but the 
expansion in steelmaking capacity is being pushed 
ahead before these can mature. Since it is unlikely 
that American requirements can be met by increased 
ore production for the next three or four years, they 
can be met only at the expense of the European 
countries, the only other major importers. These 
are also increasing capacity, and it is by no means 
clear that, even apart from American buying, their 
ore requirements can be met in full. Integration 
under the Schuman plan may help the participating 
countries to secure for themselves better supplies of 
ironore. Britain, however, heavily dependent upon 
imported supplies, may be in a bad bargaining 
position. 

The shortage of iron ore is thus independent of the 
present international political tension—if, of course, 
certain assumptions about demand are valid. It is, 
however, far from certain that, had there been no 
re-armament, the world would have enjoyed the 
continuing economic prosperity which is a necessary 
condition of an increased demand for steel. The 
price to be paid for the execution of ambitious, but 
ill-considered plans, is only too well realised in the 
United Kingdom. World investment in iron and 
steel production dwarfs that on groundnuts and the 
Gambia poultry farms. 





THE JOINT ENGINEERING 
CONFERENCE, LONDON. 
(Continued from page 687.) 


On Wednesday, June 6, the second full day of the 
Joint Engineering Conference organised by the 
Institutions of Civil, Mechanical, and Electrical 
Engineers, one paper was presented on railways 
(mechanical engineering), one on sea transport 
(electrical engineering) and two on power (civil 
engineering). 


Rattway MECHANICAL ENGINEERING. 


Dr. S. F. Dorey, F.R.S., was in the chair at the 
meeting in the Institution of Civil Engineers, at 
which Mr. R. A. Riddles, C.B.E., M.I.Mech.E., read 
a paper on ‘‘ Railway Mechanical Engineering.” 
First reviewing the history of locomotive develop- 
ment in Britain, from Trevithick’s engine of 1804, to 
the present day, Mr. Riddles pointed out that every 
attempt to improve on the thermal efficiency by 
departing from the basic Stephensonian conception 
had ended in failure and a return had been made to 
the simple and the conventional. At the present 
time, he said, the capital value of the rolling stock 
of British Railways was 501,000,000/. and the annual 
repair costs were 60,000,000/. The organisation of 
repairs was being improved and, with electric 
rolling stock, a better integration of the mechanical 


and electrical engineering functions was being 
achieved. Mr. Riddles also touched on ‘“‘ outdoor 
machinery,” research, development and testing, and 
indicated that a period of, perhaps, five years would 
elapse after the introduction of a new standard 
design before the incorporation of new ideas in a 
Mark 2 design. He paid tribute to the work of the 
locomotive building firms and to international 
contacts. 

Looking to the future, he predicted that steam, 
internal-combustion and electric traction would exist 
side by side in Great Britain for ‘‘at least the 
duration of the professional careers of most people 
in this room.” Electric traction would be extended, 
though the results of electrification were often 
marginal. Fuel costs were more or less equal for 
main-line steam and Diesel engines under British 
conditions ; it was therefore a question of relative 
utilisation. The future of the gas turbine on rail- 
Ways was uncertain. The relating of train schedules 
to the most economic rate of output of different 
engines was being extended, but the most profitable 
lines of development were those of simplification of 
design, better materials and improved “repair 
performance.”’ Finally, Mr. Riddles noted that, in 
view of the increasing interdependence of mechanical 
and electrical engineers, “‘ dual-purpose engineers ” 
were required. 

Mr. Julian Tritton, President of the Institution of 
Locomotive Engineers, opened the discussion. After 
suggesting that Mr. Riddles had overlooked the work 
of overseas engineers, he went on to recall the 
experience of locomotive standardisation in India, 
from 1926. It had taken some time for the chief 
mechanical engineers to realise that standardisation 
was not going to mean stagnation; the C.M.E.’s 
then met periodically to discuss improvements to be 
incorporated in later marks ofeach design. A costly 
lesson had been learnt as a result of going into mass 
production with types which had not been properly 
tried. Thereafter, full trials were carried out with 
new designs and, on one occasion, the journals and 
bearings of a prototype engine were deliberately 
reduced to the working clearances to be expected 
after 18 months or two years. Another lesson which 
had been learnt was the importance of keeping 
informed those responsible for operation. With 
regard to lightweight coaches, Mr. Tritton said that 
they had developed a theory that, at the present 
time, the most economical form was a high-tensile 
steel underframe, and aluminium replacing steel 
wherever that could be done, bulk for bulk. By 
that means, the benefit of one-third of the specific 
weight of aluminium against the weight of steel was 
obtained, and by careful designing it was then 
possible to restrict the proportion of expensive 
lightweight alloys to a quantity which would roughly 
save its extra cost in the reduced quantity which 
was used. 

Referring to Diesel traction, Sir William Stanier, 
F.R.S., thought that it would be out of date during 
the next five or six years. The gas-turbine loco- 
motives in which Mr. Riddles was interested were 
already out of date ; technically, it was possible in 
this country to design a gas-turbine power unit 
which would give a 40 per cent. thermal efficiency, 
but, unfortunately, one had not been built, and the 
development of the gas turbine would probably 
take quite as long as that of the Diesel locomotive. 
The gas turbine, he believed, was going to make 
enormous strides in the next ten years. It had 
many mechanical advantages which should help to 
secure economical working and maintenance and 
which might revolutionise transport in this country. 

Mr. R. C. Bond, amplifying a point in Mr. 
Riddles’s paper, said that locomotive coal consump- 
tion in express passenger traffic had been reduced 
from between 5 and 6 to about 3 lb. per drawbar 
horse-power per hour, since the time (1908) of the 
first of the special locomotives mentioned in Table I 
of the paper. To illustrate the economics of loco- 
motive development he took, as an example, 4 
locomotive costing 20,0001. to build, running 60,000 
miles a year and burning 50 Ib. of coal per mile ; if 
the first cost were increased by only 10 per cent. 
and, as a result, 10 per cent. of the coal were saved, 
it was possible very quickly to lose all the financial 
advantage of that coal saving, to such an extent that, 





if the availability went down from 85 to 83 per cent. 
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(equivalent to only six days longer each year under 
repair), one would be worse off than when one 
started. Speaking of the use of better materials 
and more refined design of details, Mr. Bond referred 
to a well-known class of mixed-traffic locomotives, 
numbering about 800 and built from 1932 onwards. 
At first, they gave about 55,000 or 60,000 miles 
between successive visits to the shops. The average 
for all locomotives of all classes was to-day about 
60,000 miles, but this mixed-traffic class had been 
so developed since 1932 that, in its latest version, it 
was now giving between 90,000 and 95,000 miles. 
Mr. T. E. Chrimes suggested that simplicity in 
railway mechanical engineering was necessitated by 
the shortage of staff, this being due to the volume 
of work in the country at the present time. 

Mr. H. Holcroft, after recalling the varied scope 
of responsibility of past chief mechanical engineers, 
pointed out that in recent years the Great Western 
Railway built a number of new engines to old 
designs—designs brought out 40 or 50 years ago. 
Referring to outdoor machinery—in particular, 
carriage-washing machines—it was surprising that 
electric stock became even dirtier than steam stock. 
By means of wind-tunnel experiments, it might be 
possible to design a tender so that there was a region 
of still air above it, thereby obviating the coal-dust 
nuisance. As regards Diesel locomotives, Mr. 
Holcroft believed that, owing to the restricted 
loading gauge in this country (13 ft. by 9 ft., com- 
pared with 15 ft. by 10 ft. in America), it was not 
possible to develop the locomotive properly in the 
cramped space available. As a competitor to the 
Diesel. shunting locomotive, however, a special 
steam shunting engine should be designed : it would 
have a regulator on the steam-chests, the cut-off 
limited to 33 per cent., and a notched port provided 
for drifting. Only sufficient blast would be used to 
keep the fire going, and the rest of the exhaust 
would be condensed in the side tanks ; the engine 
would be fitted with a pump and a floating suction 
pipe. This arrangement would not only save fuel, 
but would also save so much water that the engine 
could go three or four times longer than usual 
between visits to the water column. In conclusion, 
Mr. Holcroft wondered why it was necessary to fit 
goods wagons with gunmetal bearings; a bronze 
coating could be deposited by welding, thereby 
saving @ precious non-ferrous metal. 

Mr. E. 8. Cox recalled a project of the former 
L.M.S. Railway in 1937, which never went beyond 
the drawing-office stage. It was for a steam- 
turbine-electric locomotive, with a condenser, 
mounted on two bogies, and provided with a La 
Mont-type forced-circulation boiler. As adminis- 
trators and custodians of what was now public 
money, railway engineers had to forgo such exer- 
cises in elaborate forms of locomotives. In any case, 
experiments with steam-turbine locomotives in the 
United States appeared also to have shown the 
limitations of this form of motive power. The 
problem for the railway engineer was often much less 
how to design something new than how to justify 
something new. The strength/weight ratio of 
coaches had been improved in the new standard 
coach design ; but this required more shop space and 
more feet of welding. So far, however, operational 
research had not been able to indicate, for the con- 
ditions obtaining in this country, what it was worth 
in money either to reduce weight or to have a 
stronger underframe. On British Railways, they 
had had to go ahead with this frame in good faith, 
with no basis of tangible facts with regard to the 
benefits which might accrue. 

Mr. C. M. Cock, referring to electrification, said 
that he could not agree with the statement in the 
paper that, when all the facts were known, the result 
was often marginal. The later Sir Herbert Walker 
had persuaded the directors of the Southern Railway 
to spend millions of pounds on electrification, and 
they had probably never regretted doing so. It 
seemed to him (Mr. Cock) that in this country very 
nearly half the main lines could be electrified econo- 
mically ; what was wanted was somebody like Sir 
Herbert Walker, who had the courage and determi- 
nation to see the thing through, having recognised 
that it would be beneficial. 

Colonel B. H. Leeson, the last speaker in the 
discussion on Mr. Riddles’s paper, referred to the 





question of capital investment in British Railways. 
There was, he said, a tendency to say that this 
country could not afford developments in its rail- 
ways, when it might be more correct to say that it 
could not afford not to have them. This country, 
in order to exist, must put sufficient capital into its 
railway system. By “lumping together” all the 
capital commitments of a large nationalised indus- 
try, people were apt to be frightened by the figure, 
whereas if that capital were regarded as spread 
throughout the country, to be spent in small 
amounts, it would be spent and the country would 
afford it. 

In a brief reply, Mr. Riddles said that, unless it 
were possible to make rolling stock so light that the 
size of the locomotive could be reduced, there was 
not much saving to be obtained. Furthermore, 
there was always the problem of springing light- 
weight vehicles, owing to the difficulty of designing 
for both the empty weight and the full weight. 
The dirt on electric trains might be due to the dust 
from brake blocks. With regard to the use of a 
dead-man’s handle and the employment of only 
one engineman, they were powerless to alter trade- 
unign regulations on this matter. In reply to Mr. 
Cock, Mr. Riddles said that at the time of the elec- 
trification of the Southern Railway, or shortly 
afterwards, there was a migration of industry from 
the North to the South, and people went to live 
where the facilities were best. 


ELECTRICITY AND Sea TRANSPORT. 


A paper on ‘‘ Applications of Electricity to Sea 
Transport,” by Sir Archibald Gill, was also presented 
on Wednesday morning at a meeting at the Insti- 
tution of Mechanical Engineers, over which Sir 
John Hacking presided. After calling attention to 
the fact that electric lighting was first used on 
8.8. City of Berlin (Bay Line) in 1878, and that 
seven years later the Admiralty had ordered the use 
of this form of illumination on all mastless ships, 
the author went on to say that the employment of 
electricity in the merchant navy was greatly 
hastened by the coming of wireless telegraphy about 
1900. The value of this form of communication, 
both in saving life and bringing assistance to vessels 
in trouble, was soon established and in 1916, 
international regulations providing for the fitting of 
wireless and the maintenance of 24-hour attendance 
in ships above a certain size came into force. Asa 
result, attention was focused on the possibility of 
providing automatic apparatus which could be 
fitted to the receiver and would recognise an in- 
coming distress call when the operator was off duty. 

Until 1920, two bands of wavelengths, centred on 
300 m. and 600 m., were used for ships’ services. 
The increasing traffic, however, made it necessary to 
utilise additional wavelengths and in that year a 
station was built at Devizes, using a valve trans- 
mitter working on a wavelength of 2,100 m., for 
communicating with ships at distance beyond the 
range of the normal coast stations. Later, a 
receiving and operating station was built at 
Burnham, the senders at Devizes being operated by 
remote control. In 1927, these two stations were 
equipped to work on wavelengths between 10 and 
100 m. and later, that at Devizes was replaced by a 
new station at Portishead. By 1934, nine coast 
stations in all were in operation on wavelengths 
between 2,700 and 1,875 m., 822 and 570 m., 200 and 
100 m. and 100 and 10 m., for telegraph communi- 
cation and shortwave telephony, while large liners 
had access to the public telephone service through 
the overseas radio-telephone stations at Rugby and 
Baldock. Since then, new stations had been built 
at Stonehaven and Oban and the older stations had 
been modified to allow more than one ship to be 
worked at a time. In 1949, the Thames Radio 
service was opened. As regards the future, the use 
of wavelengths in the 1-875 m. range had been 
scheduled for telephony to large passenger liners ; 
and to meet the demands of passengers during the 
last two days of a voyage to Southampton, the 
setting up of a 12-channel telephone system with a 
range of 50 to 70 miles was being considered. 

Dealing with radio navigational aids, Sir Archibald 
pointed out that a direction-finder was fitted on the 
first Mauretania in 1912 and, by 1948, the require- 
ment that medium-wave apparatus should be 


carried had been extended to all vessels above 
1,600 tons which were engaged on international 
voyages. It was interesting to note that whereas 
shortly before the 1939-45 war some 280 British 
ships had been compulsorily fitted, about 2,250 more 
had been voluntarily equipped. Stimulated mainly 
by war-time needs, a number of radio position- 
fixing systems had been developed, of which only the 
Decca had found widespread peace-time application 
in this country for marine navigation. Although 
the potential value of radar to marine navigation had 
early been recognised, its full potentialities could 
not be realised until the development of centi- 
metric techniques had made it possible to obtain 
narrow beam widths with aerials small enough for 
ship-borne use. The main services required from 
radar were navigation and pilotage, as distinct from 
collision-warning; and the specification for a 
general-purpose marine set, published by the 
Ministry of Transport, was based on this principle. 
As an instance of the value of such aids, it might be 
mentioned that a cable ship had been able to leave 
the inner harbour at Dover using radar and then to 
proceed under the guidance of Decca to the position 
where, according to shore measurements, the fault: 
existed. The cable was raised, the fault repaired 
and the ship returned to harbour within a few hours. 

Apart from lighting—for which electricity had 
been universally adopted—there were a large number 
of services for which electricity was an alternative ; 
and usually a more efficient alternative than other 
means of energy transmission. On passenger ships, 
electrically-driven deck machinery was general, 
while practically all tankers had steam-driven 
equipment. In the case of merchant ships, steam 
auxiliaries were fitted in about 65 per cent, and 
electric in the remaining 35 per cent. In coasters, 
electrically-driven equipment predominated. Sup- 
ply was almost wholly on the direct-current system, 
owing to the superior qualities of the motors where 
variable speed was required. In future, however, 
the use of alternating current would extend. For 
many specialised types of vessel the Diesel-electric 
drive had proved its value, although the merits of 
using electric propulsion in the larger passenger 
ships and on cargo-carrying vessels were still a 
matter of controversy. It was, however, conceivable 
that, owing to the freedom with which the main 
power plant could be located and the propeller 
shaft eliminated, thus providing improved stowage 
and better cargo-handling facilities, its adoption 
would in many cases be justified, The advent of 
the gas turbine might be responsible for a revival in 
electrical propulsion. 

Opening the discussion, Mr, G. O. Watson pointed 
out that the author had made no reference to 
depth-sounding apparatus, nor to the gyro compass, 
both of which depended on electricity for their 
operation. The greatest impetus to the use of 
electricity on board ship had been the Diesel engine, 
as motors then had to be employed for driving much 
of the auxiliary machinery. In comparing electrical 
and steam drives it would be interesting to discover 
whether the rising price of fuel would make it 
worth while to expend capital to effect savings in 
running. He suggested that the rival claims of 
alternating and direct-current should be carefully 
examined from the economic aspect, as he thought 
that ignorance was holding back the employment of 
the former system. Figures had recently been 
given which showed the much greater reliability 
of alternating current. On the other hand, there 
was a greater risk to life. 

Mr. C. E. Strong said that single side-band 
operation for telephone services to passenger ships, 
such as was now being used on the Caronia and 
Monarch, was an important departure in marine 
communication. It would neutralise the caprices 
of propagation, especially selective fading, and make 
the service more regular. The transmitter on the 
Caronia had a peak side-band power of only 250 
watts, but was more effective than the 500-watt 
double side-band equipment previously used. Its 
employment had enabled calls to be established 
from mid-Atlantic to Australia, from England to 
the West Indies, and from South Africa to England, 
while the service over distances of 200 to 300 miles, 
which was so important for ship traffic, had been 
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system to cover the approach to the English Channel 
would involve the use of radio-link apparatus on the 
higher frequencies and the employment of more 
power than was generally required on such links. 

Mr. W. C. M. Couch called attention to the fact 
that in warships fluorescent lighting made the work 
in certain compartments more tolerable. Electrifica- 
tion of the auxiliaries had in many cases led to 
greater economy and was often essential when high- 
pressure superheated steam was employed. He 
agreed with Mr. Watson that a careful investigation 
into the merits of alternating current should be 
made, although there was a limit below which it 
could not compete with direct-current in weight, 
space and economy. Its adoption in the Navy had 
also given rise to a number of problems, some 
of which, for instance, variable speeds, would apply 
with greater force in the mercantile marine. In 
many instances, variable-speed drives were used 
where they where not really necessary. In addition 
to the constant-current system mentioned by the 
author, the Metadyne could be used for driving 
groups of motors. 

Mr. R. J. Welsh pointed out that the use of 
welding and of strain gauges to determine hull 
stresses were other fields in which electricity was 
employed in marine work. The introduction of 
gas turbines would mein the installation of high- 
intensity spark equipment, tachometers to indicate 
the speeds of the various shafts at a central position 
and motors for driving the auxiliaries. The result 
would therefore be to increase rather than reduce 
the amount of electrical equipment. The chief 
obstacles to the gas turbine were the difficulty of 
burning heavy vanadium-bearing fuels, except at 
low temperatures, and the need for more experience. 

Mr. H. E. Hogben commented on the surprising 
omission from the paper of the internal-communi- 
cation arrangements on board ship. The radar 
specification of the Ministry of Transport had been 
a valuable guide to manufacturers and eight or 
nine different equipments from six manufacturers 


Foratne a 20-Ppr. Gun BaRREL. 











Fic. 2. 


had been type-tested. About 1,000 sets had been 
installed and the number was increasing. The 
situation with regard to the Decca navigator was 
similar. This equipment was equivalent to a radio 
log in that it gave a continuous indication of the 
ship’s position. The new North British chain was 
to be opened on June 7, and when another chain 
was inaugurated early in 1952 the coverage round 
the British Isles and the main European countries 
would be very extensive. 

Mr. H. D. Taylor suggested that it would be an 
improvement if arrangements could be made so 
that small vessels, which were usually fitted with 
direct-current equipment, could, when in harbour, 
take a supply from the mains. Labour and main- 
tenance would thereby be reduced. Mr. T. Deighton 
agreed that the general use of alternating current 
would reduce maintenance. 

Major-General A. E. Davidson said that in 
Scandinavia all new ships were fitted with both 
radar and Decca, and his experience was that the 
navigation officers placed more reliance on the 
latter. He thought that the main reason for fitting 
electrical equipment on the Normandie had been 
the fear that gearing would have to be quickly 
renewed. If she was to be designed to-day, he did 
not think electric transmission would be employed. 

Sir Archibald Gill, in reply, agreed that the 
economics of alternating and direct-current should 
be studied. One of the great drawbacks of the latter 
was osmosis trouble. There were already a great 
many alternators on board ship for supplying code 
sounders, radar, radio and gyro compasses. These 
could be eliminated with a saving in maintenance if 
alternating-current were generally used. 

(To be continued.) 





CoaL-UTILISATION INFORMATION CENTRE AT MAN- 
CHESTER.—A show-room and information centre was 
opened by the Coal Utilisation Joint Council on June 6 
at 257, Deansgate, Manchester, to provide technical 
advice on domestic solid-fuel appliances. 
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Om QuENcHING A 20-Ppr. Gun BARREL. 


THE ROYAL ORDNANCE FACTORY, 
NOTTINGHAM. 


THE Nottingham Royal Ordnance Factory is one of 
the older Government munitions establishments, having 
been founded in 1916 for the production of shells. After 
the end of the first World War, it was used for a 
variety of purposes, but in 1936 was taken over by the 
Government again for the production of anti-aircraft 
equipment and was engaged on this task throughout 
the second World War, the guns produced including a 
considerable number of Bofors. The cessation of 
hostilities saw a drastic reduction in work and in order 
to keep the factory going, a considerable number of 
civilian contracts were undertaken. Only what might 
be termed good-class work was taken on, however, 
this being a deliberate policy of the management to 
maintain the skill of the craftsmen and managerial 
staff. The work carried out included the production of 
electrical generators, woodworking machinery, hosiery- 
knitting machines and guillotines for the printing 
industry ; all these, it will be appreciated, require 
skilled fitting, particularly the knitting machinery, 
parts of which are extremely intricate. A considerable 
quantity of this class of work is still going through the 
factory, but, as it is completed, the machinery released 
is being put back on to armament production. 

The work carried out at the Nottingham factory is 
more diverse than in those described previously. There 
is, for example, a large forge with a range of drop- 
stamping machines ranging in capacity from 10 cwt. 
to 5 tons. These are employed on a variety of tasks, 
but mostly on the production of parts for Bofors 
guns and the stampings used in connection with the 
suspension units of Centurion tanks. The latter are 
subsequently machined and, in certain cases, built up 
into complete sub-assemblies for dispatch to the Royal 
Ordnance Factory, Leeds. There is also a well- 
equipped foundry which, like the forge, is employed on 
a number of tasks, but most of its production is con- 
sumed internally. Another important function carried 
out at the works is the forging and subsequent meet mm 
of 20-pdr. gun barrels, some of which are dispatche 
to the Royal Ordnance Factory, Llanishen, Cardiff, 
for completion, while others are completed in the 
Nottingham factory. These guns, it will be remem- 
bered, are fitted to Centurion tanks, and as machining 
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operations subsequent to piercing were described on 
ROYAL ORDNANCE FACTORY, NOTTINGHAM. page 494, ante, in connection with a description of the 
Llanishen factory, it will, perhaps, be logical to refer in 

— more detail to the earlier operations. 

The barrels are forged to a length of 23 ft. from a billet 
measuring 18 in. by 9 ft., the forging being carried out 
in any one of three Duncan and Stewart machines, two 
of which are rated at 15,000 tons and the third at 
12,000 tons. All three machines are hydraulically 
operated and forging is accomplished as.a rule with two 
heatings, approximately one-half the length being 
forged at a time. One of the forging machines is 
illustrated in Fig. 1, opposite, where it is shown per- 
forming the second operation ; it will be noted that the 
process is quite straightforward, the work being sup- 
ported by an automatic rotating dolly in the formal 
manner. 

After forging, the barrel is rough-turned on the 
exterior prior to piercing, special care being taken to 
obtain a good finish in the areas where it will be sup- 
ported by the steadies. Two methods of piercing are 
employed, namely, solid boring and trepanning, the 
latter process being a more recent development. The 
machine used in each case is illustrated in Fig. 3, on 
this page, the barrel being rotated by a hollow chuck 
driven through multiple V belts by a variable-speed 
motor. It is, of course, held at the correct height by 
steadies and, in view of the high rotative speeds 
employed, these are fitted with rollers instead of the 
usual brass pads. The cutter head used for solid 
Fic. 3. Hicu-Sprep Gun-Borine LaTHE. boring is illustrated in Fig. 4, from which it will be seen 
that it is of more or less standard design. The tre- 
panning head is also of straightforward design, having 
a single tool guided from the interior of the barrel by 
pads. In both cases, efficient removal of the swarf is 
ensured by supplying the cutting lubricant at a suffi- 
ciently high pressure to force the chips down the hollow 
spindle of the tool. The machines used for piercing 
vary somewhat in design as they have been developed 
by the factory personnel and consist in the main of 
modified standard machines ; that illustrated in Fig. 3, 
for example, is a conversion of a standard Urqubart, 
Lindsay and Robertson Orchar lathe. 

When the barrels have been pierced, they are passed 
to the heat-treatment section where they are oil 
hardened. Each barrel is raised to a temperature of 
850 deg. C. in an electric furnace, the time taken to 
reach this value being four hours. It is then held at 
this temperature for a further period of four hours 
before being quenched in an oil pit; this process is 
illustrated in Fig. 2, opposite, the barrel being trans- 
ferred to the’pit by an overhead traveller. The barrel 
is then tempered at 650 deg. C., after which a test bar 
is cut from one end to ascertain the physical charac- 
teristics and, should these prove satisfactory, the barrel 
is issued to the works for finish-machining or dispatched 
to Lianishen. Sufficient material is left at the end 
of the barrel to permit four test pieces to be removed 
so that, if necessary, four separate heat treatments 
may be carried out to obtain the required condition. 

The machining operations subsequent to hardening 
are, of course, similar to those’carried ‘out at Llanishen. 
They are first prepared for the autofrettage process ; 
this entails machining them to close limits so as to 
ensure accurate dimensional control ‘when subjected 
to the high internal pressures involved!in this process. 
External turning is accomplished in standard centre 
lathes and boring in machines similar in most respects 
to those employed for piercing. The cutting heads are, 
of course, different, the tool in each case being sup- 
ported by a lignum-vite bush which is cut auto- 
matically to the diameter of the bore; lignum-vite 
is used as it expands slightly under the action of the 
cutting lubricant and is, therefore, a good fit in the 
bore. After passing through the autofrettage process, 
the barrels are heat, treated for stress stabilisation and 
then finished machined, the processes so far as turning 
and boring are concerned being similar to those preced- 
ing autofrettage. Rifling, however, is carried out by 
a reciprocating cutting head whereas at Llanishen, it 
will be remembered, broaching is used. Although the 
reciprocating cutting-head method of rifling has proved 
satisfactory for a number of years, there is little doubt 
that broaching is quicker and more accurate and it 
is understood that this process will shortly be intro- 
duced at Nottingham. 

Although primarily a factory for the production of 
guns, the Nottingham factory is also engaged on the 
overhauling of Comet tanks. Overhauling is, perhaps, 
not the proper term to use as every tank is stripped 
down as far as the hull which, where necessary, is 
repaired before reassembly. The turrets, turret operat- 
ing gear, gun mountings, guns, etc., are also stripped 
right down for overhaul and Fig. 5, on this page, shows 
part of the bay used for this purpose. In general, 
new, or reworked unit assemblies are used to replace 
those worn beyond their serviceable limits, the over- 
haul of the various smaller units being carried out by 
Fic. 5. Part or THe Tank-Overnavt Sxors. specialist contractors or R.E.M.E. units. 
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100-H.P. MINE LOCOMOTIVE WITH VOITH HYDRAULIC TRANSMISSION. 


NORTH BRITISH LOCOMOTIVE COMPANY, LIMITED, GLASGOW. 





Fig. 2. 








Fre. 1. Transmission Unit. 
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Fic. 4: Locomotive wirn Vorrn TRANSMISSION. 


100-H.P. MINE LOCOMOTIVE WITH 
VOITH HYDRAULIC TRANSMISSION. 


THERE are two schools of thought on the problem of 
transmitting the drive of a Diesel locomotive—the 
electrical and the non-eectrical, the latter includin, 
mechanical and hydraulic methods. The principa 
objectives are low first cost and ease of operation and 
maintenance. A single control, apart from braking and 
reversing, is desirable and has been achieved in a 
number of designs. A recent addition to the hydraulic 
methods is the Voith transmission, the British manu- 
facturing rights of which have been acquired by the 
North British Locomotive Company, Limited, Spring- 
burn, Glasgow. The principle of the hydraulic torque 
converter has been extensively developed by the 
J. M. Voith Company, of Germany, for railway traction, 
and up to the present 2,000 locomotive and rail-car 
transmissions, with an aggregate of over 550,000 h.p., 
have been placed in service. Though this article 





describes the application of the Voith transmission to a | 


100-h.p. , locomotive, the North British Locomotive 
Company’s manufacturing programme covers a number 
of different sizes up to 1,500 h.p. at the input shaft. 
The transmission unit is shown in Fig. 1, on this page, 
and diagrammatically in Fig. 2; the 100-h.p. “‘ Miner ” 
locomotive to which it is now being fitted has previously 
been fitted with a three-speed or four-speed mechanical 
gearbox, and was. described in that form in 
ENGINEERING when it was introduced in 1948 (see 
vol. 166, page 367 (1948)). It is shown in its present 
form in Figs. 4, 6, 7 and 8. In cross-sectional dimen- 
sions, the locomotive is no larger than a standard mine 
tub ; its weight can be varied from 12} to 15 tons, and 
the track gauge can be adjusted from 2 ft. 54 in. to 
3 ft.6in. The principal dimensions on track gauges up 
to 3 ft. are as follows: length over buffer beams, 
15 ft. lin. ; width, 4 ft.; height, 4 ft. 5in. ; wheelbase, 
4 ft. 7 in.; and wheel diameter, 2 ft. The minimum 
radius of curved track that can be negotiated is 45 ft. ; 
the maximum speed is 124 m.p.h.; and the tractive 
effort, calculated at 25 per cent. adhesion, is 8,400 lb 
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In designing the new Miner locomotive, the opportunity 
has been taken to make a numberof minor modifica- 
tions which will improve the accessibility of parts 
requiring periodical attention. Timken tapered-roller 
bearing axleboxes have also been fitted. 

The principal elements of the transmission are the 
torque converter, fluid coupling, centrifugal oil pump 
in the sump, control piston valve and governor 
(Fig. 2). The converter is capable of increasing the 
torque up to six times the input torque and provides a 
high tractive effort at starting and on steep gradients. 
On reaching a predetermined speed (about 6 m.p.h.) 
the load is automatically taken over by the fluid 
coupling for medium and high-speed duties, while the 
converter circuit is emptied. When the locomotive 
enters a gradient, the reverse process, of reverting to the 
torque converter, is also accomplished automatically. 
Thus, there is no gear-changing, and wear and tear on 
gears and clutches are absent. Fig. 5 shows the 
tractive effort over the speed range for various altitudes: 
a, sea-level (95 h.p.) ; 5, 1,500 ft. (91 h.p.) ; ¢, 3,000 ft. 
(85 h.p.); and d, 5,500 ft. (75 h.p.). 

There are three main members in the converter: 
the impeller (the inner, driving part in Fig. 3), the 
turbine runner (the outer, driven ~— and the guide 
wheel (the fixed part). Power m the engine is 
transmitted through the input shaft and gears (on the 
left in Fig. 3); thence through the impeller of the 
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empty fluid coupling to a hollow shaft which drives 
the impeller of the converter. Thereafter the torque 
is transmitted to the converter runner by the hydraulic 
fluid, and thus to the output shaft. The output- 
torque curve is smooth, with high values at low speeds, 
as required for traction purposes, but the input torque 
remains practically constant at constant engine speed 
in spite of changes in the output torque as speed 
increases. 

The fluid coupling consists of two similar parts with 
radial vanes, one of which works as the impeller and 
the other as the runner. The casing and the impeller, 
which is connected to the hollow shaft, rotate together, 
and the runner shaft passes through the hollow shaft 
to the output shaft. The coupling functions in the 
ordinary way, with a slip, under normal conditions, of 
about 2 or 3 per cent. 

Movement of the engine throttle lever away from 
the idling position opens a filling valve (at the top of 
the control piston valve in Fig. 2), which allows oil 
from the pump to pass to the governor. At the same 
time, the control piston valve, being held in its lowest 
position by a spring, allows oil to be delivered to the 
torque converter. Thus, by a single operation, the 
driver opens the throttle of the engine and brings the 
torque converter into action. When the predetermined 
speed has been reached, the governor feeds oil under 
pressure to the underside of the control piston valve, 
which is thus lifted. Oil is now pe menacl to the fluid 
coupling, while the oil in the torque converter is 
allowed to drain away. If the throttle lever is moved 
to the idling position, the converter is emptied and the 
engine can idle while the locomotive coasts freely. 
Re-engaging of the transmission is effected as soon as 
the lever is moved again, when the converter or the 
coupling is filled, according to the prevailing speed of 
the locomotive. Thus, the control of the locomotive is 
extremely simple; our experience when we recently 
had the opportunity «f driving a Diesel locomotive 
with Voith transmission amply confirmed the makers’ 
claim that “the driver, however unaccustomed, rapidly 
acquires confidence through the complete absence of 
ogee a Some other features of the 
system are as follows: starting torque is applied to 
the wheels entirely without yay and if’ slipping 
occurs the engine is prevented from racing, so that 
there is no violent slipping with sudden loss of tractive 
effort; the maximum speed is attained rapidly, as 


























there is no clutch and no throttling back of the engine 
speed; shock loads cannot be transmitted to the 
engine; no wear takes place in the hydraulic-drive 
components; the engine cannot be stalled by the 
load—if the engine speed falls the output torque falls 
rapidly until, at idling speed, no torque is transmitted 
to the wheels; and, finally, it is almost impossible to 
abuse the transmission. 

Transmission units for higher powers have two fluid 
couplings as well as the torque converter, and, in the 
case of the most powerful unit, there are two converters 
but no coupling. 





THE USE OF BUTANE AS TOWN 
GAS. 


To meet the gas needs of small towns and villages 
which have either never had a public gas supply or have 
been dependent on small works equipped with old- 
fashioned hand-charged horizontal retorts, experiments 
are being made with the distribution of butane, a 
valuable product of the oil refineries, through normal 
mains and services. In many cases, long distances 
prevent the use of bulk supplies of coal gas from larger 
works, scarcity of labour makes it increasingly difficult 
to man hand-charged plant, and high costs, coupled 
with limitations on capital expenditure, militate against 
extensions for which no early financial return can be ex- 

. The use of liquified petroleum gases promises a 
solution of the problem. Although butane has long been 
one of the bases of the bottled-gas industry, its distribu- 
tion through the mains and services of gas undertakingsis 
a new development in this coun The practice has, 
however, passed beyond the experimental stage on the 
Continent. Last winter, the Wales Gas Board used 
butane to meet emergencies due to inadequate plant at 
Abergavenny, and a more extended test is about to be 
carried out in a South Wales village where a section of 
the district is already served with town gas. Three 
plants are on order for Wales, the first of which is likely 
to be put to work in the near future. 

Following a study of installations in France, Mr. 
E. M. Edwards, member of the Wales Gas Board, has 
reported that, subject to the availability of butane at 
satisfactory prices and on a long-term contract, butane- 
air mixtures could be substituted for orthodox gag 


manufacture at small undertakings; that neat butane 
could be —— to towns where gas supplies are no 
longer available because original supplies ceased years 
ago, before nationalisation (this would involve laying 
new distribution systems); that neat butane could be 
supplied to towns, villages, and hamlets that have 
never had a supply; and that butane-producer-gas 
auxiliary supplies could be provided at medium and 
large works to enable carbonising plant to be operated 
at higher load factors, and to meet emergencies. Simple 
and effective machines can be installed in small ground 
spaces for a comparatively small capital outlay. 
Running costs are low and labour costs are almost 
negligible in comparison with gas-making in horizontal 
retorts. Smoke and dust are eliminated, as is the 
necessity for the disposal of gasworks effluents. The 
process is suitable for intermittent or continuous 
production, and can be made completely automatic. 

In France, no difficulties due to the corrosion of 
mains have been reported, but more extended experi- 
ence is needed. Experience of the effect on meters is 
limited, but experiments are in progress with meters 
using nylon-covered synthetic-rubber diaphragms. 
Being heavier than air, the gas tends to remain in 
trenches when men are at work, but the absence of 
carbon monoxide tends to counter the added risks. 
Owing to the solvent properties of butane, leakage from 
screwed fittings, governors, etc., must be guarded 
against. On the Continent, the usual types of cocks 
and valves have been found satisfactory, provided they 
are re-lubricated with a grease comprising a graphite- 
molasses mixture, which tends to break down in the 
presence of water. 





“THE MODEL ENGINEER” EXHIBITION.—As in pre- 
vious years, a competition has been arranged in connec- 
tion with ‘“‘ The Model Engineer ”’ Exhibition, which is 
to be held at the Royal Horticultural Hall, Westminster, 
S.W.1, from August 22 te September1. The engineering 
section of the competition will be divided into 19 classes, 
covering general engineering, marine, and locomotive 
and railway models. The aircraft section will comprise 
11 classes, seven senior and four junior. Forms are 
obtainable from the exhibition manager, 28, Great 
Queen-street, London, 8.W.1. 





IMPROVEMENTS IN BROADCASTING TRANSMISSION.— 
Although the home service of the British Broadcasting 
Corporation is satisfactorily received by about 92 per 
cent. of the population, there are areas where interference 
from foreign broadcasting is experienced, particularly in 
the winter. Owing to the shortage of wavelengths avail- 
able under the Copenhagen Plan of 1950, it is impossible 
to make any widespread improvement in the coverage, 
but the Corporation have arranged to install 12 low- 
power transmitters, which will be brought into service 
in areas where they are most needed and will benefit the 
greatest number of people. Four of these stations will 
be arranged to radiate the West of England programme 
and will be installed at Barnstaple, Bexhill, Folkestone 
and Brighton. The first of these stations will radiate 
at 285 m. and the other three at 206m. Two stations— 
Whitehaven and Barrow—will radiate the North of 
England programme on wavelengths of A34 m. and 
202 m., respectively; two—Ramsgate and Cromer—the 
London programme on 202 and 330 m.; two—Montrose 
and Dumfries—the Scottish programme on 202 and 
371 m.; one at Scarborough—the Northern Ireland 
programme—on 261 m.; and one—Pwilheli, the Welsh 
programme on 341 m. It will be seen that it will not be 
practicable in some areas for the transmitter to radiate 





the home service of its own region owing to interference. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


Routs-Royce Factory aT East KILBRIDE.—Contrac- 
tors began work on June 5 on the preparation of the site 
of the new Rolls-Royce factory at East Kilbride. The 
contract for the buildings will be subject to ‘competitive 
tender, but it is understood that the contract for the steel 
structure has been placed with a Scottish firm. The 
buildings will cover an area of more than 500,000 sq. ft. 





PRESTWICK AIRPORT.—Work which has now begun on 
the 400-ft. extension to the west end of the main runway 
at Prestwick Airport will, on completion, provide a 
usable length of 7,000 ft. for aircraft taking off to the east. 
The secondary runway is in use again, its resurfacing 
having been completed last week. 

ELECTRICITY SUPPLY IN LarGs.—The South-West 
Electricity Board have approved a scheme to improve 
the electricity supply in Largs by installing a voltage 
regulator in a new substation at Haylie Brae, and the 
erection of eight miles of overhead line from Kilbirnie. 
The new line will prevent a complete breakdown of the 
Largs supply if a fault should occur on the main line 
from Ardrossan. 

LIGHTING OF LOcH LonG.—The three lights being 
prepared by the Clyde Lighthouses Trustees in connec- 
tion with the lighting of Loch Long will be installed and 
in operation before the date required by the British 
Tanker Company, it was stated by Mr. George A. Work- 
man, chairman, at a meeting of the trustees on June 6. 
There had been some delay in getting the structure of one 
large light, but delivery had been promised for the 
middle of the present month. 

HONOvR For Sir JoHN OralG.—Sir John Craig, D.L., 
chairman of Colvilles Ltd., who is to receive the honorary 
degree of LL.D. at this month’s graduation ceremony at 
Glasgow University, was presented with robes for the 
occasion at Motherwell on June 5. The robes were the 
gift of the Joint Works Committee, representative of all 
the works in the Colville group. Among those present 
were Mr. John Ross (Steel Company of Scotland, Ltd.), 
Mr. John Connor (Clyde Alloy Steel Co., Ltd.), Mr. 
Robert Howitt (Smith & M’Lean, Ltd.), and Mr, George 
Robertson (Colville Constructional Co., Ltd.). 

INQUIRY INTO STRANDING OF M.V. ‘“‘ CAMEO.”—The 
formal investigation ordered into the stranding of the 
Glasgow m.v. Cameo, due for hearing at the Glasgow 
Sheriff Court on June 20, has now been postponed. A 
further announcement will be made when the date of 
hearing has been fixed. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


OUTLOOK IN THE IRON AND STEEL INDUSTRY.—While 
control of distributable steel tonnage is to be established 
to enable satisfactory attention to be given to the 
production of commodities for national needs, some time 
must elapse before the scheme can be put into operation 
and, in the meantime, the position occasions grave anxiety 
in large steel-using areas. Available parcels of pig iron 
continue to be in inconveniently short supply and the 
scareity is seriously hampering operations at foundries. 
Iron and steel scrap is still wanted in much larger parcels 
than are obtainable, and there are no indications of an 
early material change for the better in these branches of 
industry. The outlook in regard to foreign iron ore, 
however, now encourages the hope of an early improve- 
ment. More ships are being allotted to ore ports abroad 
and a much needed substantial increase in imports is 
now expected. 

TEES-SIDE WATER SCHEME.—The intention of the Tees 
Valley Water Board to take water from the River Swale, 
which would have saved nearly 2,000,0001. on the alter- 
native proposal to build a new 4,000,0007. impounding 
reservoir, has had to be abandoned, as investigation 
reveals that insufficient water will be obtainable from the 
Swale during the summer drought period. The Board 
are asking the large water consumers to join in discussing 
the situation. 

Lone PILeS FOR OIL-REFINERY WHARF.—The first 
consignment of 20 steel piles, 102 ft. in length, recently 
left the works of the Cargo Fleet Iron and Steel Co., 
Ltd., Middlesbrough, by rail for the site of a new oil- 
refinery wharf of the Anglo-Iranian Oil Co. at the Isle 
of Grain, Kent. Special wagons were provided by 
British Railways to convey the piles. It is understood 
that more orders, for piles up to 170 ft. long, are in hand. 





SUNDERLAND CENTRAL Raltway STATION.—A deputa- 
tion of members of the Sunderland Corporation, led by 
Alderman J. Hoy, chairman of the Corporation General 
Purposes Committee, met representative officers of the 
Railway Executive at York, on June 6, to discuss the 
revision of plans for the proposed new Sunderland 
Central Railway Station. No statement was made 
public after the meeting, as it is expected that further 
conferences will be held. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


UTILISATION OF WASHERY SLURRY.—It is estimated 
that, if use could be made of washery slurry, which is 
produced at British collieries to the extent of 6,000,000 
tons a year, the slurry might replace 4,000,000 to 
5,000,000 tons of coal a year. Professor R. J. Sarjant, 
of the Department of Fuel Technology at Sheffield 
University, is pursuing investigations on the subject in 
conjunction with the British Coal Utilisation Research 
Association, which is also working on the problem at 
Leatherhead. 

MorE Roap HavuLaGe.—The decision of the Minister 
of Fuel and Power to use road haulage for the transport 
of all opencast coal, except that for power stations, means 
that South Yorkshire hauliers will have continuous 
employment for 1,000 lorries and will carry 5,000,000 
more tons of opencast coal this year than last. In the 
past, opencast coal has been moved by rail during the 
summer months and many lorries were thus rendered 
idle. The Ministry make full use of road haulage during 
the winter months. The pool of 1,000 lorries, operating 
from Sheffield and district, has been advised to start 
delivery of the opencast coal over a radius of 100 mules 
of Sheffield. To the south, the fuel will be carried as far 
as Worcester. 


AUTOMATIC CONTROL IN OPEN-HEARTH FURNACES.— 
Economies are being effected by leading Sheffield and 
district steelmakers by the adoption of automatic roof- 
temperature control in their open-hearth steel furnaces. 
At the works of the Park Gate Iron and Steel Co., Ltd., 
Rotherham, the adoption of the practice is achieving 
noteworthy results; outputs have increased and 
economies made in the consumption of the fuel oil 
utilised in the furnaces. 


PRECISION CaSTINGS.—Hadfields Ltd., Sheffield, have 
now expanded their pilot plant for the manufacture of 
precision castings by the lost-wax process. High-grade 
steels are used for the castings, which require only a 
minimum amount of machining. 


THE MIDLANDS. 


LONDON-BIRMINGHAM HELICOPTER SERVICE.—The 
British European Airways London-Birmingham heli- 
copter service—the first inter-city service in this country 
—was inaugurated on June 1. At present, the Birming- 
ham terminus is at Hay Mills, about three miles from 
the city centre. Suggestions have been made that the 
terminus should be at one of the two main-line railway 
stations, but neither of these has a suitable roof. A 
possible terminus has been proposed by the management 
of a large department store in the city, who suggest that 
the roof of the store could be used. This, it is said, could 
be the city terminus of the proposed service of twin- 
engined helicopters which it is intended to operate when 
the aircraft are available. 


EXPERIMENTS AT SEWAGE DISPOSAL WoORKS.—Mr. 
J. Hurley, manager of Wolverhampton’s sewage disposal 
department, has given some details of experiments 
recently carried out on synthetic soap substitutes. The 
increasing use of these detergents, for industrial as well 
as domestic purposes, led the department to investigate 
the possible effect on bacteria in sewage treatment. So 
far, the result bas been satisfactory, though only one 
type of detergent has been investigated. Wolverhamp- 
ton is a hard-water area, and Mr. Hurley started his 
investigations because he expected that there would be 
an increase in the local use of such detergents, the 
properties of which are unaffected by hard water. 


UNAUTHORISED COAL-GETTING.—Though the warmer 
weather has reduced the demand for coal, and the 
number of people digging coal without authority from 
pit heaps, clay pits and other sites in the Black Country 
has diminished, cases are still being reported of local 
authorities having to take action. Several persons were 
brought before the magistrates at Walsall on June 6 for 
digging coal in a part of the town known as Coalpool. 
It was stated that the diggings had damaged the bank of 
a canal to such an extent that water was beginning to 


come through, and adjoining houses were in danger until 
emergency repairs had been completed. 

REMOVAL OF WOLVERHAMPTON WORKS.—The first 
step towards transferring their activities to a new works 
at Crewe has been taken by the British Rollmakers 
Corporation, Ltd. The Corporation own a number of 
works in the Black Country district, and one of these, the 
Swan Garden works, at Horseley Field, Wolverhampton, 
has now been put into the hands of local agents for sale, 
Swan Garden works, formerly a forge and sheet-rolling 
mill, was entirely re-built some years ago as a roll 
foundry and machine shop. The plant covers about 
6} acres, near to the town centre. 

ZINc-OXIDE RECOVERY.—The shortage of zinc has 
directed the attention of the Black Country, a consider- 
able user, to the question of zinc-oxide recovery. Some 
of the larger firms have their own recovery plants in 
operation. Special equipment has been in operation for 
some time at the works at Wednesfield and James Bridge, 
Staffordshire, of the Wolverhampton Metal Co., Ltd., 
and is now recovering 30 to 35 tons per week of zinc 
oxide from furnaces melting down scrap. 





RESEARCH ON TIME-STUDY PRACTICE.—A team at the 
University of Birmingham is carrying out research into 
time-study methods, and at present is preparing a report 
on the first national survey of the subject. This was 
conducted at the end of last year under the direction of 
Professor T. U. Matthew, Lucas Professor of Engineering 
Production at the University. The full report of the 
survey will not be completed for some time, but an 
interim report is now available through the Committee 
on Measurement of Production, set up by the Institute 
of Cost and Works Accountants and the Institution of 
Production Engineers. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


PROFIT MADE BY SOUTH-WESTERN DIVISION COL- 
LIERIES.—The annual report of the National Coal Board 
for 1950 shows that, for the first time since nationalisation 
at the beginning of 1947, the mines in the South-Western 
Division made a profit on the year’s working. This 
amounted to 217,442/., equivalent to a little over 2d. 
a ton produced and compared with a loss of 6d. a ton in 
the previous year, of 4s. 9d. a ton in 1948, and of 9s. 7d. 
in 1947. The decline in the export trade in the closing 
months of the year, however, was one of the principal 
reasons for a loss, which was recorded in the final quarter 
of the year, of 1s. 83d. per ton produced. Apart from 
Kent, the Division was the only one in the country to 
reduce costs during the year, but these, at 54s. 7d. a ton 
(55s. in 1949) were still the highest in Britain. The 
proceeds from the sale of the coal, however, were also 
the highest in the country, averaging 54s. 9d. a ton. 
Pithead proceeds in the year were 65,863,6181, compared 
with 65,238,0901. in the preceding year. 

TIRHERBERT COLLIERY, ABERDARE.—Output at the 
Tirherbert Colliery in the Aberdare Valley broke all 
previous records in the week ended May 5, when 4,547 
tons were produced. Output has been increased from 
an average of 2,500 tons a week in May, 1950, to 3,900 
tons in April of this year at which point it was expected 
to be stabilised. 

S~taG Dumps aT TREFOREST.—A proposal by the 
National Coal Board to use land at the rear of factories 
on the Treforest Trading Estate as a dump for waste from 
the new Nantgarw Colliery is being opposed by the 
National Union of Manufacturers. They point out that 
any increase in the dust problem would mean economic 
disaster to some manufacturers in the area, whose pro- 
cesses depend upon clear atmosphere. The Union have 
announced to the Glamorgan County Council their 
intention to oppose the proposal with all the resources at 
their command. 

LABOUR POSITION IN WEST WALES.—Fears of mass 
unemployment in West Wales when the new Margam and 
Trostre plants begin to operate were voiced at a public 
meeting, at Pontardawe, convened by the local branch of 
the Amalgamated Engineering Union. A resolution was 
carried protesting against the closing of three Welsh 
steelworks “‘ as it was realised more would quickly follow 
and allied industries would close down as well.” 

Cost oF Roap UPpkEEP.—Pembrokeshire and Car- 
marthenshire County Councils have made joint represen- 
tations to the Ministry of Transport, criticising the 
reduction in grants for the maintenance and minor 
improvements of trunk and classified roads for the year. 
They complain that, despite the greater increase in 
traffic in Wales and Monmouthshire, as disclosed by the 
traffic census, preferential treatment is being given to 





other areas. 
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NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Saturday, June 16, to Tuesday, June 19, at 
Buxton, Summer Meeting. Saturday, June 16, 2.30 p.m., 
the Palace Hotel, Buxton, “‘ Social Aspects of Heating 
and Ventilating,” by Mrs. P.G. Allen. Tuesday, June 19, 
9.30 a.m., the Palace Hotel, Buxton, (i) an address by 
Professor H. Wright Baker and (ii) ‘‘ Heat Treatment of 
Welds in Pipe Lines,”” by Mr. A. H. Goodger. See also 
page 648, ante. 


RoyaL SANITARY INSTITUTE.—Armagh: Saturday, 
June 16, 10 a.m., the Minor City Hall, Armagh, Northern 
Ireland. (i) “The. Housing Problem,” by Dr. John 
McLaughlin ; (ii) ‘“‘ Procedure Under the Planning and 
Housing Act (Northern Ireland), 1931,” by Mr. W. E. 
Weir; and (iii) “‘ Rural Housing, with Special Reference 
to Sewage Disposal,’’ by Mr. K. H. Lynas. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS, 
—Central London Branch: Monday, June 18, 7 p.m., 
St. Ermin’s Hotel, Caxton-street, Westminster, S.W.1. 
Open Discussion Meeting. Bournemouth Branch: Mon- 
day, June 25, 8.15 p.m., Grand Hotel, Firvale-road, 
Bournemouth. A series of short lecturettes. 


IRON AND STEEL INSTITUTE.—Iron and Steel Engineers’ 
Group: Tuesday, June 19, 4, Grosvenor-gardens, 
Westminster, S.W.1. Morning session, commencing at 
10.30 a.m. ‘“‘ Protection of Structural Steelwork Against 
Atmospheric Corrosion,” by Dr. J. C. Hudson. After- 
noon session, commencing at 2 p.m., Report of Anglo- 
American Council on Productivity on “ Materials 
Handling in Industry,” introduced by Mr. A. Roebuck ; 
“ Labour Aspects of the Report,” by Mr. James Young ; 
and ‘“‘ Cost Considerations of the Report,” by Mr. 
L. W. Robson, to be followed by an open discussion on 
all the above. 


INSTITUTION OF PRODUCTION ENGINEERS.—W olver- 
hampton Graduate Section: Tuesday, June 19, 7.30 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton. “Industrial Economics,” by Mr. 
C. Tragen. 


RoyaL METEOROLOGICAL SocrETy.—Wednesday, 
June 20, 5 p.m., 49, Cromwell-road, South Kensington, 
S.W.7. (i) “ Observations of Rain from Non-Freezing 
Clouds,” by Mr. E. J. Smith; (ii) “‘ The Size of Cloud 
Droplets,” by Mr. A. C. Best ; and (iii) ‘‘ Billow Clouds,” 
by Mr. R. S. Scorer. 


RoyaL Socretry.—Thursday, June 21, 4.30 p.m., 
Burlington House, Piccadilly, W.1. Balerian Lecture on 
“ Reactions in Monolayers,” by Mr. E. K. Rideal, F.R.S. 


INSTITUTE OF PETROLEUM.—Thursday, June 21, 
4.30 p.m., Royal Institution, 21, Albemarle-street, W.1. 
Cadman Memorial Lecture on ‘“‘ Competitive and Co- 
operative Researchin the American Petroleum Industry,” 
by Dr. Robert E. Wilson. (Alteration of title.) 


INSTITUTION OF MINING AND METALLURGY.—Thursday, 
June 21, 5 p.m., Geological Society’s Apartments, 
Burlington House, Piccadilly, W.1. (i) “ Sinking of 
Irwin Shaft at the Roan Antelope Copper Mine,” by 
Mr. R. Cornthwaite and Mr. F. Juretic ; and (ii) ‘‘ Some 
Notes on a Simplified Method of Laying Out Diamond- 
Drill Holes for Stoping,” by Mr. E. K. McDermott and 
Mr. P. A. Wilken. 


INCORPORATED PLANT ENGINEERS.— Liverpool Branch : 
Thursday, June 21, 7 p.m., Radiant House, Bold-street, 
Liverpool. Discussion on “ Feedwater Treatment.” 


WOMEN’S ENGINEERING SOCIETY.—Thursday, June 21, 
7 p.m., 35, Grosvenor-place, S.W.1. Annual Meeting. 


Royal InstiruTion.—Monday, July 2, 5 p.m., 
21, Albemarle-street, W.1. Monthly General Meeting. 


INSTITUTION OF MINING ENGINEERS.— Wednesday, 
July 4, 2.15 p.m., Hugh Stewart Hall, The University of 
Nottingham, University Park, Nottingham. Meeting 
held in connection with the Institution’s Summer Meeting. 
“Continuous Mining at Donisthorpe Colliery,” by 
Mr. H. B. Bennett. 





THoMas DE La RUE AND Co., LTD.: EXHIBITION 
OF PRopuctTs.—Messrs. Thomas De La Rue and Com- 
pany, Limited, 84, Regent-street, London, W.1, inform 
us that they will be holding a private exhibition of their 
products—banknote and playing-card printing, stamps, 
laminated and extruded plastics, and gas appliances— 
from July 2 to July 19, in the galleries of the Royal 
Society of Painters in Water Colours, Conduit-street, 
London, W.1. Exhibits of historical interest from the 
company’s Own museum will include several items dis- 
played by them in the Great Exhibition of 1851, when the 
business was already nearly 40 years old. Admission to 
the exhibition will be by invitation only. 





CONTRACTS. 


Makconi's WIRELESS TELEGRAPH CO., LTp., Chelms- 
ford, Essex, have received orders for ten and seven of 
their low-power (2-kW) broadcasting transmitters from 
Italy and Sweden, respectively. These transmitters are 
made up of units which are themselves complete trans- 
mitters, each having an output power of between 500 
and 600 watts. Three or four units in parallel are used 
to form a 2-kW installation. 


Srmmon-CaRVEs, LTp., Cheadle Heath, Stockport, have 
signed a contract with the Great Lakes Carbon Corpora- 
tion of New York for the building of a battery of 40 coke 
ovens at their works in St. Louis, Missouri. The battery 
will be founded on pre-cast piles driven through slag to 
rock strata approximately 30 ft. below cellar-floor level. 
The ovens will be of the latest twin-flue twin-regenerator 
type, the oven width being 204 in., with a taper of 3 in. 
The battery will have a capacity of 530 short tons of coal 
@ day. The contract includes oven machinery and 
extensions to an existing by-product plant. Work has 
already begun on the site and is expected to be finished in 
about a year’s time. 


THE CALEDON SHIPBUILDING & ENGINEERING Co., 
Ltp., Dundee, bave received an order from the Straits 
Steamship Co., Ltd., Singapore, for a passenger and cargo 
vessel. Diesel propelling machinery will be supplied by 
Ruston & HornsBy, Lrp., Lincoln. 


BARFORD JOINERY Miuis, Ltp., Sterling Works, 3-7, 
Summer Hill-street, Birmingham, 1, have obtained a 
contract from the London Midland Region of British 
Railways, for the reconstruction of the roof and the 
re-surfacing of the deck in the “‘empties”’ shed at 
Lawley-street Goods Station, Birmingham. 


MoINTYRE & Sons, LTpD., Stanhope-street, Liverpool, 
8, are to supply and erect the steelwork for the re-roofing 
of a special road-vehicle shop and iron stores at Earles- 
town wagon shop, on the London Midland Region of 
British Railways. 





THERMAL EFFICIENCIES OF 
BRITISH POWER STATIONS. 
TuE British Electricity Authority announce that the 


following 20 steam power stations had the highest 
overall percentage thermal efficiencies in the calendar 


year 1950 :— 


Per cent. 
Battersea “‘ B,” London _... 29-31 
Littlebrook “ B, ” Dartford, Kent . 27-99 
Cliff Quay, Ipswich . , oa 27-25 
(Battersea “ A” and “ B” combined) -. 26°73 
Stuart Street (high ame: Manchester .. 26-67 
Fulham, London _..... ... 26°51 
Lynfi, South Wales .... 26-49 
Hams Hall “ B,” near Birmingham — 26-36 
Kearsley (high pressure), Lancashire 26-23 
Meaford, near Stone, Staffordshire 26-02 
Dunston ‘“ B,”’ Newcastle-upon- at 25-83 
Barking “‘ B, » London oe 25-76 
Battersea “A,” London 25-74 


Brimsdown “‘B” (high pressure), near 


Enfield 25-71 
Earley, Reading 25-54 
Brimsdown “ A,” near Enfield es 25-34 
Little Barford, near St. Neots, , Huntingdon- 

shire os 25-29 
Mexborough, Yorkshire ie 25-17 
Kirkstall (high pressure), vite 25-11 
Rotherham, Yorkshire . 24-87 
Ferrybridge (high pressure), Yorkshire 24-82 
The list does not include the Staythorpe power 


station, which was not commissioned until March, 1950. 
This station’s thermal efficiency for the nine months 
during which it was in operation was 25-15 per cent. 





FILM ON TRANSPORT OF ELECTRICAL EQUIPMENT.— 
The difficulties of transporting heavy and bulky elec- 
trical equipment for power stations from the factory to 
the site are illustrated in a film which has been pre- 
pared by Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, and was shown at 
British Electricity House, Great Portland-street, London, 
W.1, on Monday, June 11. Owing to loading-gauge res- 
trictions it is im possible to carry the stators of large turbo- 
alternators and transformers by rail, and road transport 
has therefore to be used. The film indicates clearly the 
procedure followed in tbe case of the removal of a 
75-MVA hydrogen-cooled 3tator, weighing 128 tons, from 
Trafford Park to Littlebrook B ; and illustrates the type 
of vehicle used, the traffic control methods employed and 
the precautions that had to be taken where bridges or 
other weak places were encountered. The final erection 
of the stator on its concrete foundations is also shown. 





PERSONAL. 


H.R.H. THE Princess RoyaL was unanimously 
elected Chancellor of the University of Leeds at a special 
meeting of the Court of the University, held on June 7. 
We understand that the Princess Royal thus becomes 
the first woman chanceilor of a university in Great 
Britain. 

MARSHAL OF THE ROyAL AIR FoRCE LORD TEDDER, 
G.C.B., was installed as Chancellor of the University of 
Cambridge on June 7. 

THE Rr. Hon. LorpD WeEstwoop, O.B.E., J.P., 
F.R.S.A., has been elected President of the Institution 
of Engineering Draughtsmen and Designers, Grand 
Buildings, Trafalgar-square, London, W.C.2, in succession 
to COMMANDER F. W. Hornssy, R.N., M.I.Mech.E., 
A.M.L.C.E. Sm Donatp Batley, O.B.E., D.Eng., 
A.M.I.C.E., and Mr. A. C. PaRKINSON, F.Coll.H., have 
been re-elected members of Council. 

Mr. JOHN AYRES, M.I.E.E., M.I.P.E., works director, 
at Loughborough, of the Brush Electrical Engineering 
Co., Ltd., has been appointed general manager, Petters, 
Ltd., Staines, which company is also a member of the 
Brush-Associated British Oil Engines Group. Mr. Ayres 
is transferring to his new post on Monday, June 18. 

Dr. D. B. Foster, M.I.Mech.E., F.Inst.F., A.M.I. 
Chem.E., has joined Mullard, Ltd., Century House, 
Shaftesbury-avenue, London, W.C.2, as chief, engineer 
of the equipment division. He has also been appointed 
executive director of Mullard Equipment, Ltd., the 
subsidiary company which manufactures scientific and 
tel munications equipment. 

Mr. E. P. LuMLEY, A.M.I.E.E., has been appointed 
divisional depot engineer ‘‘ B”’ in the running division 
of the department of the chief mechanical engineer 
(railways), London Transport Executive, 55, Broadway, 
8.W.1. 

Mr. J. E. PeaG, A.M.I.E.E., has joined the staff of 
the Belmos Co., Ltd., Bellshill, Lanarkshire, and will, 
as from June 1, represent the company in Yorkshire, 
Nottinghamshire and Derbyshire. Mr. Pegg is President 
of the Yorkshire (South-East) Branch of the Association 
of Mining, Electrical and Mechanical Engineers and is 
chairman-elect of the Sheffield Sub-Centre of the Insti- 
tution of Electrical Engineers. 

The Shell Petroleum Co., Ltd., St. Helen’s-court, 
Great St. Helen’s, London, E.C.3, announce that MR. 
R. H. Catn, V.C., has been appointed general manager 
of the Shell Co. of West Africa, Ltd., Lagos. 

Mr. M. RatpH Horne, who has been associated with 
H. Widdop & Co., Ltd., Keighley, Yorkshire, for many 
years, has resigned from this firm and has been appointed 
British representative for de Vries Lentsch Jr., Amster- 
dam and Alphen. Mr. Horne’s office is at 14, Stanhope- 
gate, London, W.1. 

AILSA SHIPBUILDING Co., LTp., Troon, Ayrshir2, have 
taken out a licence to build the Doxford opposed-piston 
oil engines up to a maximum of 3,300 b.h.p., in their 
engine works at Troon. This range will include the 
Doxford shorter-stroke engines suitable for the propulsion 
of small-type passenger and cargo coasting vessels. 

HEAD, WRIGHTSON & Co., LTpD., Teesdale Ironworks, 
Thornaby-on-Tees, Yorkshire, state that they have 
acquired an interest in one of the oldest established 
Australian engineering firms, namely, Messrs. Gibson 
Battle, merchants and manufacturers, of Sydney, N.S.W. 

THE ROCKWELL MACHINE TOOL Co., Ltp., Welsh Harp, 
Edgware-road, London, N.W.2, have been appointed sole 
agents for the D. H. Prutton Machinery Co., Cleveland, 
Ohio, U.S.A., manufacturers of high-speed planetary 
thread-rolling machines. 

F. J. Epwarps, LTp., state that, in addition to their 
existing showrooms at 359/361, Euston-road, London, 
N.W.J, and the F. J. Edwards Machine Centre at 
Liverpool-road, London, N.1, they have now opened a 
new warehouse at James-street, Birmingham, 3, for the 
convenience of their customers in the Midlands and the 
North of England. 








THE GLEN SHIRA SCHEME OF THE NORTH OF SCOTLAND 
Hypro-ELEctric BoaRp.—The last plug of rock in the 
10-ft. tunnel which will convey water from the lower 
dam of the Glen Shira scheme of the North of Scotland 
Hydro-Electric Board to the power station at Clachan, 
a distance of 4} miles, was blown through on Friday, 
June 1. Operations on this tunnel, which was driven 
from six independent faces with a maximum of ten 
squads of eight men working simultaneously, were 
begun in November, 1949. In November, 1950, no less 
than 245 ft. were driven from one face by two squads 
working 12-hour shifts over seven days, while in January, 
1951, a drive of 247 ft. was achieved under the same 
conditions. In all, some 85,000 cub. yards of rock were 
excavated. An unusual feature of the tunnel is the 
inclined pressure shaft which is 2,060 ft. long and descends 
on a slope of lin 1}. This is the first of its kind in Great 
Britain. 
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Fig. 1. View rrom East, SHowrne Borer Hovusss anp CONVEYORS. 


Fig. 3. Borer WatTer-WALL. 


NEW POWER STATIONS FOR THE 
B.E.A.: XVI.—BRIGHTON ‘ B.’’ 


Tue Brighton B station of the British Electricity 
Authority, which will be open to inspection by those 
attending the convention in that town next week, is 
situated on the eastern arm of Shoreham Harbour, a 
short distance from the ‘“‘A” station. It will have 
an ultimate capacity of 315 MW. The foundations 
are laid on 4,500 55-ft. precast reinforced-concrete 
ag and the buildings, of which a view is given in 

‘ig. 1, consist of steel frames with brick cladding. 
They are 900 ft. long and 350 ft. wide, with two 350-ft. 
chimney stacks (Fig. 2). The main civil engineering 
contractors are Holloway Brothers (London), Limited, 
Millbank, London, 8.W.1. The steelwork is being 
supplied by Redpath, Brown and Company, 
Edinburgh. 

The coal supplies will be seaborne and for this pur- 
pose the capacity of the harbour has been extended to 
accommodate colliers up to 4,600 tons deadweight. 
The coal-handling plant, which is illustrated in Fig. 4, 
and will have a capacity of about 90,000 tons, is being 














Fic. 2. Catmngy UNDER CONSTRUCTION. 

















FNGINFERN 


Fie. 4. Sure UNLOADER AND CoaL CONVEYOR. 


constructed by the Mitchell Engineering Limited, 
Peterborough. The steam-raising plant will consist 
of eight Babcock and Wilcox “ high-head ” boilers, of 
which three are at present being installed. A water- 
wall of one of these boilers is illustrated in Fig. 3. 
Each boiler will deliver 320,000 Ib. of steam per hour, at 
950 lb. per square inch and 900 deg. F. Pulverised-fuel 
firing will be employed. The flue gases will be cleaned 


132 kV in 60 MVA in English Electric transformers, 
and will be controlled at that voltage by English Elec- 
tric switchgear in substations at Fishergate and South- 
ern Cross, the second of which will also be visited during 
the Convention. The station auxiliaries will be sup- 
plied through 5-MVA 11/3-3-kV transformers con- 
nected to each generator. The necessary 3-3-kV 
switchgear and also the 415-volt switchgear for auxiliary 

uw is being manufactured by Metropolitan- 


by passing them through mechanical collectors of the | purposes 


Centicell pattern and then through Sturtevant electro- 
static precipitators into the chimneys. The ashes will 
be conveyed by a Hydrojet sluicing system to a central 
sump, whence they will be lifted by grab for ultimate 
disposal. 

The generating plant, which is at present being 
installed, consists of four 52-5 MW turbo-alternators. 
These are being constructed by Richardsons Westgarth 
and Company, and will exhaust into twin condensers 
within a total surface of 50,000 sq. ft., which will be 
cooled with 45,000 gallons of sea water per minute. 
The condensate will be heated in five stages and 
delivered to the boilers at a temperature of 385 deg. F. 

The alternator voltage of 11 kV will be stepped up to 








Vickers Electrical Company, Limited, Manchester. All 
the main and the principal auxiliary switchgear will be 
operated from a miniature control board supplied by 
Standard Telephones and Cables, Limited. 

The designs for the station were prepared by Mr. H. 
Pryce-Jones, who was engineer and manager of the 
Brighton Corporation Electricity Department. Messrs. 
L. G. Mouchel and Partners, 38, Victoria-street, London, 
S.W.1, and Sir William Halcrow and Partners, 65, 
Westminster-gardens, London, 8.W.1, are acting 45 
consultants for the foundations and buildings ; and for 
the circulating-water system, harbour works and roads, 
respectively. The consulting architect is Mr. J. H. 
Somerset. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP ie Bak 3663 and 3664. 


All editorial co mdence should be addressed 





to the Editor and other correspondence to the 
Manager. 

Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 


Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
MII pesos cactctvcesints cvctesssttereve £510 0 


TIE ses csasccetsisssversisiesensereates £5 5 6 


Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper. two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “Situations 
Wanted,” “ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d, per line up to one inch. The 
line averages six words and when an advertisement 
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WATER SUPPLY. 


As the basic argument in favour of nationalisa- 
tion is, presumably, that it is of public benefit, 
an agitation might have been expected for the 
blessings of the process to be extended to the 
water-supply industry. Electricity and gas are 
important in a modern community, but not so 
important as water. Society could exist, and for 
the greater part of history has existed, without 
either of the former, but without water it could 
not survive. To a considerable extent, water 
supply is already carried on by various types of 
local authority; but the same applied to the 
electricity industry, which was nationalised, and 
the nationalisers can point to the fact that there 
are about 100 water companies supplying some 
9,000,000 people who are thus denied the postulated, 
but ill-defined, benefits of service by a public body. 
The water-supply industry, however, has not es- 
caped Government attention. Towards the end of 
the war a White Paper entitled ‘‘ A National Water 
Policy ” appeared, and this was followed by the 
Rural Water Supplies and Sewerage Act, 1944, the 
Water Act, 1945, and the recent River Board Act. 
That the attention to the subject indicated by these 
enactments has not led to a nationalisation policy 
may be due to a realisation that the industry is 
quite unsuited to centralisation. The White 
Paper suggested amalgamation of undertakings 
which may well be advantageous when they are 
contiguous, but, although there may be arguments 
in favour of the electricity supplies of South Wales 


and Northumberland being under common control, 
there can be none for common control of their water 
supplies. In by far the majority of cases, water is 
obtained from local sources. Birmingham, Liver- 
pool and Manchester certainly tap gathering grounds 
situated far from the centre of consumption, but the 
cost of the necessary mains is only justified by the 
existence of the large concentrated urban areas 
which are served. Anything in the nature of a 
“water grid,” serving the country as a whole, is 
out of the question. 

The Water Act, 1945, is an extensive and com- 
prehensive measure. Its main purpose may be 
said to be the unification of a mass of legislation 
extending back over many years; it repealed the 
whole, or parts, of eleven earlier Acts. It forbids 
the sinking of new wells without permission of the 
Ministry of Health, but in general, it has no provi- 
sions designed to survey or control water sources as 
a whole. It provides for the setting up of a Central 
Advisory Water Committee, the duties of which may 
be broadly defined as advising the Ministry of 
Health, or any other Ministry which may be con- 
cerned, on matters connected with the conservation 
and use of water resources. The Act also provides 
for the setting up of Joint Advisory Water Com- 
mittees. These would be local bodies and their 
duties would include ‘‘ carrying out asurvey .. . 
of the water resources in or available for their area.”’ 
This appears to be the only section of the Act which 
is concerned with the important question of the 
actual and potential water service available, but no 
Joint Advisory Water Committees have been 
appointed. 

The Central Advisory Water Committee is in 
existence and operation. It has produced reports 
on gathering grounds, water pollution, softening of 
water by statutory authorities, and land drainage. 
It is, however, concerned with the relations between 
water authorities and other bodies on problems 
which are not exclusively of interest to water 
supplies. It is not concerned to any great extent 
with the efficient day-to-day working of water 
authorities, or with their organisation, and actually 
the representation of water authorities on the 
Committee is in a substantial minority. In view of 
this, and of the fact that the Joint Advisory Water 
Committees have not been constituted, the British 
Waterworks Association has prepared a report 
entitled Organisation of the Water Supply Industry 
in England and Wales* which reviews the whole 
question of water supplies and puts forward a 
proposal for the setting up of a Co-ordinating Body 
to have general jurisdiction over, but not owner- 
ship of, the water supply industry, and to deal with 
its problems. 

Among the duties of the proposed Body would be 
“to examine all information available at present 
and to collect such further information as may be 
required as to the water resources available for 
meeting the future requirements of the country.” 
This important task does not appear at present to 
be the business of the Central Advisory Water 
Committee or of any other body or person. The 
report’ assumes that the Joint Advisory Water 
Committees, provided for in the Act, would be set 
up and the Co-ordinating Body would advise these 
regional committees about water-supply resources. 
It would also take steps to secure the establishment, 
where necessary, of joint boards for the development 
of water sources, and for bulk supply to individual 
water authorities. The British Waterworks Asso- 
ciation considers that the Joint Advisory Water 
Committees, provided for but not yet created, would 
form the best means of securing the organisation of 
the water-supply industry into efficient units, each 
adapted to the local circumstances ruling. The 
proposed Co-ordinating Body would be able to take 
an overall view and to advise the regional com- 
mittees in their relations with contiguous authorities. 

The White Paper entitled ‘‘ A National Water 
Policy,” contained the statement that “serious 
failure of supply in times of difficulty usually arises 
in small undertakings which lack the financial 
resources to secure themselves against the risk of 
drought.”” The report, which deals with many 
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aspects of the water-supply industry, has a section 
concerned with drought conditions. It is stated that 
the most common complaint in connection with 
water supply ‘“‘arises from the imposition by 
particular authorities of restrictions on the use of 
water during exceptionally dry weather.” The 
water storage capacity in England and Wales is 
upwards of 203,000 million gallons, enough to supply 
the whole-country for over 100 days if every well 
dried up and every river stopped flowing ; but this 
may not be of much comfort to a eonsumer con- 
nected to a supply which fails, or practically fails, 
and Which cannot be assisted by storage elsewhere. 
The average period between dry spells involving 
drought conditions for the water industry is between 
seven and ten years, and the question of providing 
storage capacity to cover these infrequent periods 
is entirely a matter of finance. The provision of 
stand-by storage is in the nature of an insurance 
premium and the real question is how much people 
are prepared to pay to be covered against temporary 
inconvenience. A population which frequently finds 
its electricity supply cut off without notice, or has to 
walk because a transport service is interrupted by a 
strike, might be expected to accept a temporary 
water shortage with resignation. 

The question of finance, which dominates the 
subject of water storage, is also the basis of all the 
difficulties of rural water supplies. In these days of 
equalisation, it has frequently been contended that 
electricity charges should be uniform throughout 
the country, and the same sort of claim is sometimes 
made for water rates. There is no justification for 
any such demand. Rural areas have their own 
special advantages; water rates may be high, 
but house rents are not, and, as the report remarks, 
“‘no one has yet subsidised rents to the point of 
uniformity in order that the country people can 
help to pay for the rents of the townspeople.” 
Rural water supply presents special difficulties 
which can be overcome only by subsidies or by 
country people showing themselves prepared to pay 
for improved services. On the latter point, experi- 
ence has shown that, even when a rural main is 
laid, connection to premises is a very gradual 
process. A service pipe must be laid and the 
necessary inside fittings bought and installed ; 
some drainage system must also be provided. In 
many cases, it has been found that householders 
are either unwilling or unable to pay for these 
amenities. One of the suggestions of the report 
is that hire-purchase facilities should be made 
available for water-supply fittings and connections. 

The alternative of facilitating the extension of 
rural water supplies by means of subsidies has 
already been carried out to a considerable extent. 
Under the Rural Water Supplies and Sewerage 
Act of 1944, 15,000,000/. of public money has been 
made available for this purpose. Many schemes 
have been put forward and considerable progress 
has been made. During the war, the Ministry of 
Agriculture made direct grants to farmers of 50 per 
cent. of the cost of extending a water service to 
his farm and cottages. The Ministry still makes 
grants of 25 per cent. of any cost incurred. The 
question of rural water supplies, like that of water 
storage, is purely one of cost. The Water Act, 1945, 
contains provisions under which local authorities 
receive financial assistance in carrying out rural 
water schemes and many services are now being 
extended or improved. It is calculated that the 
cost of mains alone is about 2001. per house, and, 
on top of that, service connections and plumbing 
have to be paid for. Nevertheless, while a 1914 
return showed that of 12,869 parishes, 4,874 had a 
piped supply to at least some of their houses, a return 
in 1939 stated that, of 11,186 parishes in England 
and Wales, 7,754 had a piped supply, and 3,432 
had not. The report surmises that these latter 
were mainly parishes with less than 100 inhabitants, 
or those with the total number of inhabitants lying 
between 100 and 500, but having a density of 
less than one person per acre. Parishes of these 
classes are clearly the most difficult and expensive 
to deal with, and cannot expect priority. Specific 
— nec the number of householders still 
without a piped water supply will presumably be 
furnished by the recent a as the eaeiiien 
was directly asked for. 


THE REPORT OF THE 
NATIONAL COAL BOARD. 


WuaeEn the National Coal Board was constituted, 
it was required, we believe, to see that the coal- 
mining industry should pay its way, “taking one 
year with another.” That principle, which was also 
applied by Parliament to the electricity industry and 
the railways, seems a reasonable one to adopt, in all 
the circumstances, when considering the annual 
reports of these nationalised undertakings. ‘‘ Taking 
one report with another,” therefore, we may say 
that the report and accounts of the National Coal 
Board for the year ended December 31, 1950, run 
fairly true to type, as that type has been established 
by the reports for 1947, 1948 and 1949. Each 
strives manfully to look on the bright side, while 
feeling obliged to admit that, in fact, it is not so very 
bright. The first report, though described as 
*‘annual,” actually covered only a few months of 
1946, leading up to the vesting date when the mines 
were taken over—that is, January 1, 1947. The 
second report, covering 1947, observed that ‘‘ the 
Board assumed responsibility at a difficult time,” 
and plunged at once into a description of the fuel 
crisis in February of that year. The tone of the 
opening paragraph of the 1948 report was decidedly 
more cheerful, but the third paragraph owned that 
the Board had begun the year with a deficit of more 
than 23/. millions ; ‘‘ the upward trend of costs and 
prices,” they declared manfully, “‘had to be 
checked.” By 1949, the Board had developed a 
Macaulay technique in their ‘‘ Introduction,” 
reciting a long list of the tasks before them, inter- 
larded with hints, of the difficulties with which they 
were faced; Chapter I—‘ Results of the Third 
Year ’’—elaborated these in some detail, admitting 
that absenteeism, which, at the coal face, had risen 
to practically 15 per cent., “‘ continues to cause the 
Board concern.” The same technique is followed in 
the introduction to the latest report,* that for the 
year ended December 31, 1950: ‘‘the British coal 
industry entered 1950 with clear objectives” (to 
quote the opening sentence) but always, in the most 
curious fashion, the stars in their courses, so to 
speak, rose up and hit the long-suffering Board, who 
were constrained to admit that ‘‘ the results of the 
industry’s operations in 1950 were disappointing.” 
The total output of deep-mined coal in 1950 was 
rather more than 204 million tons, which was about 
1} million tons more than in 1949. Adding to this 
the 12 million tons obtained from opencast workings 
—about a quarter of a million tons less than in the 
previous year—gives a grand total of 216-3 million 
tons saleable output. Unfortunately, consumption 
rose by more than 4} million tons, necessitating a 
decrease of 34 million tons in stocks to balance the 
growing demand. Moreover, at the end of the year 
the manpower in the industry was 20,500 fewer 
than at the beginning, the total number being ‘‘ the 
lowest in this century.” Thus, though the output 
per man-shift (nearly 24 cwt.) was the highest 
recorded and the average number of shifts worked 
throughout the year was ‘‘the highest since 
nationalisation,” the general picture was not one to 
induce complacency. In spite of increased charges 
for coal—which, however, were not fully effective 
during 1950—the profits of the collieries fell from 
29,400,0007. in 1949 to 24,150,000/. in 1950, and 
production costs were continuing to rise. In 1949, 
they amounted to 45s. 0-3d. per ton; in 1950, to 
45s, 4-9d. per ton of saleable output, though this 
figure still showed a profit of 2s. 4-7d. a ton, before 
deducting capital charges and profits tax. The eifect 
was that the deficit of 12-31. millions, with which the 
Board began the year, was reduced to 41. millions. 
During the year, 75,800 men left the industry for 
various reasons and 55,300 joined it ; in other words, 
the wastage was nearly 11 per cent., and the recruit- 
ment was rather less than 8 per cent. Losses were 
heaviest in the West Midlands, North Western, 
South Western and North Eastern Divisions; but 
the loss of face-workers was less than the average for 
the whole industry, so that the proportion of face- 
workers to the total employed in the industry rose 





* National Coal Board. Annual Report and Statement 
of Accounis for the Year ended 31st December, 1950. 


from 41-17 per cent. in 1949 to 41-34 per cent. in 
1950. The. situation was worst in the West 
Midlands, where a high rate of ‘‘ voluntary wastage ”’ 
coincided with a low rate of recruitment. 
On the engineering side, the report does not add 
a great deal that is new to that of the previous 
year, but it does record a certain amount of progress 
in the use of mechanical devices for cutting and 
handling the coal. The biggest advance seems to be 
in the use of the A. B. Meco-Moore cutter-loader, 
70 of which were working at the end of 1950, 
against 51 at the end of 1949. The average output 
per man-shift at the coal face with these machines 
was 6-42 tons, and their aggregate output in all 
coalfields was 4,400,000 tons, which was 800,000 
tons more than in 1949. The output per man-shift, 
it is pointed out, though slightly less than in the 
preceding year, was “‘ more than twice the average 
for the industry as a whole and nearly half as much 
again as the average for the East Midlands.” The 
comment is made in the report that ‘‘ a slight fall in 
O.M.S. was to be expected, since the earliest machine 
had naturally been put in the best places”; but, 
even so, it seems that some of the machines cannot 
have been used to their full capacity, since this 
type, in favourable circumstances, can produce a 
great deal more than the above average suggests. 
A very large proportion of the coal mined is now 
conveyed mechanically, but experimental work con- 
tinues, especially on the problems associated with 
work in thin seams. Encouraging results are 
reported from tests with the Panzerférderer, a 
conveyor which can be operated close to the coal 
face and can be moved forward without being 
dismantled. Ten of these conveyors, which, though 
of obvious Continental origin, are now being made 
in this country, are in use, mainly in South Wales 
and the East Midlands. The type has the advantage 
of being strong enough in construction to allow a 
coal cutter to work on top of it, so that the coal falls 
directly on to the conveyor. Another Continental 
machine that is undergoing tests is a scraper-box 
cutter, which shaves the coal off the face as the 
boxes are drawn along by wire-rope haulage. 
Experiments have also been in progress for some 
time with skip winding, as an alternative to the 
traditional British method of hoisting the coal to the 
surface in tubs which must be loaded and emptied 
singly. In the skip method, the coal is discharged 
from cars or conveyors into a bunker at the bottom 
of the shaft, large skips being filled from the bunker 
for winding to the surface. One man controls the 
filling of the bunker and the charging of the skip, 
and on the surface one man controls the emptying of 
the skip on to a conveyor which takes the coal to the 
cleaning plant. It is stated that two more skip- 
winding plants were installed in 1950, one in the 
North-Eastern Division and the other in the East 
Midlands, making 11 in all. Seven more plants are 
under construction and a further 11 are planned. 
A matter which is always of considerable interest 
to the general public is the allowance of house coal 
made to the miners. Although, as the report states, 
the number employed in the industry is’ lower than 
at any time in this century, and is 20,500 fewer 
than in the previous year, the total of ‘‘ miners’ 
coal” increased from 4,938,000 tons in 1949 to 
5,025,000 tons in 1950. This corresponds to almost 
exactly one-sixth of all the house coal delivered to 
the coal merchants (30,190,000 tons) and is equal 
in quantity to nearly one-half of the coal consumed 
in meeting the power requirements of the collieries, 
Bearing in mind the extension of public electricity 
supplies and the steadily increasing proportion of 
the industry’s manpower which is being accom- 
modated in houses equipped with electricity and/or 
gas, this increase in the allowance of miners’ coal 
seems to require some explanation. It may be 
noted that the amount of coal delivered to gasworks 
and electricity undertakings continues to rise, as 18 
to be expected; gasworks took 26,225,000 tons in 
1950, as against 25,385,000 tons in 1949, and 
electricity stations took 32,911,000 tons as against 
30,091,000 tons. Coke-oven consumption fell slight- 
ly by 210,000 tons to about 22} millions, and the 
railways, with 14,538,000 tons, took 228,000 tons 
less than in 1949. The iron and steel industry also 
took slightly less, but the engineering and other 
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metal trades about 200,000 tons more. 
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NOTES. 


Tue Brrrapay Honovrs List. 


Last week we gave the names of engineers, 
scientists and industrialists who were awarded a 
Knighthood on the occasion of the celebration of 
the King’s birthday. We continue here our 
extracts from the Honours List published on June 7. 
Major-General C. M. Smith, C.B., C.B.E., M.C., 
A.M.LMech.E., late R.A.S.C., has been created a 
K.B.E. The list of the new Companions of the 
Order of the Bath includes the names of Rear- 
Admiral (E) Sydney Brown; Mr. T. E. Harris, 
C.B.E., M.I.Mech.E., M.I.E.E., chief superinten- 
dent, Royal Ordnance Factory, Woolwich ; Colonel 
F. Hibbert, C.B.E., M.C., M.Eng., M.I.C.E., chair- 
man, Territorial Forces Association, Lancaster 
(West); Major-General 8. W. Joslin, C.B.E., M.A., 
M.I.Mech.E., M.LE.E., R.E.M.E.; Mr. G. F. R. 
Marsh, director of stores, Admiralty ; and Mr. H. E. 
Watts, M.B.E., G.M., F.R.LC., H.M. Chief Inspector 
of Explosives, Home Office. Among the recipients 
of the C.B.E. are Mr. W. K. Brasher, M.LE.E., 
secretary, Institution of Electrical Engineers; 
Mr. A. Campbell, M.I.Mech.E., M.I.Loco.E., chief 
mechanical engineer, Crown Agents for the Colonies ; 
Mr. H. T. Chapman, M.I.Mech.E., F.R.Ae.S., 
managing director, Messrs. Armstrong-Siddeley 
Motors, Limited; Mr. W. H. Chatten, M.I.E.E., 
assistant director of dockyards, Admiralty ; Mr. E. 
Crowther, M.Eng., M.I.C.E., chairman, Northern 
Gas Board; Mr. A. N. East, M.I.E.E., M.I.Mech.E., 
A.M.LC.E., chief engineering inspector, Ministry of 
Fuel and Power; Mr. L. R. East, M.I.C.E., chair- 
man, State Rivers and Water Supply Commission, 
Victoria, Australia; Mr. J. W. Elliott, chairman, 
Messrs. Swan, Hunter and Wigham Richardson, 
Limited; Mr. G. W. H. Gardner, M.I.Mech.E., 
F.R.Ae.8., director of guided weapons research, 
Ministry of Supply; Mr. G. W. Harriman, O.B.E., 
deputy managing director, Austin Motor Company, 
Limited; Dr. F. Y. Henderson, director, Forest 
Products Research Laboratory ; Mr. H. A. Hepburn, 
M.I.Mech.E., deputy chief inspector of factories, 
Ministry of Labour and National Service; Mr. L. 
Howles, M.I.E.E., chairman, South Wales Elec- 
tricity Board; Mr. V. A. G. Lambert, O.B.E., 
M.I.Mech.E., director-general, Armament Produc- 
tion, Ministry of Supply ; Rear-Admiral (E) H. J. B. 
Moore ; Mr. W. T. Ottway, chairman and managing 
director, Messrs. W. Ottway and Company, Limited, 
Ealing; Captain (L) K. H. T. Peard, A.D.C., 
A.M.LE.E., R.N.; Mr. W. E. W. Petter, F.R.Ae.S., 
deputy managing director, Folland Aircraft, Limited; 
and Mr. G. Wood, chairman, Messrs. Thos. W. 
Ward, Limited. Recipients of the O.B.E., include 
Mr. J. F. Alcock, M.L.Mech.E., chief scientist, 
Messrs. Ricardo and Company (1927), Limited ; 
Mr. J. J. S. Barnhill, M.I.C.E., for services as official 
arbitrator under Administrative Provisions Act 
(Northern Ireland), 1928; Mr. W. H. Buchanan, 
general manager, Messrs. R. and H. Green and 
Silley Weir, Limited; Comdr. (E) J. W. Cable, 
M.B.E., R.N.; Mr. G. A. Calvert, chief engineer 
officer, Royal Fleet Auxiliary Service; Mr. E. G. 
Chadder, senior superintendent engineer (sound), 
British Broadcasting Corporation; Mr. L. Cleaver, 
A.M.L.C.E., harbour engineer, Ministry of Trans- 
port; Mr. H. A. Cochran, M.I.Min.E., mana- 
ger, Minerals Division, Colonial Development Cor- 
poration; Mr. W. J. Cozens, A.M.LC.E., Air 
Ministry; Mr. H. E. Hancocke, M.I.Mar.E., 
A.M.L Mech.E., A.F.R.Ae.S., Directorate-General of 
Aircraft Supplies, Ministry of Supply; Mr. W. 
Harding, M.I.Mar.E., lately chief engineer officer, 
R.M.S. Queen Elizabeth; Mr. 8. R. Howes, director 
and general manager, Messrs. Samuel Fox and 
Company, Limited; Mr. B. H. Johnson, chief 
engineer, Rhodesia Railways; Mr. W. B. John- 
stone, director, Messrs. Alexander Stephen and Sons, 
Limited ; Mr. W. Lockhart, A.M.I.Mech.E., commo- 


Company, Limited; Mr. H. R. Lupton, M.C., 
M.1.C.E., M.LMech.E., lately mechanical engineer, 
Metropolitan Water Board; Mr. E. Mockett, 
A.M.LE.E., Cable and Wireless, Limited ; Mr. F. V. 
Pipe, A.M.LE.E., chairman, Derby District Com- 


try; Mr. P. J. Sellier, M.I.C.E., regional opencast 
director, Ministry of Fuel and Power; Mr. J. A. 
Vice, A.M.I.E.E., generation operation engineer, 
British Electricity Authority ; Mr. J. W. T. Walsh, 
D.S.C., M.LE.E., Department of Scientific and 
Industrial Research; Mr. G. T. W. Whitehead, 
M.I.Mech.E., assistant general manager (works), 
Messrs. Johnson and Phillips, Limited; and Mr. 
J. W. Wilkinson, M.I.Mech.E., lately chief of arma- 
ment design, Messrs. Vickers-Armstrongs Limited. 
Among the recipients of the M.B.E. are Mr. R. H. 
Austin, A.M.IL.C.E., divisional engineer, City of 
Westminster; Mr. C. F. Bolton, A.M.LE.E., divi- 
sional transmission engineer, British Electricity 


draughtsman, Admiralty ; Mr. A. C. Franklin, M.I. 
Mech.E., chief engineer, Messrs. Worthington-Simp- 
son, Limited ; Mr. J. S. Gillies, assistant engineer 
manager, Messrs.W. Doxford and Sons, Limited; Mr. 
W. S. Hudson, A.M.I.Mech.E., for services as regional 
fuel engineer, Ministry of Fuel and Power ; Mr. G. B. 
Jones, F.R.I.C., A.M.L.C.E., chairman, Huddersfield 
and Halifax District Committee, E. and W. Ridings 
Regional Board for Industry; Mr. A. D. Kerr, 
chief draughtsman, Messrs. Drysdale and Company, 
Limited ; Lieut. (E) W. R. G. Knott, D.S8.C., R.N. ; 
Dr. A. Marsden, M.Sc., F.R.LC., S. Western Gas 
Board; Mr. 8S. M. Mason, A.M.I.C.E., chief town 
planning assistant, Bradford ; Mr. W. C. Meredith, 
foundry manager, Messrs. Hadfields, Limited ; Mr. 
E. Perry, Severn district engineer, Docks and Inland 
Waterways Executive; Mr. A. E. Pickering, chief 
engineer, design and drawing office, Messrs, Parsons 
Marine Steam Turbine Company, Limited; Mr. 
E. J. C. Reed, A.M.I.C.E., civil engineer’s depart- 
ment, Railway Executive (Southern Region) ; Lieut. 
(E) S.C. Wiltshire, D.S.C., R.N. (ret.); and Mr. R. 
\R. Yerburgh, M.I.C.E., regional production engineer, 
North Midland Region, Ministry of Fuel and Power. 


100 Years or LicHTHOUSE OpTtIcs. 


The firm of Chance Brothers, Limited, glass- 
makers, of Smethwick, dates back to 1824, when 
Robert Lucas Chance acquired an existing glass- 
works at Spon-lane in that town. The business 
developed rapidly, so that, in 1851, they were able 
to undertake the large and important contract of 
glazing the Crystal Palace for the Great Exhibition. 
Three years earlier, in 1848, they had begun to 
manufacture optical glass, and this branch of their 
work also established a landmark in 1851, for it was 
in that year that they constructed their first light- 
house optical system. This development was the 
work of Sir James Timmins Chance (a nephew of 
R. L. Chance), assisted on the scientific side by 
Dr. John Hopkinson. The centenary of the light- 
house branch of the firm’s activities was celebrated 
by a dinner at the Savoy Hotel, London, on 
Wednesday, June 6, presided over by Sir Hugh 
Chance, the chairman of the company. The guest 
of honour was to have been the Rt. Hon. Viscount 
Alexander of Hillsbrough, C.H., in his capacity as an 
Elder Brother of Trinity House; but Lord 
Alexander being on his way to Australia on a 
Government mission, his place was taken by Sir 
John Lang, K.C.B., Secretary to the Admiralty, 
who, in proposing the toast of ‘‘Chance Brothers, 
Limited,” read a message of regret for absence 
from Lord Alexander, in which, as a former 
First Lord, he made special reference to the firm’s 
services to the Navy in the recent world war. Sir 
John observed that his own principal qualification 
for taking the place of Lord Alexander as mover of 
the toast, was that he was the official descendant of 
Samuel Pepys, who had been a member of Trinity 
House for over 20 years and twice the Master of that 
body. Chance Brothers, he continued, had built up 
a reputation second to none in the field of lighthouse 
optics and lighthouse engineering, giving to the 
world many important developments such as the 
hyper-radial optic, and the group flashing system. 
Their greatest achievements had been in the field 
of optical glass. The lighthouse optic which was 
even then flashing across the River Thames at the 
South Bank Exhibition was a Chance Brothers 
product. The outstanding characteristic of the firm 
during the past century had been their determination 
not to stand still, but ever to strive after further 
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James Timmins Chance, grandfather of their present 
chairman, whose foresight started the lighthouse- 
optic work. It was his judgment, bordering on 
genius, which guided the firm during the greater part 
of the 50 years during which he was a member of it. 
Notwithstanding the difficulties in the eect pert of 
the century, the firm had multiplied their production 
many times in the 1914-18 war. Between the wars, 
they carried out an important programme of research 
work, and, in the 1939-45 war, not only had they 
increased the production at Smethwick to a level 
never before achieved, but had also, on behalf of the 
Admiralty, brought an entirely new works into 
production. It was in a large part due to the work 


Authority ; Mr. E. J. Cox, A.M.I.Mech.E., lately chief | of Chance Brothers that optical glass had never been 


a serious bottleneck during the last war. Sir Hugh 
Chance having acknowledged the toast, that of 
“The Lighthouse Services of the World” was 
proposed by Mr. John Raymond and responded to 
by Captain Gerald Curteis, M.V.O., R.N.(ret.), 
Deputy Master of Trinity House. The only other 
toast, that of ‘“‘Our Guests,” was proposed by 
Mr. Walter L. Chance, the response being by Sir 
Gilmour Jenkins, K.C.B., Permanent Secretary of 
the Ministry of Transport. The menu presented to 
each guest was a souvenir of unusual interest, being 
bound between two sheets of coloured glass; one 
red, bearing a design embodying a portrait of 
** James Timmins Chance, Founder of the Light- 
house Works of Chance Brothers, Ltd.,” and the 
other, which was green, an illustration of Win- 
stanley’s Eddystone lighthouse, built in 1699, which 
was completely destroyed in the great storm of 
November 20, 1703. 


Tur TERCENTENARY OF Hay’s WHARF. 


The number of industrial undertakings in this or 
any other country that can claim an uninterrupted 
existence of three centuries must be very small 
indeed, and some note should be taken, therefore, 
of the fact that ‘“‘ Hay’s Wharf,’ the London firm 
of wharfingers and warehousemen who figure 8o 
largely in the trade of ‘‘ London River,” attain 
their tercentenary in 1951. There is the additional 
reason for recording the event, that the handling 
and storing of seaborne commodities is now very 
largely an engineering matter, and, in fact, the 
firm’s engineering department, under the direction 
of Mr. H. Randal Steward, B.Sc., M.I.Mech.E., has 
developed into one of considerable magnitude. The 
tercentenary was celebrated on May 29 by a recep- 
tion at No. 1, London Bridge, when a large party 
of guests were welcomed by Mr. Owen Hugh Smith, 
the chairman of the Proprietors of Hay’s Wharf, 
Limited, and were presented each with a copy of 
a commemorative brochure, Three Hundred Years on 
London River, prepared for the occasion by Mr. 
Aytoun Ellis. The business was founded by Alex- 
ander Hay in April, 1651, when he acquired a small 
wharf near London Bridge. Hay was a brewer as 
well as a wharfinger, but soon gave up the brewery 
to concentrate on the other side of his business. 
In 1656, he let part of his wharf and buildings to 
the New River Company, who had a workshop there 
for the boring of wooden water-pipes. The Hay 
family continued in the firm until 1838, being suc- 
ceeded in its control by Alderman John Humphery. 
Following the disastrous Tooley-street fire in 1851, 
Humphery required financial assistance, which he 
obtained from Smith’s Bank; and, as the Smiths 
were closely associated with Jardine Matheson and 
Company, the China merchants, he obtained also a 
valuable new business connection, namely, with the 
tea trade. The Proprietors were pioneers in the 
use of cold storage and are now among the largest 
owners of refrigerated storage space in the country, 
with a capacity of 4,000,000 cub. ft. They imported 
New Zealand butter and cheese as early as 1867, and 
now handle, from the Antipodes and elsewhere, over 
two million tons of foodstuffs annually. The extent 
of the engineering side of such an undertaking is 
indicated by the fact that this department alone 
employs more than 200 men, and is responsible for, 
inter alia, some 330 hydraulic and electric cranes 
and lifts, including an imposing range of 37 level- 
luffing quay cranes with capacities from 2 tons to 
12 tons. The company operate a fleet of modern 
tugs, and possess, at Bay Wharf, Greenwich, their 
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LETTERS TO THE EDITOR. 


INTERNATIONAL CONFERENCE OF 
NAVAL ARCHITECTS AND MARINE 
ENGINEERS, 1951. 


To Tue Eprror or ENGINEERING. 


Simr,—With reference to the technical papers to be 
read at the forthcoming International Conference of 
Naval Architects and Marine Engineers, which will 
be held in London (June 25 to 29), Glasgow (July 2 
to 4) and Newcastle-on-Tyne (July 4 to 6), I should 
be glad if you would draw the attention of interested 
readers to the fact that attendance at the reading 
of papers on this occasion is open to all members of 
the host Institutions—the Institution of Naval 
Architects, the Institution of Engineers and Ship- 
builders in Scotland, and the North-East Coast 
Institution of Engineers and Shipbuilders, and the 
Institute of Marine Engineers—without payment of 
registration fee. This is, of course, the regular 
procedure of the Institution of Naval Architects, but 
it may not be quite clear to the members of the 
three other Institutions involved, who may think 
that they can only attend the reading and take part 
in the discussion if they have officially registered for 
all the proceedings at the Conference. There is no 
financial obligation in merely attending the dis- 
cussion on the papers. 

Yours faithfully, 
A. D. Duckwort, 
10, Upper Belgrave-street, Secretary. 
London, S.W.1. 
June 8, 1951. 





THE HEAT UNIT. 
To THe Eprror or ENGINEERING. 


Str,—I regret to call your attention to a misprint 
which occurred in your otherwise excellent abridg- 
ment of my communication to the Institution of 
Mechanical Engineers on ‘‘The Heat Unit.” On 
the fifth line of the centre column on page 577 of 
your issue of May 11, it is stated that ‘‘ the ratio is 
1 mean international joule = 1-00919 absolute 
joules,”” The correct conversion factor is 1-00019, 
but as this figure appears elsewhere in the abridg- 
ment, I do not think many of your readers are likely 
to have been misled. 

Yours faithfully, 
Ezer GRIFFITHS. 
National Physical Laboratory, 
Physics Division, 
Teddington. 
June 9, 1951. 





OBITUARY. 


MR. FREDERICK GROVER. 


WE have learned with regret of the death on 
April 26, in his 82nd year, of Mr. Frederick Grover, 
a pioneer (and the founder, in this country) of the 
wrapping-machine industry, in which he had been 
engaged for over 50 years. 

Frederick Grover was born on August 22, 1869, 
and received his general education at a small private 
school and at the City of London School. This 
was followed, in 1885-87, by a course of engineering 
study at the Crystal Palace School of Engineering, 
after which he entered for the Civil Service examina- 
tion for an appointinent as assistant examiner at 
the Patent Office. For some reason, however, he 
did not pursue this line, though successful in the 
examination; instead, he served a two years’ 
apprenticeship in the mill-engine works of Gallo- 
way’s, Limited, Manchester. In 1889, he returned 
to London and worked as a draughtsman with 
Humphrys, Tennant and Company, Deptford, and 
W. H. Allen and Company, then in Lambeth. His 
next appointment was with T. Green and Sons, 
Leeds, where he spent four years on the design of 
small locomotives and steam-tram engines. Con- 
currently, he attended evening classes at the 


Yorkshire College (now the University of Leeds), 


where, eventually, he was taken on the staff as a 
demonstrator, subsequently becoming lecturer in 
machine design under Professor John Goodman. 
At this time, and practically until the close of the 
Nineteenth Century (to quote the words of a con- 
tributor who knew him well), ‘‘ gas engines, the com- 
bustion of enclosed gas mixtures, boiler efficiency, and 
similar problems engrossed his mind”; it appears, 
also, that ‘‘some early experiments on acetylene 
as a fuel for gas engines provided unexpected excite- 
ment.’’ Some of the results of his work appeared 
in various text-books, for example, in Sir Dugald 
Clerk’s Gas Engines. In 1893, he resigned his 
position at the Yorkshire College to practise as a 
consultant, mainly on the trials of steam and gas 
prime-movers, and on smoke abatement ; he visited 
India in 1903, on the invitation of the Government, 
to examine and report on the smoke nuisance in 
Caleutta—a consultation which proved to be of 
some significance to his subsequent fortunes. 
Mr. Grover’s interest in wrapping machinery 
appears to have originated about 1898, following a 
visit to a soap works where, at that time, the bars of 
soap were packed entirely by hand. As a result, 
he collaborated with a friend, Andrew Forbes, who 
was also a consulting engineer, in the design and 
construction of a prototype soap-wrapping machine. 
It worked successfully, but did not appeal to the 
soap manufacturer to whom the partners offered it. 
Therefore they sought other markets; first, toffee, 
which was found to require much more develop- 
ment work, and then chocolate, with which they were 
almost immediately successful, especially with the 
Swiss firms of chocolate manufacturers. In 1901, 
therefore, Grover and Forbes established the For- 
grove Machinery Company, with a small workshop 
in Leeds, their equipment being a few lathes, a 
planing machine, and a gas engine to provide the 
power. In the course of the next two years, they 
executed orders for the firms of Suchard in Neu- 
ch&tel, Tobler in Berne, Peters in Vevey and Cailler 
in the village of Broc; but funds were low, and 
neither yet felt justified in giving up his consulting 
practice. It was at this juncture that Grover was 
invited to visit Calcutta; it meant an absence of 
six months, but it provided a sufficient fee to enable 
the Forgrove Company to move into larger premises 
and relieve them of immediate financial anxiety. 
In Grover’s absence, Peters of Vevey had ap- 
proached the company to design a new type of 
wrapping machine for their round tablets of choco- 
late. It was duly constructed and proved so effec- 
tive that it led subsequently to large orders from 
America. The wrapping of caramels provided a 
(literally) ‘‘sticky”’ problem which required pro- 
longed experiment ; but it was solved, and the basic 
principles then laid down still characterise machines 
for this purpose. An electrical wax-sealing device 
was incorporated, which proved entirely reliable, 
and progress thereafter was continuous. Forbes 
had left the company in 1904, but Grover was able 
by then to devote his whole time to its affairs and 
developed a great variety of wrapping machines for 
special applications, being greatly aided therein by 
a mind of unusually wide range, and considerable 
skill in engineering craftsmanship. His principal 
lifework was well summarised in his paper on 
““ Wrapping Machinery,”’ delivered before the Insti- 
tution of Mechanical Engineers in 1936,* which 
was awarded the Thomas Hawksley Gold Medal. 
It contained a typical instance of his acuteness of 
mind, in his description of how the solution of a 
certain problem in wrapping was suggested by his 
recollection of a device seen by him on a model 
railway truck exhibited at the Crystal Palace Elec- 
trical Exhibition in 1881, when he was a boy of 12. 
This paper was usefully supplemented, four years 
later, by his introduction to an informal discussion 
on “‘ Mechanical Movements and Their Design.”’+ 
He was also a member of nearly 60 years’ standing 
in the Institution of Civil Engineers, a past-president 
of the Leeds Association of Engineers, a former 
president of the Yorkshire Branch of the Institution 
of Production Engineers, and a prominent member, 
in Leeds and district, of the Engineering Employers’ 
Federation. 





* Proc.I.Mech.E. vol. 132, page 345 (1936). 





t Ibid., vol. 147, page 199 (1942). 





CONVERSAZIONE OF THE 
INSTITUTION OF CIVIL 
ENGINEERS. 


THE saying that there is nothing new under the 
sun cannot be accepted as an absolute truth; 
which is perhaps why “novel” is preferred to 
“new” in patent law. Whether or not such a 
distinction troubles the 6rganisers of the conver- 
sazione of the Institution of Civil Engineers, once 
again, this year, they succeeded in assembling a 
collection of exhibits which combined technical 
novelty with visual entertainment. For example, 
a model ship, only 12 in. long, and controlled by 
radio, is used in hydraulic model experiments in 
connection with port engineering, and a test-bed 
for a model railway-coach bogie enables tests to be 
conducted continuously for investigating the oscilla- 
tion of bogies. The conversazione was held at the 
Institution on Friday, June 8, and the members 
and their guests were received in the Great Hall 
by the President, Dr. W. H. Glanville, and Mrs. 
Glanville, and the Council. Mr. Alan Loveday gave 
two short violin recitals, and selections of music 
were played by the Light Orchestra of the Corps of 
Royal Engineers. 

The radio-controlled ship model was shown by 
Mr. J. A. S. Rolfe, M.I.C.E. (Sir Bruce White, 
Wolfe Barry and Partners), and was demonstrated 
by Mr. A. Bugg, who designed and built it for 
operating in a tidal model of a harbour used by the 
prototype ship—the Chusan. It has proved to be 
very useful in demonstrating the effect of water 
currents On navigation in the harbour, and has 
been the means of designing a satisfactory entrance 
lock. The model, only 12 in. long, as already noted, 
contains a radio receiver which weighs less than 
one ounce ; it may be steered to port or starboard, 
and can go ahead, be stopped and reversed by 
remote control. 

From navigation to cavitation: the Engineering 
Division of the Ministry of Works lent a model of 
a proposed water tunnel for research into cavitation, 
which, by virtue of its “‘ resorber ” for re-absorbing 
the bubbles in the water, will provide a feature 
that is only available in the United States at 
present. The model complies with the preliminary 
designs for a closed-jet cavitation tunnel for testing 
marine screw propellers and blade sections. The 
design provides for a working section 44 in. in 
diameter, a maximum water velocity of 50 ft. per 
second, and a pressure range at the working section 
of 2} Ib. to 75 lb. per square inch absolute. The 
tunnel consists of a closed water circuit, the upper 
limb of which includes the contraction section for 
accelerating the water, as well as the working section. 
Just past the working section, the diffuser bifurcates 
into two limbs of cross-section ‘changing from 4 
“D” to a circle, thus enabling the driving shaft of 
the model propeller to enter into the tunnel, the 
motor being between the two limbs. The variable- 
speed 200-h.p. motor is combined with a dynamo- 
meter; it is connected to a Ward-Leonard control, 
and, for accurate measurement of the torque and 
thrust, the dynamometer mounting has air-lubri- 
cated bearings and electronically-controlled weigh- 
beams of high accuracy. 

Experience with heavily-cavitating models has 
shown that, if the bubbles released in the low- 
pressure region round the cavity are allowed to 
circulate throughout the tunnel, the model in the 
working section is quickly obscured. A “‘ resorber 
is therefore provided below ground level ; in it the 
water is circulated at reduced velocity and for 4 
sufficient length of time under conditions of pressure 
and turbulence which cause the re-absorption of the 
bubbles. De-aeration would be impracticable, since, 
for some tests, the air content of the water must be 
constant. The air content will be within the range 
saturation at atmospheric pressure down to 0-3 per 
cent. by volume, and the permissible limits of water 
temperature will be 60 deg. to 80 deg. F. The 
main pump of the tunnel will be of the vertical 
propeller type, with a Kaplan variable-pitch runnet; 
and will be driven by a 850-h.p. variable-s 
motor with Ward-Leonard control. : 

As with cavitation in marine engineering, so with 
bogie oscillations in railway engineering—the 
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phenomenon is difficult to investigate except by the 
use of models, Mr. A. F. Cook, M.A., A.M.I.Mech.E., 
of the Mechanical Engineering Department, Univer- 
sity College, Southampton, demonstrated an 
ingenious apparatus for simulating, for almost any 
desired length of time, the motion of a coach bogie 
on the track. It is, in effect, a test-bed, with four 
motor-driven ‘‘rollers”’ on which the bogie rests. 
Each roller consists of a steel ring, representing the 
track, which is spring-mounted on one face of a 
rotating disc; the springs can be adjusted to 
simulate the resilience of the full-size track. Six 
motions are recorded on celluloid by styli actuated by 
linkages, namely, the lateral oscillations of the axles, 
the oscillation of the bogie frame, and the yaw of 
each of these units about a vertical axis. The model 
bogie is to the scale of one-tenth, and is fitted with 
spring-mounted axleboxes. The effect of the 
following variables on its motion can be investigated: 
tread coning angle, flange angle, flange clearance, 
axlebox and journal clearances, ratio of total to 
unsprung weight, and rail stiffness. At the con- 
versazione, the effect of large axlebox clearances was 
particularly pronounced, a violent oscillation being 
induced in the bogie. 

A historical note was introduced by Mr. R. M. 
Chamney, B.Sc., A.M.I.C.E. (Submarine Cables, 
Limited), who showed two scale models, one, made 
over a hundred years ago, of the S8.S. Great Eastern, 
which was used for laying telegraph cables, and the 
other of the cable-laying ship the*Dominia, con- 
structed by her master, Captain P. H. Bell. 
Samples were shown of early transatlantic cables 
and of modern cables insulated with polythene and 
made by Submarine Cables, Limited. The latter 
included a piece of the Anglo-Dutch telephone cable, 
the largest submarine telephone cable in the world, 
which carries 84 conversations simultaneously, and 
is the only cable laid under the sea incorporating an 
air space. Other samples included the Dutch- 
Danish cable (the first to use submerged repeaters) ; 
multi-quad land cables; and land coaxial cable of 
novel construction—a helix of polythene separates 
the copper wire from the outer conductor, which is 
an aluminium tube drawn down on to the helix. 

In electrical engineering, another apparatus of 
interest was an electronically-controlled shutter for 
photographing television pictures; it was lent by 
the Radio Experimental Branch of the Post Office 
Research Station (Sir Archibald Gill, B.Sc.(Eng.), 
M.LE.E., Engineer-in-Chief), The problems here 
are to ensure that the camera film or plate is exposed 
for exactly J, of a second (the time for a complete 
scanning cycle in British television), and that the 
exposure coincides precisely in time with the 
reproduction of one picture on the cathode-ray tube. 
The sequence of events is as follows : the television 
receiver is adjusted so that no picture is visible ; 
the camera shutter, set to a nominal exposure of 
about one-fifth of a second, is then operated ; when 
the shutter is fully open, an electrical contact on it 
automatically causes the television image to be made 
visible for one picture only, the timing being con- 
trolled by information extracted from the television 
signal; finally, the camera shutter closes. 

The National Physical Laboratory (Director, Dr. 
E. C. Bullard, M.A., F.R.S.) lent a multiple-unit 
fatigue-testing machine and apparatus for the 
accurate examination of the conical diamond 
indenters used in Rockwell hardness testing. The 
fatigue-testing machine, which was illustrated and 
described on page 459 in our issue of April 20, in 
connection with the Physical Society’s Exhibition, 
is capable of testing 24 pieces simultaneously. 
They are spaced round the periphery of a swash 
Plate. The machine was designed primarily for 
testing small screws up to about 1 mm. in diameter, 
and it runs at about 3,000 r.p.m. The Rockwell 
hardness-testing apparatus is the subject of two 
communications from the N.P.L. which will shortly 
be published in ENGrngxeRtnG. The included angle 
of the indenter cone can be measured to an accuracy 
of + 1 minute of arc by using an optical rotary 
table and an interference microscope, and the 
Tadius of the tip is measured on a xX 1,000 optical 
Projector, supplemented by examination of the 
apex with a Linnik interference microscope. 

_ Three pieces of apparatus came from the Engineer- 
ing Laboratory, Cambridge University (Professor 


J. F. Baker, O.B.E., M.A., Sc.D., M.LC.E.), namely, 
a miniature autographic tensile-testing machine, a 
sensitive rotating magnetometer, and a high-speed 
camera, all attributed to Mr. A.M. P. Brookes. The 
tensile-testing machine has been developed for 
obtaining the relationship between stress, strain 
and change in electrical resistance of wire of about 
10-* in. in diameter, such as is used in the con- 
struction of electrical-resistance strain gauges. The 
wire is fixed at the lower end and strained at the 
upper end by being attached to one end of a pivoted 
beam ; the other end of this beam is loaded by the 
deadweight of a small flexible chain, the effective 
length of which can be varied by winding it over a 
roller. The magnetometer measures the strength 
and direction of very weak magnetic fields by means 
of the high-speed rotation of a coil in the field. 
Compensation for the effect of the Earth’s field is 
provided by a pair of oppositely-connected coils, 
and an air turbine drives the instrument at a speed 
of 10,000 r.p.m. The high-speed camera produces 
a sequence of 30 pictures taken at rates of up to 
1,000,000 frames per second. A multi-slit focal- 
plane shutter is used, and the light source is either 
@ flash bulb or an electronic flash tube triggered by 
the phenomenon being photographed. 

An apparatus for locating and measuring the 
depth of reinforcement in concrete, and a model of 
equipment for testing concrete structures with loads 
up to 300 tons, were shown by the Cement and 
Concrete Association (Mr. A. R. Collins, M.B.E., 
D.Se., A.M.I.C.E.). The first-mentioned consists 
of a simple electromagnetic search unit coupled to 
a measuring unit which is calibrated to read directly 
in inches of cover. It may be operated from an 
alternating-current mains or a 6-volt battery. Mr. 
P. E. Halstead, B.Sc., Ph.D., A.R.LC., designed 
the apparatus and the Chemical and Physical 
Research Section of the Association constructed it. 
The equipment for testing concrete structures, of 
which a model was shown, was illustrated and 
described on page 602 of our issue of May 18. It 
was designed under the supervision of Mr. P. B. 
Morice, B.Sc. (Eng.), and enables the load from six 
50-ton hydraulic jacks to be applied to a test struc- 
ture. 

The study of indeterminate frames by students 
of the Westminster Technical College is facilitated 
by an apparatus which was designed and con- 
structed by members of the staff of the Engineering 
Department. It comprises a rectangular frame 
with diagonal bracings; a calibrating beam; and 
a bridge circuit. The frame involves one redun- 
dancy, arranged so that self-strains can be set up 
in its members by means of a graduated nut which 
is rotated in order to change the length of one 
member. The calibrating beam is symmetrically 
loaded on four points so that the centre portion is 
subjected to a uniform bending moment and there- 
fore bends to a circular arc. The deflection on a 
chord 6 in, long is measured by a dial indicator ; 
thus the strain at the upper and lower surfaces of 
the beam may be determined for any deflection. 
Electrical-resistance strain gauges are fixed to 
various points on the frame members and the cali- 
brating beam. The bridge circuit is mounted in a 
panel with a milliammeter and a voltmeter, and is 
connected to a galvanometer. The apparatus 
serves two useful purposes: it gives a means of 
verifying indeterminate-frame theory, as the values 
of the forces in the members may be calculated 
with reasonable accuracy if an analysis be made 
of the total strain energy in the frame, these values 
being checked by strain gauges; and it enables 
students to acquire a knowledge of the principles 
and technique of strain-gauge work. 

Proposed improvements in the layout for traffic 
of Hyde Park Corner, London, were illustrated by 
two large models made for the Ministry of Trans- 
port, the London County Council and the West- 
minster City Council. Hyde Park Corner is the 
most heavily trafficked road junction in London ; 
during the last police census (July, 1949), covering 
a period of 12 hours, the number of vehicles counted 
was over 72,000. The main feature of the proposed 
re-afrangement is the construction of a new and 
larger roundabout, taking in a small area of Green 
Park and a narrow strip on the edge of the private 





existing islands and refuges, there will be one 
central island with tree-shaded lawns. Existing 
war memorials and statues will probably be sited 
on this island, to which access may be provided by 
pedestrian subways. Wellington Arch will remain 
in its present position, but the carriageway of the 
roundabout will be moved from the western to the 
eastern side of the gate. 

The Road Research Laboratory of the Depart- 
ment of Scientific and Industrial Research, of which 
the Institution’s President, Dr. W. H. Glanville, 
C.B.E, is Director, exhibited a model of a lighted 
street which showed how the reflectivity of the road 
surface affects the quality of the lighting; as well 
as a model showing the effect of a road subway on the 
paths taken by pedestrians. The lighted street 
model had one-half of the road surface rougher than 
the other; the backgrounds were also different, 
but the lighting was symmetrical about a longitu- 
dinal centre-line. The other model was of Gillette’s 
corner on the A4 road ; it was in two parts to show 
the proportions of people using various routes for 
crossing the road, before and after the provision of 
a subway. The conclusions reached as a result of 
counting the numbers of pedestrians were that a 
high proportion used the subway, but for routes 
taking about 10 to 15 seconds more than the 
surface route only 10 to 15 per cent. of the pedes- 
trians used it. We might comment, however, that 
pedestrians evidently ignore the fact that a long 
wait is often necessary before a main road can be 
crossed. 

Messrs. Sandberg demonstrated the use of wire 
resistance strain gauges in a weighbridge, the 
gauges being contained in sealed load cells which 
can be used without any specialised knowledge. The 
cells are connected to a balancing box, magnetic 
amplifier, and indicating meter. Loads of up to 
1,200 tons have been measured successfully with this 
type of equipment, though, as yet, it is only in the 
development stage. 

Professor A, G. Pugsley, O.B.E., D.Sc., M.L.C.E., 
of the Department of Civil Engineering, University 
of Bristol, lent two models, one to illustrate the 
buckling of the upper booms of a bridge due to a 
stationary central load, and the other the buckling of 
the upper booms due to a rolling load. The girders 
were made of Xylonite to exaggerate the deflections 
so that they were easily visible. 

Mr. P. G. Mott, B.A., A.M.L.C.E., arranged an 
exhibit to show the facility with which routes can 
be selected for overhead transmission lines by the 
use of air photographs, stereoscopic plotting 
machines, and Ordnance Survey maps. A model of 
two pulverised-fuel fired boiler units for the 
Carrington power station, lent by Mr. H. D. Watson, 
M.LC.E. (Mitchell Engineering Limited), effectively 
illustrated the advantage of the modern suspended 
type of boiler, and six diaromas from Mr, A, C. 
Hartley, C.B.E., B.Sc., M.L.C.E, (the Anglo-Iranian 
Oil Company), illustrated operations in the Persian 
oilfields. Mr. G. P. Manning, M.Eng., M.I.C.E., 
showed a well-made model which was used for 
demonstrating the stresses and strains in a span- 
barrel roof and for checking the mathematical 
analysis, The Building Research Station (Director, 
Dr. F. M. Lea) showed models of short bored piles 
which are now used as a solution of the problem of 
foundation failures due to clay shrinkage, particu- 
larly for houses and other small buildings. The 
viaduct work for the first section of the Neath 
by-pass, which is under construction’ for the Ministry 
of Transport, was illustrated by drawings, photo- 
graphs and a diorama, lent by Mr. Ralph Strick, 
B.Se., M.L.C.E. (Messrs, Rendel Palmer and 
Tritton). 

Another model, from Mr. Savile Packshaw, B.Sc., 
M.LC.E. (The British Steel Piling Company, 
Limited), demonstrated a method of driving heavy 
reinforced-concrete piles, typical of jetty or quay 
construction. The plant, which is provided with a 
number of refinements, is mounted on a travelling 
girder which is itself supported on temporary timber 
gantries. Finally, mention should be made of the 
model of the pumping-station substructure, on 
which work is now proceeding, to serve the West 
Hull and Haltemprice joint main-drainage scheme 
(Mr. William Morris, 0.B.E., M.L.C.E,, City Engi- 
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ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


VII.—Exursits at THE SoutH Bank EXHrsirTIon. 
(Continued from page 698.) 


A CHARACTERISTIC feature of the South Bank 
Exhibition is the number of short notices, embodying 
instruction of many and greatly varied kinds. Most 
of them convey something of interest and are easy 
to read—which, incidentally, is more than can be 
said for the catalogue numbers attached to indi- 
vidual exhibits. One of these notices, apparently 
affixed more or less at random near the sculptured 
figures of ‘‘ The Islanders,’ announces that ‘‘ Be- 
tween 1851 and 1951, Britain built 57,000 ships of 
over 100 tons”’: a statement which fully justifies 
the prominence given to the section on ‘‘ The Sea 
and Ships.” 

Tue Sea AND SuHIps. 


The space devoted to this section is not large, 
but the ‘‘ theme conveners,’’ Mr. C. Hamilton Ellis 
and Mr. Nigel Clayton, and the “‘ display designers,” 
Mr. James Holland and Mr. Basil Spence, O.B.E., 
have contrived to compress into it a variety of 
ideas and actual material which, while being far 
from all-embracing, should convey to the uninitiated 
some sense of the importance of shipping to the 
British people, the wealth of skill and experience 
that the shipping, shipbuilding and marine-engi- 
neering industries have accumulated, and the part 
that science now plays in the design of ships and 
marine engines. 

Perhaps the most prominent feature is the group 
of three models of ships’ sterns, illustrated in Fig. 88, 
on Plate LVI. The models, which are to the scale 
of one-eighth full size, represent the sterns of a 
whale factory ship (the Balaena), which is nearest 
to the camera in Fig. 88; the Orient liner Orcades ; 
and the Anglo-Saxon Petroleum Company’s 28,000- 
ton tanker Velutina. They are shown as though on 
building slips, and projecting over an ornamental 
sheet of water. Behind them, and also to be seen 
in Fig. 88, is a large mural diagram showing, in 
longitudinal section, the coasting vessel Caledonian 
Coast, her holds filled with typical export cargo— 
though it may be observed that exports are not, 
as a rule, shipped in coasters. Beneath the Cale- 
donian Coast, but not visible in our illustration, 
is a long showcase containing some 50 waterline 
models of typical British ships of the present and 
earlier days. Among them is one sailing vessel (a 
three-masted full-rigged ship); the old Campania 
of the Cunard Line, which served as an aircraft 
carrier throughout the 1914-18 war and was sunk 
in collision at the end of it; the Queen Elizabeth 
and the new Caronia; the Royal Sovereign light- 
ship; the Mersey ferry boat Royal Daffodil; tugs, 
coasters, cargo liners, etc., etc. Another and much 
larger model of the Queen Elizabeth is displayed 
in a separate case ; and, in a floating dock, set in a 
‘*sea”’ of glass, is the Union-Castle liner Stirling 
Castle, illustrated in Fig. 89, on Plate LVII. Round 
the margin of this glass ‘‘ sea ’’ are some two dozen 
cut-out diagrammatic models of different types of 
merchant ship, each mounted on an inclined sheet of 

. These are, perhaps, among the less satis- 
factory exhibits from the technical point of view, 
being, in fact, no more than caricatures of ships ; 
but, no doubt, they will serve their purpose of 
impressing the casual sightseer with the variety of 
types comprised in the British mercantile marine, 
and supporting the claim, on the screen at one end, 
that ‘‘Since Man fi-st took to water, Britain has 
put more ships upon the sea than any other country.” 

Behind the large mural of the Caledonian Coast 
is the sub-section (if it may be so termed) that is 
illustrated in Fig. 87, on Plate LVI. The principal 
exhibits here, which were constructed by Messrs. 
J. I, Thornycroft and Company, Limited, are full- 
size examples of a funnel, fitted with a special form 
of streamlined cowling to promote a smooth flow of 
the funnel gases away from the superstructure, and 
a fabricated bow, also full size—it being, in fact, an 
actual bow and not a wooden model. Beside this 
striking exhibit is the scrieve board corresponding 
to it, showing all the details of the construction. 
The decorative plaster propeller, to be seen on the 





right of Fig. 87, is on the end of a screen which, 
ornamented with symbolical vortices coming from 
the propeller, surrounds a model of a coaster’s 
stern, with a rudder which can be operated from 
the deck, and a bronze propeller which, motor- 
driven, revolves slowly in a small pool. To reach 
the deck, the visitor walks up a curving ramp in 
which are three circular openings, protected by 
railings, two of which are just visible on the bottom 
edge of Fig. 87. Through these openings are to be 
seen three stages in the moulding and casting of a 
bronze propeller. Beyond the coaster stern is a 
rather dark compartment in which stands—on 
ground level, so that the sightseer is level with the 
cylinder heads—a wooden full-size model of a 
Doxford three-cylinder opposed-piston oil engine of 
1,100 h.p., of the type fitted in trawlers and other 
vessels of similar size ; this is illustrated in Fig. 90, 
on Plate LVII. 

At the top of the ramp is a platform—though, 
perhaps, the naval term “ flat”? would be more 
appropriate as a description—on which, in a large 
case, is a Metropolitan-Vickers marine gas-turbine, 
with axial-flow compressor ; it would, undoubtedly, 
attract much more of the attention that it deserves 
if it were provided with some descriptive labels. 


As it is, we failed to find even a catalogue reference ' 


on it or the case; though it may be that one was 
there, for these catalogue numbers are so small that 
they are often difficult to detect and, if set inside a 
show-case, at a distance from the glass, almost 
impossible to read. 

At the upstream end of this gallery—which pro- 
vides a popular view-point from which to watch 
the river scene, in the forefront of which are moored 
a Thames spritsail barge and two canal boats, 
painted in their traditional fashion—is a row of 
five cases, displaying some scale models of marine 
prime-movers. They comprise a Doxford six- 
cylinder opposed-piston engine and a triple-expan- 
sion reciprocating steam engine, both shown in 
motion; a compression-ignition oil engine; a 
hypothetical marine gas-turbine set; a Parsons 
double-reduction geared steam-turbine set; and 
three sectioned Babcock and Wilcox marine boilers, 
to the scale of 1 in. to a foot. The first of these 
boilers is of the integral-furnace type, designed to 
supply 48,000 Ib. of steam per hour at 450 lb. per 
square inch and 750 deg. F.; the second, a divided- 
furnace boiler, is rated at 120,000 lb. per hour, 
650 Ib. per square inch pressure, and 850 deg. F. ; 
and the third is a single-pass boiler of the header 
type, with an output of 33,000 Ib. of steam per hour 
at 450 lb. pressure and a temperature of 750 deg. F. 

The boiler models, as will be gathered from the 
foregoing, are adequately labelled, and so are some 
of the engine models ; but exception must be taken 
to the legend painted inside the case containing the 
compression-ignition engine, which states that this 
type was “‘evolved by Hornsby Ackroyd Stuart 
[sic] between 1886 and 1890” and that the oil is 
‘ignited under pressure.” If the latter phrase 
were altered to read that “‘the oil ignites under 
pressure,” it would be more accurate, and this 
alteration could be effected very easily; but the 
only thing to do with the other assertion is to paint 
it out and start afresh, so as to do proper justice 
to Herbert Akroyd (not Ackroyd) Stuart and to 
Richard Hornsby and Sons, of Grantham, to whom 
Akroyd Stuart granted sole manufacturing rights 
in June, 1891. 

An exhibit which has attracted a great deal of 
attention is a ship-model tank, 80 ft. long, in which 
a small model is towed from an overhead trolley 
at intervals, to the accompaniment of an explana- 
tory commentary by loudspeaker. This forms part 
of a display arranged with the collaboration of the 
Ship Division of the National Physical Laboratory. 
Much of it consists of mural panels and screens, with 
model propellers, etc., used for decorative purposes ; 
apart from the tank, however, there is not a great 
deal that the lay visitor can really absorb unaided. 
Close to these exhibits, there is a display, arranged 
by Lloyd’s Register of Shipping, consisting of 
ancient and modern Register Books, flanked by an 
enlarged reproduction of the “‘ certificate of class ” 
as issued to the Cunard White Star liner Queen 
Elizabeth. There is also a reproduction of the 
famous ‘‘ 100A1”’ notation, with the Maltese cross 





which signifies that the vessel has been built under 
the survey of Lloyd’s Register; but here again 
some explanation would probably be appreciated 
by many visitors to the South Bank. A similar 
case is that of the freeboard marking which is 
painted in a prominent position on the river side of 
the Pavilion ; there is nothing to indicate what the 
letters on the various load lines mean. 

A large part of the open-air part of the ‘‘ Sea and 
Ships” section is devoted to the fishing industry ; 
so much, in fact, that it might have been better to 
make a separate display of it. Various models of 
fishing vessels are shown, with full-size specimens of 
buoys and other gear, and many photographic 
enlargements, placards, murals, and symbolic 
decorations. Reference should be made, too, to 
the exhibits of diving suits ; and, on the river front, 
the typical Clarke, Chapman steam and electric 
winches, stocked and stockless anchors, bollards, 
fairleads, etc. Very few of these items are clearly 
labelled or even numbered, and the half-crown 
guidebook, which is the only one which most 
visitors are likely to buy, is of no help in identifying 
single objects ; they are listed in the full catalogue, 
of course, but that costs 10s., which is an effective 
deterrent to all but a few would-be inquirers. 

We have left to the last the display which is 
housed in the adjacent fully-enclosed part of the 
Pavilion. It is largely of a historical character, and 
is dominated by a reconstruction of the bow of a 
clipper ship of ‘the ’sixties—an excellent example of 
the rigger’s art. In show cases are a well-selected 
series of ship models of various periods, borrowed 
from the National Maritime Museum and other 
public and private collections. Prints and photo- 
graphs, books and periodicals are there in profusion 
enough to make many new converts to the study of 
maritime history (though The Mariner’s Mirror, 
the quarterly journal of the Society for Nautical 
Research, does not appear to be among them) and 
overhead are the house flags of famous shipowners, 
some long out of business, but others still flourishing. 

is a section to browse in, preferably under 
skilled guidance. ° 

There are various other parts of the South Bank 
Exhibition in which ships and boats appear, but 
they will be dealt with in their place; the “Sea 
and Ships” display is intended to deal with the 
design and construction of ships. Ship operation 
is a branch of “‘ Transport and Communications,” 
in another building, yachts come under “ Sport,” 
quite a long list of nautical items appears in the 
catalogue under “Seaside,” and many exhibits 
relating to hydrography and navigation (including 
model lightships) are grouped under ‘‘ Sea ”’ in the 
Dome of Discovery. The Royal National Lifeboat 
Institution’s lifeboat, on her slipway, appears to be 
in a class apart. 


RaAILWAYs. 


As Mr. R. A. Riddles remarked in his paper to the 
Joint Engineering Conference (reported on page 716 
of this issue), it is nearly 150 years—1l47 to be 
precise—since Trevithick’s pioneer locomotive rum- 
bled down a line in a South Wales valley. Alas! 
there is no trace of that engine to-day. By the 
time of the Great Exhibition of 1851, the general 
principles of steam-locomotive design were firmly 
established ; the past century of development has 
consolidated the work of the pioneers, and there 
has been no major generally accepted develop- 
ment, apart from piston valves and superheating, 
in the general design of conventional steam loco- 
motives. There have been diversions, as Mr. 
Riddles recalled, to such theoretical attractions 
as steam turbines, high-pressure boilers, multi- 
cylinders, and condensers, but they have served 
merely to prove what they were intended to disprove, 
that the ordinary steam locomotive is still the most 
economical machine for drawing trains in may 
countries to-day. Its efficiency as a motive-power 
unit has been improved considerably, even in the 
past 50 years, but its simplicity remains its principal 
asset. The Festival of Britain, 1951, is therefore 4 
proper occasion to look back and admire the extra- 
ordinary practical intuition of the early locomotive 


The entrance to the Transport and Communica- 
tions pavilion is dominated by one of the WG-class 
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SHIPBUILDING AND LOCOMOTIVE EXHIBITS AT THE SOUTH 
BANK EXHIBITION. 


(For Description, see Page 730.) 
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Fig. 91. 1,740-H.P. ELectric Locomotive; British RAILWAYS. 
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. 2-2-2 “ Buppicom ”’ Locomotive, Burtt in 1843. 








Fie. 94, “ AGenorrIa”’ Locomotive, BuiLt In 1829. Fig. 95. Post-Orrice RaImLway. 
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Fie. 99. Dreset Locomotives IN THE TRANSPORT PAVILION. 


2-8-2 locomotives which the North British Loco- 
motive Company, of Glasgow, have built for the 
5 ft. 6 in. gauge tracks of the Indian Government 
Railways. If therefore epitomises the valuable 
locomotive export trade of this country, which is 
backed by the long experience and services of con- 
sulting engineers in design and inspection. This 
locomotive is illustrated in Fig. 96, on Plate LIX. 

The development of railway track is traced by 
means of a number of historical exhibits, which 
include three types of early timber rails of 1738 ; 
cast-iron plate rails from the Pickering Lime Quarry 
tramway (1775); a piece of the original Mansfield 
and Pinxton rail with stone block supports (c. 1818) ; 
a fish-bellied malleable-iron rail of T section, from 
the Stockton and Darlington Railway (1825) ; a flat- 
bottom rail of 1839; wrought-iron and Bessemer- 
steel rails; and a bull-headed rail. The oldest 
locomotive on view is the Agenoria of 1829, which is 
shown in Fig. 94, on Plate LVIII. This engine was 
built by Messrs. Foster, Rastrick and Company, of 
Stourbridge, for the Shutt End Colliery railway at 
Kingswinford, Staffordshire, which it opened on 
June 2, 1829. It was almost identical with the 
“Stourbridge Lion,” built by the same firm in 
1828. The Buddicom locomotive which is exhi- 
bited (illustrated in Fig. 93, on Plate LVIII), was 
built in 1843. It was restored to its original state in 
France for the Festival, and arrived under its own 
steam at London some months ago. Both the old 
locomotives are supported on motor-driven rollers 
at the South Bank. 

Diesel locomotives, which form a substantial 
part of the industry’s trade, expecially for export, 
are quite well represented. Apart from the example 
from British Railways, which is referred to later, 
there is a 660-b.h.p. By-B, Diesel-electric locomotive, 
of 3 ft. 6 in. gauge, built for the Tasmanian Govern- 
ment Railways by the English Electric Company, 
Limited, and the Vulcan Foundry, Limited, Newton- 
le-Willows; and an 0-6-0 Stephenson-Crossley 
shunting locomotive of the Diesel-mechanical type, 
which develops 300/330 b.h.p., and is designed for 
standard-gauge track. This engine was made by 
Robert Stephenson and Hawthorn, Limited, of 
Darlington, and is illustrated on the right of Fig. 99, 
on this page. On the left of the same illustration is 
the “ Planet ” 7-ton Diesel-mechanical locomotive— 
a 22-in gauge engine developing 37 b.h.p. and fitted 
With a two-speed gearbox; it was built by Messrs. 
F. C. Hibberd and Company, Limited, London. 

British locomotive builders have earned a repu- 
tation for Diesel shunting and mines locomotives. 
An excellent example of the latter type is afforded 
by the 10-ton 75-brake horse-power Diesel mine 
locomotive, which is illustrated in Fig. 92, on Plate 





LVII. This engine, which was described in detail 
on page 396 of our issue of April 6, was built by 
Messrs. Ruston and Hornsby, Limited, of Lincoln. 
It is flameproof, for underground operation in coal 
and other gassy mines in this country and abroad, 
and is controlled solely by a lever and brake, there 
being no throttle, in the accepted sense of the 
term. The same firm have provided a scale model 
of their latest Diesel shunting locomotive of 
approximately 45 tons and 300 brake horse-power. 
Other models are of an 0-4-0 steam shunting loco- 
motive, built by Messrs. W. G. Bagnall and Son, 
Limited, Stafford ; a 500-h.p. Diesel shunting loco- 
motive built by the Hunslet Engine Company, 
Limited, Leeds, for the Peruvian Corporation; a 
2-8-0 ‘‘ Liberation ’’ steam goods locomotive, built 
by the Vulcan Foundry, Limited, for U.N.R.R.A.; 
and a locomotive on the “ Uniline”’ transport 
system, built by Messrs. J. Brockhouse and Com- 
pany, Limited, West Bromwich. British work in 
the field of gas-turbine locomotives is represented 
by a model of the gas-turbine electric locomotive 
which the Metropolitan-Vickers Electrical Company, 
Limited, of Manchester, are building for the Western 
Region of British Railways. 

An elevated area at the south end of the Hunger- 
ford railway bridge accommodates three locomotives 
lent by British Railways to illustrate recent develop- 
ments in three fields, namely, steam, Diesel and 
electric. Fig. 97, on Plate LIX, shows the loco- 
motive of the new Britannia 4-6-2 class, which is 
on show. The design of these engines was described 
on pages 126 and 341, ante. Their principal features 
are the use of two outside cylinders only, a boiler 
with a large grate, roller-bearing axleboxes, general 
simplicity of construction, and the provision made 
for ease of maintenance. The Diesel-electric loco- 
motive (Fig. 98) was erected at the Ashford shops 
of British Railways, the engine and electrical equip- 
ment being supplied by the English Electric Com- 
pany, Limited. It develops 1,600 h.p. and has a 
1-D-D-1 wheel arrangement. 

The report of a Committee, appointed by the Rail- 
way Executive and the London Transport Executive 
to review the methods of electric operation employed 
on the railways under their control, recently recom- 
mended that the 1,500-volt direct-current system 
with overhead collection should continue to be 
regarded as standard for use in this country. At 
the same time, it did not propose that the consider- 
able mileage now in operation on the 750-volt 
direct-current conductor-rail system should be 
abandoned or converted, except for a short mileage. 
It was outside the terms of reference of this body 
to suggest to what extent electric traction should 
replace steam traction in the near future, but it is 





clear from an address given by Lord Hurcomb to the 
Convention on Electric Traction, which was held 
in London in April, 1950, that this question is 
being considered by the British Transport Commis- 
sion and that, as a start, the electrification of the 
lines in the neighbourhood of such towns as Man- 
chester, Liverpool and Glasgow is a possibility, 
even if that possibility is at present remote. 

It is therefore fitting that an opportunity should 
have been given at the South Bank Exhibition 
to show the visiting public the change that such a 
policy would bring about in the appearance and 
other features of British Railways rolling stock. 
For this reason, great interest attaches to the main- 
line electric locomotive, which is among those 
shown on a siding near the “ Transport and Com- 
munications ’’ building and is illustrated in Fig. 91. 
This is one of the 58 B, + B, units which have 
been equipped by the Metropolitan-Vickers Elec- 
trical Company, Limited, Manchester, for use on the 
Manchester-Sheffield-Wath line of the Eastern 
Region. As is well known, this line, the total track 
mileage of which is 330 miies, is now undergoing 
conversion, work which is including the driving of 
a second three-mile tunnel under the Pennines 
between Woodhead and Dunford Bridge and the 
erection of numerous steel structures for carrying 
the overhead conductors. 

The electrical equipment of these locomotives 
consists of four 465-h.p. motors, so that an output 
of 1,740 h.p. on the one-hour rating at full field is 
obtainable, while a maximum tractive effort of 
45,000 Ib. can be exerted. The maximum speed is 
65 m.p.h. and the total weight in running order is 
89 tons. The four motors are nose-suspended on 
articulated bogies, which have no swing bolsters, 
the body being carried on spring-borne pads. 
Electro-pneumatic resistor control is used with 
series-parallel combinations, and there are four 
weak-field positions, which are used to counteract 
slipping, thus providing six running notches. 
Regenerative braking is installed, an essential fea- 
ture for the steady control of heavy trains on the 
down gradients from the Woodhead tunnel. 

It may be recalled that the prototype of this 
batch of locomotives was completed shortly before 
the outbreak of war and was tested on the Man- 
chester-Altrincham line in 1941. In September, 
1947, it was shipped to Holland, where it ran about 
100,000 miles in service, the tests serving the dual 
purpose of giving the equipment an extended trial 
and of providing assistance to the Dutch Railways 
in their efforts to-recover from the heavy depletion of 
rolling stock suffered during the German occupation. 
During these trials, up to 1,750 tons trailing were 
hauled without difficulty, the train being started 
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at the foot of a 1 in 125 gradient and attaining a 
speed of 11 m.p.h. A further 27 locomotives, with 
a C,—C, wheel arrangement, are being built for 
the same line. 

As we have already pointed out, however, the 
present widespread use of the 600-volt contact rail 
system of electric traction is to be continued, and 
will require the employment of a different type of 
rolling stock. An example of this, which is to be 
found at the South Bank Exhibition, is the light- 
weight non-driving motor car for the London 
Transport system, which embodies the latest 
developments in aluminium-alloy construction. 
Details of the design of this car, which was con- 
structed by the Metropolitan-Cammell Carriage and 
Wagon Company, Limited, to the design of London 
Transport, are given on page 705, ante. 

Other electric locomotives are represented by 
models, These include one of a 10-mm. scale of 
a 1,000 brake horse-power main-line Diesel-electric 
locomotive built by the Brush Electrical Engineering 
Company, Limited, Loughborough, and another, to 
the same scale, of a 3,000 brake horse-power main- 
line electric locomotive for Brazil, with its overhead 
transmission cables, which is being exhibited by the 
English Electric Company, Limited, the Vulcan 
Foundry, Limited, and British Insulated Callen- 
der’s Cables, Limited. 

Reference may also be made to the full-size 
working length of the Post Office (London) Railway, 
which is shown in the Transport and Communica- 
tions pavilion. This railway, the construction and 
equipment of which were fully described at the time 
of its opening, on page 92 of our 125th volume 
(1928), runs from Paddington railway station and 
District Post Office in the west of London to the 
Eastern District Post Office, connecting on the 
way with the Western Parcels, Western District 
and West Central District Post Offices, the Mount 
Pleasant Sorting Office, the General Post Office at 
King Edward Building in the City, and the railway 
station at Liverpool-street. The total length is 
6} miles, The running tunnels, which are con- 
structed on the tube principle, are 9 ft. in internal 
diameter and are connected to the tunnels at the 
stations, which are either 25 ft. or 21 ft. 24 in. in 
diameter, by short lengths of twin 7-ft. construction. 
The rolling stock consists of steel motor wagons, as 
shown in Fig. 95, on Plate LVIII, which carry 
1,120 Ib. and are equipped with two 22-h.p. 440- 
volt motors, as well as with a set of electrically- 
operated brakes and a reverser. They are supplied 
through a conductor rail and their movements are 
controlled either automatically by track circuits or 
by hand. 

Since nationalisation, the Railway Executive 
have decided to change from bull-head rails to flat- 
bottom rails, and a section of the new type of 
track, with standard 109-lb. rails, timber sleepers, 
steel and cast-iron baseplates, and various fasten- 
ings, is exhibited. This track is stronger, and will 
require less maintenance, than the old bull-head 
rail track, though, of course, it will be many years 
before anything like a complete changeover will be 
effected, even on the main lines. 

The rolling-stock industry is rather sketchily 
represented by a model of a bogie tank wagon for 
the Malayan State Railway, built by Messrs. Hurst, 
Nelson and Company, Limited, Motherwell; a 
model of a passenger rail-car for the Jamaican 
Government Railway, constructed by Messrs. D. 
Wickham and Company, Limited, Ware; and a 
model of a 50-ton air-operated dump car, made by 
Messrs. Head, Wrightson and Company, Limited, 
Thornaby-on-Tees. The numerous firms who make 
ancillary equipment for railways are represented by 
such exhibits as a Westinghouse automatic com- 
pressed-air brake and a rotary tunnelling shield 
exerting 400 tons pressure (Messrs. Markham and 
Company, Limited, Sheffield). Improvements in 
locomotive valve gears are shown by two exhibits— 
one of a Caprotti valve-gear cam-box, and the other 
of a rotary-cam poppet valve gear cam-box, both 
lent by the Associated Locomotive Equipment 
Company, Limited, London. Finally, the develop- 
ment of railway signalling is shown by a wide range 
of old and new equipments. 


(To be continued.) 





LABOUR NOTES. 


Important decisions by the Railway Executive and 
representatives of the three principal railway unions, 
made with a view to securing a better use of man-power 

improvements in the efficiency of the railway 
service, were announced on June 7. This was one of 
the first results of the deliberations of the special joint 
committee, which was set up in February last, following 
the wage agreement in that month between the Execu- 
tive and the National Union of Railwaymen, the 
Associated Society of Locomotive Engineers and 
Firemen, and the Transport Salaried Staffs’ Associa- 
tion (then the Railway Clerks’ Association). Under the 
terms of that agreement, some 460,000 railway per- 
sonnel received an a wage increase of 7} per cent., 
at an estimated annual cost of twelve million pounds. 
In return for that increase, the three unions to 
the formation of the joint committee and undertook to 
examine, side by side with the Executive, proposals 
for the elimination of wastages of man-power and for 
improving the efficiency of the service. Several meet- 
ings of the joint committee have been held since its 
establishment, and it is understood that such meetings 
are to continue. 





According to the official statement, it has been 
— that the general practice of calling-up foot- 

temen and guards for roster turns of duty shall be 
discontinued not later than July 30 next. Knockers-up 
will still be employed in a few instances, however, 
when it is necessary to advise train staffs that their 
roster times of signing on for duty have been changed 
after they have left for home. Nearly a thousand 
persons are at present engaged on calling-up duties, 
and it is stated that everything possible will be done to 
prevent hardship arising for those displaced by the 
new arrangements. In particular, partially-disabled 
men, now engaged on such duties at depots, will be 
given priority over others, irrespective of seniority, in 
the filling of similar posts, when redundancy arises. 
An agreement has been reached regarding lodging 
turns, but no details of this are disclosed in the state- 
ment. It is merely announced that there is an ‘‘ under- 
standing” between the parties which will lead to a 
reduction in the wastage of man-power in this con- 
nection, and result in greater efficiency and improved 
transits. 





There is also to be some reduction in the number of 
van guards who travel with the road delivery vans in 
order to prevent stealing and to help the drivers 
generally. There are at present between 2,500 and 
2,600 van guards, most of whom are women. The 
services of about one hundred of those employed in 
the London area will be dispensed with immediately 
and others will leave subsequently, as road-transport 
services are re-organised. Generally, the new arrange- 
ments for London appear to follow closely the agree- 
ment reached between the Railway Executive and the 
N.U.R. some eighteen months ago; an agreement 
which the railway employees refused to honour. It 
provided for the withdrawal of van guards, with the 
exception of a small number at each depot, who were 
to be held in reserve to assist drivers in special circum- 
stances. The position of van guards in the provinces 
will be given further consideration. 





Two new pictorial posters, ‘‘ Worthwhile Jobs,” 
designed to encourage staff recruitment, have recent] 
been issued by the London Midland Region of British 
Railways. They were prepared by the Region’s public 
relations and publicity department, and will be dis- 
played by all Regions throughout the area of British 
Railways. The vacancies advertised include some for 
lengthmen, relayers, signal labourers and telegraph 
labourers. Suitable men are required as platform 
porters for training as goods shunters, goods guards 
and signalmen. There are vacancies for youths, 
aged 16 and upwards, as probationers, for training as 
assistant linemen and in other grades. In particular, 
men aged 25 and under, “‘of the highest medical 
standard,” are required as cleaners with a view to 
their being trained for footplate work. Details of pay 
and conditions of work are included on the posters, or 
may be obtained from local station masters and district 
motive power superintendents. 





Some comments on the relations between employers 
and employed, in the engineering industry, are contained 
in the address of Lieut.-General Sir Ronald M. Weeks, 
K.C.B., chairman of Messrs. Vickers Limited, at the 
company’s annual meeting on June 5. After paying a 
tribute to the excellent labour relations which had 
existed during 1950, Sir Ronald stated that the position 
this year had not been so satisfactory. He mentioned 
that the agreement between the Engineering and 
Allied Employers’ National Federation and the Con- 
federation of Shipbuilding and Engineering Unions, 





which was signed in November, 1950, had resulted in 
an increase in wages to timeworkers, and in certain 
other adjustments in connection with the wages of 
pieceworkers. In spite of this agreement having been 
approved and signed by the trade unions concerned, 
however, certain of the pieceworkers in some of the 
works of Messrs. Vickers had expressed their dissatis- 
faction with the award by a ban on overtime and piece. 
work, and had demanded an increase in their basic 
rates. That demand was entirely contrary to the terms 
of the November, 1950, agreement. 





_ It had to be appreciated, Sir Ronald continued, that 
in this matter Messrs. Vickers had the responsibility of 
maintaining the sanctity of national agreements and 
that any departure by the company from the terms of 
such agreements, under pressure of the ban on overtime 
and piecework, for example, might have most serious 
repercussions throughout the country. Meanwhile, the 
ban was causing serious dislocation, the result of which 
it was difficult to estimate. In the course of his 
review of business conditions, as they affected the 
company, Sir Ronald gave details of some of the 
capital expenditure with which the company would be 
confronted in the near future. There was a heavy 
programme to be faced, but it was one which the 
company should be able to finance owing to the existing 
strength of its liquid resources. Sir Ronald concluded 
with a reference to the heavy strain imposed by the 
rising cost of replacements and the crippling effect of 
increased taxation. 





Mr. Alfred Robens, the Minister of Labour and 
National Service, personally investigated, on Monday 
last, the unofficial strike of tally clerks at the London 
docks, which began on June 4 in protest against the 
engagement of a new tally clerk. By the end of the 
first day of the stoppage, some 280 clerks were on 
strike and, as no loading or unloading of general cargoes 
can be undertaken without clerks being on duty to 
check the movement of the goods, this had the effect 
of rendering idle more than 1,200 dockers. The 
dispute and its effects continued to grow in intensity 
throughout the rest of the week, until, on Monday last, 
the day of the Minister’s investigation, there were 
1,469 clerks on strike and only 54 remaining at work. 
According to a statement issued by the National Dock 
Labour Board on that day no work was being done on 
98 ships and three others were undermanned. This 
indicated that between eight and nine thousand steve- 
dores and dockers were unable to work, owing to the 
absence of the clerks, and that, for the seventh succes- 
sive day, only very small amounts of general cargo had 
been moved. 





Shortages of labour at the London docks have been 
increasing for some time and the London Dock Labour 
Board received permission in May last to register 1,500 
new employees for service at the docks. The Board, 
whose intention to recruit new man-power was ap- 
proved by the stevedores, dockers and other port 
employees, considered that 80 of the 1,500 newcomers 
should be clerks, in order that a balanced labour force 
should be maintained. The tally clerks, on the other 
hand, contended that their number was sufficient, 
although the Board has complained that a severe 
shortage of clerks has existed during the whole of the 
present year, and that, on occasion, dockers and 
stevedores have had to be called on to undertake the 
clerical work. 





During his investigation into the dispute, which 
lasted for over five hours, Mr. Robens was accompanied 
by Sir Robert Gould, the chief industrial commissioner 
to the Ministry of Labour. They discussed the various 
aspects of the stoppage with members of the National 
Dock Labour Board and the London Dock Labour 
Board, and with the general secretaries of the Trans- 
port and General Workers’ Union and the National 
Amalgamated Stevedores and Dockers. Representa- 
tives of the port employers were also present. A state- 
ment issued subsequently by the Ministry strongly 
urged the men to return to work, in order to prevent & 
disastrous blow to the nation’s economy. It : 
the tally clerks that their fears of redundancy which 
had led them to take strike action were unfounded. 





The statement also declared that the Minister was 
satisfied that the machinery for consultation was 
adequate and that the clerks’ representatives had been 
fully consulted before the recruiting of additional clerks 
was commenced by the London Dock Labour Board. 
Questions of detail could still be discussed through the 
existing joint machinery. Following a mass meeting 
at Poplar on Wednesday, at which the general secre- 
tary of the Amalgamated Stevedores warned the clerks 
that their action was endangering the dock labour 
scheme, it was decided, almost unanimously, to resume 
work yesterday. 
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100-KVgZELECTRON MICROSCOPE. 


TE 100-kV electron microscope developed by N. V. 
Philips’ Gloeilampenfabrieken, Eindhoven, Holland, is 
based on research work carried out by Le Poole and 
his co-workers at the Institute of Electron-Microscopy, 
Delft. According to a detailed description given by 
Messrs. A. C. van Dorsten, H. Nieuwdorp and A. 
Verhoeff in the Philips Technical Review, on which 
the following article is based, the microscope consists of 
a tube containing the source of the electrons, the 
magnetic lenses, the specimen holder, the viewing screen 
and a camera. There is also a system of pumps for 
evacuating the tube and equipment for energising the 
lenses. These parts, with the necessar iney gear, 
are contained in the desk illustrated in hig 1 and in the 
section given in Fig. 2. This desk is made up of three 
cast-aluminium compartments, that on the Toft hand 
containing the pumping system and that on the right 
the apparatus for energising the lenses and the other 
electronic equipment. The high-tension generator is 
housed in the centre compartment, while on the panel 
underneath the circular viewing screen and on each 
side of the microscope tube are the control switches 
and ane. As will be seen, tube is fat late at 
an le, its upper end being closed by a flat plate of 
lead glass, 18 mm. thick, so that it is capable of with- 
standing the air pressure due to evacuation and of 
preventing the emission of X-rays. On the inside of 
this glass plate is a fluorescent screen, 20 cm. in dia- 
meter, on to which an e image of the object is 
projected. On the top of the desk is the conical pro - 
jection chamber with the two knobs for operating the 
camera, while half way down is the knob for the 
specimen holder and to the left the knob for the 
objective aperture. The switches for the selector 
diaphragm are a little higher up on each side of the 
tube. The projection chamber is lined with lead. 

The supply of electrons is obtained from a “ gun ”’ 
the construction of which is shown in Fig. 4, on page 
734. As will be seen, this contains a V-shaped tungsten 
filament a, which is surrounded by a metal cup b. In 
this cup is an opening about 1 mm. in diameter through 
which the electrons emerge. Both filament and cup are 
mounted on a cylindrical insulator c, which is made 
of Philite and is carried in the head of the earthed 
metal shield d of the microscope tube, the joint between 
the two being vacuum-tight. High-tension current is 
—— to the filament from a transformer at a 
voltage of 100 kV through the cable e and when in 
operation the assembly is at a high negative potential 
with respect to the earthed shield of the microscope 
tube. The electrons emerging through the open- 
ing in the cathode cap are accelerated by this potential 
difference and are focused into a narrow beam along 
the axis of the tube by a local electric field. This 
field is obtained by making the cathode cap and 
the shield of suitable shape and maintaining the 
cap at a negative potential of from 80 to 100 volts 
with respect to the filament. As the emission cur- 
rent becomes larger this negative potential rises, 
thus counteracting the increase of current and ensur- 
ing automatic regulation. The emission current is 
generally from 10 to 20 milliamperes, but only a small 
fraction of this, 10-° ampere or less, reaches the 
fluorescent screen. 

As it is necessary to renew the filament every few 
days, owing to the high temperature, it is mounted on 
a sintered-glass base with fused-in pins, which can 
easily be inserted or removed from the holder. Acoess 
to the filament is obtained through a hinged cover on 
the end of the microscope tube by unscrewing the head 
of the shield and withdrawing the electron gun, as 
shown in Fig. 3, page 734. As the filament has pre- 
viously been centred on its base its point is automatic- 
ally aligned in the opening of the cathode cap when it is 
plugged in. Slight adjustment is, however, ible 
by turning three set screws to move the filament 
holder. 

The optical system of the microscope is shown dia- 
grammatically in Fig. 5, page 734. On leaving the gun 
the electron beam passes through a condenser a, the 
focal length of which can be adjusted from 30 to 2-5 cm. 
by the coil 6. The beam is thus roughly concentrated 
on the specimens at an angle of incidence which varies 
from 0-002 to 0-00015 radian, while its width is 
limited by a 0-3-mm. diaphragm. It then — 
through the objective lens c, the focal length of which is 
4-5 mm. The distance between the pole pieces in this 
lens and the width of its bore are both 10 mm. This 
bore is greater than is normally used, but it enables 
both the spherical aberration and the astigmatism to 
be reduced. A further important advantage is that the 
focal point of the object, which normally lies inside the 
bore of the upper pole piece, is diverted to the space 
between the two pole pieces. The specimen can there- 
fore be placed in a plane very close to the focal point 
of the okiedtivs, as shown at 7, by a straight rod, and 
the complicated mechanism, which is often necessary to 





bring it over the object lens and lower it into position in 
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the bore, can be eliminated. As a result, the time 
necessary to change the specimen and re-evacuate the 
tube is as little as 20 seconds. 

The objective aperture is also placed between the 
pole pieces of the objective lens and for normal pur- 
poses is about 40 » across (1 » = 0-001 mm.). For 
diffraction work, however, the width is increased 
to about 1 mm. Both apertures are cut in a platinum 
strip, which is fixed to a rod screwed into the side 
of the instrument, as shown at d, in Fig. 5, and 
can be brought into position in turn. They can 
easily be removed for cleaning without dismantling 
the microscope. Between the objective lens c, which 
is made in two parts, and the diffraction lens, which 
is shown at e in Fig. 5, is a selector diaphragm /f. 
The construction of this diaphragm is illustrated 
in Fig. 6, from which it will be seen that it consists 
of two forked-shaped pieces, a and a,, which can be 
made to overlap by moving the rods 5, and b,, and 
the size of the opening between them thus altered. 
The diaphragm can also be moved to the right or left, or 
upwards or downwards. All these adjustments can be 
made from outside without disturbing the vacuum and 
can be checked by projecting an image of the opening 
on to the fluorescent screen. The diaphragm is used 
during diffraction work to select the part of the 
specimen of which it is desired to obtain a pattern. 
After leaving the selector diaphragm, the electron beam 
passes through the diffraction lens, e in Fig. 5, and the 
intermediate and projector lenses shown at g and h 
in the same diagram. All these lenses are water-cooled. 

To ensure that the beam passes through the numerous 
narrow openings in the instrument and follows the axis 
of each lens, so that aberrations arising from indirect 
rays are avoided, accurate alignment is essential 
throughout. This is effected in the Philips instrument 
by mounting the condenser lens and the two halves of 
the objective lens in accurately gauged fittings. The 
coils of the diffraction, intermediate and projector 
lenses are also wound on a common iron cylinder into 
the bore of which the pole pieces are inserted. The 
three lenses therefore form a single rigid unit, which is 
connected to the tube. The first pole piece of the 
diffraction lens can, if necessary, be adjusted, but no 
further alignment is required. The electron beam is 
accurately directed along the axis of the tube by the 
centring device shown at i in Fig. 5. This consists 
essentially of two pairs of coils, each of which generates 
a field transversely to the beam. By varying the 
current through these pairs of coils, the resulting field 
can be altered in strength and direction and the beam 
correspondingly deflected. 

specimen is mounted on a small silver plate 
with a rectangular opening, which is clamped in a 
holder. This holder is placed on the specimen table, 
shown at k in Fig. 5, which consists of a flat metal 
disc of non-magnetic material lying between the pole 
pieces of the two parts of the objective lens c. This 
holder can be moved by two pins through a distance 
of about 1 mm. in directions at right angles to each 
other and perpendicular to the axis of the microscope 














(236.4) 


tube. These pins are operated by two knobs at the 
side of the fluorescent screen through a system of 
levers, so that the specimen can be scanned uniformly 
by an observer sitting in front of the desk. The 
vacuum is maintained by rubber seals placed both 
above and below the disc and by a rubber piston which 
is forced by a spring into the opening through which 
the specimen holder is withdrawn. When the holder 
is replaced this portion is pressed back against the 
spring. This arrangement ensures that only the small 
amount of air between the rod and the bore penetrates 
into the tube. As the holder can also be turned about 
its axis without disturbing the vacuum, two micro- 
graphs can be taken of a specimen at slightly different 
angles. With these two micrographs it is possible to 
obtain a stereoscopic effect. 

The images obtained in the microscope are photo- 
graphed on 35-mm. film in the camera illustrated in 
Fig. 7, opposite. This camera, the position of which in 
the tube is shown at / in Fig. 5, contains two spools for 
winding and unwinding the film and a hinged shutter. 
The distance of the film from the projector lens is such 
that the image photographed corresponds to a 14 mm. 
by 14 mm. square on the screen. The length of the film 
is sufficient to carry 40 micrographs. When visual 
observations are being made the camera is withdrawn 
from the projection chamber, although it is still within 
the vacuum. To make a micrograph, the camera is 
moved into the electron beam by turning a knob m 
in Fig. 5 on the outside of the microscope tube, while 
the shutter is opened by a second knob. As the camera 
moves into position the spool carrying the film is 
rotated so that the film itself is wound up half a picture 
length. It is wound up another half picture length 
when the camera is withdrawn. Double exposures are 
therefore avoided. A photometer in the base of the 
projection chamber is used to bring the brightness of 
a spot of light into coincidence with that of the image 
on the screen and then to determine the time of 
exposure. 

Immediately below the projector lens are two parallel 
wires, shown at n in Fig. 5, the distance between which 
is adjustable by the knob o. These wires cast two 

lel shadows on a centimetre scale, which is drawn 
close to the edge of the fluorescent screen. The distance 
between the wires is adjusted until the distance marked 
off on the scale co ds to a length of 1 on the 
specimen. The distance required between the marks 
follows directly from the magnification factor shown 
on the milliammeter, which measures the excitation 
current of the intermediate or diffraction lens. A 
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micrograph of magnesium oxide taken at a magnifi- 
cation of 18,000 times, is reproduced in Fig. 8, opposite. 
As will be seen, there are two scale markings on the 
left-hand side, the distance between which represents 
a length of 1p. 

The electrons can be accelerated by direct-current 
voltages of 100, 80, 60 or 40 kV. With the highest 
voltage it is possible to photograph thicker objects, 
such as bacteria, while the lower voltages can be used 
to examine thin and light specimens. The lowest 
voltage may also be employed for making micrographs 
under unfavourable vacuum conditions when the 
specimen or film is giving off vapour. These voltages 
are obtained from a cascade generator of the conven- 
tional type, which is contained in an oil-filled tank 
and is installed in the centre compartment of the 
microscope, as shown in Fig. 2. It is connected to the 
tube by a rubber-insulated cable with an earthed sheath, 
this sheath being connected in turn to the earthed 
shield forming the top of the tube. 

In order to obtain sharp micrographs, it is necessary 
that the accelerating voltage should not vary by more 
than 1/20,000 and the excitation currents by not more 
than 1/40,000 during the 30 seconds required to focus 
an exposure. To stabilise the input voltage of the 
generator within this limit it is supplied from a valve 
oscillator with an output of 20 watts at 100 cycles per 
second. The anode and filament voltages of this 
oscillator are fed from a stabilising unit, due to H. J. 
Lindenhovius and H. Rinia, which has already been 
described.* This stabilising unit is connected to the 
windings of the magnetic lenses through a power pack 
the arrangement of which is such that the current in 
the coils is maintained constant notwithstanding 
the inevitable changes in their temperature. The 
diffraction and intermediate lenses which are used for 
varying the magnification, are supplied from one pack 
and the condenser lens, by which the “ illumination 
is adjusted, by another. A third is connected to the 
object and projector lenses; all these packs are fed 
from a common stabilising unit. Fig. 9, opposite, 
shows the power packs for the condenser lens. As it 1s 
necessary to alter the currents through the lenses when 
the accelerating voltage is varied, in order to obtain the 


* See Philips Technical Review, vol. 6, page 54 (1941). 
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same focal lengths, each power pack is provided with 
four resistors, corresponding to the four operating 
voltages. These resistors are selected by a switch on 
the front of the desk. When the voltage is changed 
there is therefore generally no need for the lenses to be 
adjusted. 

To obtain the pressure of less than 10-* mm. of 
mercury which is necessary when working at 100 kV, 
and to enable this vacuum to be quickly restored, a 
high-vacuum oil-diffusion pump and a mercury-vapour 
jet pump, capable of pumping at the rate of about 
10 litres per second at 10-* mm. of mercury, are used. 
In addition, there is a rotary oil pump and a vacuum 
tank. The pump line is connected to the microscope 
through two wide openings in the cathode and projec- 
tion chambers and also through a narrower opening 
at the level of the selector diap . The air does 
not therefore have to be extracted through the whole 
of the tube with its narrow passages. These connec- 
tions are sealed with rubber rings, so that vibration 
from the pumps is not transmitted to the microscope. 
_ Evacuation takes place in four stages, the tube being 
first pre-evacuated while the high-vacuum pumps 
are being heated. The vacuum tank and high-vacuum 
pumps are then evacuated and the microscopic tube 
18 connected to the latter. Finally, the tank is dis- 
connected from the rotary oil pump, which is stopped, 
air being admitted to prevent oil entering the pi 
line. Under normal conditions, this starting a 
with the microscope filled with air at atmospheric 
— ~~ take more than two minutes. After 
“vacuation, the tank and the lock on the specimen 
chamber enable a large number of specimens to be 
examined before it is necessary to switch on the rotary 
pump again for a short time. The system is put into 
operation by a switch with four operating positions, 
corresponding to the four stages of pumping. i 
Switch actuates a cam shaft which turns the necessary 
valves in the line to the appropriate position. It 
can be rotated in one direction a , 80 that it is not 


possible to connect the tube to the high-vacuum pumps 
when it is full of air. When this switch is turned to 
its fifth or zero position, the microscope is isolated 
from the pumps and air can be admitted through a 
filter by opening a push-button operated valve. The 
switch is also fitted with an additional contact, which is 
connected to a relay in the high-tension circuit, so 
that the latter cannot be switched on until the tube 
has been evacuated. Moreover, if the vacuum should 
fail for any reason, an overload switch trips the high- 
tension circuit as soon as the emission current in the 
tube exceeds 3 milliamperes. In the event of a break- 
down in the circulating-water system the current is 
cut off from the electron lenses and the heating of the 
high-vacuum pumps is shut down, so that no mercury 
or oil vapour can reach the microscope tube. The 
heating of the high-vacuum pumps is also switched off 
and the high-tension circuit isolated if the pre-vacuum 
is insufficient. The condition of the various parts of 
the - is indicated by pilot lamps on the operating 
panel. 


LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ LuUDOVIC-PIERRE.”—Single-screw trawler, built 
and engined by Chantiers et Ateliers Augustin Normand, 
Le Havre, France, to the order of the Pécheries de 
Cornouaille, Lorient, France. Main dimensions: 105 ft. 
between perpendiculars by 23 ft. by 13 ft. 3in. ; fishroom 
capacity, 4,450 cub. ft. M.A.N. six-cylinder four-stroke 
single-acting Diesel engine, to develop 450 h.p. at 207 
r.p.m, and a speed of 10} knots. Launch, May 22. 


M.S. ‘“ Scotscralc.”—Twin-screw ferry vessel, to 
ca.ty 800 passengers and a number of vehicles, built 
by the Caledon Shipbuilding & Engineering Co., Ltd., 
Dundee, for the service of the Dundee Harbour Com- 
missioners between Dundee and Newport, Fife. Main 
dimensions: 168 ft. by 50 ft. by 8 ft. 3 in.; draught, 
5 ft.3in. Two vertical-type six-cylinder Diesel engines, 








to develop a total of 1,000 b.h.p. at 600 r.p.m., constructed 








Fig. 9. Powrr Packs FoR CONDENSER LENS. 


by the English Electric Co., Ltd., Preston. Reduction 
gearing, manufactured by David Brown & Sons (Hud- 
dersfield), Ltd., Huddersfield, fitted to each engine. 
Speed, 10% knots. Launch, May 23. 

8.8. “Po~t XV.”—Single-screw whale catcher, built 
by Hall, Russell & Co., Ltd., Aberdeen, for the Hval- 
fangerselskapet ‘‘ Poluris “’ «/S, Nanset, near Larvik, 
Norway. Main dimensions: 147 ft. 8 in. between per- 
pendiculars by 29 ft. 6in. by 18 ft. Four-cylinder Fred- 
riksstad steam motor, constructed by the shipbuilders, 
and two Foster Wheeler boilers. Launch, May 23, 


M.S. “ Port ADELAIDE.”—Single-screw cargo vessel, 
to carry twelve passengers, built and engined by R. and 
W. Hawthorn, Leslie & Co., Ltd., Hebburn-on-Tyne, 
for the United Kingdom/Australia and New Zealand 
service of the Port Line, Ltd., London, E.C.3. Main 
dimensions : 460 ft. between perpendiculars by 64 ft. 6 in. 
by 41 ft. 6in.; deadweight capacity, 10,700 tons on a 
mean draught of 28 ft. 84 in. ; gross tonnage, 8,050 tons ; 
cargo capacity, 365,000 cub. ft. insulated and 225,000 
cub. ft. non-insulated. Hawthorn-Doxford six-cylinder 
combined-stroke oil engine, to develo 17,500 b.h.p. at 
112 r.p.m. Speed 15% knots. Trial trip, May 29 and 30, 

LicutT VESSEL No. 10.—Built by Philip & Son, Ltd., 
Dartmouth, for the Corporation of Trinity House, Lon- 
don, E.C.2. Eighteenth light vessel built for the Cor- 
poration. Main dimensions: 130 ft. by 25 ft. by 15 ft. ; 
gross tonnage, 350. The lantern contains six 500-watt 
lamps giving a beam visible for 10 to 12 miles in clear 
weather. Launch, June 1. 


M.S. “ SypENHAM.”—Single-screw collier, built by 
the Burntisland Shipbuilding OCo., Ltd., Burntisland, 
Fife, for the South Eastern Gas Board, London, 
Main dimensions: 265 ft. 10 in, between perpendiculars 
by 39 ft. 6in. by 18 ft. 6in. ; deadweight capacity, about 
2,825 tons on a draught of 17 ft. 1 in. British Polar 
eight-cylinder opposed-piston marine Diesel engine, to 
develop 1,150 b.h.p., constructed by British Polar 
Engines, Ltd., Glasgow. Launch, June 4. 
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VARIABLE-VOLTAGE GENERATORS 
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VARIABLE-VOLTAGE GENERATORS 
APPLIED TO ALTERNATING- 
CURRENT SYSTEMS.* 


By R. L. CHANTRILL. 

In many parts of the world, where the load density is 
low and the generating plant and major loads are 
200 to 300 miles apart, control is costly if constant- 
voltage transmission is used. It is, however, possible 
to design a system with variable generator voltage ; and 
an arrangement for transmitting, say, 50 MW, 200 miles 
through two 132-kV circuits of 0-15 sq. in. equivalent 
copper, and consisting of generators, step-up trans- 
formers, transmission line, step-down transformers 
and synchronous condensers, is considered. This can 
be operated either with constant generator and receiver 
*bus-bar voltages or with variable generator and con- 
stant receiver “bus-bar voltages. A comparison 
between the two methods is given in Table I. 
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varies considerably whatever form of generator voltage 
control is adopted. The power-angle change for the 
same receiver load is, however, appreciably smaller 
with variable-voltage generators. Conversely, for the 
same difference in power angle, about 20 per cent. more 
power can be transmitted. The overall system effi- 
ciency from the generator ’bus-bars to the low-tension 
*bus-bars at the receiver may be 2 per cent. better 
(87-1 as against 85-1 per cent.) with variable-voltage 
generation. Conversely, for the same system efficiency 
more power can be transmitted with variable voltage 
generators. The size of the synchronous condenser is 
also smaller with variable-voltage generation in respect 
both of the actual megavolt-ampere rating and the 
total megavolt-ampere range to be provided. 

A system consisting of a generating station feeding a 
20-MW load 200 miles away, with two intermediate 
loads, can be operated with constant generator voltage 
and constant voltage on the low-tension receiver ’bus- 


TABLE I. 














‘C” ~ Active Power on Sending LT Bus-bars, 
MW 





Constant Generator and Receiver Variable Generator and Constant 
*Bus-bar Voltage. Receiver "Bus-bar Voltage. 
No Load on 50-MW Load on No Load on 50-MW Load on 
Receiving End Receiving End Receiving End Receiving End 
Low-Tension Low-Tension Low-Tension Low-Tension 
*Bus-bars. *"Bus-bars. *Bus-bars. *Bus-bars. 
Receiving end low-tension ’bus-bar load power-factor _ 0-85 lag _ 0-85 lag 
Generator terminal voltage expressed as percentage of 
normal voltage (11 kV) .. ow es eo SS 100 100 90 110 
Receiving end low-tension ’bus-bar voltage expressed 
oF ge e of normal voltage (11 kV) af * 100 100 100 100 
Se ormer ratio .. + ee me oe 11/132 11/132 11/132 11/132 
Receiver transformer ratio - i ae of 120/11 120/11 126/11 126/11 
Receiver ‘bus-bar voltage angle relative to generator 
*bus-bar volts (approx.) .. oa fe ae --| 1-7 deg. lead 21-4 deg. lag 1-25 deg. lag 17-1 deg. lag 
Total change of angle between no load and 50 MW 
(approx) = é* sie Se - on a 23-1 deg. 15-85 deg. 
System efficiency from generator ‘bus-bar to receiver 
low-tension "bus-bars, including synchronous con- 
denser losses, per cent. .. f as ~~ “ -- 85-1 _ 87-1 
Capacity “ns station to give 50 MW at receiv- 
gpllaiarettibindeiittrdcntiieneswei:| 9001 ‘iced Ta tea 
lenser Ca) y at receiving end, MV. 5 la 34 lea 3 la 21 lead 
Total condenser ra ° MYA / 7 ‘my ‘is + q 
Reactive power carried by generators, MVA_.. ae 2-5 lag 6-5 lead 22-6 lead 0-1 lead 
Voltage on high-tension, side of sending end transformers, 
_ kV nes ee vs ee ‘3 és io os 131-5 133 123-1 144-8 
Voltage on high-tension side of receiving end trans- 
formers, kV a ipl ae pe oe es 124 120-3 126-3 123-1 

















_The relative capital costs of the two systems are| bars at each of the three step-down stations; with 
difficult to assess, since they depand on whether the/ variable generator voltage and constant voltage at 


generating station is thermal or hydro-electric and, if 
the latter, whether it is based on the run-of-the-river 
or on storage and whether there is a high or low head. 
Assuming the generating station is a medium-head 
hydro-electric plant costing 301. per kilowatt (for the 
generating station only), then a scheme using variable 
generator and constant receiver voltage will show a 
saving of 109,7501., over constant generator and receiver 
voltage, since the cost of the synchronous condenser 
will be 126,0001. instead of 204,0001., and the generating 
plant will cost 31,7501. less. The capitalised cost of 
the losses and of any increase in water storage must be 
added to these figures. The information given in 
Table I shows that the high voltage of the system 





* Paper read before the Supply Section of the Institu- 
tion of Electrical Engineers on Wednesday, March 21, 
1951. Abridged. 





each of the three step-down stations ; and with variable 
generator ’bus-bar voltage and variable voltage on the 
low-tension *bus-bars of the intermediate stations, but 
with constant voltage on the low-tension ‘bus-bars 
of the most remote station. To maintain constant 
voltage at the intermediate stations it is necessary 
to instal either reactive correction equipment or on- 
load tap-changing gear on the sew 0 In the 
system described, automatic devices for controlling the 
voltage should be restricted to the generating station 
and the most remote substation. Variable voltage 
on the generators with condensers at the far end of the 
line can be provided to give a generally rising voltage 
on the lines from no load to full load, with constant 
voltage on the low-tension *bus-bars at the far station. 
Alternatively, the voltage rise which is permitted by 
the generator regulating equipment can be chosen so 
that the generating station can carry the load of the 
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two intermediate stations even when the remote station 
is out of circuit. 

The dotted lines in Fig. 1 show the voltage distri- 
bution along the line at no load, while the full lines show 
the distribution at full load in each case with different 
condenser ratings at the far end of the line. The 
regulating equipment with a 5-MVA lag to 10-MVA 
lead condenser at the remote station could be designed 
to vary the voltage of the generators from 93-5 per 
cent. at no load, that is zero in-phase current, to 
107 per cent. at full load ; and to maintain the voltage 
on the low-tension receiver *bus-bars at the far end of 
the line constant. The effect of such control under 
normal operating conditions would be that the voltage 
at station A would rise about 2-5 per cent. between no 
load and full load on the high-tension *bus-bars, thereby 
maintaining a slightly rising voltage on the low-tension 
*bus-bars. The voltage at station B would rise about 
0-5 per cent. between no load and full load on the high- 
tension ’bus-bars, thereby producing a voltage drop of 
1 to 2 per cent. on the low-tension *bus-bars. The 
voltage on the low-tension ’bus-bars of station C would 
be maintained constant. 

Under emergency conditions, such as when the 
synchronous condenser station is cut out and the 
generating station is feeding only as far as station B, 
the generators would be able to maintain the voltage 
regulation of the system at a reasonably satisfactory 
level ; and possibly at a normal level by adjusting the 
in-phase compensation of the generator voltage regu- 
lators. In other words, the supply to stations A and B 
would be independert of the availability of the syn- 
chronous condensers at station C. Detailed analysis 
of the various operating conditions usually makes 
it possible to arrive at, on the one hand, the correct 
degree of in-phase current compensation of the genera- 
tor voltage, and, on the other, the range of operation of 
the synchronous condensers at the far end. The 
appropriate regulation of these factors will give the 
required range of rising voltage in the high-voltage 
system, and thus permit the maintenance of approxi- 
mately constant voltage at the intermediate and far 
stations. It will also permit reasonable maintenance of 
the voltage on the receiver low-tension "bus-bars at 
stations A and B when the system is cut off beyond 
the latter station and the condensers are not available. 
As a rule, it is also possible to obtain a generally rising 
voltage characteristic on the high-tension *bus-bars at 
all stations with an increase of load, but this requires 
an increase in the leading kilovolt-ampere output of 
the condensers and appropriate regulation of the 
generator *bus-bar voltage. 

On high-tension systems, especially those with long 
lines, it is essential that the reactive power should be 
continuously controlled. The use of variable voltage 
on the power station generators provides a simple and 
effective means of achieving this. In fact, such a system 
of variable control can be used on most networks, the 
terminal voltage then being a function either of the 
total active power loading at any time or of the actual 
in-phase current carried by the machines. If the 
network as a whole is of the radial type, reactive power 
control can generally be planned by considering each 
branch individually. Curves } in Figs. 2 and 3 show 
the performance of the sending and receiving ends of 
such a system with a sending transformer ratio of 
11: 132. Ona system consisting of two 75-MVA power 
stations situated 400 miles apart and connected by 
two 132-kV lines with 150-MVA synchronous con- 
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densers half-way, the generator voltage might vary 
from 90 per cent. at no load (zero active power) to 
110 per cent. at full load (maximum active power) of 
50 MW, and with the synchronous condensers at the 
central receiving or controlling station having their 
voltage regulators arranged to maintain the voltage 
on the low-voltage *bus-bars constant at 100 per cent. 

The curves a and c in Figs. 2 and 3 show the per- 
formance with transformer ratios at the sending end 
of 11 : 126 and 11 : 138, respectively. As will be seen, 
the effect of reducing the ratio is to increase the output 
of the synchronous condensers by about 8 MVA leading 
over the whole range of load studied. Conversely, the 
effect of raising the ratio is to reduce the synchronous 
condenser output by about the same amount. This 
results in the condensers having to give a greater 
output lagging at zero active load and a smaller leading 
output at maximum active load. The curves also 
show, on the one hand, the relationship between the 
voltage at the generator terminals and the reactive 
power that must be supplied by them; and, on the 
other hand, the reactive power output required from 
the synchronous condensers with the voltage of the low- 
tension receiver “bus-bars treated as the constant 
reference voltage of the system. 

If the generator terminal voltage at zero active 
power is decreased from 90 to 85 cent., with the 
generator terminal voltage at full maintained at 
110 per cent., the required range of operation of the 
synchronous condenser will be altered, and at zero 
active load on the system the condenser output required 
will change from the former lagging reactive power to 
leading reactive power, a total change of about 
7-5 MVA. The generators will also be called upon to 
carry about 7-5 MVA more leading reactive power 
with no load on the system. 

Fig. 3 indicates that, for a given load and fixed 
values -of generator and receiver "bus-bar voltages, 
definite distribution of reactive (quadrature) power is 
essential. Variation of generator voltage makes it 
possible to transfer a portion of the leading reactive 
power of one part of the system to the other, and the 
generating stations can then be arranged to carry a 
predetermined amount of the system reactive power. 
Variable generator terminal voltage is of particular 
advantage when the system load suddenly drops, as 
it will be decreased immediately and the incidence of 
high voltage and system oscillation will be correspond- 
ingly reduced. 

Summarising, the use of generator terminal voltage, 
which is variable either with the active power carried 
by the generator or the in- component of the 
current, has the advantages that the overall efficiency 
of the system is improved, that the capacity of the 
synchronous condenser plant can be reduced, that 
there is better control of the reactive power, and that 
the number of regulating points can be decreased. On 
the other hand, special generating units, capable of 
carrying leading reactive power, particularly under 
light-load conditions, are required; and special ar- 
rangements are necessary to ensure reasonably constant 
voltage for the generating-station auxiliaries. 





INSTITUTE OF ECONOMIC ENGINEERING.—A new 
discussion group, to serve Wolverhampton and the 
surrounding area, has been formed by the Institute of 
Economic Engineering, 28, Victoria-street, London, 
8.W.1. The inaugural meeting was held on April 21, at 
which Mr. J. C. Thompson, 66, Leicester-street, Wolver- 
hampton, was appointed group organiser. The group 
will be known as the Wolverhampton and District 
Discussion Group. 


HanD FILING MACHINE.—Messrs. Brooks and Walker, 
Limited, 41, Dockhead, London, S.E.1, have developed 
& power-operated hand tool, known as the Diprofil hand 
filing machine, to ease the fatigue of the prolonged hand 
filing and similar operations often associated with the 
manufacture of punches, dies, moulds and high-precision 
engineering products. The machine, which is driven 
by means of a flexible shaft from an electric motor, trans- 
forms the rotation of the latter into a reciprocating 
motion, the frequency of which may be varied in stages 
between 0 and 120 strokes per second by means of a 
six-speed foot control. The length of the stroke may 
be between 0 and 6 mm. The unit, which weighs 
approximately 1 Ib., is automatically balanced at all 
Speeds and strokes. Diamond-impregnated files are 
provided for filing tough or hardened materials but they 
may be replaced by standard needle files for work on soft 
metals. The file may be left free to rotate on its longi- 
tudinal axis or may be locked in position. For other 
operations, the files can be replaced by scrapers, hones, 
laps or saws. An extension arm and lapping disc may 
also- be fitted; they give a combined reciprocating and 
rotary movement. A lathe attachment permits the 
unit to be held rigidly on a tool post or tailstock. 





SOME UNSOLVED PROBLEMS IN 
CIVIL ENGINEERING.* 
By G. A. Maunszx1, B.So. (Eng.), M.I.C.E. 
(Continued from page 700). 

Tue first of the two problems (posed by Colonel 
Crompton in a previous lecture) that have since been 
resolved was the need which he foresaw for the pro- 
duction electrically of artificial cold, so as to provide 
a ready means of cold storage in the home—an elec- 
trically-operated domestic refrigerator, in fact. The 
other Sctiven that Colonel Crompton put forward for 
solution, and which has since been solved and is now 
somewhat belatedly in the process of being carried 
into effect on a gigantic scale, was the country-wide 
distribution of electric power. There were mentioned 
in Colonel Crompton’s lecture, however, these two 
other problems. e of these was for the provision of 
what Lord Kelvin called a “‘ box of power,”. that is, 
for some apparatus in which to store electrical energy 
for re-use when required. He called for a compact 
convenient ene reservoir. The other thing he 
called for was the etheric transmission of power, 
meaning transmission of electrical energy through 
space without conduits and, of course, under control. 

In Lord Kelvin’s time, these two problems presented 
an ap ce of insuperable pens, nor was 
Colonel Crompton able to hold out much hope for the 
early solution of either of them. As a matter of subse- 
quent fact, no solution upon purely electrical or engi- 
neering grounds has been found, but, as so often 
happens when progress along some particular line 
reaches an impasse, another and totally different line 
of approach was opened up by the researches of the 
nuclear physicists, who calculated that es 
staggering amounts of energy are hidden in the struc- 
ture of atoms and that, if the atoms in small quantities 
of matter were, so to speak, transmuted, the relatively 
vast quantity of energy could be released. They have 
gone farther than this and have demonstrated that the 
thing can be done. What they have as yet succeeded 
in doing has, however, not been quite what Lord Kelvin 
and Colonel Crompton called for. 

In other James Forrest Lectures, where the lecturers 
were not specially looking out for problems, quite a 
number of the perennial kind of problem have been 
brought up. There is, for example, a group of 
problems involved in the ceaseless search that is going 
on for new and improved materials for use in buildi 
and in — In this connection, a number of 
previous James Forrest Lectures have described the 
efforts that are being made to find out more about 
the internal structure, the behaviour and properties of 
materials. Sir Harold Hartley, F.R.S., dealt with the 
chemical side of materials in his 1933 lecture, and the 
late Sir William Bragg, O.M., F.R.S., dealt with the 
crystal structure of some materials in his 1937 lecture. 
Sir Frank’Smith, F.R.S., in 1938, delivered a disserta- 
tion upon molecules, orderly and disorderly, and the 
extreme properties of matter were dealt with by Sir 
Charles Darwin, the then Director of the National 
Physical Laboratory, in 1943. 

In former times, the principal materials that the 
builder had to work with were stone, brick, timber, 
lime, sand, brushwood and leather; then came metals 
(principally iron), glass and cement, and recently there 
have been things like gypsum partitions, wood-pulp 
compounds, plastics, and all sorts of new metals and 
alloys. The interesting situation to-day with regard 
to practically all of these things is that, for one reason 
or another, these materials are in short supply and the 
price people have to pay for them is much too high. 
The situation presents a remarkable opportunity to 
engineers, particularly to oncoming engineers, to enter 
the field of production for new products, new materials, 
new processes for making materials, and so forth. 

A perusal of the series of lectures reveals a few 
yer ny of a very obdurate kind, and the next one 

should like to put into the witness box is that invet- 
erate old defaulter and public enemy, to wit, the 
rusting of iron. Professor Carpenter, in 1927, quoted 
Sir Robert Hadfield, who estimated in 1922 that 
the annual loss throughout the world due to the 
corrosion of iron and steel amounted to 500/. million 
sterling. Having regard to the present diminished 
and steadily diminishing value of money and the 
greatly extended use of steel as a structural material 
during the last 30 years, the present day loss from this 
cause, expressed in pounds sterling, would appear to be 
several times as great. 

The subject was again referred to by Dr. U. R. 
Evans, when delivering the lecture of 1932. It was he 
who suggested coating the steel with metallic aluminium 
or metallic zinc, but those of us who have had occasion 
to do this, as I had when, at the time of the recon- 
struction of Telford’s old suspension bridge over the 


* James Forrest Lecture to the Institution of Civil 
Engineers, delivered at a meeting held in London on 
April 14,1951. Abridged. 








Menai Straits in 1940, it was decided to shot-blast 
the new steel links of the suspension chains and after- 
wards to spray them with a fairly thick film of hot 
metallic zino, Con that the process, although proved 
to be highly effective and durable, is an expensive one, 
and becoming more expensive owing to the high cost 
of modern labour and the increasing scarcity of zinc. 

The corrosion problem was again mentioned by 
Dr. Sykes when lecturing in 1945 on the subject of 
iron metallurgy, but he was unable to point the way 
to a cure. It is a very intractable problem and we 
must make the humiliating confession that little real 
progress towards its solution has been made since the 
subject was referred to in the first century of our era. 

Those who have studied the clear and informative 
James Forrest Lecture which was delivered last year 
by Sir Donald Bailey, O.B.E., on the subject of light 
alloys, can hardly have failed to grasp the significance 
of some of the facts he adduced, particularly the fact 
that an aluminium alloy which has a tensile strength 
about equal to that of structural steel and a weight of 
only about one-third the weight of steel is now on the 
market. 

I recently had occasion to make alternative designs 
for a stadium roof; one design made use of aluminium 
alloy for the structure, and another aluminium wm 
tor the sheeting, whereas the other design employed 
structural steel and ordi galvanised iron sheeting. 
The aluminium design lent itself to a novel and rather 
attractive form of construction and the estimated cost 
worked out in the ratio of five for the aluminium to 
three for the steel. This is mentioned to focus attention 
on the fact that aluminium is already almost in a 

ition to compete against steel in the structural 
eld. It may be that steel has had its day and that 
the time is not far distant when it will have to yield 
pride of place to some other metal; unless the steel 
men can find a satisfactory solution to the rusting 
nuisance that is bound to happen. 

Another of the great perennial problems concerns 
coal. This is, of course, not a M eneng/ engineering 
matter, but many engineering problems cluster round 
it and the scarcity and high price of coal are to-day the 
most depressing factor in our industrial situation. The 
subject was touched upon by Professor Boyd Dawkins 
in the James Forrest Lecture of 1898. 

Lecturing in 1920, Sir Dugald Clerk came more 
directly into contact with the main problem when he 
—_ about the need for coal conservation in Great 

ritsin. He advocated the construction of super 
power stations and the utilisation of water-power 
resources. Sir that. Kelvin’s 
heat pump should be made use of. This latter sugges- 
tion .is, 1 believe, still being followed up, but as a 
‘aiyeeuaer commercial Ds pane it must for the present 

regarded as one of the unsolved problems. 

Sir George Beilby, when delivering the lecture in 
1921, spoke on the subject of fuel problems of the 
future. He ex great alarm at the increased 
cost of coal brought about as a result of the rise in 
wages that took place during the 1914-18 war, and 
doubted whether Britain could ever regain her position 
as purveyor of coal in world markets. He mentioned 
oil and alcohol as substitutes for coal. A few years 
later, in 1924, Professor Elihu Thomson came back 
to the heat-pump idea, which he regretted was not 
then in domestic use. 

The problem to-day is a little different, because the 
National Coal Board have taken over the mining of 
coal and propose to spend a great deal of money in 
sinking new pits and in mechanising the industry ; 
but no matter what the Coal Board are able to accom- 
plish by way of improvements in underground condi- 
tions and working, they must find it difficult to reverse 
the present trend of sentiment, which is definitely 
against working underground. 

Various remedies have been suggested, such, for 
example, as burning coal in the seams underground. 
Other remedies involve abandoning coal and switching 
over to some other source of power, such as atomic 
power or oil. There has, of course, already been a 
big switch over to oil, but it is not really a satisfactory 
solution because nearly all our oil has to be imported 
a long distance by sea from foreign countries and also 
because the world’s oil supply may not last much 
longer than perhaps 50 years, whereas there is coal in 
Great Britain to last hundreds of years, and, in the 
world as a whole, thousands of years. 

The Government, at their wits’ end in war-time, 
resorted to the expedient of opencast mining, which in 
this country usually means turning over vast quantities 
of clay and rock overburden in order to scratch » a 

ittance of poor quality coal from a partly worked. or 
faulted seam beneath. The coal so obtained is costly 
and the good land above, even though it be resoiled, 
is sometimes spoiled. A great and obvious palliative 
for coal scarcity is to make the best use of the coal 
that is available, and much effort is now being directed 
towards the avoidance of waste. 

(J'o be continued.) 
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WASHING PLANT FOR RAILWAY 
VEHICLES. 


THE accompanying illustrations show plant which 
has been constructed by the staff of the London Trans- 
port Executive to designs prepared under the direction 
of Mr. W. S. Graff-Baker, chief mechanical engineer 
(railways), for washing trains at the Hammersmith 
depot. It differs from those which have been in use 
on the system for more than 20 years in that it is not 
enclosed in a building. The suspension of the vertical 
washing spindles has also been improved, while hori- 
zontal spindles have been provided for cleaning the 
flared lower panels of the stock. Foot valves have 
been eliminated and better methods have been adopted 
for keeping the circulating water clean, for controlling 
the water ivete and for removing the sludge from the 
settling tanks. A general view of the exterior of the 
plant is given in Fig. 1. 

The installation comprises eight vertical and four 
horizontal cleaning spindles, some of which can be 
seen in Fig. 2. Each spindle is driven independently 
through gearing by a weather-proof squirrel-cage 
motor, the combination being mounted coaxially above 
the vertical spindles and at the ends of the horizontal 
spindles. The top of each vertical spindle is supported 
by a dual-purpose ball bearing and radial ball bear- 
ings are provided at the foot to take the lateral forces 
only. The housing is designed to exclude water and 
dirt. The plant is divided into two portions and the 
six motors in each are controlled by a separate starter 
so that each half can be operated independently, or 
isolated. The starters are actuated by push-buttons 
and, to reduce the consumption and the demand at 
starting, time relays are provided so that the motors 
in each group are run up successively. Each motor 
can also be isolated, if required. 

The side screens are of corrugated asbestos-cement 
sheeting, Which is bolted to a steel framework. This 
sheeting is so arranged that any water seeping through 
the bolt holes from the interior of the plant tends to 
be restrained within the concavities. Water thrown 
on the side screens drains to the concrete base, whence 
it is returned for recirculation. As the plant is intended 
to deal with trains moving solely in one direction there 
is only one drainage apron, at the outgoing end, and 
all the vertical spindles sotate against the direction of 
train movement. 

The electrically-driven pumps are provided in 
duplicate and are of the vertical type with “‘ drowned ” 
suctions in order to eliminate foot valves and priming. 
They are mounted in a dry well near the settling tank, 
8o that their casings are full when the water is at 
normal standing level. The motors, which are of the 
wound-rotor type, are installed in a control room 
above the dry well. This room contains the hand- 
wheels for operating the valves and means for draining 
the dry well. 

Although most of the water used for washing is re- 
circulated, a final rinse is given from clean water 
sprays as the train emerges from the washer. This 
water provides a continuous make-up and exceeds that 





VEHICLE BEetnc WASHED. 











Wire i 


ate? 





lost by wastage. All the water within the area of the 

t is returned to a settling tank, the overflow pipe 
in which is arranged so that the dirtiest portion is 
discharged. Water from the collecting channels, 
which form the base of the washer, is returned to one 
end of the settling tank and passes through two per- 
forated diffusing screens. An even and slow flow 
of water through the tank is thus ensured and the 
deposition of solids before the suction entries to each 
pump are reached is encouraged. The forward move- 
ment of deposited particles of sludge is assisted by the 
sloping bottom of the tank. They pass ultimately 
under a barrier into a hemi-cylindrical sump, which 
forms the bottom of a scavenging chamber. Scavenging 
is effected through an independent suction pipe, the 
intake of which is near the bottom of the chamber. 
This pipe can be connected to either pump and carries 
a header upon which nozzles are fitted so that a series 
of jets can be directed tangentially into the sump to 
produce a combined scouring and agitating effect. 
To clear the accumulated sludge, one pump ne 
water through the “ agitating’’ nozzles, until the 
contents of the chamber have been thoroughly mixed. 
The valves connecting the pump discharge to the drain 
and the “ scavenge ” suction are then opened and the 
“normal ”’ suction valve is closed. The supply to the 
“agitating” nozzles is next gradually reduced until, 
when the tank is ready, the appropriate valve can be 
closed. The re-filling valve, which supplies clean water 
to the tank through a perforated pipe surrounding its 
upper inside periphery, is opened to rinse the walls and 
floor and is then re-closed. A stand-pipe is also pro- 
vided so that rinsing can be effected by a hose. 





TRADE PUBLICATIONS. 


Electromagnetic Clutches.—A leaflet published by 
Electromagnets, Ltd., Boxmag Works, Bond-street, 
Birmingham, 19, contains technical details of their stan- 
dard range of electromagnetic clutches. 


Electric-Motor Control Equipment.—A new multi- 
motor control board for heavy industrial use, equipped 
with straight-on starters for powers up to 200 h.p. 
at 400/440 volt, is described in a leaflet received from 
Brookhirst Switchgear, Ltd., Chester. 

Picture Receiver.—A pamphlet, recently issued by 
Muirhead & Co., Ltd., Beckenham, Kent, describes a 
receiver which has been designed primarily to provide 
smaller newspapers with an inexpensive means of 
obtaining pictures by wire. It is, however, also suitable 
for transmitting such material as meteorological maps 
and financial statements. 


Heated Marking Tool.—A leaflet issued by the Acru 
Electric Tool Manufacturing Co., Ltd., 123, Hyde-road, 
Ardwick, Manchester, 12, contains details of a tool known 
as the Acru wood engraver which is suitable for a wide range 
of uses. It is an electrically-heated pencil supplied with 
a variety of accessories suitable for burning designs on 
wood, leather, velvet or cork, forming plastics and sealing 
Cellophane, embossing materials with metal foil, and 
soldering. 
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THE HILGER-CHANCE PRECISION 
REFRACTOMETER. 


For the design of certain optical components such 
as high-quality photographic lenses or microscope 
objectives, it is necessary to know the refractive indices 
of the glasses employed to within one unit in the fifth 
decimal place. In order to measure a refractive index 
to this order of accuracy it has been necessary to employ 
a large and costly goniometer and to use specimens 
the surfaces and angles of which have been worked 
with great precision, involving considerable expense 
and holding up the material for a long period before it 
can be passed for use. To overcome these objections, 
Messrs. Chance Brothers, Limited, Birmingham, 
developed a refractometer, one form of which, the 
precision model, gives the degree of accuracy mentioned 
above with glass specimens the angles and surfaces of 
which need worked only to a moderate degree of 
accuracy. A medium model was also developed to 
give readings accurate to within one unit in the fourth 
decimal oy which is the highest order of accuracy 
obtainable in measuring the refractive index of a 
liquid, unless the temperature of the latter can be regu- 
lated with exceptional precision. Both models can, 
however, be readily interchanged for measurements on 
either liquids or solids, but for high-precision results 
with liquids appropriate temperature-control arrange- 
ments must be provided. 

The instrument, as now manufactured by Messrs. 
Hilger and Watts, Limited, 98, St. Pancras-way, 
Camden-road, London, N.W.1, is illustrated on the 
opposite page, Figs. 1 and 2 showing the precision model, 
although the medium model is similar in general 
appearance ; Figs. 3 and 4 are diagrams illustrating 
the optical system of both models. The instrument is, 
in effect, a goniometer arranged in a vertical plane, 
instead of the usual horizontal one. The material to 
be tested is placed in a 90-deg. recess in the top of a 
V-block of glass formed between two 90-deg. prisms, 
fused together as shown in Fig. 3. The specimen is 
formed with two faces at right angles, but neither the 
angle nor the surfaces need be of great precision, 
optical contact being ensured by a suitable contact 
fluid. To measure the refractive indices of liquids, 
side plates are fused on to the prisms, thus converting 
the V-block into a trough into which any liquid can 
be poured which does not attack the glass itself. 
It will be understood that the two prisms forming the 
V-block, together with the specimen in the V-shaped 
recess, constitute a form of Amici prism, as used in 
direct-vision  pengror 2298 and the light traversing 
the system will be refracted up or down to an extent 
depending upon the refractive index of the specimen, 
the angle of refraction being a measure of that refractive 
index. 

The principal parts of the instrument are shown in 
Fig. 2 and their functions can be followed on reference 
to Figs. 3 and 4. On the extreme left, in Fig. 2, is a 
source of monochromatic light, usually a sodium lamp, 
and to the right of this is a condensing lens which 
focuses the light on to a horizontal slit mounted at 
one end of a tube. A collimating lens fitted into the 
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HILGER-CHANCE PRECISION 


REFRACTOMETER. 


MESSRS. HILGER AND WATTS, LIMITED, LONDON. 
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other end of this tube directs a parallel beam on to one 
vertical face of the V-block. The light which emerges 
from the other vertical face is reflected, by a prism, 
horizontally at right angles into a telescope shown on 
the extreme right in Fig. 2 and on the left in Fig. 4. 
This telescope is mounted on an arm which can turn 
about an axis ing across the hypotenuse of the 
left-hand prism of the V-block, as shown in Fig. 3. 
The telescope can be rotated about this axis, but it 
should be noted that as the telescope is turned its 
optical axis always remains parallel to the axis of 
rotation and at right angles to the light beam emerging 
from the V-block. An accurately divided glass circle 





2. 


is attached to the arm carrying the telescope and moves 
with it, so that the angular position of the latter is 
indicated at any time. By taking a preliminary 
reading on the direct beam and then measuring the 
angle between this and the refracted light, the refractive 
index of the specimen can be determined from the 
angle by means of tables supplied with each instru- 
ment. It should be mentioned here that, owing to 
the precise means employed for locating the V-block, 
it is only necessary to check the zero reading at com- 
paratively long intervals. 

To facilitate the accurate setting of the page an 
the slit, which is fairly wide, is provided with a fine 


ig.3. Speci 
Fig Specimen Stit 


ee 


x5 
“~\\? Telescope 





| 
“+ Setting 
| ines 
te 
Lape 
| (297.<.) “ENGINEERING” 

line in the centre parallel with the edges and the 
telescope is adjusted until a pair of shorter parallel 
lines on a graticule in the eyepiece are equidistant 
from the centre line above and below it, as shown, 
to a reduced scale, in Fig. 5; any slight difference 
in the width of the spaces between the short parallel 
lines and the centre line is easily apparent and 
readily corrected. This setting constitutes one of 
the major advan of this instrument over 
the more usual critical-angle refractometers, in which 
settings have to be made asymmetrically upon a 
boundary between a dark and a light portion of the 
field of view. The angular position of the telescope 
is read on the glass circle, which is graduated in 
10-minute divisions, each degree being numbered. 
In addition, a micrometer circle with a range extending 
over one 10-min. division of the main circle, is pro- 
vided. It is graduated in 200 divisions, so that direct 
readings can be taken to 0-05 minute. The optical 
arrangements, which are similar in principle to those 
employed in the Watts Microptic theodo ites, enable 
simultaneous readings to be taken with the micrometer 
at two diametrically opposite points on the circle, thus 
minimising any error which might be introduced by a 
slight eccentricity in the mounting of the circle. 

& the medium model, the arrangements for reading 
the angle are simpler, but less precise. The glass circle 
is divided into degrees and a fixed scale in the eyepiece 
of the reading microscope is divided into 60 parts 
representing minutes of arc; half divisions, however, 
can easily be estimated by eye. The eyepiece scale is, 
obviously, more easy to read than a vernier and the 
accuracy of the refractive index obtained from the 
angular reading is better than one in the fourth decimal 
place. In both instruments, the angular readings are 
taken through the eyepiece seen above the casing which 
encloses the divided circle towards the left in Fig. 1 ; 
the telescope eyepiece is that on the extreme left of the 
same illustration. The scales are illuminated by a 
4-volt lamp supplied from the mains transformer seen 
on the baseboard of the instrument in Fig. 1. 

As previously mentioned, the glass V-block is sup- 
plied with glass side pieces fused to it to form a cell 
when it is required to measure the refractive indices of 
liquids. For this work, the cell is surrounded by a 
metal jacket through which water at a suitable tem- 
perature, controlled by a thermostat, can be circulated. 
The V-block usually supplied with the refractometer is 
suitable for the majority of materials, but other blocks 
can be supplied for use with substances having specially 
high or specially low refractive indices. 





INQUIRY INTO Loss OF 8.8. “ ELETH.”—The Minister 
of Transport has ordered a formal investigation into the 
foundering of the Liverpool steamer Eleth in the Irish 
Sea, off Dundalk, on February 1, 1951, with a loss of 
nine lives. 

SPEED Boat “ Miss BRITAIN III.’’—Mr. Herbert Scott- 
Paine’s speed boat Miss Britain III, in which he com- 
peted for the Harmsworth Trophy on September 2, 1933, 
against the American boat Miss America X, has been 
accepted by the Trustees of the National Maritime 
Museum, Greenwich, for permanent preservation. Miss 
Britain III, which lost the race by a narrow margin, 
was the first such craft to have an aero-engine (the 
Napier Lion) as a propelling unit. The hull was delivered 
to the Museum on June 7 and is being placed on imme- 
diate exhibition. The engine, now being displayed in a 
series of Festival of Britain exhibitions, -will be shown at 





Greenwich from September onward. 
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NOTES ON NEW BOOKS. 


A Century of British Progress, 1851-1951: Six Papers 

read before the Royal Society of Arts. 

Published by the Society, John Adam-street, Adelphi, 

London, W.C.2. [Price 3s. 6d. net.) 
WiTH commendable promptitude, the Royal Society 
of Arts have reprinted in a convenient booklet the 
series of six lectures delivered between January and 
April, 1951, summarising British industrial, scientific 
and technical progress since the time of the Great 
Exhibition of 100 years earlier. The lectures comprise 
‘* A Century of British Industry,” by Lord McGowan, 
K.B.E.; ‘‘ A Century of British Commerce,” by A. de 
V. Leigh, M.B.E., M.A.; ‘“‘A Century of British 
Science,” by D. McKie, D.Sc., Ph.D. ; ‘‘ A Century of 
British Engineering,” by W. T. O'Dea, B.Sc.; “A 
Century of British Design,” by Paul Reilly, B.A. ; and 
‘** A Century of British Education,” by Sir John Maud, 
K.C.B., K.B.E. All are authoritative, and all are 
eminently readable, despite some notable feats of 
compression ; and the foreword by Mr. Ernest W. 
Goodale, C.B.E., the chairman of the Council of the 
Society, admirably links together the salient points 
brought out by the respective authors. Of the many 
publications inspired by the Festival of Britain, this 
is certainly one of the best, as a means of bringing 
home to the general public of to-day the great heritage 
of successful endeavour which is theirs, and which the 
Festival is designed to demonstrate. 





Radio Circuits. 
By W. E. Mittar. Third edition. The Trader Pub- 
lishing Company, Limited, Dorset House, Stamford- 
street, London, 8.E.1. [Price 5s. net, postage 4d.] 


Tuis is the latest edition of a small book, first published 
ten years ago, which aims at giving a concise account 
of the principles, design and operation of modern radio 
receivers in a form which will be understood readily by 
those who have only a slight acquaintance with the 
subject. Since practically all modern receivers employ 
a superheterodyne circuit, the book is concerned almost 
exclusively with this type, although, of course, parts 
of the material apply equally well to ordinary “‘straight”’ 
sets. Mathematical expositions have been avoided 
entirely and the reader need only be familiar with the 
standard diagrammatic representation of radio circuits. 
By way of introduction, there is a short account of the 
superheterodyne principle, and a block diagram illus- 
trating the various sections of a receiver employing it. 
The circuit is subdivided still further and each section 
analysed in turn in the succeeding chapters. Each of 
these is brief and confined strictly to a discussion of 

* layouts commonly encountered in commercial receivers, 
in which elaborate refinements are usually omitted. 
The opportunity has been taken, in preparing the new 
edition, to bring the material up to date, and a chapter 
has been added on recent developments. This includes 
details of portable receivers using only dry batteries, 
receivers which operate not only on both alternat- 
ing-current and direct-current main supplies, but also 
on dry batteries, and band-spread and automatic 
tuning. 





BOOKS RECEIVED. 


Laboratory Design. National Research Council Report 
on Design, Construction and Equipment of Laboratories. 
Edited by H. S. CoLtemMan. Reinhold Publishing 
Corporation, 330, West 42nd-street, New York 18, 
U.S.A. [Price 12 dols.) Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
96s. net.) 

Engineering Design. By J. E. TayLor and J.S. WRIGLEY. 
Third edition. Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 18s. net.] 

Performance of a Piston-Type Aero Engine. By Dr. 
A. W. MorLeEy. Sir Isaac Pitman and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 25s. net.) 

The Fundamental Principles of Road Passenger Transport 
Operation. By FREDERICK G. FLETCHER. Macdonald 
and Company (Publishers), Limited, 16, Maddox- 
street, London, W.1. [Price 21s. net.) 

Stereoptics. By Lestre P. Dupiey. Macdonald and 
Company (Publishers), Limited, 16, Maddox-street, 
London, W.1. [Price 15s. net.]} 

Radio Installations. By W. E. PaANNEetr. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 45s. net.] 

Foremanship. By F. J. BuRNS Morton. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 25s. net.) 

Elements of Ore Dressing. By PROFESSOR ARTHUR F. 
TaGGarRT. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 10 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 80s. net.] 


275-KV IMPREGNATED PRESSURE CABLE. 
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THE MANUFACTURE OF 275-KV 
IMPREGNATED PRESSURE CABLES. 


On page 169, ante, we announced that the British 
Electricity Authority had adopted a ten-years pro- 
visional programme for the development of a 275/300- 
kV grid, in order to reinforce the existing 132-kV 
system. This programme provides for lines running 
from Glasgow via Carlisle, Newcastle-upon-Tyne and 
Sheffield to Staythorpe, near Newark-on-Trent, and 
thence to the London area. A line will also be run 
from Staythorpe westwards and then northward to 
form a ring via Manchester, Blackburn and Leeds. 
A further main trunk line will be erected from the 
East Midlands to the London area and there will be 
another connection southwards through Birmingham, 
Gloucester and Melksham to London. As is generally 
well known, a 275-volt line is already under construc- 
tion between. Staythorpe and West Melton, near 
Sheffield. 

Although the greater part of the new system will 
consist of overhead lines, there will be a short length 
of underground cable and considerable research work 
has been carried out by British manufacturers to 
comply with the conditions that operation at such a 
high voltage will involve. The progress that has been 
made in this dirattion was described on page 288 of 
our 167th volume (1949), when we gave details of a 
220-kV cable which had been manufactured by British 
Insulated Callender’s Cables, Limited, Norfolk-street, 
London, W.C.2, for testing at the Clamart Laboratories 
of L’Electricité de France. This test installation com- 
prised a 110-yard three-phase loop of single-core cables, 
the conductors of which consisted of 91 0-104-in. tinned 
copper wires stranded to give a cross-section of 
0-775 sq. in. The insulation was of mass-impregnated 
paper with an outer screen of metallised paper. This 
screen was protected by a copper woven fabric binder 
which was, in turn, covered by a lead sheath and rein- 
forcing tapes. The cable was finally served with an 
anti-corrosion protection, consisting of alternate layers 
of rubber and bitumen impregnated tapes. It was 
charged with nitrogen at a pressure of 200 lb. per square 
inch. As mentioned on page 727 of our 169th volume 
(1950), this cable subsequently withstood a voltage of 
350 kV between the conductor and sheath for 24 hours, 
followed by @ voltage of 450 kV for one minute. A 
similar .cable was subjected successfully to ten surges 
of a peak voltage of 1,080 kV on both the positive and 
negative polarities at the National Physical Laboratory. 

We recently had the opportunity of seeing the 
manufacture of a cable of this type, which has been 
designed for operation at 275 kV under the conditions 
to be expected on the British grid, at the Erith works of 
British Insulated Callender’s Cables, Limited. This 
cable, of which the construction is shown in the accom- 
panying illustration, is also of the impregnated pressure 
type and is designed for operation with nitrogen gas 
at a pressure of 200 lb. per square inch. Under work- 
ing conditions the maximum stress at the conductor 
will be 110 kV per centimetre. The cable is of single- 
core design and its principal dimensions are set out in 
the following table. 





| Radial Cumulative 





— | Thickness, Diameter, 
| In. In. 
| 
Conductor (0-75 sq. in.) “ died 
down” and screened with 
metallised paper .. cf -- 1-119 
Insulation “s ° 1-005 3-129 
Metallised paper screen se 0-005 3-139 
Copper woven fabric tape .. 0-015 3-169 
Clearance o és os 0-035 3-239 
Lead sheath .. ce o- - 0-120 3-479 
Cotton bedding for reinforcement . . 0-010 3-499 
1 percent. tin-bronze reinforcement 0-036 3-571 
Rubber bitumen sandwich serving 0-210 3-990 











The conductor consists of 910-103-in. tinned copper 
wires and is “ died down ”’ (i.e., reduced in diameter by 








being passed through a die) and screened with{metal- 
lised paper tapes. The conductor is thus made nearly 
cylindrical and the electrical stress concentration which 
would otherwise exist at the small radii of the individual 
wires is reduced. The application of the insulation 
requires the lapping of about 230 tapes of high-quality 
paper. This process is carried out on what is said to 
be the largest paper machine of its kind in Great 
Britain, but even so two passes are necessary. After 
the paper has been applied the cable is vacuum-dried 
and impregnated with a high-grade insulating oil under 
controlled temperature and pressure conditions. A 
copper woven fabric tape is then applied over the 
dielectric to protect it and ensure positive contact 
with the lead sheath. 

The next operation is the extrusion of the lead 
sheath on to the cable. The lead used for this purpose 
contains a small percentage of tin, extensive tests 
having shown that this is the most suitable alloy for 
this type of cable. The operation is carried out by 
the Glover process, a small predetermined clearance 
being left under the sheath to permit the distribution 
of gas along the length of the cable after installation. 
To limit the distension of the lead sheath by the 
internal pressure of 200 lb. per square inch, special 
metallic reinforcement tapes are applied in two layers. 
The first layer consists of narrow tapes with a very 
long lay, which provide longitudinal reinforcement, 
and the second of a double layer of wider tapes to give 
the necessary circumferential strength. For a single- 
core cable the reinforcement must be of a non-magnetic 
material, and a 1 per cent. tin-bronze has been selected 
for this purpose, owing to its high tensile strength 
and its relatively high dielectric resistance, which 
reduces the induced losses to a minimum. 

Finally, the cable is served with a rubber-bitumen 
finish consisting of layers of rubber and compounded 
fabric tapes, which, together with the application of a 
bitumen-type compound, provide a high degree of 
protection against corrosion. 

The continuous rating of this cable when installed 
directly in the ground under normal conditions is 
530 amperes, corresponding to a three-phase load of 
about 8,250 MVA. The cable is to be subjected to a 
comprehensive programme of tests in the Company’s 
Research Laboratory to prove its suitability for ser- 
vice. 





THE SCIENCE MusEuM.—The hours of opening of the 
ground and lower ground floors of the Science Museum, 
including the special exhibition, ‘‘ The Science Museum : 
Past and Future,” have now been restored to the former 
times, i.e., weekdays, 10 a.m. to 6 p.m., and Sundays, 
2.30 to 6 p.m. 





TRANSFER OF RESEARCH TO SCOTLAND.—The Depart- 
ment of Scientific and Industrial Research has issued 
further details of the forthcoming transfer of engineering 
research work from the National Physical Laboratory, 
Teddington, to the Mechanical Engineering Research 
Organisation, East Kilbride, near Glasgow. The main 
work to be transferred is that on strength of materials at 
ordinary temperatures, including fatigue of materials, 
failure in service, problems of mechanical design, strength 
of gas cylinders, mechanical tests of metallic and non- 
metallic materials, and general techniques of mechanical 
testing. For the time being, the work on the strength of 
materials at high-temperatures will remain at the N.P.L. 
The transfer of some 120 tons of machines and scientific 
equipment to Scotland is beginning thismonth. The work 
on fluid mechanics and other subjects, at present being 
undertaken at the N.P.L. by M.E.R.O. staff, will be trans- 
ferred to Scotland in August. The headquarters of the 
Organisation and some of the research sections have been 
at Thorntonhall, Glasgow, for some time. From July 1, 
inquiries relating to the strength and “properties of 
materials at ordinary temperatures should be addressed 
to the Director, Mechanical Engineering Research 
Laboratory, East Kilbride, Glasgow. 
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GAS-DRIVEN HEAT PUMP 
AT THE SOUTH BANK 
EXHIBITION. 


Tue heat pump which has recently been brought 
into use for providing part of the heating of the 
toyal Festival Hall, as well as the whole of the 
summer cooling, has several novel features which 
are sure to add to the interest that will be aroused 
when sufficient experience of its running allows 
performance data to be published. Economic rather 
than purely technical considerations must ulti- 





heat pump has been financed by the Ministry of Fuel 
and Power, as part of their endeavours ‘to encourage 
the more efficient ure of fuel, and it is expected that 
the heat pump will use about half the gas required 
by the boilers in producing the same amount of heat, 
Only by testing the pump in a normal service can 
its true economic value be determined. The main 
source of heat is the River Thames, though addi- 
tional heat is extracted from the engine exhausts 
and cooling systems, and the maximum output is 
expected to be about 90 therms an hour. The 
intention is to run the plant for a year or more as 
an experimental apparatus to enable full data on its 
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mately be the basis on which its value is assessed ; 
meanwhile a general description of its design and 
construction must suffice. The heat pump is 
driven by two Rolls-Royce Merlin aircraft engines, 
converted to run on town gas, and the two com- 
pressors, working in series, also have an exception- 
ally high power to weight ratio for this class of 
work, 

The plant is regarded as experimental, but its 
use to heat the Royal Festival Hall (by arrangement 
with the London County Council) will enable a 
comparison to be made in costs with the gas-fired 
boilers which are an integral part of the hall. The 
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operation to be obtained under all conditions, and 
if it proves to be as successful as preliminary running 
has indicated it is proposed to fit automatic con- 
trols to operate the plant according to the heating 
requirements of the hall. Development, design and 
installation have been carried out under the super- 
vision of Mr. P. E. Montagnon, of the Ministry’s 
scientific staff, directed by Dr. H. Roxbee Cox. 
The following firms, who have kindly lent us photo- 
graphs and drawings, have been principally con- 
cerned : Messrs. Alan Muntz and Company, Limited, 
North Hyde-lane, Heston Airport, Hounslow, 
Middlesex (mechanical engineering of engines, 





compressors, etc.); Messrs. Matthew Hall and 
Company, Limited, 26, Dorset square, London, 
N.W.1 (general installation and pipework); and the 
U.D. Engineering Company, Limited, Cumberland- 
avenue, London, N.W.10 (heat exchangers and 
refrigerant control gear). 

The plant is installed under one of the arches of 
the Hungerford railway bridge approach, close to 
the hall, Fig. 1, on this page, shows a corner of the 
plant room, with one of the compressors visible 
(left centre), and the two engines partly visible. 
The general arrangement of the plant is shown in 
Fig. 3, on page 742, and Fig. 2 shows the principal 
circuits diagrammatically. Other views of the 
equipment are reproduced in Figs. 5, 6, 7 and 8, on 
Plate LX. 

A motor-driven centrifugal pump, installed at 
the end of a pipeline in mid-stream, delivers river 
water through a 12-in. pipe about 600 yards long, 
at a maximum rate of 1,800 gallons a minute. The 
water is circulated through the evaporator, the 
designed maximum temperature drop being about 
4 deg. F. The refrigerant gas, Freon 12, is passed 
from the evaporator through the first compressor, 
the second compressor and an oil separator, to the 
condenser, where it is condensed under pressure 
(about 285 lb. per square inch maximum) by the 
water which is circulated from the hall. Expansion, 
as well as compression, takes place in two stages, the 
inter-stage pressure being practically the same in 
both cases ; this enables any vapour which may be 
formed at the first expansion stage to be by-passed 
straight to the second-stage compressor, thus 
improving the efficiency of the plant. Two auto- 
matic float valves are used for the expansion stages, 
whence the Freon returns to the evaporator. The 
high-pressure float valve, for the first expansion 
stage, remains open as long as liquid is being received 
from the condenser, but shuts immediately gas tries 
to pass. ‘‘ Flash” gas formed by the first-stage 
expansion is bled off from the ‘ economiser” 
(which incorporates the second-stage valve) to the 
second-stage compressor suction, thereby reducing 
the first-stage compressor gas flow. Meanwhile, the 
liquid for the evaporator passes through the second 
stage of expansion to the evaporator. The second- 
stage valve only opens as the liquid level rises in 
the ‘‘economiser ”’ vessel. 

Part of the hall-heating water, after it has passed 
through the condenser, is tapped off for engine- 
cooling purposes; after it has been circulated 
through the engines by their coolant pumps, it 
rejoins the main flow to a waste-heat boiler which 
is connected to the engine exhaust systems. This 
boiler, with its lagged pipes, is visible in the right 
background of Fig. 5. Engine-lubricating oil is 
cooled by means of a small flow of hall water tapped 
off the pipe-line before the condenser and circu- 
lated through the oil coolers by small pumps belt- 
driven from the engines. A larger pump, belt- 
driven from the first-stage engine, circulates the 
water to and from the hall. 

When the heat pump is used for cooling the hall 
in summer, the flow of river water and hall water 
are transposed by means of an arrangement of 
valves and pipes. The river water now circulates 
through the condenser, where it absorbs heat in con- 
densing the Freon, and the hall water passes through 
the evaporator, where it is cooled by the evaporating 
Freon. Under these conditions it is not possible to 
use either the hall water (or the river water directly) 
for engine cooling or oil cooling. The engine-cooling 
and oil-cooling systems are therefore changed to 
closed circuits which pass through an auxiliary 
heat-exchanger in which a tapping from the river- 
water pipe-line extracts heat as required. As 
one engine and compressor are sufficient for summer 
cooling, a by-pass is provided on the refrigerant 
line. Another by-pass, which completes a closed 
circuit through the compressors omitting the 
condenser and evaporator, is used when the engines 
are being warmed up to bring the plant into 
operation. As the plant is experimental, a storage 
vessel, pipes, etc., are provided so that the Freon 
can be evacuated from the plant when it is to be 
dismantled for any reason. 

The Merlin engines have been modified only 
slightly for the purpose. The superchargers and 
drives have been removed and three gas carburet- 
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tors, supplied by the National Gas and Oil Engine 
Company, have heen fitted to each inlet manifold. 
Pistons from Meteor engines (the tank version of 
the Merlin) have been substituted for the original 
pistons to increase the compression ratio and 
improve the thermal efficiency on town gas. No 
alteration has been made to the valve timing, but 
the ignition timing has been modified so that it is 
now variable by manual control. Power is delivered 
at what was formerly the supercharger end of the 
engine, and the airscr»w end has been fitted with a 
flywheel with teeth for a starter motor, as well as 
with pulleys for the pump drives which have been 
mentioned. Each engine is coupled through a 
shaft with Hardy-Spicer universal joints to a gear- 
box, which is shown in section in Fig. 4, opposite. 
The gears, etc., were taken from the Merlin super- 
charger. With the engine running at 2,000 r.p.m., 
the compressor runs at approximately 14,000 r.p.m., 
the gear ratio being 7-06 to 1. A top speed of 
17,500 r.p.m., however, can be attained with the 
compressors, The engines, developing 350 brake 
horse-power each, are lightly rated, and are there- 
fore expected to have a long life. 





Oil Separator 





The rotating parts of the compressors are the 
Merlin supercharger parts, considerably modified to 
give the desired characteristics, but the static 
parts, including the aluminium-alloy casing, are 
new. ‘The seal on the rotor shaft consists of a carbon 
ring between two lapped metal faces, and is flooded 
with oil which also lubricates the bearing on the 
Freon side of the compressor. The condenser and 
evaporator are of shell and tube construction ; the 
bottom row of shells in the condenser, however, are 
smaller in dianieter and, the Freon being drawn off 
from above them, these shells, which are always 
full of liquid, act as super-coolers. 

A control room is provided in one corner of the 
plant room; it is soundproofed, since the engines 
and compressors make a considerable noise. The 
controls include engine starters and throttles, gauges 
for all relevant temperatures, pressures and flows, 
@ gas meter, etc. 

Unfortunately, it is not yet possible to give full 
details of the temperatures and pressures which 
obtain in the plant under various conditions of 
working. The heat pump is expected to provide 
one-third of the heat required by the hall in the 
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very coldest weather; the hall has a seating capa- 
city of 3,500. The following notes refer briefly to 
the main factors in the operation of the plant. 
For a given mass flow of refrigerant round the 
system, the liquid must be boiled. at the appro- 
priate rate in the evaporator. With a given flow 
of river water through the tubes, this entails a 
definite temperature difference between the water 
and the refrigerant, but at this temperature the 
refrigerant has a certain pressure, which must be 
the pressure at the inlet to the first compressor. 
A similar condition obtains in the condenser, where, 
in order to condense the refrigerant at a specified 
rate, there must be a certain temperature difference 
between the water from the hall and the condensing 
temperature of the refrigerant. This determines 
the refrigerant pressure at the outlet from the 
second compressor. Thus, the overall pressure ratio 
is determined by outside conditions and the rate at 
which the refrigerant is circulating round the system. 
There is only one speed at which a matching pressure 
ratio and rate of flow can occur with both the com- 
pressors working at high efficiency. (This is on the 
assumption that both compressors are working at 
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the same speed; if one compressor can have a 
different speed from the other it is possible to 
choose a range of speeds which will do.) It is also 
true that there is quite an appreciable operating 
range of mass flow at a given speed for each com- 
pressor without a material drop in eificiency, so 
that it is not necessary to run the plant with the 
compressors running precisely at a definite speed. 
Centrifugal compressors have characteristics very 
different from reciprocating compressors or any 
positive-displacement type of compressor. At a 
given speed, there is a maximum flow which can be 
pushed through the compressor, and in this con- 
dition the compressor is ‘‘ choked ” and no pressure 
rise occurs across the compressor. As the mass 
flow is reduced, the pressure ratio rises, as also does 
the isentropic efficiency, until a fairly flat peak is 
reached where the pressure ratio is the highest 
obtainable at that speed and the efficiency is also at 
or about its maximum. An attempt to reduce the 
mass flow still further results generally in a slight 
loss of pressure ratio, until suddenly a ‘surge ” 
occurs which is no more than a violent fluctuation of 
pressure in the whole system, but can be suffi- 
ciently strong to shake the plant. An increase in 














compressor speed has the effect of increasing the 
maximum pressure ratio obtainable and also the 
rate of flow through the compressor at the ‘‘ surge,” 
the peak efficiency, and the ‘“‘choked ’’ positions. 
Similarly, a reduction in speed reduces the mass flow 
and the pressure ratio obtainable. 

It follows from this that a pressure ratio between 
the evaporator and the condenser, determined by 
outside conditions, cannot be achieved with less 
than a certain rate of flow of refrigerant, because the 
pressure ratio demands a certain compressor speed, 
and at this speed there is a minimum acceptable 
rate of flow. Hence, in warm weather, when the 
river is probably warmer than usual, and the hall 
water does not have to be very hot to provide the 
necessary heat, the plant is unable to supply a small 
enough amount of heat because the heat output of 
the plant is basically determined by the latent heat 
of the refrigerant being condensed. To overcome 
this difficulty, a by-pass line, which short-circuits 
the condenser and the evaporator, is used so that the 
mass flow can be kept up through the compressors 
without it all having to be condensed and evaporated 
again in the rest of the system. 

Visitors to the South Bank Exhibition are able to 
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see the heat pump through a large double 
plate-glass window at one end of the plant room, 
but we are assured that the Ministry will be glad 
to show the plant to engineers and others who are 
professionally interested. 





RocKk-TUNNELLING REcorRD.—A rock-tunnelling record 
for this country was established during the week ended 
Sunday, June 10, when tunnellers working eight-hour 
shifts round the clock for seven days drove for a distance 
of 427 ft. through the hard diorite rock forming the 
mountains of the Cobbler Range in Scotland. This is 
understood to be the first time that more than 400 ft. 
has been driven in Great Britain in a week ; the previous 
best figure, of 334 ft., was achieved recently by contrac- 
tors engaged on the Bowland Forest scheme. The 
tunnel through the Cobbler Range, about 7 ft. square, 
will eventually be about 6,000 ft. long, and will carry 
water from above the Rest-and-be-Thankful summit to 
the Loch Sloy reservoir to increase the catchment area of 
the Loch Sloy hydro-electric scheme. The work is 
being carried out by Edmund Nuttall, Sons and Com- 
pany (London), Limited, 22, Grosvenor-gardens, London, 
S.W.1, for the North of Scotland Hydro-Electric Board, 
and the consulting engineers are Messrs. James William- 
son and Partners. 
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The 1949 Book of A.S.7'.M. Standards: Parts | to 6. 
The American Society for Testing Materials, 1916, 
Race-street, Philadelphia 3, Pennsylvania, U.S.A. 
(Price, 10 dols. each for Parts 1, 5 and 6; 8 dols. each 
for Parts 2, 3 and 4.) 

TuHIs monumental work of scientific and technical 
reference is a triennial publication, kept up to date 
in the intervals by the issue of supplements to each 
Part, in which all amendments are recorded, and of 
a general index, published annually. Each Part 
forms a bulky volume containing well over a 
thousand pages and containing both the standard 
and the ‘‘ tentative ”’ (or draft) specifications relating 
to its particular field, together with descriptions of 
methods of testing, and a comprehensive series of 
definiticns. Parts 1 and 2 cover the ferrous and 
non-ferrous metals, respectively; Part 3, cement 
and concrete, refractories, glass, and materials for 
thermal insulation, road construction, water- 
proofing, etc.; Part 4, paint, naval stores, wood, 
adhesives, shipping containers, building materiale, 
etc., and particulars of fire tests; Part 5, textiles, 
soap, fuels, petroleum and its derivatives, and water ; 
and Part 6, electrical insulating materials, rubber 
and plastics. 

Part 1 contains specifications covering a wide 
variety of steel products—billets, forgings, castings, 
tubes, plates, railway wheels and tyres, spring 
steel and springs, malleable iron, ferro-alloys, etc. 
In addition, there are groups of specifications on 
methods of carrying out mechanical and other tests, 
including corrosion tests of special steels. Practical 
and theoretical considerations in testing are dis- 
cussed at length. Mention may be made of methods 
of determining the inclusion content of specimens, 
and of ascertaining the austenitic grain size of steels. 
The sections concerned with standard definitions of 
terms, the heat treatment of metals, and with 
wrought iron, among others, are of considerable 
interest. Altogether, some 275 specifications are set 
out in the 1,400 pages of Part 1. The illustrations 
are, generally of a high standard, the microphoto- 
graphs and other half-tone reproductions being 
notably well chosen and informative. 

In Part 2, there are about 240 specifications, and 
generally, is on similar lines to Part 1. There is 
an excellent and exhaustive section of 45 pages on 
the preparation of metallographic specimens, in 
which the work done in this country is given a fair 
degree of recognition ; and another on the calibra- 
tion and verification of testing machines. The 
specifications covering corrosion tests of galvanised, 
electrodeposited metal and chromium, and similar 
coatings are extremely detailed. They include 
alternate-immersion and total-immersion tests, salt- 
spray tests, and experiments carried out in chambers 
containing a ‘‘fog’’ of salt spray. Other subjects 
covered are the determination of residual stresses in 
certain types of metal-to-glass seals, and tests of 
the modulus of elasticity of metals for use in 
thermostats. 

Part 3 contains 1,374 pages and some 340 specifica- 
tions, the broad classifications of which have been 
indicated above. In Part 4, which includes in its 
320 or so specifications a number relating to rela- 
tively new work by the Society, there are items 
concerning such specialised subjects as lacquers and 
lacquer materials, traffic paints, and thermometers. 
Part 5—the largest of the series, containing 1,730 
pages and some 330 standards—includes industrial 
aromatic hydrocarbons and gaseous fuels as well as 
those groups already mentioned in the first para- 
graph above; and Fart 6 reflects the very great 
amount of work that has been done in plastics, 
among other groups of subjects, since the previous 
edition was published. The books are strongly 
bound, as befits volumes that are intended for 
constant and not always considerate handling. The 
normal binding, to which the above-quoted prices 
relate, is a blue cloth; but a half-leather binding is 
also obtainable at an additional charge of 2 dols. 
for each Part. No extra charge is made for the 
supply of the annual index. Each volume, of 
course, has its own detailed subject index, as well as 
two tables of contents. It may be remarked that 





the number of standards listed has nearly doubled 
since 1939. In that year, there were 866; by 1946, 
the number had grown to 1,400; and in the present 
issue, there are 1,550. 
Mind, Life and Body. 

By Proressor R. O. Kapp. Constable and Company, 

Limited, 10, Orange-street, London, W.C.2. [Price 

12s. 6d. net.) 

Tue study of the mind is hardly one to commend 
itself at once to engineers, since the skills which 
are developed in professional work, and in the 
application of theory to practical problems, are not 
skills which, at first sight, seem best adapted to 
examine matters related to psychology. The engi- 
neer has tended hitherto to regard the mind as a 
given faculty, in some individuals better developed 
than in others, and to apply his own in concentrating 
attention upon his special field of work. While 
appreciating that the mind is a subject of scientific 
research, on which increasing efforts in terms of 
money and energy are being spent nowadays in 
universities and similar institutions, engineers have 
not felt themselves called upon to take any part in 
the investigations. Even the time and motion 
studies of Taylor and Bedaux in the United States, 
and of Gustav in Russia, have been regarded as 
matters for the psychologist, or, at most, for the 
factory manager in his capacity as organiser. It is 
to question, and, indeed, to controvert, this view 
that Professor Kapp has written the present book, 
throughout the whole of which the control of mind 
over body is treated as an engineering subject, 
namely, a series of relays. 

The professional reader’s interest in such an 
approach, however, will depend on whether, by 
turning his attention to a better understanding of 
the human mind, he can expect to improve his own 
qualifications for dealing with practical problems ; 
and, in forming an opinion on this point, it may be 
relevant to notice the examples chosen in Chapter 
19, Section 2, where the relays operating the 
fingers of a pianist are compared with the physio- 
logical, electrical and mechanical relays used by the 
operator of a factory crane. 

The 20 chapters form three distinct parts of the 
book, in the first of which the author formulates, 
from a scientific rather than a philosophical view- 
point, seven questions on matter and energy. His 
purpose here is not to supply answers, which, 
indeed, cannot be expected without further research 
in the fields of physics and chemistry, but to invite 
attention to what is little less than a new field of 
scientific inquiry. The two chapters comprising 
the second part are devoted to the study of purpose- 
ful action, and the author employs the term “tele- 
ological”’ in this special sense. In the remaining 
1l chapters, he discusses the problem of how a 
purposive influence which is not physical can direct 
energy, which is physical, without the occurrence of 
the reaction which is always associated with any 
control of energy in the course of purely physical 
events. Students of the work of J. W. Dunne will 
recognise the end-of-series phenomenon. For the 
controlling purpose, the author employs the term 
‘“diathete,” as describing alike what may be 
regarded as ‘‘free will’? and what may be thought 
of as involuntary, yet purposive, behaviour observed 
in organic but inanimate life. Without control, he 
suggests, a random world would confront us. 

In special pleading for scientific attention to what 
he names a ‘‘no man’s land’ between the various 
fields of science, where philosophers have trodden 
to little advantage, the style is not always as 
concise as it might be; but if, at a first reading, 
the 196 pages are examined briefly to form a general 
idea of what, to some readers, may be a new subject 
for scientific thought, attention may later be 
directed more closely to profound and important 
questions, upon differing views of which the lines 
of scientific outlook in Russia and in the West 
diverge rather on. account of instinct, perhaps, 
than on account of logical study. Little scientific 
effort, indeed, has been directed towards under- 
standing the faculty of planning and the operation 
of purpose—surely one of the most basic scientific 
subjects—and, as a well-informed and cogently, if 
sometimes over-elaborately argued, introduction to 
the subject, this book may be recommended. 





FREEDOM TO MEASURE : 
YARDS OR METRES? 


By H. 8. Rowe tt, D.Sc., F.Inst.P., Wh.Sc. 


‘*No man, nor any body of men, is good enough, 
or wise enough to dispense with the tonic of 
criticism.” So wrote the great Huxley in the 
Nineteenth Century of March, 1887. He was then 
engaged in one of his disputations against pseudo- 
scientific theological dogma—no longer of much 
interest to intelligent people—but his aphoristic 
sentence is still up to date, and aptly applicable to 
the “‘ New Despotism ” revealed by Lord Hewart. 

The Report of the Committee on Weights and 
Measures Legislation, which appeared on May 11, 
has, apart from an editorial article on page 598, 
ante, received only scanty notice, even in the lead- 
ing journals. No one has thought fit to administer, 
in adequate measure, the ‘‘ tonic of criticism.’’ This 
may be due to the difficulty which many people 
will experience in reading the 467 paragraphs, plus 
the five appendices ; or, perhaps, the statement of 
Sir Hartley Shawcross in Parliament on May 10, 
‘*that the Government could not be regarded as in 
any way committed to accepting the Committee’s 
recommendations on the Metric System ”’ has lulled 
the alarm and blunted the interest which engineers 
and traders might otherwise have shown. In what 
follows, the more important inconsistencies of the 
report are noticed, the number of each paragraph 
referred to being given in parenthesis. 

Thus: (6) ‘‘The main conclusion to which our 
enquiry has led us is that the existing principles of 
Weights and Measures law are soundly based and 
stand in no need of fundamental revision.”” By any 
standards, even of the Civil Service, this is a fairly 
clear statement, but it is followed by almost a full 
page of three provisos containing some very drastic 
recommendations. One of these (8) recommends 
‘*delegated powers of legislation to be wielded by 
the Minister within the broad purposes of an Act.” 
... ‘We hardly need add that all delegated 
legislation should be preceded by full consultation 
with the parties likely to be affected by it.”” This 
sounds very sweet and reasonable ; but, on turning 
to (18) we find that the Committee took evidence 
from ‘‘100 or so other associations representing 
manufacturers, traders and professional, scientific 
and technical bodies.”” Of these, ‘‘about half a 
dozen have advocated the adoption of a policy 
of a long-term transition to the metric system : the 
rest have stated that there has been little tendency 
on the part of members to use the metric system 
and have not favoured any alteration to the existing 
position.” 

Inquiries by a number of women’s organisations 
‘reveal, as might be expected, that a very sub- 
stantial proportion of the purchasing public is likely 
to be against abolition of the Imperial units in most 
common use.”” Thus out of about 100 associations 
concerned with manufacture ‘‘ about half a dozen” 
—surely, the number could have been given ?— 
advocated a long-term change-over to metric units 
and the rest, 15 or 16 times as many, advocated no 
change. Despite this, and the adverse view of 
the women, and the previous statement (8) “that 
all delegated legislation should be preceded by full 
consultation with the parties likely to be affected 
by it,” the Committee flout the evidence which they 
have collected and recommend the minority view 
of the long-term change. A similar piece of despot- 
ism occurs in (354). One section of the “liquor” 
trade stated that about ten years would be required 
for the exhaustion of their existing stocks of bottles. 
The Committee consider this long period to be 
unnecessary, and ‘‘that the Board of Trade need 
give no more than a 12-month warning period.” 

In (11) the Committee explain that the Report 
is severely compressed from the mass of evidence 
received ; but, to one reader at least, either the 
evidence or the compression thereof seems to have 
been very unevenly distributed. Chapter 2, for 
example, on ‘“‘ The Adoption of the Metric System,” 
has five pages—the same number as in Chapters 14 
and 15 on ‘Fresh Fruit and Vegetables,” and 
‘Alcoholic Liquor,” respectively. The Metric 
System, if completely adopted in 20, or even in 
40 years, would bring an upheaval costing thousands 
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of millions of pounds; the consumption of fruits 
and vegetables and perhaps of alcoholic liqyor, will 
probably cause no serious disturbance. ere is 
much useful information in the Report, but the lack 
of proportion in dealing with the various parts of 
the subject is a serious blemish. In no case is any 
attempt made to assess the cost of the changes 
recommended or the amount likely to be saved. 

The most important part of the report, especially 
from an engineering point of view, is the five-page 
Chapter 2, on ‘‘ The Adoption of the Metric System.” 
This is grossly biased and full of shoddy special 
pleading. The metric system (14) is eulogised as 
‘compact, closely defined and universally recog- 
nised,”’ ete., whereas the Imperial system “‘is really 
a conglomeration of units which have in the past 
been found convenient for particular types of 
measurement.” This is exaggeration almost to the 
bounds of distortion. Again, ‘“‘there is no inter- 
nationally-recognised body responsible for the 
Imperial system which can in any way compare with 
the International Metric Conference.”” The Imperial 
system was established centuries before the metric 
system was thought of. It has never needed an 
internationally-recognised organisation to ‘‘ put it 
over.” 

The Imperial system has grown from that of 
Rome during nearly 2,000 years. In the Seville 
Museum, there is, or was 20 years ago, a Roman 
ounce taken from Italica. On the label the weight 
of the ounce is given in milligrammes. The present 
writer had the thrill of converting this to English 
weight and found it agreed to about 1 part in 600. 
Here it is of interest to note that the Libra of 
Argentina is 1-0127 lb. Av., whereas the Libra of 
Spain and Mexico was 1-014 Ib. Av. and the Libra 
or Arratel of Portugal was 1-012 Ib. Av.—a very 
interesting conglomeration. To say that there is no 
“‘internationally-recognised ”’ authority responsible 
for the Imperial system is almost shocking. What 
is the President of the Board of Trade ? 

In (23) the Committee “‘ have found it difficult to 
obtain any very relevant evidence as to the way in 
which other countries have overcome the difficulties 
of transition,”’ but they believe that most of the early 
Metric converts were using a multiplicity of local 
units and the change-over was ‘‘ a welcome rational- 
isation of a confused situation”... ‘“‘and the 
building of a single trading community within the 
nation.” This is well-known fact, and on record, 
and in some cases within living memory. France 
had many and various systems of weights and 
measures, of which few were reliable, in 1789; but 
it took 40 years, with threats of serious penalties, 
before the French people began to use the metric 
system. In Germany, the creation of Bismarck’s 
Germany in 1871 gave an exceptional opportunity 
to co-ordinate the weights and measures of the 
various States into the metric system. In several 
cases the change was made without changing the 
name of a unit, so that the half-kilogramme was 
called a German Pfund, a Dutch Pond, a Danish 
Pund, and so on. 

Of a great many converts to the metric system, it 
may be said that there were hardly any of their 
systems worthy of any respect and many of the 
smaller countries seized on the metric system as 
providing a cheap, ready-made system which linked 
them respectably with greater nations. In contrast 
with this condition, consider England. Almost ten 
centuries ago, King Edgar (Emperor of Britain), 
with his great primate, St. Dunstan, laid it down 
that there must be only one system of weights and 
measures in the country. Under the Norman King 
Henry I, at Christmas, 1125, 94 moneyers were 
summoned to Winchester for debasing the coinage 
and had their right hands struck off. ‘“ And this 
because a man might have a pound, and yet not be 
able to spend a penny at a market.” These facts 
explain in part why our metric problem is not of the 
same kind as that of France, Germany, China or 
Russia. In the Middle Ages, we had at Stourbridge, 
near Cambridge, the biggest fair in the world, with 
lesser fairs in other centres all using a single system. 

In (15) the Committee praise the metric system, 
which (they say) has ‘appealed to technicians and 
scientists ’’ from its earliest days on account of its 
ease of calculation “‘. . . and there is no doubt 
that, coupled with a decimal system of coinage, it 


offers many benefits to traders in respect of their 
day-to-day calculations, costings and invoices.’ 
This is quite incredible, and it is contradicted in (17), 
where the Report states, ‘it can with some justi- 
fication be maintained that the actual units of the 
Imperial system are more convenient for everyday 
use than the metric and that, for many trading 
purposes, a quantity can be stated more concisely in 
Imperial terms than in metric and consequently with 
less chance of it being misunderstood.” If the 
metric system has any superiority over the Imperial 
it is in its decimal structure, and this superiority is 
only of value to those who have to do many calcu- 
lations—a very small fraction of the population. 
For simple arithmetic, the metric system seems to 
be inferior. Shop assistants and booking clerks on 
the Continent seem to need slide rules, pencils and 
paper, and more time than corresponding workers 
in Britain. In simple daily trades, even uneducated 
people become very expert in dealing with special 
units. In Britain, an acre is based on a morning’s 
ploughing and is defined in effect as a furlong 
(furrow-long to give a breather) by a chain (four 
poles—the ox-beam or pole). These are visual 
images to many country people, and acres are more 
real to them than the centimetre is to some 
scientists. 

There is no export trade in acres and it is difficult 
to see why any change of unit is needed. There is 
no export trade in milk, so why should the estab- 
lished sizes—half-pint, pint, and quart—be altered 
to metric sizes ? Who can possibly gain? There 
are more than 200 million milk bottles made each 
year. There are crates and various machines for 
cleaning, filling and sealing these bottles. What is 
to be gained by replacing these by metric sizes ? 
The fact that is overlooked by the metric enthusiast 
is that there are ‘‘ tricks in all trades ’’ and few men 
need to know more than one trade. Few men have 
any need to know timber measure (which is ignored 
by the committee). Whereas in science the metric 
system stands unchallenged, in crafts and trades the 
units and sizes of the trades are more convenient. 
Each for each, they have grown by use and survived 
by fitness. 

For day-to-day trade, the metric system is bad in 
its nomenclature. Continental workmen of the best 
kind do not use such terms as myriagramme, which 
the Committee recommends (142); and it is certain 
that British and American workmen with their love 
of pungent monosyllables, would never welcome the 
metric prefixes. A thousandth of an inch is a 
‘thou’ and a micrometer is a “‘ mike” in most 
works, and it is a sound instinct that impels work- 
men of sense to use monosyllables. There can be 
no mistake in the use of the ton, pound, ounce, dram, 
quart, pint, gill, mile, yard, foot, inch, and so on ; 
but, with the metric system, error is easy, both in 
regard to prefixes and decimal points. Forexample, 
one of the largest chemical companies in Britain, 
which uses the metric system exclusively, sent an 
order for 10 cubic metres of a rare compound, when 
only 10 cubic centimetres were required. 

In (17), the Committee attempt to summarise the 
‘*external factors,’”’ whatever that may mean. 
They say that the metric system is used “ by the 
overwhelming majority of countries in the world.” 
In what sense “‘overwhelming’’? Even if these 
countries have ‘‘ the great proportion of the world’s 
population,”’ there is no weight in such a contention. 
In (18), as already pointed out, the Committee 
flouted 94 associations who were in favour of no 
change, and sided with “‘ about half a dozen ”’ bodies 
in favour of a long-term change. They do not 
believe in majorities, evidently, even when there is 
no difference of intelligence. They cannot possibly 
be entitled to use majority arguments when the 
majority consists largely of the ignorant. 

Then again (17), “‘ it is in the field of international 
trade that the benefits of uniformity of measurement 
come fully into their own.’”’ This is not correct. 
There are all kinds of imports and exports flowing in 
all kinds of units. Before the war, Belgian, German, 
and Czechoslovakian steel bars were sent to this 
country in English sizes and weights, and paid for in 
sterling. Ground-thread taps were sent here in 
Whitworth sizes from at least three Continental 
countries, and jig-boring machines of the highest 





accuracy were sent from Germany and Switzerland, 


graduated in inches. Or consider the wine and 
liqueur trade. From the Rhine to the Douro and 
beyond, from Holland to the Rhone, the bulk of 
all liquor is sold in terms of the English %-quart 
bottle. Why should the practice of a century, which 
is almost uniform all over Europe, be set aside and 
changed to metric? But the fact, above all, 
against this foreign trade idea, and it is a fact that a 
Board of Trade Committee ought to know, is that 
the foreign trade of a nation—even of Britain—is a 
small fraction of its internal trade. Why upset the 
internal machinery, on which all depends, and which 
has done so well for centuries, to encourage a small 
and tenuous fraction ? 

As to uniformity (17), it would be a blessing if 
the metric peoples would cultivate a little more 
uniformity. In Italy, they have no “‘ kilogramme ”’; 
instead, they have the ‘‘chilia’’ gramme. The litre 
is spelt in various ways. Even in England, among 
the ardent metricists, we do not get uniformity. 
For example, in one of the largest chemical firms, 
they specify a furnace gas pressure as 100 milli- 
atmospheres, whereas at the N.P.L., in recent 
tests on the effect of air pressure on chronometer 
rates, the air pressure was shown to visitors in 
mm. of mercury. 

In (17) we find ‘‘ It is obviously illogical for there 
to be two separate systems in a world which, from 
the trading point of view, is becoming rapidly 
smaller.” It is well known that two World Wars 
have increased economic nationalism and that 
British export trade has suffered greatly as a result. 
In view of the many facts of history which show 
how trades and nations can decline as a result of 
invention, this argument of international trade is 
too thin to justify reforms costing billions of 
pounds. It is, of course, illogical for different 
nations to ure different languages; and it is still 
more illogical for any one nation, such as Switzer- 
land or Belgium, to use two or three languages. 
Wales and Eire might be brought into the Inter- 
national Metric Conference, if only to add to the 
“ overwhelming ” number of countries. 

The arguments of logic are risky even for 
philosophers. The argument that only one system 
of measures should be used for all trades is equal 
in value to the statement that every man should be 
restricted to one overcoat or one garment for all 
be done efficiently in the metric system of the 
Committee to pretend that the metric system is 
only one system of units? Engineering could not 
be done efficiently in the metric system of the 
scientist. The metric engineer has been compelled 
to develop a second system, which is not in a 
decimal relation to the basic metric system. The 
table below shows the two systems :— 











Metric Units in 
Science. Engineering. 
Length - b6 oe cm. metres or mm. 
Mass 6's oy se &. 9,810 gm. 
Force oe mH — yne 981,000 dynes 
Time o« He iy second second 
minute 
hour 











Are these two systems logical? They are con- 
nected by the inertia of matter and they are useful 
on account of the essential need of the engineer to 
employ the muscular sense. Is it not illogical for 
the metric countries to use two standards of length ? 
It may be, but it is sensible practice, for the standard 
metre bar at Savres is of platinum-iridium alloy 
and is one metre long at 0 deg. Celsius; but the 
engineer in metric countries uses a steel bar which 
at 20 deg. C. has a length of 1 metre. These two 
standards are useful and suitable for their work and 
they are, in fact, a ‘‘ conglomeration” of two 
arbitrary standards. Is it logical for the Committee 
to approve the use of the “cran”’ in the herring 
industry or to make no protest against the immunity 
of the Scots sand and ballast trade to weights and 
measures law ? 

In (22) the Committee state that ‘‘the internal 
convenience of a decimal system of measurement 
could not be adequately realised unless at the same 
time the coinage was decimalised.”” This is perfectly 
true and very obvious but why is it left to a proviso ? 





In the United States they have had a decimal 
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coinage since 1786-92, and practical convenience 
has caused the use of the short; ton of 2,000 lb. 
But the fact remains that, in all countries in which 
a decimal coinage has been established, popular 
convenience has compelled the use of half coins. 

In Britain, a scientific worker using the metric 
system is rarely concerned with money; it is the 
trader who is using weights and coins all day long 
and for trading purposes. We have not only the 
finest system of weights and measures but also the 
best coinage. If things are sold in grosses and 
dozens, we have twelve pence to the shilling, if 
in cwt., we have 20s. to the £, and so on in a 
variety of trades. On the London Stock Exchange, 
transactions are made in all kinds of currencies ; 
stocks and shares are quoted in pence, shillings and 
pounds, with fractions and decimals mixed, as 
6 per cent. of ll. is 1s. 2-4d. It is hard to believe 
that any other currency is so flexible and con- 
venient. It is almost completely decimal in its 
divisions, and many accountants already decimalise 
accounts in English money for certain purposes. 

The fault of the decimal system either in weights 
and measures or in coinage is due to some psycho- 
logical difficulty which is not easily described. Ifa 
man says that he weighs 217 lb., his mass is not so 
easily visualised as if he said 15 stone 7 Ib., and this 
is still more so if 220 lb. and 15 stone 10 Ib. are 
compared. In the same way, a bedroom rent at 
15s. 6d. is more tangible mentally than one at 
755 francs. In this matter of coinage, Continentals 
frequently ridicule our use of the guinea; but 
in hotels or nursing homes the weekly rate in 
guineas is easily modified to a daily rate in shillings. 
With our system of seven-year covenants, a dona- 
tion can be arranged for a charity to suit the strings 
of both the purse and the heart. The division of 
weights and measures and of money, is not 
psychologically on a par with decimals, which are 
a device for calculation. The division of a book is 
more nearly parallel. With two or more main 
parts divided into several chapters, each with para- 
graphs as required, the subject matter can be dealt 
with more easily than with mere numerical pagina- 
tion and no “‘ conglomerate parts ”’ 

In (74) the Committee recommend that a per- 
manent commission should be appointed to advise 
the President of the Board of Trade ‘‘on the most 
suitable legal definitions of the derived units of 
capacity, temperature, heat and electricity and on 
the possibility of defining in law the unit of 
time,” . . . ‘‘ This Commission (77) should include 
the Astronomer Royal, the Director of the National 
Physical Laboratory and the President of the 
Royal Society sitting as ex-officio members.” If 
there are doubts as to the superiority of the metric 
system for trade and manufacture, there must also 
be a little dubiety as to the desirability of mixing 
together the weights and measures of trade with 
the units and standards of science. In (29), for 
example, we read “‘ units of area, capacity, electric 
current, and temperature.” In A dix C we 
have units of capacity listed as the gallon, quart, 
pint, ete. It would be preferable not only to 
separate ‘‘trader’s ’’ units very clearly, but also to 
use some such term as ‘“‘ volume ”’ or ‘‘ content” 
for measures like the “‘ gallon,” thus reserving the 
“‘farad ’’ for capacity. 

Lastly, it may be emphasised that for many 
years the cylinder bores, piston diameters and 
crank radii of English motor-car engines have 
been made in metric sizes, and no serious difficulty 
has been beard of in motor-car factories or garages 
or spare-parts organisations. If English workmen 
for many years have been able to make crankshafts, 
with pins in English sized, and “‘ throws ” in metric 
sizes, it is difficult to understand how anyone can 
argue that there is a serious problem, or that to 
solve it the entire Imperial system should be swept 
away. Certain units should be allowed to die out, 
as many have already done in quite recent years, 
Then, if our Ib. and foot units are brought into 
agreement, as the Committee recommends (49-52), 
with those of the United States, the world has two 
systems of measurement which can continue to 
co-exist and help. The recent practice of the 
N.P.L. in stating the dimensions of important parts 
in both systems is a good one, and serves as a useful 
check and an aid to visualisation. 


THE JOINT ENGINEERING 
CONFERENCE, LONDON. 
(Continued from page 718.) 


Hypro-E.xcrrio SCHEMES AND POWER-STATION 
Dzsien. 

A MEETING, at which Mr. A. A. Fulton occupied 
the chair, was held at the Institution of Electrical 
Engineers on Wednesday, June 6, when two papers 
were presented for discussion. The first of these was 
by Sir William Halcrow, on ‘‘ The Development of 
Hydro-Electric Power Schemes,” in which the 
author pointed out that while, in the early days, 
such schemes were inaugurated to provide power for 
communities and factories which were near the 
potential sources of supply it was now possible, 
owing to the introduction of long-distance trans- 
mission, to utilise sites which had been too remote 
or too variable in flow. The consequent linking of 
thermal and ‘water-power schemes was having a 
marked effect on the economics of new developments. 
In considering the economic advisability of a new 
hydro-electric development, its output should be 
compared with the value of the power produced in 
the thermal plant which would otherwise have been 
installed. The economic life of steam plant was only 
about 25 years, whereas a modern hydro-electric 
plant was unlikely to become obsolete. Its capital 
value, too, was normally amortised in about 35 years, 
while the usual period for the civil engineering 
works was about 80 years. The cost of power from 
a hydro-electric scheme was known as soon as 
construction was completed, whereas a steam station 
had to bear higher maintenance charges and the 
cost of energy varied with fluctuations in the price 
of fuel. 

Probably the most vital factor in the development 
of a hydro-electric scheme was that of river-flow 
records. The design should ideally be based on 
30 years of run-off records. The quality of the 
water was also important, as the presence of impuri- 
ties, such as organic acids and calcium carbonate, 
might necessitate special precautions being taken. 
Topographical surveying had to be undertaken to 
determine reservoir capacities and the area of 
submerged land, while detailed surveys of the sites 
of dams, aqueducts and power stations were 
necessary. The location of possible sources of 
building materials in relation to the sites of major 
civil engineering works affected the cost of such 
structures as dams and should be investigated 
before deciding on the type to be used. In 
undeveloped territories, such as large areas in Africa 
and Asia, there was as yet little demand for electric 
power and little increase could be expected until 
large-scale generation brought a sufficient reduction 
in cost. The growing use of the products of the 
electro-metallurgical and electro-chemical industries 
might give the initial impetus to hydro-electric 
installations. Alternatively, schemes might be 
designed for development in stages. In any case, 
water-power, with its attendant possibilities of river 
control, would play an important role in the coming 
years. In the past, it had been a useful adjunct to a 
flourishing economy ; in the future, it might be the 
driving force behind the realisation of the potentia- 
lities which the world offered to man. 

Introducing his paper, Sir William Halcrow called 
attention to the fact that the capital cost of hydro- 
electric and steam power schemes was now often of 
the same order, so that the former was becoming 
more popular as a source of energy. In the Glen 
Affric scheme, amenities had been cared for by 
eliminating the pipeline and by taking power away 
from the station through a 1,000-yd. length of cable. 
He thought the Severn project would again be 
seriously considered. 

The second paper, on ‘‘ Power-Station Design and 
Construction,” was by Mr. V. F. Bartlett, who 
pointed out that civil engineering and building needs 
in generating stations had now become fairly 
standard. The main buildings usually had a 
structural steel framework, floors of cast in-situ 
reinforced concrete or steel grills, pre-cast concrete 
roof and brick walls. Reinforced-concrete framing 
had been used, but this made replacement of the 
plant difficult and costly. For roof construction, 





the lighter heat-insulated and waterproofed metal 





decking had sometimes replaced concrete, while 
several stations had been built with exterior 
cladding of materials other than brick and at least 
one with an “‘ open-air” boiler house. There was 
no recognised standard of boiler-house construction. 
Although separate columns were generally provided 
to support the deadweight, some of these columns 
were often extended upward to support the roof 
trusses. Beams were also connected between the 
columns and the building structure to support the 
floors and galleries. 

An average figure of the volume of buildings per 
kilowatt was 53-3 cub. ft., of which the boiler house 
accounted for 33-3 cub. ft., and the turbine house for 
18-6 cub. ft. The total cost of a new generating 
station to-day, Mr. Bartlett continued, was from 
551. to 60]. per kilowatt installed, of which the 
civil and building works accounted for about 
25 per cent. These figures did not include capital 
charges which, in the case of a modern base-load 
station taking four or more years to construct, 
amounted to a large sum. The saving in capital 
costs which would result by a reduction of six 
months in the time of construction would be about 
10 per cent. of the total cost of the civil engineering 
work. A description of a building to contain the 
plant in a modern generating station, which could be 
constructed in less than two years, was given. It 
consisted of two-pin reinforced-concrete arches, with 
a span of 370 ft., a rise of 188 ft. and an overall cross 
section of 7 ft. by 2ft. These arches were placed at 
16-ft. centres to cover the turbines and boilers and 
the roof could consist of pre-cast reinforced-concrete 
slabs resting on ledges and tied into the arches. The 
volume per kilowatt was no more than 70 cub. ft., 
and cost, including foundations, would be about 
3-51. per kilowatt installed. The main advantages 
would be speed of erection and freedom for plant 
erection, alterations and renewals. 


Discussion. 


The discussion was opened by Mr. V. A. Pask, who 
agreed that the site works in connection with large 
modern generating stations fell within the field of 
heavy civil engineering practice. The reconstruc- 
tion of an existing station was often more difficult 
and expensive than building a new one. The recent 
practice of increasing the velocity of the flue gases 
from 30 ft. to 50 ft. per sec., although dispersing 
them over a wide area, necessitated more fan power, 
which would, however, be compensated to some 
extent by the smaller suction and reduced number of 
the chimneys necessary. Washing flue gases to 
remove their sulphurous content was fundamentally 
unsound. In the latest stations, the volume of 
building was 30 to 40 cub. ft. per kilowatt and the 
quantity of steel 25 to 30 tons per megawatt. He 
did not think that the reinforced-arch construction 
suggested by Mr. Bartlett would result in any 
material benefit in the way of cost. It would, for 
instance, be necessary to carry the chimneys up to a 
height of 470 ft. 

Mr. O. Atherton thought it not unreasonable that 
private citizens should object to power stations being 
constructed in their neighbourhood, He felt that 
there must be some really brave new thoughts on 
building materials and there seemed no reason why 
these should not be satisfactory from the engineering 
point of view. It was to be hoped that recent 
research would result in a less empirical rule 
regarding the height of chimneys in relation to 
buildings. The figures for weight of steel per cubic 
foot given for the Croydon ‘‘ B” station by Mr. 
Bartlett should be reduced from 1-71 to 1-39 Ib. 
and he thought that a similar reduction applied to 
other stations. If reinforced concrete were used, the 
result would be a decrease in the amount of struc- 
tural steel. The figures were no criterion of the 
ultimate total cost per megawatt of the station. 

Mr. H. Brown pointed out that the difference in 
cost between a building of architectural merit and 
one which was simply a warehouse was under 
10-5 per cent. of the total. In a recent station, 
bricks had been used up to the operating floor level 
with asbestos sheeting cladding above, this resulting 
in a considerable reduction in cost. In another 
station, an “open-hearth” boiler house was to be 
used. Economies on the building must not, how- 
ever, jeopardise the safety of the plant. 
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Mr. C. M. Roberts agreed with Sir William 
Halcrow that, as the cost of fuel for thermal stations 
increased, hydro-electric stations which had hitherto 
been considered uneccnomical would become more 
attractive. The chief advantage of designing hydro- 
electric schemes for base-load working was that 
electricity was provided at low cost. Placing the 
development of all the water power in the north of 
Scotland in the hands of one authority had the 
advantage that small isolated falls could be 
economically utilised. 

Dr.. O. Hammarlund said that one-third of the 
available water power in Sweden had now been 
developed. This meant that in future more atten- 
tion would have to be paid to maintenance than to 
new construction. Owing to the weather conditions, 
large storage reservoirs were needed in Sweden, 
while arrangements had to be made also for floating 
logs past the power stations. Mr. O. Klemens 
pointed out that, although the water-power possi- 
bilities of Africa were tremendous, development 
would be much hampered by the absence of stream 
flow data and other essential information. Practi- 
cally every large scheme, moreover, would require 
international co-operation to deal with such matters 
as inspection, flood control and water power. 

Mr. O. Matthews wondered why, in dealing with 
the siting of power stations, Mr. Bartlett had not 
mentioned the necessity of providing means for ash 
and dust disposal. This was as important as coal 
and water facilities. Reinforced-concrete frames, 
such as those used at Skelton Grange, were eco- 
nomical in cost and speedy in erection. He thought 
that slow progress with the erection of steelwork on 
site was a principal cause of delay in construction. 
He believed that only 23 tons of steel per megawatt 
were used at Cliff Quay and he did not see why 25 to 
30 tons could not be attained generally. 

Mr. O. Ward said that the use of oil fuel would lead 
to a considerable saving in civil engineering work. 
The foundations for the circulating-water system 
were often too deep; this might be avoided by more 
co-operation between the civil and electrical engin- 
eers. 

After a brief reply by Sir William Halcrow, Mr. 
V. F. Bartlett said that it was time some new wind- 
tunnel experiments were carried out on chimney 
heights. He agreed that ash and dust disposal 
were important items, but at the stations of which 
he had had experience, the ground was so bad that 
it had always been easy to find somewhere to put 
them. It was the contention of the civil engineers 
that stations to-day were too “tailor-made,” with 
the result that delays occurred and the cost was 
higher. If the plant designers would give their 
outside measurements to the civil engineer and 
architect he was quite sure an esthetic covering 
could be speedily constructed. 


Etxecrric TRACTION AND SIGNALLING. 


The meeting at the Institution of Civil Engineers 
on Thursday, June 7, was presided over by Colonel 
B. H. Leeson, and two papers, one on “ Electric 
Traction,” by Mr. C. M. Cock, and the other on 
“ Electric Signalling,” by Messrs. H. H. Dyer and 
R. Dell, were presented and jointly discussed. 

After an historical introduction, Mr. Cock said 
that on the British Railways only 23 route miles 

been converted to electric traction since the 
1939-45 war, although electrification was in progress 
on another 75 route miles. London Transport 
Executive had extended its electrified lines by 
34°3 route miles during the same period. At 
present, railway electrification in Great Britain 
embraced over 3,000 track miles, with substation 
plant of a little over 1,000 MW installed capacity, 
over 8,500 multiple-unit coaches, and 33 passenger, 
freight, shunting and miscellaneous locomotives. 
In addition, over 1,000,000 h.p. of locomotives 
Working on various systems had been exported. 
Many of the newer train equipments would now 
tun satisfactorily for very long periods, owing to 
the steps that had been taken to exclude dust and 
damp. Operating experience over 20 years had 
shown that the rectifier was entirely satisfactory for 
onversion purposes. The reliability of the trans- 
‘ormers, switchgear and protective and control 
“pparatus had enabled unattended substations to 


including as many as 300 circuit-breakers, could be 
controlled from one point. During the last 30 years, 
over 1,750 miles of British overhead-line equipment 
trad been installed in this country and abroad. 
Traction motors were now ventilated and embodied 
roller bearings, while woven-glass materials, impreg- 
nated with Bakelite, were used as insulation. Field 
weakening by tap or shunt was becoming general 
practice. The justification for electrifying any rail- 
way was largely economic. Its value as a capital 
investment was determined by comparing the work- 
ing expenses before and after conversion. Labour 
costs fell after conversion because less man-power 
was required. Any trend towards higher wages 
must therefore be favourable to electrification, which 
also enabled large savings to be made in first-quality 
coal. On the basis of a traffic density of between 
three and four million trailing ton-miles per annum 
of single track running line it had recently been 
estimated that half the main running lines in 
Great Britain could be profitably electrified. Apart 
from economy, however, it was a matter of urgency 
that many of the suburban lines round our large 
cities should be electrified to provide improved and 
adequate transport. Although in suburban electri- 
fications the train services, and therefore the running 
costs, were usually increased, the greater traffic 
produced a net rise in revenue. This was shown on 
the Liverpool Street-Shenfield line, where passenger 
journeys had increased about 100 per cent. within 
12 months of electric operation being introduced. 
Interest and renewal charges were, in general, 
independent of the traffic density. Economic justi- 
fication for electrification must therefore be sought 
in a reduction in working expenses or an increase in 
revenue, and either or both in conjunction must be 
more than sufficient to meet the additional fixed 
charges. Better vehicle availability could be 
obtained by improving the design and materials. 
Economies in energy consumption and reduced wear 
and tear could be effected by the employment of 
lighter equipment. Passenger amenity could be 
increased by cleaner trains, more regular services at 
high speeds, improved springing and reduction of 
noise. Goods services could be accelerated without 
increasing the maximum speeds beyond those per- 
mitted for non-braked vehicles, thus reducing 
working expenses, increasing line capacity and 
ensuring quicker delivery. , 

In their paper, Messrs, Dyer and Dell said that the 
block telegraph system of signalling was gradually 
introduced on British railways and its use was made 
statutory for all passenger lines in 1889. About the 
same time, the running signals were interlocked with 
the block telegraph circuits, so that a train could 
not be admitted into a “ block section ” before the 
signalman in the box ahead had given permission. 

Block controls had now been standardised and the 

safety provided by them had been enhanced by 

electric locking devices. The electric track circuit 

was the basis of all modern signalling, whether for 

mechanical signalling on main lines, for power 

installations or for automatic equipment. At first 

polarised direct-current relays were used, but alter- 

nating current permitted power signalling to be 

more easily employed on electrified lines where the 

ing rails were employed for the traction return 

current. The advent of alternating current also 

made possible the greater use of long range day 

colour-light signals, as these required the employ- 

ment of a lamp taking a heavy current at a low 

voltage. These signals, combined with junction 

indicators, simplified aspects at complicated junc- 

tions. Power signalling was first introduced at 

Crewe in 1900, and after the 1914-18 war there was a 

rapid development in the design of electric signals 

and point machines and of the interlocking frame. 

Extensive _ power-signalling installations were 

brought into use incorporating colour-light signals, 

and complete track-circuiting. With the de- 

velopment of electric interlocking, switches con- 

trolling points, signals and routes were mounted on 

a panel showing a diagram of the tracks. A further 

development was automatic route setting, in which 

by operating one switch all the points on a required 

route were moved, proved and locked, and the 

appropriate signal then automatically lowered. The 

largest installation of this kind had recently been 





pe adopted generally, and 15 to 20 such stations, 


completed at York (see page 688, ante) and controlled 


830 routes, each of which was set up automatically 
by turning a single switch. A system of remote 
control which had been introduced just before the 
1939-45 war enabled a large area to be controlled 
from one signal box through the medium of smaller 
boxes connected to points and signals in the vicinity. 
This enabled vital circuits to be considerably 
simplified and the rapid diagnosis of faults to be 
effected. Local levers were available should the 
equipment become faulty. 


Discussion. 


The discussion on these two papers was opened 
by Lord Hurcomb, who said that modern signalling 
improvements were both intricate and costly. Since 
nationalisation, there had been a _ considerable 
improvement both of apparatus and practice, and 
many works were at present in hand or authorised. 
In fact, even electrification could not provide the 
train services required in a rapidly developing 
suburban area without the help of modern signalling 
methods. As regards the future of railway electri- 
fication, the pace at which they could proceed 
must depend on the economic situation of the 
nation. A watchful eye must also be kept on the 
economics of other forms of traction. Everything 
must be done to keep down the cost of the fixed 
installation and to reduce the weight of the stock. 

Mr. S. B. Warder pointed out that the achieve- 
ments in electric traction in this country had been 
relatively small, and, while electrical engineers had 
done the talking, mechanical engineers had built 
19,000 steam locomotives. The trend towards 
electric working, caused by high wage rates, was 
being rapidly discounted by the rise in the costs of 
installation, especially that of the overhead line. 
All the advantages of electric traction and none of 
its disadvantages were claimed for the Diesel- 
electric locomotive and it was within the bounds of 
possibility that these would soon be manufactured 
by mass production. It might also be agreed that 
the capacity of the railways could be increased by 
@ greater use of power-braked wagons. Electri- 
fication could, however, make one positive contri- 
bution to the national needs by saving coal and 
this might be the over-riding justification for pro- 
ceeding with it. The cost of the overhead equip- 
ment might be reduced by employing the 50-cycle 
system. 

Lieut.-Colonel G. R. S. Wilson said that the 
railway inspectorate welcomed the adoption of 
the overhead system of electric traction, as this 
would lead to increased safety and a higher standard 





of track maintenance. From the latter point of 
view, the modern use of nose-susp2nded axle-hung 
motors might prove a retrograde step. The con- 
tinuous development of signalling described in 
Messrs. Dyer and Dell’s paper had enabled safety 
to be maintained, and even improved, although 
the density and speed of the traffic had increased. 
Modern colour-light signalling had done much 
to ease the driver’s task, especially in bad weather. 
It was to be hoped that the trials now taking 
place would be the forerunner of a major extension 
of automatic train control, It was desirable 
to guard against over-emphasis on concentration 
of signal equipment for more reasons than one. 
Modern controls, including remote control and track 
circuiting, had virtually eliminated the necessity 
for the signalman to have a good view of the lines. 
In fact, at York and many other signal boxes it was 
possible to work the box without seeing a train. 
He felt it was better that the signalman should 
have as good an all-round view as possible. F 
Mr. A. Moss thought that three points concerning 
the development of signalling during the last 100 
years should be mentioned. These were the funda- 
mental changes made by W. R. Sykes in linking the 
block telegraph with the running signals. The 
second was the introduction of the low-voltage 
point machine which, in conjunction with track 
circuiting, had enabled many signal boxes to be 
closed and a large saving made in operating costs. 
The third was the gradual change from the two- 
position semaphore to multi-aspect colour-light 
signalling. Signal engineers would like an elec- 
tricity supply at something like a constant voltage 
and a frequency which did not bob up and down. — 
Mr. A. Crompton pointed out that automatic 











748 


ENGINEERING. 


JUNE 22, IQ51. 








tensioning of the overhead wire was not essential 
with high-voltage alternating-current systems, but 
had been adopted on those systems because most 
of them had been installed in very cold climates 
where the range of temperature was very wide. 

Mr. A. Cock, in reply, did not think that rising 
priees would weaken the case for electrification as 
the principal effect of the latter was to reduce 
man-power. Electric traction, and its competitors, 
the Diesel engine and gas turbines, must be con- 
sidered in the light of the merits of each particular 
case. There was nothing wrong with the axle- 
hung motor, which could stand up to all the batter- 
ing it received and there was no conclusive evidence 
that it damaged the track. Because a line was 
electrified on the overhead system it was not neces- 
sary at once to alter the whole signalling system. 

Mr. R. Dell, who also replied, agreed with Colonel 
Wilson regarding the drawbacks of concentrating 
signal equipment in large boxes. While it saved 
labour it should not be adopted to such an extent 
as to prevent the maintenance staff from keeping it 
in order. This had been avoided in the power- 
operated remote-controlled signalling system in- 
stalled at Harrow-on-the-Hill. 

Ports, HaRBouRs AND Docks. 

At the meeting held in the morning of Thursday, 
June 7, at the Institution of Mechanical Engineers, 
when the subject was ‘‘Sea Transport (Civil 
Engineering),” two papers were presented for joint 
discussion. These were on ‘‘ Ports and Harbours,” 
by Mr. L. Leighton, O.B.E., M.LC.E., M.LE.E., 
and on ‘‘ Dry Docks,” by Mr. J. Guthrie Brown, 
M.IL.C.E. The chair was taken by Mr. W. P. 
Shepherd-Barron, M.C., M.I.C.E. 

Mr. Leighton, in his paper, pointed out that there 
were in the United Kingdom some 330 ports, operat- 
ing under statute, of which 50 were controlled by 
the British Transport Commission, 110 by harbour 
boards, commissions or trusts, 70 were owned by 
municipal authorities, and 100 by companies or 
individuals; in addition, there were the naval 
ports and dockyards. Regarding arrangement, 
there was much to be said in favour of the system 
wherein several docks were interconnected by 
passages of adequate width. It was desirable to 
have more than one entrance. For the largest types 
of ship, an entrance 130 ft. wide would appear to 
be maximum necessary, and this width would 
accommodate two vessels of medium size abreast. 
Welding had superseded riveting in the construction 
of dock gates. In some respects, the hinged gate 
was not so satisfactory as the sliding caisson. 
Dredging was a serious problem in harbours, where 
it might be necessary to remove a million tons of 
silt per annum. Diesel-electric power for dredgers 
gave a greater ease of control and better availability 
than steam, and was also financially preferable. 
The increase in goods traffic by road was introducing 
new problems into dock management, as it necessi- 
tated the provision of ample parking space. It 
was debatable whether port authorities should be 
general warehousemen, except for special cargoes 
such as grain; taking an average for the five years 
1934-38, some 180,000 tons of grain a week was 
imported into this country ; this made it essential to 
provide speedy and efficient means of handling and 
ample storage. Modern storage practice favoured 
the silo; the largest silo in this country could hold 
60,000 tons of grain, and had a pneumatic plant to 
handle 600 tons an hour for discharging ships. 
Hydraulic power in docks and harbours dated from 
1846 and was widely used, but electric power was 
now extensively employed. Thanks to the work of 
the engineer, great advances had been made in the 
handling of bulk cargoes, which now included grain, 
seeds, coal, ores, oil, molasses and latex, and in the 
future might include sugar; but the best method 
of handling general cargo was the electric quay 
crane, usually supplemented by the ship’s derricks. 

Mr. J. Guthrie Brown’s paper traced the evolution 
of dry docks from ancient times to the present day, 
reviewed current dry-docking requirements, and 
discussed the trends in design to meet the probable 
needs of future ships. In a table, he showed that 
there were 32 dry docks in the world of 995 ft. in 
length or more, these being so well distributed that 
they were capable of serving most of the main 
sea routes; ten were within the British Common- 


wealth, ten on the United States seaboard, three at 
Pearl Harbour, eight in Europe, and one in the 
Panama Canal Zone. There was, however, a notable 
lack of uniformity in the proportions of these large 
docks, and a considerable proportion had relatively 
narrow entrances, in the light of the present, and 
probable future, dimensions of ships. Dry docks of 
the largest sizes and of recent construction, such as 
those at Sydney, Capetown and Southampton, had 
dimensions which conformed to the sizes of present- 
day ships, and the docks at St. Nazaire, Hamburg, 
Bremen and Wilhelmshaven far exceeded those 
proportions. A major dock, as now constructed, 
should be about 1,200 ft. long and capable of being 
subdivided into two or three lengths. The minimum 
width now necessary was 150 ft., to allow vessels 
to enter with a decided list, and the depth of water 
over the entrance sill at the lowest recorded high 
water was generally not less than 45 ft. The main 
development in dock-wall design had been a gradual 
reduction in the number of altars provided. A 
major dock of modern design would contain 
50 million gallons or more of water, and the pumps 
should be capable of dewatering it (with no ship 
in the dock) in four hours. For protection against 
air attack, the pumping plant should be subdivided 
between several chambers formed within the dock 
walls. To enable the crews to live on board large 
ships when in dock, a recent innovation was the 
provision of a sewer in the dock floor, to which the 
ship’s sewage system could be connected. Another 
innovation was the introduction of lifts to transport 
men and material from the dock bottom to the 
copelevel. By 1955, it was expected, there would be 
twice as many ships in existence of over 60 ft. beam 
as in 1938; but there was no indication that the 
maximum length of ships would increase greatly in 
the near future. A dry dock could be lengthened, 
as a rule, more easily than it could be widened or 
deepened; and most docks tended to become 
obsolete because of insufficient width. 


Discussion. 

Mr. R. H. Edwards agreed that a second lock or 
other form of entrance to a system of docks was 
very desirable, as an assurance against the port 
being closed by an accident to one of the lock gates, 
damage in war, or otherwise. It was possible to 
provide a second entry or exit by the construction 
of a dry dock with connections both to the sea and 
to the dock; such an entrance would probably be 
slower in operation than would be the normal 
entrance lock, but it would permit the port being 
worked in an emergency. 

The author had referred to all-welded gates. A 
pair provided recently in place of an all-riveted pair, 
at a lock of 90 ft. in width, where the tide range was 
seme 40 ft. were 25 per cent. lighter than the old, 
the saving in the weight of metal being about 
57 tons. In many cases where there was an exposed 
entrance, a caisson would be preferable to mitre 
gates, which were liable to receive punishment in 
rough weather ; a caisson, being able to take a head 
in either direction, was not affected by rough seas. 
At Ymuiden in Holland, where the width of the lock 
was some 165 ft., the caissons opened and closed in 
about three minutes, which was almost as fast as 
the average large mitre gates. In all new layouts 
for sheds, quays, etc., provision must be made for 
the parking of road vehicles waiting to go alongside 
ships or sheds, as not infrequently they arrived in 
greater numbers than could be off-loaded, with 
resulting congestion. It was not possible to lay 
down any hard-and-fast rules regarding the design 
of sheds; this must depend upon many factors, 
such as the site available, cargo to be handled, 
access, method of operation and the shippers’ 
wishes. The type of cargo-handling gear to be 
used again affected the design for both the quay- 
side and the shed, both of which must provide the 
fullest possible freedom of movement for mechanical 
equipment. The authorities were often in difficul- 
ties when trying to provide for the handling of oil 
cargoes in ports where other trades were carried on. 
Building a new dock for oil handling was a very 
different matter from introducing the traffic into a 
port originally constructed for other types of cargo. 
All bulk-handling plant was, of course, required 





for some specific kind of cargo and was peculiar to 
comparatively few places. The Continental ports 





seemed to be far in advance of this country as 
regards such facilities. In this country the “‘ bread 
and butter ’’ appliance was the 3-ton or 5-ton quay- 
side crane, which seemed to suit the bulk of the 
cargo work, but there was a tendency in some 
directions to advocate larger cranes. He sug- 
gested, however, that this was not desirable; the 
smaller cranes could handle most cargoes. 

Mr. Guthrie Brown’s paper on dry docks, Mr. 
Edwards continued, was full of interest, but it dealt 
mainly with the modern trend in the design and 
equipment of a major dock. The engineer more 
often had to attend to the enlarging of existing dry 
docks to meet the needs of modern ships of more 
modest size. Such docks did not normally need to 
be enlarged more than sufficiently to take vessels of 
a size larger than those which could enter the port 
at which the dry dock was situated, as shipowners 
were usually not prepared to send vessels long dis- 
tances unladen for dry-docking. Consideration 
should be given to improving existing facilities 
rather than to constructing new docks on new sites. 

Mr. R. Morton felt that no paper on dry docks 
could be regarded as complete without reference to 
the Box or falling-leaf gate. This type of gate, 
named after the late Edward Box, M.I.C.E., who 
introduced it, was suitable for the smaller and 
medium-size docks, and consisted of a single leaf 
which rotated about a horizontal axis at the dock 
sill. It was of comparatively simple construction, 
it operated easily, and it did not require a chamber 
into which it could be retracted, as did a sliding 
caisson, or a berth, as did a floating caisson when the 
entrance was open. In its simplest form, however, 
the Box gate would only resist water pressure from 
one side, and special provision must be made if it 
was to withstand water pressure on either face. 
Where resistance to pressure inside and outside the 
dock was likely to be a frequent requirement, two 
gates, facing in opposite directions, would normally 
be installed. At the train ferry dock at Dover, 
two complete gates were provided, so that the water 
level inside the dock might be controlled, irrespec- 
tive of the level of the water outside. As a precau- 
tion, should one of the gates sustain damage, strut 
gates were installed which, when required for use, 
swung out from the dock walls and strutted the 
back faces of the Box gates. For entrances up to 
width of, say, 100 ft., the adoption of a Box gate 
was well worthy of consideration. 

Reference was made in the paper to the sub- 
division of a large dock by intermediate caisson 
positions in the interests of economy and saving 
of time when small vessels were to be docked. 
It must be borne in mind, however, that the vessels 
in inner compartments could not be floated out so 
long as the outer compartment was occupied. 
Further, the short vessels suitable for docking in 
one of the compartments would, in all probability, 
have comparatively narrow beams, with the conse- 
quence that very long shores might be needed. 
It was desirable that the grooves for the inter- 
mediate caisson should be formed in the dock floor 
and not in upstanding sills, as was normally the 
arrangement at the entrance. The present general 
practice in commercial docks was to have vertical or 
nearly vertical walls without altars, but altars - 
were still provided in docks intended for docking 
warships. The hulls of many warships, particularly 
the smaller types, were not designed to the rectangu- 
lar section now almost universally adopted for 
merchant ships; consequently, altars and shores 
were necessary to maintain such ships in an upright 
position. Another reason for the provision of altars 
was that shores might be necessary in docking a 
damaged warship. Mr. Guthrie Brown referred to 
sewage disposal from ships in dry dock. One naval 
dry dock had been fitted with sewage disposal 
facilities as an experiment. The installation con- 
sisted of a portable hopper head, shored to the ship’s 
side, over each sewage outlet and connected by a 
flexible pipe to one of a pair of gravity mains, laid 
alongside each side of the bottom of the dock. 
These mains had flanged T-pieces at short intervals, 
to which the flexible pipes could be @xed ; the mains 
discharged into sumps at the head of the dock, 
whence the sewage was lifted by compressed-air 
ejectors into the normal dockyard sewers. 

(To be continued.) 
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ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


VII.—Exursits at tHe South Bank EXHIBITION. 
(Continued from page 732.) 


Fo.tLow1ne the sequence that the visitor to the 
South Bank Exhibition is expected, though not 
obliged, to follow, we continue with a review of 
the air-transport and road-transport exhibits. 


Amr TRANSPORT. 


It cannot be said that the air section in the 
Transport and Communications pavilion presents 
Britain’s part in the development of air transport 
as imaginatively and as graphically as certain other 
sections of the South Bank Exhibition display their 
interests—as, for example, the Sea and Ships pavi- 
lion, which does really convey a nautical impression 
to the casual spectator. The air-transport exhibits, 
consisting mainly of a collection of representative 
engines and model aircraft, is reminiscent of the 
aeronautical collection at the Science Museum but 
is not so well laid out ; many of the model exhibits 
have not yet been completely labelled, and it is 
evident that some of the visitors unfamiliar with 
aircraft are thereby rather confused. 

The first significant contributions to the design of 
heavier-than-air craft were the mathematical investi- 
gations of Sir George Cayley (1774-1857), who 
established the principles of flight and formulated 
the laws of stability. A model of his original glider, 
which was said to have a wing area of 300 sq. ft. and 
was_reported to have flown successfully in a light 
breeze, is on view. Another interesting historical 
exhibit is a replica of the first powered model 
aircraft to fly, in 1848, built by John Stringfellow 
(1799-1833); the power unit was a steam engine 
with a ?-in. bore and a 2-in. stroke, driving two 
four-bladed pusher propellers, each 16 in. in 
diameter. 

Among the notable pioneering flights by British 
aviators which are illustrated in the South Bank 
exhibition, there is one which is outstanding and 
which has perhaps never been surpassed—the first 
Atlantic crossing in 1919 by Captain John Alcock 
(the pilot) and Lieutenant Arthur Whitton-Brown 
(the navigator), both of whom were subsequently 
knighted. This remarkable flight was carried out 
in a Vickers Vimy aircraft, a model of which is on 
view ; originally designed during the first world war 
as a twin-engine bomber for the long-range bombing 
of Berlin, the war ended before it could be used in 
that capacity. It was powered by two 350-h.p. 
Rolls-Royce Eagle VIII engines. At the start of the 
Atlantic flight, it had an all-up weight of 13,300 lb., 
a wing loading of 10 lb. per square foot and a 
power loading of 19 lb. per horse power. The 1,890 
miles from Newfoundland to Ireland was covered in 
15 hours 57 minutes, i.e., at an average speed of 
about 120 m.p.b. The first flights from England to 
Australia and to South Africa were also carried out 
in a Vickers Vimy aircraft, by Captain Ross Smith 
and his brother, Lieutenant Keith Smith, both of 
whom were subsequently knighted. The Vickers 
Vimy aircraft, therefore, can be said to have 
initiated trans-world air transport. 

Suspended from the ceiling of the pavilion, as 
shown in Fig. 102, on Plate LXI, are two full-scale 
high-performance sail-planes and two famous British 
aircraft of the inter-war period. The first of these is 
the Vickers Supermarine S6B seaplane, which in 
1931 won the Schneider Trophy for Great Britain 
for the third time in succession, the Trophy then 
passing outright to this country; the two previous 
contests, in 1927 and 1929, were also won by Vickers 
Supermarine seaplanes. The S6B, a twin-float 
machine, powered by a Rolls-Royce 1941 “‘ R.”-type 
12-cylinder water-cooled supercharged V-engine, 
developing 2,300 h.p., had a wing loading of 41-3 Ib. 
per square foot, and a power loading of 0-7 lb. per 
horse-power ; it achieved an average speed over the 
Schneider Trophy Contest circuit of 340-08 m.p.h. 
and subsequently established a world speed record 
of 407-5 m.p.h. over a 3-kilometre course. The other 
full-scale aeroplane is the original de Havilland 88 
Comet aircraft which, piloted by Messrs. C. W. A. 
Scott and T. Campbell Black, won the London-to- 
Melbourne air race for the MacPherson Robertson 


Trophy in 1934. The aircraft, which was designed 
specially for the race, is powered by two de Havilland 
Gipsy Six air-cooled six-cylinder inverted engines, 
each developing 224 h.p.; it was the first British 
aircraft incorporating variable-pitch propellers, 
landing flaps, and a retractable undercarriage. It 
is a low-wing wooden monoplane with an all-up 
weight of 5,250 lb., and an aspect ratio of 9-1, 
a wing loading of 25 Ib. per square foot and a power 
loading of 11-7 Ib. per horse power. It is capable 
of a maximum speed of 235 m.p.h. and has a range 
of 2,900 miles. In the London-to-Melbourne race, 
the average speed, including stops, was 160 m.p.h. 
The experience gained with variable-pitch propellers 
in this race led the de Havilland Company to initiate 
their manufacture in this country at a time when no 
official interest could be aroused in the project. 
The value of this enterprising decision was fully 
apparent a few years later when war broke out. 

During the slump of the "thirties, British air-line 
operators were at a disadvantage in comparison 
with the more heavily subsidised companies of 
America and other countries. The Handley Page 
H.P.42 biplane was retained in service with 
Imperial Airways up to the outbreak of war; this 
aircraft, introduced in 1930, established an unsur- 
passed record for comfort and safety; it was the 
first four-engined transport aeroplane in the world. 
It had a wing loading of 9-67 lb. per square foot 
and a power loading of 14-25 Ib. per horse-power. 
Powered by four Bristol Jupiter engines, it carried 
40 passengers at a cruising speed of 95 to 105 m.p.h. 
An outstanding aircraft introduced by Imperial 
Airways during 1936 was the Short Empire 
flying boat Canopus, a high-wing monoplane 
powered by four Bristol Pegasus engines with 
an all-up weight of 40,500 lb., a wing loading of 
27 Ib. per square foot, a power loading of 12-8 lb. 
per horse-power., and a cruising speed of 164 m.p.h. 
The boats were used on the African and Australian 
routes, carrying 24 passengers by day, and during 
1937 two aircraft of this class successfully carried 
out five experimental return flights across the 
Atlantic. 

Britain has always excelled in the design and 
construction of aero-engines. Typical examples 
of both air-cooled and liquid-cooled piston engines, 
which were developed concurrently up to the end of 
the second World War, and aircraft gas turbines, 
are shown in the Transport and Communications 
Pavilion. It is noteworthy that many of these 
engines have been, or are being, manufactured 
under licence in overseas countries; they include 
the 450-h.p. Bristol Jupiter nine-cylinder radial 
air-cooled engine, introduced in 1920, which had a 
weight per horse-power of 1-79 lb. It was famous 
for its reliability and was widely adopted by many 
foreign countries. A two-stage two-speed Rolls- 
Royce Merlin engine is sectioned and running; it 
is interesting to recall that, in 1937, the original 
single-stage single-speed Merlin was developing 
1,000 h.p. with a net dry weight per horse-power of 
1-4 lb.; the power of the engine was progressively 
increased during the war by increasing the super- 
charger compression ratio, using improved fuels, 
and developing the mechanical parts to withstand 
higher loadings until in 1944, the two-stage two- 
speed Merlin engines fitted in the de Havilland 
Hornet were developing 2,030 h.p. at a weight per 
horse-power of 0:8 1b. Powers up to 2,600 h.p. have 
been attained on test using 150-grade fuel. A 
sectioned and running example of the Bristol 
Centaurus 18-cylinder twin-row radial air-cooled 
sleeve-valve engine is also on view ; it has a single- 
stage two-speed supercharger and develops 2,840 
brake horse-power at a weight per horse-power of 
0-97 Ib. The Airspeed.Ambassador air liner, which 
is going into service with British European Airways, 
is fitted with two Centaurus engines; and, as is 
well known, four double Centaurus power plants are 
fitted in the Bristol Brabazon I transatlantic air liner, 

Perhaps the most interesting exhibit in this sec- 
tion is the original Whittle experimental jet engine 
WU, shown in Fig. 103, on Plate LXI, which was 
built to the design of Sir Frank Whittle, K.B.E., 
F.R.S., by the British Thomson-Houston Company, 
Limited, for Power Jets, Limited, in 1937. The 
engine was tested to failure, and the jet pipe has been 





removed to reveal the damaged turbine blades. The 





success of the trials on this engine led to the order of 
another jet engine, the WI, which was installed in 
the Gloster E.28/39 aircraft which made its first 
flight in May, 1941. As noted on page 630, ante, 
the tenth anniversary of this notable flight was 
celebrated in London at a dinner held on May 31, 
at which presentations were made to Sir Frank 
Whittle and to Mr. W. G. Carter, technical director 
of the Gloster Aircraft Company, Limited, who 
designed the aircraft. The full effect of this British 
invention on air transport cannot yet be assessed, 
but British aircraft designers have been quick to 
appreciate the possibilities which the gas turbine 
offers of high performance for low weight and frontal 
area, and reduced vibration which will improve the 
comfort and serviceability of the aircraft; within 
the next year turbine-driven-air liners are expected 
to be in service on the British scheduled air lines. 

The successtul development of gas-turbine engines 
has been largely dependent on the availability of 
high-strength creep-resistant alloys, and there are 
photographic exhibits illustrating the contribution 
of metallurgy to engine and aircraft design. The 
collection of current jet engines includes examples of 
the double-sided centrifugal impeller type (Whittle 
WU, Rolls-Royce Derwent) and the single-sided 
centrifugal-impeller type (de Havilland Ghost), 
which has the advantage of a more direct air flow 
but requires a larger-diameter rotor for the same 
thrust (Fig. 105, on Plate LXI). The Derwent 
engine has a sea-level static thrust of 3,500 lb., a 
static weight per pound thrust of 0-36 lb., and a 
static thrust per unit frontal area of 346 lb. per 
square foot. The cruising fuel consumption is 1 Ib. 
per pound thrust per hour. The de Havilland Ghost 
develops 5,000 Ib. static thrust at sea level, with a 
weight per pound thrust of 0-40 lb. and a thrust per 
unit frontal area of 326 lb.; the cruising fuel 
consumption is 1-02 Ib. per pound thrust per hour. 
It is a pity that an example of one of the axial jets, 
such as the Rolls-Royce Avon or the Armstrong- 
Siddeley Sapphire, could not have been included, 
since it appears likely that these engines will play 
their part in the development of air transport. 
Although the sturdy simplicity and reliability of the 
centrifugal jet engine has much to recommend it to 
the airline operator, it may well be that the higher 
performance and fuel economy of the axial jet will 
outweigh these considerations in the case of trans- 
oceanic high-speed air liners, 

Two large propeller-turbine engines, economical 
over a wider range of operating conditions than the 
pure jets, are also on view. The Bristol Proteus 
engine (Fig. 104, Plate LXI), ten of which will be 
fitted, in the form of four coupled and two single 
units, in the Saunders-Roe Princess transatlantic 
flying boat, and as four coupled units in the second 
Bristol Brabazon, develops 3,510 equivalent shaft 
horse-power under sea-level static conditions ; the 
net weight per horse-power of a single unit is 
0-825 Ib., and the cruising fuel consumption is 
0-80 lb. per equivalent shaft horse-power per hour. 
The Proteus has a multi-stage axial and centrifugal 
compressor and a two-stage axial-flow turbine; the 
first turbine stage is coupled to the compressor and 
the second turbine drives the propeller inde- 
pendently. 

The Armstrong Siddeley Python engine (Fig. 100, 
on page 750) has a 14-stage axial compressor 
coupled to a two-stage axial-flow turbine; the 
propeller is driven through reduction gearing from 
the forward end of the rotor shaft. It develops 
4,110 equivalent shaft horse-power at static sea- 
level conditions, at a net weight per horse-power of 
0-725 lb. The cruising fuel consumption is 0-58 Ib. 
per equivalent shaft horse-power per hour. 

The new turbine power plants, which need a high 
altitude for economical and efficient operation, 
have introduced many complications into aircraft 
design—the necessity for air conditioning and the 
structural problems associated with pressure cabins 
and with high-altitude gusts, at high air speeds, the 
operation and physical behaviour of electrical, 
hydraulic, and mechanical components under the. 
extremes of temperature and pressure encountered. 
in flights which may range from tropical sea-level 
conditions to temperatures of —70 deg. C. in the 
stratosphere. These aspects of development work 
are not touched upon in the South Bank Exhibition, 
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but aerodynamic and structural testing are illus- 
trated by a small smoke tunnel for visually 
interpreting the behaviour of air flow past a model, 
built by the Airscrew Company and Jicwood, 
Limited, Weybridge, Surrey; and by a model of 
the ‘‘ cathedral ” structure-test frame at the Royal 
Aircraft Establishment, Farnborough, Hampshire, 
showing a wing under test. 

Among the models illustrating the post-war 
development of British air transport are the two 
transatlantic air liners, the 130-ton Bristol Brabazon 
I and the Saunders-Roe Princess flying-boat, still 
under construction. At present, unfortunately, 
it seems that neither of these aircraft is 
likely to see service in the role for which it was 
designed. The Brabazon I will serve as a research 
aircraft, while the three Princess flying boats will 
go into operation with the Royal Air Force instead 
of with the British Overseas Airways Corporation. 
It is to be hopéd that the disappearance of the flying 
boat from British civil air transport, brought 
about largely by the establishment during the last 
war of many first-class airfields and runways which 
has placed the land-plane economically at an 
advantage, is not permanent. 

British transport-aircraft designers have all 
shown a preference for conventional aerodynamic 
layouts and, largely, for moderate wing loadings. 
Models of five British air liners propelled by gas 
turbines, which have all been flying for nearly 
two years or more, are on view. The first propeller- 
turbine feeder aircraft, the Handley Page Marathon 
2, which is powered by two Armstrong Siddeley 
Mamba propeller turbines, can carry 18 to 24 
passengers ; it has a cruising speed of 256 m.p.h. at 
10,000 ft. and a maximum still-air range, with no 
fuel reserves, of 830 miles. At the maximum all-up 
weight of 18,000 Ib., the wing loading is 36 Ib. per 
square foot and the take-off power loading is 8 lb. 
per horse-power. The Armstrong-Whitworth Apollo 
is designed for carrying 24 to 31 passengers over 
medium stages, with a maximum still-air range of 
1,260 miles (with no fuel reserves) at a cruising 
speed of 276 m.p.h. at 20,000 ft. At a weight of 
45,000 lb., the wing loading is 45-6 lb. per square 
foot and the power loading 9-85 lb. per horse-power. 
The Handley-Page Hermes 5 is the largest transport 
aircraft powered by propeller turbines which has yet 
flown. It is suited for long and medium-range 
operation, for 40 to 74 passengers, and at a cruising 
speed of 350 m.p.h. it has’ a still-air range of 2,650 
miles, with no fuel reserves, with a payload of 
8,295 lb., corresponding to 36 passengers; with 
‘74 passengers, the still-air range would be about 
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1,730 miles. At an all-up weight of 90,000 Ib., 
the wing loading is 63-5 lb. per square foot and the 
power loading 10 Ib. per horse-power. The Vickers 
Viscount 700, the production version of the world’s 
first propeller-turbine air liner, and the de Havilland 
Comet, the world’s first jet-propelled air liner, are 
both on order for the British national air lines and 
for overseas air lines. 

The Viscount 700 is powered by four Rolls-Royce 
Dart propeller turbines ; it is intended for operating 
over medium stages on European routes, and can 
carry 40 passengers at a cruising speed of over 
320 m.p.h. It has a maximum still-air range, 
with no fuel reserves, of 1,950 miles. At a maxi- 
mum take-off weight of 50,000 Ib., the wing loading 
is 52 lb. per square foot and the power loading is 
8-25 lb. per horse-power. The Comet, powered 
by four de Havilland Ghosts, is designed for operation 
over Empire routes. It can carry 36 passengers, 
and has a maximum still-air range, with no fuel 
reserves, of 3,540 miles, at a cruising speed of 
490 m.p.h. ; it has a wing loading of 52 Ib. per square 
foot, at an all-up weight of 105,000 lb., and a take-off 
thrust loading of 5-25 lb. per pound-thrust. A 


more powerful version of the Comet, with Rolls- 
Royce Avon engines, is under development; and 
it is possible that flight-refuelling trials of a Comet 
across the Atlantic will be carried out. Another 
model of a propeller-turbine air-liner which is 
being built by the Bristol Aeroplane Company, 
Limited, to the specification of the British Overseas 
Airways Corporation, but is not expected to fly 
until next year, is the Britannia, for medium and 
long-range stages of the Empire routes. It will be 
driven by four Proteus propeller turbines. It will 
have a capacity of from 50 to 74 passengers; the 
estimated still-air range is 4,500 miles at a cruising 
speed of 330 m.p.h. At a weight of 130,000 lb., 
the wing loading will be 63 lb. per square foot and 
the take-off power loading 9-25 lb. per horse-power. 

Rotating-wing aircraft are represented in the 
South Bank Exhibition by a Bristol 171 helicopter 
rotor-transmission unit (shown in Fig. 101.), con- 
sisting of an Alvis Leonides radial air-cooled engine, 
developing 550 h.p., coupled to a three-blade rotor 
assembly, which is shown slowly rotating. It is a 
pity that this demonstration could not have been 
arranged to show the ingenious Bristol mechanism 
for imposing cyclic-pitch changes on the blades in 
action. This rotor head is identical with those 
which are to be fitted on the Bristol 173 twin-engine 
tandem-rotor helicopter, designed to carry 10 to 13 
passengers, which is expected to fly before the 
Festival of Britain draws to a close, and, it is 
believed, will be the first helicopter suitable for 
carrying passengers between city centres. British 
European Airways hope to be operating such services 
in 1954. 


Roap TRANSPORT. 


Britain’s contribution to road transport has been 
considerable, as, in addition to building up an 
efficient system of roads here, much has been done 
towards the development of similar systems in other 
countries throughout the world. The story by no 
means ends here, as the growth of the vehicle 
industry has kept pace with that of roads, and 
to-day Britain can supply almost any form of 
vehicle capable of operation in any part of the world. 
Roads, and the story behind them, are difficult to 
portray in an exhibition and the subject is dealt 
with in the Transport pavilion in the only possible 
way, namely, by a series of models and photographic 
displays. The latter medium is used, for example, 
to illustrate road design and construction, traffic 
and accident control and road safety, an exhibit 
sponsored jointly by the Ministry of Transport, the 





Road Research Laboratory and the Royal Society 
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for the Prevention of Accidents. Most ef the models 
deal with possible future developments; one of 
them, for instance, deals with the reconstruction 
scheme for the Hyde Park-Marble Arch area and 
another with the proposed South Wales-Midlands 
road. Bridges are dealt with somewhat more 
adequately than roads, a range of models showing 
the proposed Conway bridge, a typical stressed- 
concrete bridge as developed by Stressed Concrete 
Design, Limited, London, a modern welded-steel 
bridge constructed by Quasi Arc Company, Limited, 
Bilston, Staffordshire, and the proposed Severn 
road bridge. The development of British bridges, 
both at home and abroad, is illustrated by a photo- 
graphic display, a joint exhibit arranged by the 
Ministry of Transport, the Aluminium Development 
Association, Messrs. Dorman, Long: and Company, 
Limited, and the Institution of Civil Engineers. 
The subject of roads is completed by a selection of 
what the catalogue terms “street furniture,” 
namely, traffic signals, lighting standards and 
lanterns, *bus shelters, etc., not a very imaginative 
theme and not very imaginatively carried out. 

An outstanding feature of Britain’s post-war 
economy has been the phenomenal increase in the 
export of finished vehicles to all parts of the world 
and the commensurate rise in the productive facilities 
of the various manufacturers. The motor industry 
is now one of the leading industries of the country 
and it was only to be expected that it should be well 
represented in the Transport pavilion. The develop- 
ment of cars from their beginning up to the present 
time, is mainly covered by models, as it would 
obviously be impractical to show the actual cars 
of the ‘different periods. There is, however, one 
historical car on view, the 1904 Lanchester; and 
rightly so as, in its time, this car was well in advance 
of all its contemporaries, and, in several respects, 
bears comparison with present-day cars. A photo- 
graph of this exhibit is reproduced in Fig. 106, on 
Plate LXII. The models of old cars shown include a 
1904 Siddeley, a 1905 Humber, a 1909 Austin, and 
the Rolls-Royce Silver Ghost of 1907, a car which, 
like the Lanchester, was well in advance of its 
contemporaries and set a new standard in design 
and finish. Another interesting model is that of the 
Prince Henry Vauxhall of 1912, which did much to 
uphold the prestige of the British motor industry, 
and occasionally can still be seen on the road. 

There is, of course, a good selection of modern cars 
on view; these, however, are changed from time 
to time and, as practically all the various types will 
have been shown by the time the exhibition closes, 
it would, perhaps, be invidious to refer only to 
those on show at the present time. They range 
from large machines of the luxury class, such as the 
Rolls-Royce illustrated in Fig. 107, on Plate LXII, 
which probably represent British craftsmanship in 
its highest form, down to small sports machines, a 
type for which this country is well known. In 
addition to actual cars, a comprehensive selection of 
models of current types is also being shown, the 
workmanship of which is quite remarkable, but it 
is to be regretted that they are not more distinctively 
labelled ; they are nothing to be ashamed of. One 
actual car on show which should, perhaps, be 
mentioned separately, is the Rover experimental 
gas-turbine machine ; this is illustrated in Fig. 108, 
on Plate LXII, and is the first of its kind in the 
world. It is a two-seater model with the turbine 
arranged in the rear, the actual driving mechanism 
consisting of a centrifugal compressor, dual com- 
bustion chambers, a single-stage turbine driving the 
compressor and an independent power turbine 
arranged to drive a conventional back axle through 
reduction gearing. A reverse gear is provided but, 
apart from this, there is no gearbox in the accepted 
sense of the term, speed regulation being obtained 
through the accelerator pedal alone. The turbine 
idles at 7,000 r.p.m. and at a road speed of 85 miles 
an hour, runs at approximately 35,000 r.p.m. A 
more complete description of this car will be found 
in ENGINEERING, vol. 169, page 305 (1950). 

Unlike the motor-cycle industry, car manufac- 
turers no longer enter their products in racing 
events; the exhibits dealing with this aspect, 
therefore, refer mainly to the past. Here again, the 
story is told by means of paintings and drawings, 
together with models of some famous British racing 


cars. The latter include the 1910 Vauxhall, the 
1912 and 1923 Sunbeams, winners of the Coupe 
de l’Auto and the French Grand Prix, respectively, 
the 1923 A.C., the first 1}-litre car to exceed 100 
miles an hour, and the 1930 Bentley, a magnificent 
car that did much to uphold British prestige. 
Another interesting model is that of the 1937 E.R.A. 
Voiturette Champion, which, although backed by 
slender resources, on occasions held its own against 
State-aided foreign competitors. Latterly, a new 
type of racing car, namely, the 500-c.c., has come to 
the fore, and races for this class are rapidly gaining 
in popularity. This, unfortunately, is a field in which 
the British entrants have achieved marked success 
and they are represented at the exhibition by the 
Cooper Mark V 500-c.c. racing car, illustrated in 
Fig. 109, on Plate LXII. This machine, which is 
manufactured by the Cooper Car Company, Limited, 
Surbiton, has gained many awards both at home 
and on the Continent. Present-day racing cars of 
the Grand-Prix formula type are represented by the 
B.R.M., an entirely new 16-cylinder 14-litre formula 
supercharged machine developed recently by the 
British Motor Racing Research Trust. So far, this 
machine has been entered in but few events, still 
being in the course of development; on the rare 
occasions when it has raced, however, it has shown 
distinct promise and in time should give a good 
account of itself. British achievements in the field 
of record breaking, as distinct from racing, are repre- 
sented by Lt.-Col. Goldie-Gardner’s M.G., which 
holds records far too numerous to detail here, and 
Mr. John Cobb’s special car, which holds the land- 
speed record. The latter machine is illustrated in 
Fig. 110, on Plate LXIII. 

British motor cycles have been foremost in the 
world for a number of years now and, so long as the 
manufacturers maintain their present high standards, 
will continue to hold this unique position. Modern 
machines bear but little resemblance to their early 
predecessors, particularly so far as performance is 
concerned and, in latter years, really important 
developments have taken place, among which may 
be mentioned the introduction of side-by-side 
vertical-twin engines, adoption of rear springing 
and the vertical replacement of the swinging-link 
type of front fork by the telescopic fork. The 
vertical-twin .engine has almost superseded the 
V-twin engine and is represented at the exhibition 
by asectioned engine-and-gearbox unit manufactured 
by the Enfield Cycle Company, Limited, Redditch, 
Worcestershire, as well as by a complete machine, 
namely, the 650-c.c. Thunderbird, manufactured by 
the Triumph Engineering Company, Limited, 
Coventry. There are, of course, many different 
types of rear suspension, each designer having his 
own theories; they range from swinging-fork 
systems and torsion bars to sprung wheels, the last- 
named having been chosen to represent this develop- 
ment. In the unit shown, which was designed and 
manufactured by the Triumph Engineering Com- 
pany, Limited, the wheel spindle remains stationary 
with respect to the frame, the wheel itself being 
supported by coiled springs arranged inside the hub. 
Telescopic forks have not been specially featured but 
nearly all the representative machines on show, 
with the exception of those of lighter weight, are 
equipped with this form of front suspension, More 
recently, rubber suspension units have been designed 
for motor cycles and this development is illustrated 
by Dunlop sectioned front and rear suspension 
assemblies. 

Unlike the motor-car manufacturers, the various 
motor-cycle firms have for many years supported 
racing. Outstanding successes have been achieved 
and, as a result, Britain’s name stands high through- 
out the motor-cycling world. Norton Motors, 
Limited, Birmingham, have been pre-eminent in 
this field for a number of years and it is fitting 
that their 500-c.c. Manx racing machine should have 
been chosen to represent this important aspect of the 
motor-cycle industry. The opposite end of the 
scale, however, has not been overlooked, and the 
display of machines is completed by the Comet, 
a 98-c.c. light-weight motor cycle produced by the 
James Cycle Company, Limited, Birmingham, and 
the Bantam, a 125-c.c. machine manufactured 
by B.S.A. Cycles, Limited, Birmingham. Manufac- 





turers of motor-cycle components are poorly 


represented and, so far as can be ascertained, the 
only exhibits in this class are a sectioned Amal 
carburettor and a selection of the chains produced 
by the Renold and Coventry Chain Company, 
Limited, Manchester. It is to be regretted that such 
firms as, for example, the Villiers Engineering 
Company, Limited, who have done much towards 
the development of two-stroke motor-cycle engines, 
should not be represented separately. 

Although hampered by restrictive legislation, the 
British commercial-vehicle industry has made re- 
markable progress and to-day is able to fulfil 
demands for any type of vehicle in any part of the 
world. The development of the public-service 
vehicle to its present form has, perhaps, been one of 
the more outstanding achievements and this is well 
illustrated at the exhibition by a series of scale 
models showing the growth of the modern R.T. 
*bus of the London Transport Executive from the 
Shillibeer horse "bus of 1829. As in the case of 
cars, there are several examples of modern public- 
service vehicles on view but, as these will be changed 
from time to time during the course of the exhibi- 
tion, it is not possible to refer to them in detail. 
By the time the exhibition closes, practically all 
types will have been shown, ranging from a 58-seat 
double-deck *bus of low overall height designed 
specially for country operation to a transit ’bus of 
chassisless construction suitable for use both at 
home and abroad. A selection of chassis only is 
being shown also, some of them having the engine in 
the conventional forward position and others having 
the engine under the floor. 

Britain’s pre-eminence in the field of compression- 
ignition oil engines for commercial vehicles igs 
epitomised by a Foden two-stroke engine. This 
unit, which is of exceptionally advanced design, is 
illustrated in Fig. 112, on Plate LXIII, where it is 
shown installed in a chassis. It has six cylinders 
with a bore and stroke of 85 mm. and 120 mm., 
respectively, and develops 126 brake horse-power 
at 2,000 r.p.m., at which speed the brake mean- 
effective pressure is 100 lb. per square inch. Fuel 
consumption varies, of course, with the speed but 
between 1,100 and 1,800 r.p.m. the consumption is 
below 0-40 Ib. per brake horse-power hour, a com- 
mendable achievement, particularly for an engine of 
this size. Scavenge air is supplied by a Root’s 
blower and is led into the cylinders in the usual 
manner through ports formed in the cylinder walls ; 
the exhaust gases, however, are discharged through 
valves in the cylinder head, there being two valves 
for each cylinder. In general, the engine is of 
simple but robust construction, a noteworthy feature 
being the extensive use made of light-alloys; the 
combined crankcase and cylinder block, for example, 
is an aluminium casting. 

The Foden engine is fitted to both load-carrying 
and passenger vehicles, the latter application being 
illustrated by a complete chassis, the engine in 
this case being located at the rear, as shown in 
Fig. 112. Load-carrying vehicles on show range 
from electrically-driven and Diesel-driven fork-lift 
trucks to eight-wheel vehicles carrying loads of 
15 tons. Special reference should, perhaps, be 
made to the Mighty Antar, not because it is con- 
sidered as being better than its contemporaries but. 
purely because it is the biggest tractor produced so 
far in Britain, being capable of hauling loads up to 
100 tons, This tractor, which is illustrated in 
Fig. 111, on Plate LXIII, has been developed by 
Transport Equipment (Thornycroft) Limited, Smith- 
square, London, for a pipe-laying project in the 
Middle East; it is a particularly welcome addition 
to this country’s range of vehicles, as hitherto 
tractors of this size have been manufactured only in 
the United States. It is fitted with a Meteorite 
eight-cylinder Diesel engine developed by the 
Rover Company, Limited, Solihull, Birmingham. 
The Mighty Antar was described in detail in 
ENGINEERING, vol. 169, page 341 (1950), so it will 
only be necessary to deal briefly with it. The 
engine cylinders are in two banks of four inclined at 
60 deg. to each other, and the bore and stroke are 
5-4 in. and 6 in., respectively. A compression ratio 
of 16-5 to 1 is used and, for this particular applica- 
tion, the engine is rated at 250 brake-horse-power ; 
it is understood, however, that it is capable of 





developing considerably higher outputs. The power 
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is delivered to the transmission assembly through 
a twin-plate clutch, withdrawal of which is power 
assisted. There are two gearboxes and, unlike 
most vehicles, the clutch assembly is incorporated 
in the forward end of the main box, an arrangement 
which relieves the engine of the weight of the clutch 
and flywheel assembly, simplifies the clutch-cooling 
arrangements and gives easy access to the clutch- 
operating mechanism. A two-piece open-type pro- 
peller shaft transmits the drive to the rear bogie, 
the two axles of which are designed to work in 
tandem being connected together by a short pro- 
peller shaft. Double-reduction gearing, comprising 
a worm gear and an epicylic train, is employed in 
both axles, the epicylic gearing being designed so 
that it performs the additional function of a 
differential ; if required, a third differential can be 
installed between the two axles. Compressed-air 
brakes are fitted on all wheels and one of many 
notable features is the provision of power-assisted 
steering. 

Another outstanding vehicle on show is the 
Scammell six-wheel drive cross-country vehicle, 
illustrated in Fig. 113, on Plate LXIII. Known as 
the Explorer, it has been developed by Scammell 
Lorries, Limited, Watford, for exceptionally arduous 
duties. It is designed to drive through all six wheels 
and is fitted with a Scammell-Meadows six-cylinder 
Diesel engine suitable for operation on inclines up to 
35 deg., together with a lateral slope of 15 deg. The 
output is 130 h.p. at 1,900 r.p.m., and the drive is 
transmitted to a six-speed constant-mesh gearbox by 
a single-plate clutch, the gearbox being separate 
from the engine. ‘he front axle is driven through a 
further gearbox known as the transposing box ; 
this is arranged to give a permanent drive to the 
rear axle, the front-wheel drive being selected by 
means of a dog clutch. Double-reduction gearing is 
employed in the front axle, primary reduction being 
obtained through a spiral-bevel and pinion assembly 
and the secondary reduction through epicyclic 
gearing. The rear-axle drive consists of a worm and 
worm-wheel assembly, the half-shafts of which are 
fitted with pinions at their extremities. These mesh 
with idler gears contained in side cases, the idler 
gears, in turn, meshing with gear wheels secured 
to shafts integral with the road wheels. A single 
transverse laminated-type spring is employed for 
the front suspension, the design being such that one 
wheel can move 2 ft. above the other without 
imposing any wracking stresses on the chassis frame. 
Laminated springs are also employed at the rear, 
and here again due allowance has been made to 
permit free articulation of the road wheels. As in 
the case of the Mighty Antar, power-assisted steering 
is fitted, an air-pressure cylinder being arranged to 
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operate on the drop arm, a system of reaction valves 
governing the pressure so as to give a progressive 
action. The tractor is designed so that it can be 
fitted with recovery gear and, if required, can be 
waterproofed to operate in water 6 ft. in depth. 

Electric traction on the roads has not been 
overlooked and is represented by a selection of 
battery-operated trucks and scale models of tram- 
cars, the latter being historical in that they trace 
the development of the tramcar from 1901 to the 
present duy. Other exhibits concerned with electric 
road traction include a twin-motor cardan-shaft 
drive tramway bogie with resilient wheels, together 
with a multi-notch controller, both of which were 
manufactured by Messrs. Crompton Parkinson, 
Limited. Space has also been found for the humble 
bicycle, although humble is, perhaps, hardly the 
correct term as it is undoubtedly the most popular 
means of transport. Furthermore, the size of this 
country’s bicycle industry and its contribution to 
the export drive are not generally realised. Britain 
has probably done more than any other country 
towards the development of the bicycle and it is 
surprising that the exhibits do not bring out this 
point. So far as could be ascertained, the only 
historical exhibit is the late J. B. Dunlop’s bicycle, 
fitted with his original pneumatic tyres. 

So far as appearances go, modern machines 
do not differ much from those of, say, thirty years 
ago, but here the resemblance ends, as present-day 
machines are several pounds lighter, lower built, 
more comfortable and equipped with better brakes. 
Use of light but strong materials has played a 
large part in reducing the weight and this fact 
is recognised by showing samples of lightweight 
cycle tubing manufactured by the Reynolds Tube 
Company, Limited, Birmingham. The concept of 
light but sturdy construction is epitomised by a 
replica of the bicycle manufactured by Raleigh 
Industries Limited, Nottingham, and ridden by 
** Reg ” Harris to win the World’s sprint champion- 
ship of 1949 and 1950. In recent years, several 
different types of motive-power units have been 
developed for fitting to bicycles. This is not a new 
idea, as similar units were introduced in the 1920s. 
The modern counterpart, has achieved wide popu- 
larity and is represented in the exhibition by the 
Cyclemaster, a neat little unit designed to fit inside 
the rear wheel; it is manufactured by Cyclemaster 
Limited, London, 8.W.1. 

Some of the exhibits referred to in this account will 
be, or have been, replaced by others of a similar 
nature ; owing to the great diversity of the products 
of such a nature manufactured in this country, this 
arrangement was only to be expected. 

(To be continued.) 








MIXED-TRAFFIC 4-6-0 
LOCOMOTIVES, BRITISH 
RAILWAYS. 

Or the six new standard designs of locomotives for 
British Railways to be built this year, 20 of the smaller 
of the two 4-6-0 mixed-traffic types are being built 
at the Swindon works (Western Region), and the first. 
of the class, No. 75,000, has recently been completed. 
As will be seen from Fig. 1, herewith, and from Fig. 2, 
opposite, the design follows closely those of the two 
other standard designs of which details have already 
been published. It comes under power classification 
No. 4. The locomotives will be allocated to the Western 
and London Midland Regions, and have been designed 
and built under the direction of Mr. R. A. Riddles, 
C.B.E., M.I.Mech.E., member for mechanical and elec- 
trical engineering, Railway Executive. The parent 
office for the design of this class is Brighton, though 
certain sections were designed at Swindon, Derby and 
Doncaster. The design is similar in many respects to 
the new class 5 4-6-0, but is a lighter engine, having 
almost universal availability over main and secondary 
lines throughout Great Britain. It is intended, inter 
alia, for duties of the kind which are at present worked 
by obsolescent locomotives of the 4-4-0 wheel arrange- 
ment. There are two outside cylinders, 18 in. in 
diameter by 28 in. stroke; the coupled wheels are 
5 ft. 8 in. in diameter ; the boiler pressure is 225 Ib. per 
square inch; and the tractive effort is 25,100 Ib. 
The adhesion factor is 4:6, and the braking power is 
55-1 per cent. Other dimensions, etc., are given in 
Fig. 2, except that the unladen weight of the engine 
is 63-3 tons, and of the tender 20-5 tons. 

\The boiler follows closely the design of that of the 
L.M. Region Class 4 2-6-4 tank engines, except that 
the barrel is increased in length by 9 in. The same 
flanged plates are common to both, but, as the boiler 
pressure has been increased from 200 lb. to 225 Ib. per 
square inch, the staying has been redesigned. The 
boiler shell is of ordinary-quality steel plate, the 
barrel consisting of two rings, the second of which is 
tapered. The plate from which the barrel rings are 
rolled is ~ in. and § in. thick, respectively, the outside 
diameters being 4 ft. 9 in. at the front and 5 ft. 3 in. 
at the firebox end. The smokebox tubeplate is of 
the drumhead type, } in. thick, and there are 21 large 
flue tubes, 54 in. diameter outside by 7 s.w.g. thick, 
and 157 small tubes 1} in. diameter outside by 12 s.w.g. 
thick. The length between tubeplates is 13 ft. The; 
heating surfaces are as follows: tubes, 1,301 sq. ft. ; 
firebox, 143 sq. ft.; total evaporative, 1,444 sq. ft. 
and superheating, 265 sq. ft. The superheater ele- 
ments, supplied by the Superheater Company, Limited, 
53, Haymarket, London, S.W.1, are 1} in. in outside 
diameter and 10 s.w.g. thick. The free flue area is 
3-78 sq. ft. 

The firebox is of the Belpaire type, and is 8 ft. 6 in. 
long at the bottom, with an outside width of 4 ft. 0} in., 
giving a grate area of 26-7 sq. ft. The steel wrapper 
plate is % in. thick and the wrapper plate of the 
copper inner firebox is ¥% in. thick. The throat plate 
is vertical, but the back-plate slopes. The copper 
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tubeplate is 1 in. thick. All the firebox water-space 
stays are of Monel metal, fitted with steel nuts inside 
the firebox, but the roof, longitudinal and transverse 
stays are of steel. The lagging of the boiler and firebox 
consists of asbestos mattresses. The grate is of the 


rocking type, with seven rocking sections, each. 


fitted with 14 renewable firebar units. The front 
and rear portions of the grate, consisting of four and 
three sections, respectively, can be rocked separately 
from the footplate. The ashpan is of the self-emptying 
type, having two flap doors in the bottom which are 
operated from ground level. Front and rear damper 
doors are provided, and are controlled by screw gear 
and handwheels in the cab. 

The regulator, in the dome, is of the vertical-grid 
type, the operating shaft for which is placed trans- 
versely across the boiler and emerges from a stuffing 
box on the second barrel ring. Connection to the regu- 
lator handle in the cab is by means of an external rod. 
The two clack valves are arranged for top feed and 
are placed at approximately 30 deg. on either side 
of the vertical centre-line of the front barrel ring. 
The feed water is delivered on to two inclined trays. 
A steam manifold is fitted on the firebox top, outside 
the cab. A manually-operated blowdown valve is 
fitted to the front of the firebox throat-plate, just above 
the foundation ring, for operation from ground level. 
The cylindrical smokebox rests on a fabricated saddle 
and is self-cleaning, and the blast pipe has a plain 
circular cap of 43 in. diameter ; it contains four nozzles 
of a Cardew blower. 

The engine has frames of 1} in. thick mild-steel 
plates, braced by horizontal and vertical stretchers. 
The axlebox guides consist of steel castings riveted to 
the frame plates and are provided with manganese-steel 
liners. They are also provided with lugs carrying pin- 
jointed cross-stays to hold the frames in their correct 
relationship. The dragbox at the rear end is fabricated 
and a single drawbar transmits the tractive effort to the 


UNDER CONSTRUCTION. 


tender. The boiler is carried in the frames by means 
of a rigid attachment between the smokebox and the 
saddle, and, at the rear end, the firebox rests on 
brackets which are integral with the dragbox, and 
permit of fore and aft expansion. Expansion angles 
of the type fitted to the side of the firebox are not 
employed. 

The engine is fitted with plain-bearing axleboxes to 
all_ wheels. The coupled-wheel axleboxes are steel 
castings, with pressed-in white-metalled horse-shoe 
brasses. They have sliding underkeeps with pad 
lubrication, and the underkeeps are supplied with oil 
directly from a mechanical lubricator. The wearing 
faces in contact with the guides are provided with 
manganese-steel liners welded to the axlebox and 
lubrication of these is by grease. The bogie axleboxes 
are bronze castings, white-metalled, but are not 
mechanically fed. All springs for the engine and 
tender are of the laminated type, with plates of carbon 
steel. Underhung spring brackets with rubber damping 
pads and tension links are provided for the coupled- 
wheel springs, the links being solid, with cotters at the 
top and bottom ends. Adjustment is effected by 
fitting cotters of suitable depths. 

The cylinders are of cast iron and are fitted with 
19-in. diameter piston walves which are operated by 
Walschaerts valve gear, giving a full-gear travel of 
7} in., corresponding to a cut-off of 77 per cent. with 
a steam lap of 1} in. and a lead of } in. The piston 
head is of the box type, with two rings and a bronze 
spring-loaded slipper to minimise wear of the piston 
head and cylinder barrel. Three slidebars are provided 
in conjunction with an underhung crosshead. Lubri- 
cation of the cylinders and piston valves is by atomised 
oil supplied from a mechanical lubricator. The valve 
gear is lubricated mainly by grease, and consists of plain 
bearing joints, except for the return-crank rod big-end, 
which is provided with a Skefko self-aligning ball 





bearing. The reversing gear is of the same type as 


that fitted to the other B.R. standard tender engines, 
which have the screw located at the reversing shaft, 
with the nut acting directly on the reversing-shaft arm. 
The handwheel in the cab drives the screw through 
bevel gears and a Hardy Spicer tubular shaft. Steam- 
operated cylinder cocks are provided. 

The coupled wheels are 5 ft. 8 in. in diameter, and 
the tyres are fitted in the manner which has been 
adopted for the standard locomotives, in which the 
tyre has a small lip on either side to secure it to the 
rim of the wheel centre, the lip on the inner side being 
sufficiently shallow for the tyre to be expanded to enable 
it to pass over the rim. The proportion of the recipro- 
cating masses which are balanced is 50 per cent. The 
bogie is fitted with laminated springs in compensating 
beams and with side bolsters. Side-play control is by 
means of coil springs in pairs. 

The cab, though more restricted than that fitted to 
the larger standard tender engines, owing to the 
smaller loading gauge to which this locomotive is 
built, follows the same layout as that approved for 
all the standard locomotives. It is mounted on brackets 
attached to the main frames and is extended rearwards 
so that the whole of the footplate is on the engine, the 
usual fall plates being dispensed with. All the driving 
controls are grouped to give easy access and operation 
from the left-hand driving position ; the vacuum brake, 
blower and sanding valves are mounted on a pedestal 
to the right of the driver, which also serves as a screen 
in front of the firehole. Two live-steam injectors are 
fitted to the right-hand side of the engine under 
the cab. . 

The tender is of a smaller type than that fitted to the 
classes 6 and 7 4-6-2 and class 5 4-6-0 locomotives, 
but in other respects follows the same pattern. It has 
a rectangular coal bunker narrower than the tank so 
as to give a good view for tender-first running. The 
axles are fitted with British Timken roller-bearing 
axleboxes placed outside the wheels. External feed- 
water sieve boxes are provided on each side of the 
tender ; the sieves can easily be withdrawn for cleaning 
or replacement. Steam brakes on the engine and tender 
can be operated by a separate steam-brake valve, or in 
conjunction with the vacuum brake. The coupled and 
tender wheels are braked by a single-block on each 
wheel. Messrs. Gresham and Craven, Limited, supplied 
the ejector, brake valves, ete. 





THE MAvuDSLAY SCHOLARSHIP AND THE DURHAM 
Bursary, 1951.—The Council of the Junior Institution 
of Engineers, 39, Victoria-street, Westminster, 8.W.1, 
announce that the list of applications for the award of 
the third (1951) Maudslay Scholarship will be closed on 
July 31. The Scholarship was founded by the Maudslay 
Society to commemorate Henry Maudslay (1771-1831), 
the inventor of the screw-cutting lathe, and is of the 
value of 1251.in cash. Maudslay Scholars, who must be 
under 26 years of age at the closing date, are chosen by a 
joint selection committee of the Maudslay Society and 
the Junior Institution, and are required to be engineers 
(or training to be engineers) ‘‘ wholly or mainly interested 
in mechanical engineering.” Particulars may be 
obtained from the secretary of the Junior Institution of 
Engineers, at the address given above. The Institution 
also offers for annual competition the Durham Bursary, 
of the value of 201. in cash, particulars of which may also 
be obtained from the secretary. Candidates for this 
award must be over 20 but under 23 at the time ef entry, 
and are required to submit a thesis. The final date for 
the receipt of theses is August 1. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


OvuTPUT OF STEEL.—The production of ingots and 
castings dropped to an annual equivalent of 2,276,400 
tons in Scotland during May, as against 2,398,900 tons 
in April and 2,605,300 tons in May, 1950. Scrap supplies 
continued to be inadequate, but improved iron-ore 
deliveries enabled pig-iron production to rise to a rate 
of 807,600 tons, compared with 715,900 tons in April 
and 689,100 tons in May, 1950, when one large furnace 
was off for re-lining. So far, industrial production is 
being maintained by eking out deliveries from steel 
reserve stocks, 

UNEMPLOYMENT STATISTICS.—For the first time since 
1945, total unemployment figures in Scotland have fallen 
below 50,000, according to a Ministry of Labour state- 
ment issued on June 14. The number of unemployed, 
including 2,062 temporarily stopped, has fallen to 46,360. 
The approximate percentage rate of unemployment for 
men was 2-3, and for women 2. 





GLascow SEWAGE UNDERTAKING.-——At the annual 
inspection of the city sewage undertaking on June 14, 
Councillor R. F. Howard Gordon suggested that Glasgow 
Corporation, in considering the creation of the posts of 
two depute masters of works, might appoint to one an 
engineer who was an expert on sewage, drainage and 
disposal. Negotiations are now taking place for the 
construction of a new sludge boat to replace the Shield- 
hall, which is over 50 years old. 

J. B. NELSON SCHOLARSHIPS.—The Governors of the 
Royal Technical College, Glasgow, accepted, on June 12, 
a bequest of 10,0001. from the late Mr. Walter Mont- 
gomerie Neilson, grandson of James Beaumont Neilson, 
inventor of the hot-blast system for blast furnaces, to 
found engineering research scholarships. The award 
will be known as the James Beaumont Neilson (Hot 
Blast) Research Scholarship. 

NEW GENERATING STATION AT WICK.—In a White 
Paper published on June 15, particulars are given of a 
Constructional Scheme (No. 59) promoted by the North 
of Scotland Hydro-Electric Board, which has been 
approved by Mr. Hector McNeil, M.P., Secretary of 
State for Scotland, and laid before Parliament. It pro- 
vides for the construction of a Diesel-driven generating 
station at Wick, with a capacity of about 3,600 kW, to 
meet the growing demand for electricity in Caithness. 
The scheme is estimated to cost 157,1201. The White 
Paper is obtainable from H.M. Stationery Office, 13a, 
Castle-street, Edinburgh, 2, price 2d. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


THE POSITION IN IRON AND STEEL.—The shrinkage of 
business to a narrow volume in the North-East Coast 
iron and allied trades is not attributable to any diminu- 
tion of buying interest, but is entirely due to the fact 
that producers are so extensively oversold that delivery 
obligations have reached a seriously high level. The 
urgently-needed expansion of iron and steel outputs 
cannot be looked for until satisfactory distributable 
parcels of raw material and iron and steel scrap are 
obtainable. In comparison witk other centres of iron 
and steel production, however, the Tees-side area has not 
fared badly. At the same time, the outlook, just at 
present, occasions great anxiety. 

Dry Dock aT NortTa SHIELDS FOR SMITH’s Dock Co.— 
A 700-ft. dry dock is being built at North Shields, for 
Smith’s Dock Co., Ltd., and the first portion of the 
construction scheme has now been completed. This 
has involved the completion of a new access road to 
Albert Edward Dock. This road, and another new high- 
way not yet completed, have been rendered necessary as 
the site of the new dock lics across existing roads. 

EXHIBITION OF BUILDIN:} EQUIPMENT.—The ‘“‘Machines 
tor the Modern Builder” exhibition, organised by the 
Ministry of Works and now on view at Chester, will 
be on show at Middlesbrough from July 13 to 21, 
inclusive. It will be opened at 3 p.m. on the former date 
by Lord Morrison, Parliamentary Secretary to the 
Ministry of Works, and will be open daily (except on 
Sunday, July 15) from 11.30 a.m. to 7.30 p.m. In 
addition to the exhibits provided by the Ministry and by 
private manufacturers of building plant, the Middles- 
brough Corporation will have one, illustrating the 
activities of their own Works Department. The exhi- 
bition will be held on a site at the end of Levick-crescent, 
Whinney Banks, Middlesbrough, and the charge for 
admission will be 1s. 


LANCASHIRE AND SOUTH 
YORKSHIRE. 


DECLINE IN STEEL OvTPpUT.—Official records show 
that, during May, the Sheffield production of steel 
averaged 4,000 toms less a week than in May, 1950. 
Ordnance factories are requiring much more stee] than 
last year and those engaged on rearmament work do not 
get any over-riding priority for steel supplies or any 
extra steel, Out of the smaller supplies available it has 
been decided that the National Coal Board and the 
British Electricity Authority are not to suffer any cuts. 


EFFECTS OF STEEL SHORTAGE.—Among the instances; 
of business having to be refused by Sheffield firms because 
it is impossible to get the requisite steel, is the experience 
of a firm in the agricultural-steel trades, William Parkin 
& Co., Ltd., who in recent weeks have had to turn away 
business of a value of 500,0007. One large order which 
covld not be accepted was for parts for tractors. The 
firm state that they searched the country for the 300 tons 
of steel required, but without success. 





Exports OF RAILWAY WHEELS AND AXLES.—Im- 
proved methods in the new machine shop of Baker & 
Bessemer, Ltd., the South Yorkshire railway-material 
makers, have resulted in important economies in freight 
and a saving of shipping space. The firm are now able 
to ship separate machined railway rolling-stock wheels 
and axles for assembly at overseas destinations. The 
savings of shipping space and in consequent freight 
charges are considerable, so that the firm have been 
able to obtain large orders which they might not have 
secured if the shipments had been in complete pairs. 





RECRUITING OF MARRIED WOMEN FOR MUNITION 
WorK.—An effort is to be made to recruit married 
women who were on war work in the last war period, for 
service in armament factories. More than a thousand 
operatives will be required at the Royal Ordnance Factory 
at Thorp Arch, near Boston Spa, which is to be used for 
the filling of small-calibre ammunition. The work is to 
start in the autumn and it is expected that the factory 
will be on its full planned production early next year. 
H uf the number of employees will be women, and work 
is being planned to last for three years. A Ministry of 
Labour spokesman states that there are more than 
40,000 vacancies in the East and West Ridings, in all 
types of industries. 


IMPROVEMENTS AT LIME STREET STATION.—Work is to 
be started as soon as possible on alterations to the con- 
course at Lime Street railway station, Liverpool. Existing 
structures will be demolished and, in their place, there 
will be built a new glass-fronted booking-office, a refresh- 
ment room, shops, an inquiry and reservation office, 
telephone kiosks, etc. The heating and lighting will also 
be modernised. The alterations should considerably 
improve access and ease of circulation. The cost will be 
over 50,0001, 


THE MIDLANDS. 


CoAL MINING IN THE WEST MIDLANDS.—At the 
National Coal Board Exhibition at Hanley, which closed 
on June 16, stress was laid on developments in the West 
Midland Division. Large reserves have been proved in 
the Division, justifying the modernisation of some pits 
and the sinking of new ones. Among the new pits Will 
be one in the Rugeley district, and it is possible that one 
may be sunk near to Meaford power station to supply 
coal directly to the station. Among the reconstruction 
schemes is one for Hem Heath colliery, where a new 
four-cage shaft, 24 ft. in diameter, is being sunk. The 
method of working will be by horizon mining, and loco- 
motive haulage. New coal-preparation plant will be 
installed at the surface, and the output of the pit will 
be raised to 14 million tons a year. Locomotive haulage 
has been introduced at three pits, Littleton (Cannock 
Chase area), Binley and Haunchwood. Fluorescent 
lighting has been installed at the coal face at Birch 
Coppice colliery and at Hilton Main. Meco-Moore 
cutter loaders are at work at Cannock and Leacroft, 
Hilton Main, Cannock Chase No. 3, and Wimblebury 
collieries in the Cannock Chase area, and at Parkhouse 
and Silverdale in North Staffordshire. The first Samson 
stripper in the West Midlands Division has arrived at 
Cannock Wood colliery, and will be in use shortly. 


PART-TIME FEMALE LaBourR.—The Villiers Engineering 
Co., Ltd., Wolverhampton, afe trying out a scheme which 
should result in some improvement in the part-time 
labour position. Arrangements have been made for 
married women living in the same district to be “* paired ” 
by the factory management so that, while one is working 
a shift at the factory, the other attends to the domestic 
duties of both. The women then change places, and 





proceed as before. Thirty pairs of women are trying the 





scheme. Several other firms are watching the Villiers 
Company’s experiment with interest. 

BIRMINGHAM BRASSFOUNDERS SEEKING ESSENTIAL 
WorkK.—The period of grace allowed to users of zinc 
and copper expires at the end of this month, and, as 
the Ministry of Supply has refused to extend the period 
beyond June 30, Birmingham brassfounders are seeking 
work which will enable them to continue in operation. 
There is a strong possibility that rearmament orders 
will be available for those who can organise themselves 
to carry out the work ; but the problem will not be easy to 
solve in the case of the smaller firms, often specialising 
in one or two products or sub-products, in which Birming- 
ham abounds. 

BIRMINGHAM WATER Suppiy.—Alderman J. Williams, 
chairman of the City of Birmingham Water Committee, 
said at a meeting of the Council on June 12, that, though 
storage of water in the new Claerwen reservoir began on 
April 22, and about 700 million gallons had been collected, 
the need for economy in the use of water continued. 
Work on the concreting of the Claerwen Dam was about 
90 per cent. finished, and the estimated completion date 
for the entire scheme was September, 1952. The con- 
sumption of water for trade purposes had increased by 
25 per cent. since 1947. 

INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MIDLAND CENTRE.—The jubilee summer meeting of the 
Institution of Electrical Engineers, South Midland 
Centre, on June 13, was held jointly with the Rugby 
and North Staffordshire Sub-Centres, the Supply and 
Utilisation and Radio Groups, the Centre and Rugby 
Students’ Sections, and the Education Discussion Circle. 
About 350 members, ladies and guests travelled by 
motor coaches to Stourport ‘‘ B ” power station, at the 
invitation of Mr. F. W. Lawton, Divisional Controller, 
Midlands Division, British Electricity Authority. This 
power station, which has several features of particular 
technical interest, was fully described and illustrated on 
pages 241, 273 and 305, ante. The party afterwards 
proceeded by river steamer to Worcester. 





RETIREMENT OF Mr. H. F. CARPENTER.—Mr. H. F. 
Carpenter, secretary of the British Electricity Authority, 
is to retire in the autumn. When the West Midlands 
Joint Electricity Authority was established in 1926, with 
offices in Wolverbampton, Mr. Carpenter became one of 
its two principal officers. From 1938 until his appoint- 
ment by the B.E.A., Mr. Carpenter was clerk and manager 
to the Joint Electricity Authority. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


DEVELOPMENTS AT CWMBRAN WORKS.—Thbe Cwmbran 
works of Guest, Keen and Nettlefolds (Cwmbran), Ltd., 
a subsidiary of Guest, Keen and Nettlefolds, Ltd., which 
tomprise a railway fastenings division, iron foundries, 
clay mines and refractories works, are to be separated 
into two distinct works on July 1. The railway-fastenings 
division is to be sold to, and managed by, Guest, Keen 
and Nettlefolds (Midlands), Ltd., bolt and nut division, 
Darlaston, Staffs. Tbe bolt and nut section of the 
railway-fastenings division at Cwmbran is to be com- 
pletely re-organised and the most modern machinery 
and equipment is to be installed. Output will be 
increased by 40 per cent. and employment provided for 
at least 70 more employees. The iron foundries, clay 
mines and refractories works will remain under the 
ownership and management of Guest, Keen and Nettle- 
folds (Cwmbran), Ltd. Guest, Keen and Nettlefolds 
(Cwmbran), Ltd., are the largest individual producers 
of cast-iron railway chairs, baseplates and raiway-wagon 
castings in Great Britain. In addition, the company 
have begun work on the building of a large cast-iron 
cylinder-block foundry which will be capable of a weekly 
production of 2,500 cylinder blocks and cylinder heads 
for the motor-vehicle industry. 





NYLON MANUFACTURE AT MAMHILAD.—Britisb Nylon 
Spinners have reached their first production target of 
10,000,000 lb. a year at their factory at Mambilad, near 
Pontypool, where 2,000 men and 500 women are now 
employed. Work has begun on an extension of the 
plant, which, when completed, will enable the production 
of yarn to be increased three-fold. 





UNEMPLOYMENT STATISTICS.—Unemployment in Wales 
in May was nearly one-third lower than it was in the 
corresponding month of 1950. The total of 22,739, at 
May 21, showed a reduction from the corresponding figure 
for last year of 11,482. 

WELSH MACHINE-TOOL Factory IN CaANapDA.—B. 
Elliott & Co., Ltd., who own the Cardiff Lathe and Tool 
Works, Taffs Well, near Cardiff, are to build a factory at 
Port Hope, Ontario, which will employ 1,500 people on 
the manufacture of machine tools. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Bournemouth Branch: Monday, June 25, 8.15 p.m., 
The Grand Hotel, Firvale-road, Bournemouth. A series 
of short lecturettes. 


Royat Instrrurion.—Monday, July 2, 5 p.m., 


INSTITUTION OF MINING ENGINEERS.—Wednesday, 
July 4, 2.15 p.m., Hugh Stewart Hall, The University of 
Nottingham, University Park, Nottingham. Meeting 
held in connection with the Institution’s Summer 
Meeting. ‘‘ Continuous Mining at Donisthorpe Colliery,” 
by Mr. H. B. Bennett. 


Roya Sanrrary InstrruTe.—Colwyn Bay: Friday, 
July 6, 10 a.m., Town Hall, Colwyn Bay. ‘‘ Co-operation 
Between the Various Government Services and Local 
Authorities in the Promotion of Health,” by Dr. 
D. J. A. Alban Jones. Beverley: Thursday, July 12, 
10 a.m., The Art Gallery, Beverley Library, Beverley. 
‘“‘Human Problems in the Tanning Industry,” by 
Dr. E. H. Thierry. 

INCORPORATED PLANT ENGINEERS.—Newcastle-upon- 
Tyne Branch: Thursday, July 12, 7.30 p.m., Roadway 
House, 8, Oxford-street, Newcastle-upon-Tyne. ‘ Oil in 
Industry,’ by Mr. I. A. Howden. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “ Browspown.”—Single-screw collier, built by 
the Burntisland Shipbuilding Co., Ltd., Burntisland, 
Fife, for the British Electricity Authority, London, W.1 
(Managers, Stephenson Clarke, Ltd., London, E.C.3). 
Main ‘dimensions: 257 ft. between perpendiculars by 
39 ft. 6 in. by 18 ft. 6 in.; deadweight capacity, 2,680 
tons on a draught of 17 ft. 1} in.; gross tonnage, 1,837. 
Triple-expansion direct-acting steam engine of rebeat 
design, developing 800 i.h.p. at 78 r.p.m., and one coal- 
burning multitubular boiler, constructed by the North 
Eastern Marine Engineering Co. (1938), Ltd., Sunder- 
land, Speed, 10 knots. Trial trip, May 31. 

M.S. “ VELIA.”—Single-screw trawler, built by Cook, 
Welton and Gemmell, Ltd., Beverley, Yorkshire, for 
J. Marr & Son, Ltd., Hull. One of a series of four similar 
vessels. Main dimensions: 123 ft. 6 in. by 26 ft. 6 in. 
by 13 ft.; gross tonnage, about 330. Mirrlees seven- 
cylinder opposed-piston Diesel engine, to develop 
700 b.h.p. at 228 r.p.m., constructed by Mirrlees, 
Bickerton and Day, Ltd., Stockport, Cheshire, and 
installed by Charles D. Holmes & Co., Ltd., Hull. 
Launch, June 4. 


M.S. “ Arpa.”—Single-screw oil tanker, built by the 
Caledon Shipbuilding and Engineering Co., Ltd., Dundee, 
for the Rederi A/B Wallenco (Managers : Olof Wallenius), 
Stockholm, Sweden. Main dimensions: 470 ft. between 
perpendiculars by 64 ft. by 35 ft. 6 in.; deadweight 
capacity, 13,800 tons on a draught of 28 ft. 9 in.; gross 
tonnage, 9,940 tons. Vickers-Doxford four-cylinder 
opposed-piston Diesel engine, to develop 4,400 b.h.p. at 
112 r.p.m., constructed by Vickers-Armstrongs Ltd., 
Barrow-in-Furness. Average sea speed, 124 knots. 
Trial trip, June 6. 





INQUIRY INTO STRANDING OF S.S. “‘ PyropE.”’—The 
Minister of Transport has ordered a formal investigation 
into the stranding of the Glasgow steamer, Pyrope, on 
the Oigb-Sgeir Rocks, off the west coast of Scotland, on 
May 6, 1951. A further announcement will be made when 
the date and place of hearing have been fixed. 

RaILwAy ACCIDENT AT KIRKBRIDE.—Colonel D. 
McMullen’s Report on the Derailment which occurred on 
23rd October, 1950, near Kirkbride, between Carlisle and 
Silloth, in the London Midland Region, British Railways 
(H.M. Stationery Office, price 1s. 6d. net) relates to an 
accident in which a passenger train became completely 
derailed when travelling at about 45 miles an hour. The 
engine was of the 0-6-0 J39 class weighing, with tender, 
110 tons, and the track consisted of 30-ft. lengths of 
84-Ib. rails with the sleepers laid on ash. The derailment 
was found to be due to a heavy engine being run at speed 
on track with appreciable variations of cant and with 
flexibility due to short light rails which did not sit well 
on the chairs. The rails were overdue for renewal but 
the work had been postponed owing to the general 
shortage of track materials; no speed restriction had 
been imposed. Colonel McMullen states that, “‘ for so 
long as a shortage of track materials or line maintenance 
staff exists, speed restrictions will be necessary ; 
engineers will therefore continually have to face this 
problem and they should, if anything, err on the side of 





BRITISH STANDARD 


SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 

Precision Hexagon Bolts, Screws, Nuts and Plain 
Washers.—A new edition of B.S. No. 1083, coveri 
precision hexagon bolts, screws, nuts (B.S.W. an 
B.S.F. threads) and plain washers, confirms as a 
regular British Standard Specification, the war-emer- 
gency specification which was issued in 1942, at the 
request of the Ministry of Supply, in place of B.S. 
Nos. 191 and 193. In preparing the new edition the 
opportunity has been taken to introduce certain, 
amendments. The basic dimensions remain unchanged 
and the amendments are concerned principally with 
a clarification of certain of the former requirements 
and the inclusion of additional requirements to improve 
the general quality of the bolts and nuts. The term 
“ precision bolts”’ is now employed to designate the 
type of bolts (and screws and nuts) manufactured to 
prescribed mechanical properties and to tolerances 
required for use in ct pei. work where a good 
standard of dimensional accuracy and performance is 
required. The specification covers non-ferrous metal 
as well as ferrous-metal bolts, screws and nuts and also 
split cotter pins and washers for use with them. De- 
tailed dimensions for bolts, screws, nuts, lock nuts, 
castle nuts, split pins and washers for all regular 
nominal sizes, from } in. to 2 in., are given, while stock 
sizes of steel bolts and screws and a code of part num- 
bers are included in appendices. [Price 4s., postage 
included.]} 

Round-Strand Steel-Wire Suspension Ropes for Lifts 
and Hoists.—A new revision of B.S. No. 329, dealing 
with round-strand steel-wire suspension ropes, first 
published in 1928 and last revised in 1939, has been 
undertaken at the request of the Lifts, Hoists and 
Escalators Committee of the Institution. Eight-strand 
ropes, and also ropes having a tensile range of 70 to 
80 tons per square inch are now included, and the 
tensile ranges covered are the 70 to 80 and 80 to 90 
tons per square inch. The 8 by 19 rope with six 
filler wires has been put into the specification as it is 
a flexible rope used under special conditions. A 
departure from previous practice is that the present 
revision now expresses the size of rope by the diameter 
and not by the circumference, a change which is con- 
sidered to be in the best interests of all concerned as it 
brings British practice into conformity with the current 
practice in other countries. The body of the specifica- 
tion is substantially similar to the previous edition 
in layout, the rope constructions included within its 
pages being the 6 by 19, the 6 by 19 with six filler wires, 
the 6 by 19 Seale, the 8 by 19, the 8 by 19 with six 
filler wires (as pointed out above) and the 8 by 19 
Seale. The specification covers testing requirements, 
breaking loads and the weights of the ropes. [Price 
3s., postage included.] 

Grub Screws for Aeronautical Purposes.—Two new 
specifications, B.S. Nos. A.55 and 56, in the series for 
aeronautical purposes have now been issued. The 
two specifications, which are embodied on one and the 
same leaflet, cover the material, dimensions and finish 
of grub screws in free-cutting and in stainless steel. 
[Price ls., postage included.] 

Solid and Split Taper Pins for Aeronautical Purposes. 
—Five other new specifications in the series for aero- 
nautical purposes, B.S. Nos. SP. 28, 29 and 30 and 
SP. 31 and 32 have recently been published. They 
are in the form of two leaflets, the first concerning 
Nos. SP. 28, 29 and 30 and dealing with solid taper 
pins ; and the second covering Nos. SP. 31 and 32 and 
relating to split taper pins. The specifications lay down 
the materials, dimensions and finish of high-tensile 
steel, stainless-steel, and, in the case of solid pins, 
aluminium-alloy taper pins. Nos. SP. 28, 29 and 
30 replace A.G.S. Nos. 167, 502, and 859, and Nos. 
SP. 31 and 32 replace A.G.S. Nos. 213 and 503. [Price 
of each of the two leaflet specifications 1s., postage 
included.] 





IsoTrorpE Exports.—The Ministry of Supply announces 
that British exports of radioactive isotopes produced at 
the Atomic Energy Research Establishment, Harwell, 
reached a new high level in May, 1951. During the 
month, 236 consignments left Britain by air for destina- 
tions ranging from Eire to Avstralia. Other packages 
went by sea to France. By comparison, 211 consign- 
ments were exported in April and 155 in March. The 
total exported in the first five months of the year was 
961, compared with 483 in the corresponding period last 
year. Eire and France, each of whom took 71 consign- 
ments in May, were the best customers ; Germany, with 
36, came third. In all, 17 countries received air ship- 





safety.” 


ments of isotopes during the month. 





PERSONAL. 


Sm ARTHUR MatrHews, 0O.B.E., retired from his 
position as managing director of Thos. Firth & John 
Brown, Ltd., Sheffield, on June 15, but will remain a 
director of the Firth Brown Group of Companies. Dr. 
CHARLES Sykes, F.R.S., has succeeded Sir Arthur as 
managing director. As stated on page 15, ante, Dr. 
Sykes assumed the position of deputy managing director 
of Thos, Firth & John Brown, Ltd., on January 1, 1951. 

At a special meeting of the General Committee of 
Lloyd’s Register of Shipping, 71, Fenchurch-street, 
London, E.C.3, beld on June 14, StR RONALD GARRETT 
was re-elected chairman for the ensuing year; MR. 
A. E. M. Gaze, deputy-chairman and treasurer; Sir 
Guy Ropner, deputy-chairman and chairman of the 
sub-committees of classification ; and Mr. R. M. TURN- 
BULL, vice-chairman of the sub-committees of classifica- 
tion. Mr. A. F. Hutu, chairman of the Ellerman Lines, 
Ltd., was elected a member of the General Committee. 


Mr. D. A. OLtver, M.Sc.(Lond.), F.Inst.P., F.1.M., 
director of research, Birmingham Small Arms Co., Ltd., 
Sheffield, has been appointed to serve part-time as metals 
economy adviser to the Minister of Supply to assist him 
to promote economy in the use of scarce metals in re- 
armament production and in the engineering industries. 
Mr. Oliver will also be available to advise the Lord 
Privy Seal on questions of economy in the use of non- 
ferrous metals. 


Mr. Davip Brown, chairman and managing director 
of the David Brown Corporation, Ltd., the holding 
company of David Brown & Sons (Huddersfield) Ltd., 
Park Gear Works, Huddersfield, and other companies, 
has joined the board of the Lancashire Aircraft Corpora- 
tion, Limited, and has been appointed chairman. 

Mr. A. NEVILLE SpricGs, 0.B.E., has been appointed 
general manager of Hawker Aircraft, Ltd. 


Mr. ARTHUR MAKIN has been elected to the board of 
Marshall, Sons & Co., Ltd., Gainsborough. He has 
been associated with the company since 1934. 


Mr. W. A. SYCAMORE, M.I.N.A., M.I.Mar.E., has been 
made defe programme manager of Davey, Paxman 
and Oo.. Ltd., Colchester. Mr. H. V. Steap, M.Sc., has 
been appointed commercial manager (engines), and 
Mr. H. P. BROWN, assistant commercial manager 
(engines). Mr. J. A. BENNETT-POWELL B.Sc., A.O.G.I., 
A.M.I.Mech.E., has been made traction-sales manager. 

Mr. J. D. Morton, B.Sc., M.I.E.E., M.I.Mech.E., who 
recently joined Siemens-Schuckert (Great Britain) Ltd., 
Faraday Works, Great West-road, Brentford, Middlesex, 
has now been appointed a director. 


Mr. OC. H. LuMiey, O.B.E., has been appointed director 
of home sales (industrial) of Sigmund Pumps Ltd., 
Terminal House, 52, Grosvenor-gardens, London, 8.W.1, 

Mr, L. G. Burrows has rejoined Crypton Equipment 
Ltd., a company of the Lancashire Dynamo Group, after 
an absence of three years, and bas been appointed area 
manager for the Midlands and South Wales. 

Mr. L. B. Hunt and Mr. H. R. Hunt announce that 
the business of THomas Hunt & Sons, genera] engineers 
and millwrights, which they have carried on in partnership 
for many hears, has been converted into the private 
limited company of THomas Hunt & Sons, Ltp., Albion 
Iron Works, Westbridge-road, Battersea, London, 8.W.11. 

INSTRUCTOR CAPTAIN W. A. BisHop, C.B.,0.B.E., M.A. 
(Cantab.), A.D.C., bas been promoted to the rank of 
Instructor Rear-Admiral and re-appointed Director of the 
Naval Education Service. 


Mr. W. Torporr is joining the staff of the British 
Central Electrical Co., Ltd., 6 and 8, Rosebery-avenue, 
London, E.C.1, on July 2 as the firm’s technical represen - 
tative in the East Midlands. 


Mr. D. G. DEeNnoon, joint publicity manager, British 
Insulated Callender’s Cables, Ltd., and Mr. C. H. CHap- 
LAIN, manager, publicity department, the British 
Thomson-Houston Co. Ltd., have been elected chairman 
and vice-chairman, respectively, of the publicity com- 
mittee of the British Electrical and Allied Manufacturers’ 
Association, 36 and 38, Kingsway, London, W.C.2, for 
the session 1951-52. 

Mr. R. B. SAwREY-CooKson has been appointed 
public relations officer to the British Road Federation, 
Limited, 4a, Bloomsbury-square, London, W.C.1, in 
succession to Mr. RONALD Syme, who is taking up 
residence abroad. The appointment will take effect as 
from the middle of July. 

Dr. N. C. ROBERTSON has been appointed director of 
the petrochemical research department of the National 
Research Corporation, 70, Memorial-drive, Cambridge. 
Massachusetts, U.S.A. 

The telephone number of the head office and works of 
GENT & Co., Lrp., Faraday Works, Leicester, 1s to be 
changed to Leicester 36151 9s from July 2. 

G. Percy TRENTHAM, LTD., are now installed in their 
new offices at Pangbourne, Reading, Berksbire (Tel-- 
phone: Pangbourne 411). They moved from Hillingdon, 











Middlesex, on June 16. 








756 


ENGINEERING. 





JUNE 22, 951. 





NECHELLS 


“BRB” 


POWER 

















Fie. 1. Exterior or STaTION, SHOWING CooLING ToweERs. 





Fie. 3. Pump Bay. 


NEW POWER STATIONS FOR THE 
B.E.A.: XVII.—NECHELLS “ B,”’ 


Tue Nechells “ B” station of the British Electricity 
Authority, which is situated in the Midlands Division, 
was originally projected by the Birmingham Corpora- 
tion and is being erected adjacent to the original 
station of that name. A recent exterior view of the 
station is given in Fig. 1, above. 

Coal will be delivered by rail, road or canal, and 
the conveying plant, which jis being constructed by 
Mitchell Engineering, Limited, Peterborough, has been 
designed to comply with those conditions. It will 
transport the coal either directly to the boiler house 
bunkers or to store, from which it can also be reclaimed. 
The steam-raising plant will consist-of 12 stoker-fired 
boilers, which are being constructed by International 
Combustion, Limited, 19, Woburn-place, London, 
W.C.1 ; each of which will have an output of 230,000 Ib. 
of steam per hour at a pressure of 650 Ib. per square 
inch and a temperature of 825 deg. F. The boilers will 
be arranged in a double row, back to back, with the fan 
bay, housing the forced and induced draught fans, 
between them. They have been designed to burn low- 
grade coal ; in practice, it is expected tus 20 per cent. 





Fia. 4. 


of the fuel will consist of coke dust from the neigh- 
bouring gasworks. It is hoped in this way to reduce 
the generating costs and to obtain an overall efficiency 
of 26 per cent. An illustration of one of the boilers 
under construction appears in Fig. 2. 

The generating plant will consist of four sets, with a 
capacity of 52-5 MW each, which are being constructed 
by Messrs. C. A. Parsons and Company, Limited, 
Heaton, Newcastle-on-Tyne. As will be seen from 
Fig. 4, these sets will be arranged in line. They will 
generate three-phase current at 11 kV. The condensers 
are being made by the same firm, and will be cooled 
with circulating water drawn from the neighbouring 
Birmingham and Warwick Canal and the River Tame. 
This water will be re-cooled in three reinforced-concrete 
cooling towers, constructed by Messrs. Fred Mitchell 
and Son, Limited, Bishopsgate, London, E.C.2, each 
of which will have a capacity of 4,000,000 gallons per 
hour. The circulating-water pumps are being installed 
in an annexe flanking the turbine house, as can be 
seen in Fig. 3. 

The main switchgear for two of the new sets, which 
will have a rupturing capacity of 1,000 MVA, is being 
constructed by the General Electric Company, Limited, 
Kingsway, London, W.C.2; the same firm are repeat- 











STATION. 


Fie. 2. BotmER UNDER CONSTRUCTION. 








TURBINE Room. 


ing, in this station, the equipment in the adjacent 
Princes station to serve the other two sets. The 
auxiliary switchgear is being supplied by the English 
Electric Company, Limited. 





UNITED STATES CONFERENCE ON PRESTRESSED CON- 
CRETE.—Among the many special conferences arranged 
by the Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, U.S.A., for the 1951 summer 
session is one on prestressed concrete, convened by 
Professor M. J. Holley,jun. The conference is designed 
to investigate the present practice and future potentiali- 
ties of the use of prestressed concrete in the United 
States, and the professional bodies which are co-operating 
in the preparation of the conference include the American 
Concrete Institute, the American Society of Civil Engi- 
neers and the Portland Cement Association. It will be 
held at the Massachusetts Institute of Technology on 
Tuesday, Wednesday and Thursday, August 14, 15 and 
16. Papers and reports on general principles, the pro- 
gress of research, and the application of prestressed 
concrete to buildings, bridges, tanks, and roads will be 
presented. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
— a that no connection exists between 
this Journal and any other publication bearing a 
similar title. * 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


T Numbers : 
TEMPte Bar 3663 and 3664. 


All editorial co mdence should be addressed 
to the Editor and other correspondence to the 
Manager. 





Accounts are —— to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada. ..... . £510 0 

For Canada £5 5 0 

Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 











ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot . guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d, per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situat:ons Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years, 








INDEX TO VOL. 170. 


The Index to Vol. 170 of ENGINEERING 
(July-December, 1950) is now ready and will 
be sent to any reader, without charge and 
paaee paid, on application being made to the 
publisher, In order to reduce the consump- 
tion of paper, copies of the Index are 
being distributed only in response to such 
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THE CONFERENCE IN 
RETROSPECT. 


Tue Joint Engineering Conference organised by 
the Institutions of Civil, Mechanical and Electrical 
Engineers terminated on Friday last with a dinner 
attended by the members of the three Institutions 
and the delegates from overseas; a friendly and 
not too formal gathering which afforded better 
opportunities for leave-taking then the rather hurried 
tea-drinking which followed the official closing 
session on the afternoon of the same day. The 
closing sessions of conferences, and especially of 
international conferences, usually conform fairly 
closely to an established pattern, in which the most 
conspicuous feature is the programme of speeches 
by the delegates of various countries, expressing 
their appreciation of the efforts of the organisers, 
the high quality of the papers, the liberality of the 
hospitality extended to them, etc., etc. It is not 
for nothing that, on the Continent, such a meeting 
is commonly described as une séance solennelle; nor 
is it surprising that, in the circumstances, the 
judicial summing-up by the principal speaker—if 
he attempts to be at once comprehensive and com- 
pletely impartial—becomes little more than a 
catalogue of papers, accompanied in most cases 
(though not all) by a terse sentence or two about 
those of particular note. If, to be on the safe side, 
the speaker determines to mention each individual 
paper—so much the worse. 

In the t case, however, the audience which 
assembled in the Great Hall of the Institution of 
Civil Engineers had no difficulty in staying awake ; 
for the principal speaker was Lord Reith of Stone- 
haven, whose review of the 35 papers, brief though 





it was and accompanied by all the characteristic 


oratorical mannerisms that audiences have come to 
expect of the chairman of the Colonial Develop- 
ment Corporation and sometime Director General of 
the B.B.C., it was one of the most notable addresses 
of the fortnight’s programme, apart from being an 
excellent summary. The style of the summary was 
peculiar, made for some and possibly marred for 
others by a deliberate jerkiness which tended to 
distract attention from the fact that here was a 
speaker who, quite obviously, had given some 
personal consideration to each and every paper. 
When the recital of subject headings was over, 
however, and the reviewer could turn to some 
philosophical integration of their mass effect on a 
critical mind, there succeeded some penetrating 
comments which, more than is usual on such 
occasions, did give the audience “something to 
carry away.”’ It was one of the late W. H. Patchell’s 
most frequent complaints about authors of papers 
and speeches that “The man has no message ” ; 


g0| but that criticism certainly could not be levelled 


against Lord Reith in his valediction to the Con- 
ference members. 

The philosophy overlapped the summary to some 
extent, for it began, apart from a few asides, with 
“Finally, education and training ” and the caustic 
assessment that ‘ some of it ” was “ pretty inferior.” 
Why, Lord Reith asked, are there so few post- 
graduate courses, other than those for the research 
worker, when most other professions have them ? 
Why is engineering education different? Is it 
that there is less need for post graduate courses, 
or less demand? Rhetorical questions, perhaps, 
but not without foundation, “Is there not,” 


0| Lord Reith continued, ‘‘some cause for concern 


about the overall education of the average engineer ? 
Is he as well educated as those on similar levels 
in other professions—all round as well as even 
professionally ?’’ The discussions on the papers 
submitted in this section of the Conference pro- 
ceedings had supplied some part of the answer, for 
as Lord Reith reminded his hearers, ‘‘ You have 
been hearing expressions of alarm at the inability 
of engineering students to think and write logically. 
To this we may add that, in our experience, this 
inability persists at much higher levels than that 
of the engineering student ; an experience which is 
the common lot of editors of technical periodicals, 
who complain as bitterly about it as, Mark Twain 
observed, people do about the weather, and with as 
little effect. because, as he also remarked, “ nobody 
does anything about it.” Lord Reith thought it 
possible that, ‘“‘among the many thousands who 
yearly emerge” from the educational mill there 
might be ‘‘some hundreds who are reasonably well 
equipped to start learning”; and that ‘‘a recog- 
nisable proportion of those hundreds are men of 
character and integrity, common sense and assiduity 
ready and eager to serve their day and generation, 
to accept responsibility—men with courage to 
venture and faith to lead.” Assuming this to be so, 
he inquired, with good reason, why there were 80 
few engineers engaged in government, whether they 
were all content merely to be “servants of the 
community,” and whether it was in the best 
interests of the community that this should be so. 
These are not new questions: they crop up at 
fairly regular intervals, like the metric system, and 
the corrosion of iron and steel, and the inter- 
relation of research and production. It is well, 
however, that they should be brought out periodic- 
ally for a fresh examination, even though it should 
prove (as commonly it does) that there is nothing 
much that is fresh to examine. Often, indeed, it 
will be found that the answers to the questions are 
implicit in the questions themselves. Engineers, 
it is complained, do not think or write logically ; 
but engineers, as a general rule, are not taught 
logic. Possibly there is some vague idea that, as 
their business is with physical laws, which are 
essentially and even confoundingly logical, they 
will acquire a logical sense by absorption as they 
go upon their way. Undoubtedly, some of them 
do this; or else they have more childlike minds 
than their fellows, and preserve in greater purity 
the devastatingly logical ways of thought that most 
children display before they are sent to school. 





Lord Reith might have carried his analysis of the 
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35 papers a stage farther, with some effect upon his 
subsequent argument, if he had considered the 
various basic advances under the 18 subject- 
headings in the light of the mental equipment and 
the educational background of the individual men 
who were responsible for them. It is a moot point, 
whether the more rapid and more influential 
advance is made by the man with the broad outlook 
or the man with the one-track mind ; and whether, 
for many of the engineer’s purposes in his profes- 
sional life, it is not possible to be too broadly 
educated. There was more than a grain of truth 
in the complaint of the late Sir Ernest Moir— 
definitely a practical engineer—that “‘we are 
turning out far too many embryo turbine-designers 
when the world’s real need is for good plumbers.” 

The basic difficulty appears to lie in the fact that 
trained engineers are required to-day in much larger 
numbers than sufficed even a few years ago, and 
that, as in all branches of quantity production, a 
considerable measure of standardisation has been 
inevitable. Unfortunately, in some respects, there 
has not been a corresponding measure of standardi- 
sation among the multifarious kinds of jobs that 
engineers may be required to do, and the majority 
of engineers, therefore, can only learn their jobs by 
actual contact with them. This situation, of course, 
merely adds emphasis to the point indicated by 
Lord Reith, that the purpose of education is to 
inculcate the desire for knowledge and develop the 
power to assimilate it and benefit from it ; but this 
is a matter of individual aptitude as much as applied 
instruction, and the colleges must do the best that 
they can with the raw material submitted to them 
for treatment. It may be asked, indeed, whether 
the real cause for the deficiencies, of which so many 
complaints are made, is not to be found in the 
general education that precedes the technical and 
the scientific. We might add, in parenthesis, that 
we do not think that the average engineering mind 
is so much inferior to the average mental equipment 
among lawyers, doctors, clergy and others of like 
status, as Lord Reith would seem to believe. 

If it be that the inadequacy of the engineer, in 
the light of the demands now made upon him, is 
traceable to his general rather than his technical 
education, that diagnosis brings into the problem 
a host of new considerations; foremost among 
them, perhaps, the influence of domestic environ- 
ment, which the scholastic profession have often 
declared to be one of the most significant factors 
in the whole field of general education. Lord Reith 
is ‘‘a son of the manse,” but if that personal detail 
were not on record in books of reference, it would 
still be obvious from his address to the Conference 
that he had spent a good part of his most formative 
years in an atmosphere of philosophic inquiry. It 
may be doubted whether, among the households 
from which the young engineers of to-day are 
drawn, the proportion possessing such a back- 
ground is as high as it was a generation ago. The 
effect of two World Wars, plus a long-continued 
campaign of heavy taxation—in some directions, 
deliberately predatory taxation—has been to de- 
stroy that cultural background to a great extent ; 
and the general tone of a large part of the popular 
Press has done nothing much to counteract the 
tendency. The ordinary man has little encourage- 
ment now to gather together even a modest library 
of a few hundred books to which his offspring may 
turn, at need, for information, and, after years of 
stringency and enforced “doing without,” he is 
losing the desire to do so. The following generation 
probably does not realise the extent of its depriva- 
tion. The older educationists certainly do; but 
their successors, who themselves have grown up 
under war conditions, and who have less oppor- 
tunity, under the stress of modern circumstances, 
for spare-time pursuits into which no financial 
considerations enter, cannot be blamed if they do 
not always see the danger of over-concentration on 
a narrow field. This is, admittedly, the age of the 
specialist ; but there is in it a definite place for the 
generalist also, and a Conference, such as the one 
that has just concluded, in which breadth rather 
than depth is a dominant characteristic, should have 
a beneficial influence extending far beyond its 
immediate time and the 1-3 per cent. of contem- 
porary professional engineers who attended it. 





DISTRICT HEATING. 


Ir seems that the number of words that must 
be expended on discussing new engineering ideas, 
before more than a few experimenters are prepared 
to venture on, construction, is an unknown quantity, 
bearing no determinable relationship to a measurable 
factor, except possibly the capital investment 
involved. District heating and heat pumps in this 
country seem to have suffered from an excess of 
preliminary discussion, though deeds have lately 
replaced words in the shape of the district-heating 
scheme at Pimlico, in the City of Westminster, 
London, and the heat pump (described in an article 
on page 741) which is situated on the opposite bank 
of the Thames. The Pimlico scheme is in an ad- 
vanced stage and first results have been sufficiently 
satisfactory to assure the Westminster City Council 
of the wisdom of extending the area it serves. The 
South Bank heat pump is on a different footing, 
since it is an experiment initiated by the Ministry 
of Fuel and Power in the cause of fuel economy. 
It is arranged to do useful work, however, by pro- 
viding one-third of the maximum heat required by 
the Royal Festival Hall. 

“Let us suppose,” Chesterton wrote, “‘we are 
confronted by a desperate thing—say Pimlico.” 
He went on to suggest that “the only way out of 
it seems to be for somebody to love Pimlico: to 
love it with a transcendental tie and without any 
earthly reason. If there arose a man who loved 
Pimlico, then Pimlico would rise into ivory towers 
and golden pinnacles.” ‘‘ Men,” he said, “did not 
love Rome because she was great. She was great 
because they had loved her.” Well, more than one 
more man has come to the rescue of Pimlico: the 
Westminster City Council, Messrs. Powell and 
Moya, architects, and Messrs. Kennedy and Donkin, 
consulting engineers, have transformed part of the 
area. The new housing estate which is being built 
will cover an area of 30 acres and will provide 
about 1,640 dwellings in 51 blocks. The district 
heating scheme will serve, in addition, the existing 
Dolphin-square block of flats, so that, altogether, 
2,900 dwellings and a number of communal build- 
ings with a total population of about 10,000 will be 
provided with hot water and space heating. There 
may be no ivory tower or golden pinnacle, but at 
least there is a hot-water accumulator—a cylindrical 
vessel 29 ft. in diameter and 126 ft. high—which the 
architects have shrouded in a 16-sided glazed 
polygon. The effect is not offensive to the eye and 
is certainly better than that of a chimney, and a 
fuel store. 4 

Heat for the scheme is obtained very conveniently 
from Battersea power station, on the opposite bank 
of the Thames, where the district-heating water 
flows through heat exchangers served by two 1,350- 
kW back-pressure turbo-alternators. Thence, the 
water is pumped through a 12-in. main laid in an 
existing tunnel under the river, to the pumping 
plant sub-station in Pimlico. From there the water 
is pumped through distributing mains to the 
dwellings, etc., where it passes through radiators 
for space heating and through calorifiers for heating 
tap water. The return water passes, at Battersea, 
through a drain cooler and then through the calori- 
fier for heating the water up to 200 deg. F. The 
temperature of the water is controlled thermo- 
statically in accordance with the heating require- 
ments, and the condensate is cooled in the drain 
cooler to avoid evaporation losses and is used as 
feedwater without the reed for de-aeration. 

The function of the hot-water accumulator is to 
balance the fluctuation of the heat and electricity 
loads. Hot water is stored in it at atmospheric 
pressure, and it also serves as an expansion tank 
for the total volume of water required for the heating 
system. The useful storage capacity at a tempera- 
ture difference of 70 deg. F. is about 3,500 therms, 
but it is probable that a temperature difference of 
80 deg. F. will be attained, thereby increasing the 
storage capacity to about 4,000 therms. For the 
same useful heat storage with town gas, a gas-holder 
of about 20 times the size of the hot-water accumu- 
later would be required. 

Heating water is supplied to each building at a 
higher temperature than that required for space 


heating, and is adjusted to the right temperature by 
an admixture of the return water from the radiator 
system. This is done by passing the service water 
to the heating system through an ejector. Water 
to the calorifiers for hot tap-water and to the unit 
heaters in drying rooms is delivered at a higher 
temperature. 

These, and many more, particulars of the scheme, 
were given in a paper by Mr. A. E. Margolis, 
Dipl. Ing., entitled “Pimlico District-Heating 
Scheme,” which appeared in the April, 1951, issue of 
the Journal of the Institution of Heating and Venii- 
lating Engineers. The author said that Mr. S. B. 
Donkin, M.I.C.E., had considered four possible 
methods of district heating, namely, a boiler house 
generating steam or hot water; a heat-electric 
station on the site, with steam turbines exhausting 
at a pressure suitable for steam or hot-water 
distribution ; heat pumps using the Thames as the 
source of heat; and heat from Battersea power 
station. The choice of the latter had much to 
commend it, especially as no generating plant is 
required on the Pimlico site. 

The estimated annual heat demand for space 
heating and hot-water supply for an average-size 
flat is 535 therms, so that the total demand, includ- 
ing that of Dolphin-square, is about 1,670,000 
therms per annum. The heat-electric plant at 
Battersea, generating about 9,000,000 kWh of 
electricity in addition to supplying heat, will have 
an overall thermal efficiency for the generation of 
heat and electricity of about 80 per cent. The 
saving in coal, as compared with conventional 
methods of heating, will be about 10,000 tons per 
annum. 

The Pimlico scheme conforms generally with the 
findings of the District Heating Working Party, 
whose interim report* was published recently. 
In particular, it conforms with the main recom. 
mendation of the Party, that heating of the tap 
water should be done indirectly in a calorifier. 
The principal advantages of this method are that 
the user cannot draw off hot water ad lib, the rate 
being limited by the capacity of the calorifier, and 
a clear line of demarcation is maintained between 
the functions of the water authority and the heating 
authority. The Working Party were set up by the 
Minister of Health to consider district heating in 
relation to public water supplies, as a result of 
representations made by the British Waterworks 
Association, who nominated three of the members ; 
other members were nominated by the Ministry of 
Health (this matter is now the responsibility of the 
Ministry of Local Government and Planning), and 
one each by the Ministry of Works and the Depart- 
ment of Health for Scotland. So far, the Party 
has considered the probable effect of district heating 
on the quantities of water to be supplied by water 
undertakings and the division of responsibility 
between water undertakings and district-heating 
authorities. 

It is intended that the interim report should be 
available to the Minister when he is considering 
reports to Parliament on any district-heating pro- 
visions in private bills. For the purpose of 
this inquiry the Party obtained statistics of the 
consumption of hot and cold water for buildings 
with various types of heating systems. They 
found that hot-water consumption in dwellings 
supplied from central sources is about double that 
where individual methods of heating are used, but 
that, with a separate calorifier in each dwelling, 
the consumption is about one and a half times 
the amount. The Working Party are unanimous 
in recommending that district heating schemes 
should be designed with distribution by the two- 
pipe or three-pipe system, and, if practicable, with 
a separate calorifier or indirect cylinder in each 
dwelling. At a time when the general tendency 8 
for the State to assume the aggregate responsibility 
of individuals, it is good to know that, in one sphere 
at least, a hard fact (the shortage of water) leads 
to the worry-load being spread and every individual 
being made self-accounting in his consumption of 
hot water. 





* Ministry of Local Government and Planning. District 
Heating Working Party: Interim Report. H.M. Stationery 
Office, York House, Kingsway, London, W.C.2. [Price 





6d. net.) 
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NOTES. 


A Mrnistry oF MaTEriaLs. 

Tur Government have drafted a Bill, which would 
have been debated yesterday in the House of 
Commons if the Persian oil situation had not 
claimed. prior attention, to establish a Ministry of 
Materials, with Mr. R. R. Stokes as Minister, to 
take over the responsibilities of the Ministry of 
Supply for the supply of certain metals and other 
raw materials, including ores and concentrates. 
Full particulars of the scope of the new Ministry 
are Set out in a White Paper (Cmd. 8378, obtainable 
from H.M. Stationery Office, price 6d. net.), from 
which it appears that its operations will affect a 
large part of the manufacturing industries of the 
country. Iron and steel will continue to be con- 
trolled by the Ministry of Supply, as also will be 
manganese ore (except manganese dioxide), tung- 
sten, molybdenum and other alloying materials 
used in the steel industry. Non-ferrous and light 
metals will come under the new Ministry, which will 
also be responsible for sulphur and many other basic 
materials for the chemical industry ; paper, hides, 
tubber, carbon black, cotton, wool, jute, silk, 
timber, various oils, gums and waxes, and abrasives 
and refractories. The Board of Trade will retain 
responsibility for certain materials and consumable 
imports, including china clay and tobacco and will 
also be responsible for all matters relating to the 
production of rayon and other synthetic fibres. 


British STANDARDS EXHIBITION. 


As part of their Golden Jubilee celebrations, the 
British Standards Institution have organised a 
10-day exhibition of ‘“ British Standards—the 
Measure of Industrial Progress,” at the Science 
Museum, South Kensington. The exhibition, which 
was opened on Monday, June 18, by the Minister 
of Supply, the Rt. Hon. G. R. Strauss, P.C., M.P., will 
remain open until] June 28, excepting Sunday, 
June 24, between 10a.m.and7p.m. This evening 
the Institution are holding a conversazione in the 
Natural History Museum, at which a number of 
Overseas visitors representing the standards organi- 
sations of 30 countries will be present. For the 
benefit of visitors attending the conversazione, the 
Standards Exhibition will remain open until 9 p.m. 
Also taking place this evening is a popular lecture, 
to be broadcast on the B.B.C. home service at 
7.40 p.m., by Mr. C. H. Gibbs-Smith, on the work 
of the British Standards Institution. The present 
exhibition, which demonstrates how manufacturing 
efficiency and the quality of manufactured produéts 
have been improved by the application of standards 
to materials, components, methods, and test proce- 
dures, is believed to be the most comprehensive 
exhibition of its kind yet organised. Most of the 
exhibits are presented by industrial associations 
and private firms affiliated to the British Standards 
Institution. Among the wide range of activities 
represented may be mentioned the Defence Services 
exhibit, organised by the Ministry of Supply and 
the Admiralty, in which is displayed for the first 
time one of the B series engines—the six-cylinder 
B.60 engine developing 120 h.p., more than 55 of 
the parts of which are interchangeable with the four- 
cylinder B.40 and eight-cylinder B.80 engines in 
the same series. Another interesting exhibit on 
this stand is a model Bailey bridge built up from 
standard structural units. Standardisation of elec- 
trical equipment, tyres and wheels for Service 
vehicles, lubricating oils, etc., has considerably 


reduced the number of “spares ” which have to be | 


carried by stores. British Railways are showing 
models of their standard 4-6-2 locomotive and rolling 
stock, and applications of standards to permanent 
Way, signal engineering, and components of loco- 
motives and rolling stock. 


EXPLoITaTION OF CHILEAN SULPHUR. 


Following the cut in the supply of sulphur from 
the United States at the end of last year, Messrs. 
Fisons, Limited, Ipswich, dispatched a mission to 
Chile to discover whether it was possible to utilise 
the large natural deposits of the material in that 
country. The importance of this expedition may 
be emphasised by pointing out that the extraction 


in Texas had enabled the United States to produce 
some 5,200,000 tons of sulphur in 1950, or nearly 
95 per cent. of the world’s total. By way of contrast, 
it may be mentioned that the Chilean production in 
the same year was at the rate of about 30,000 tons. 
On the other hand, the Chilean deposits are esti- 
mated to amount to 20 million tons, with a content 
of 50 to 80 per cent. of sulphur. It is to be hoped, 
therefore, that the negotiations, which are now in 
progress for utilising this material, will be successful, 
although exploitation will not be easy. The 
deposits are situated at an altitude of 20,000 ft., 
which makes sustained exertion difficult, owing 
to the shortage of oxyger. The temperature never 
rises above 4 deg. C., and there is always an 
extremely cold wind. Transport is primitive, 
llama-haulage and aerial ropeways being the most 
unusual form. It is therefore evident that careful 
planning and much hard work will be necessary 
before the sulphur’ problem can be solved in this way. 


British ELEcTRICAL PowER CONVENTION. 


The third British Electrical Power Convention 
opened at Brighton on Monday, June 18, and has 
continued until to-day (Friday, June 22). The 
formal proceedings began on Tuesday, June 19, when 
a civic welcome was extended to the 2,000 delegates 
attending by the Mayor of Brighton (Alderman E. 
Simms). The President (Sir Henry Self) then 
delivered his address, during which he pointed out 
that the main subject of that year’s gathering was 
the utilisation of electricity. Comparing the present 
position with that in 1947—the year of the Electri- 
city Act—he said that the fact that industrial 
productivity had increased by 30 per cent. during 
the period was largely due to the use of electric 
power. As this dependence would continue it was 
necessary to stress and re-stress the case for an 
allocation of capital expenditure adequate to enable 
them to erect all the necessary generating plant. 
For if the nation was to improve its productive 
effort it must be prepared to spend capital in such 
a way as to secure the highest economy and effi- 
ciency. In addition to the generation programme, 
parallel programmes of bulk transmission and distri- 
bution were essential, for if supplies for these 
purposes were delayed not only would productivity 
be adversely affected, but the industrial investment 
itself would be wasted. In the afternoon, a paper 
on “ Electronics’ was presented by Mr. O. W. 
Humphreys, in which the author traced the stages 
in the development of modern electronic devices 
and described some of the applications in the three 
main fields in which they were used. The paper 
was illustrated by a number of interesting experi- 
ments. On Wednesday morning, June 20, two 
papers on “ Electricity as a National Asset—lIts 
Uses and Applications,” were presented by Mr. 
H. H. Mullens and Mr. N. Elliott, respectively. 
In the first of these, particular emphasis was laid 
on the industrial uses of electricity, and ‘statistics 
were given to show how production could be 
increased by its more widespread employment in 
coal mines, chemical works, steel and iron works, 
shipbuilding, and heavy engineering. In the second 
paper, the author described the part electricity 
could play in saving coal and man-power and in 
acting as a buffer to inflation. On Thursday 
morning, Mr. E. G. Batt read a paper on “ The 
Refrigeration Industry,” in which he gave details 
of the apparatus now available for domestic and 
commercial work. 


THe WorK OF THE PATENT OFFICE. 


The trend of invention, as disclosed by the patent 
specifications examined by the Comptroller-General 
of Patents, Designs, and Trade Marks, during 1950, 
indicated, in the chemical industry, considerable 
activity in the production of artificial resins, syn- 
thetic petrols and anti-knock fuels. In the electrical 
industry there was activity in the development of 
electron discharge devices and electronic equipment 
for calculating apparatus and for telephone exchange 
systems, while high-frequency electromagnetic and 
electrostatic heating was developed for many 
purposes. Invention was also active in regard to 
aircraft capable of flying at near-sonic speeds 
and at high altitudes, while, in the building industry, 


pre-stressed concrete, and heat-pumps. It is shown 
in the 68th annual report of the Comptroller-General, 
covering the calendar year 1950, that the total 
receipts of the Patent Office from fees for patents, 
designs and trade marks, from the proceeds of the 
sale of publications and from other sources, totalled 
936,6971., against 1,016,466/. in 1949. In the year 
covered by the report, 13,509 patents were sealed 
against 20,703 in 1949, and 5,362 designs were regis- 
tered compared with 4,800 in 1949. The report 
points out, that the decrease in the number of 
patents sealed during 1950 is mainly due to the 
initial operation of the Patents Act, 1949, which 
came into force on January 1, 1950 and has brought 
changes in procedure ; and also to printing difficul- 
ties. The Patent Office, it is stated, still has heavy 
arrears of work and some concern is felt at the failure 
of the open competitive examinations to provide a 
sufficiency of candidates to fill vacancies on the scien- 
tific staff and to enable this staff to be expanded. 


Tue InstiTuTION OF HEATING AND VENTILATING 
ENGINEERS. 


Last week-end, the Institution of Heating and 
Ventilating Engineers held a “ festival” summer 
meeting at Buxton, with headquarters at the Palace 
Hotel. As in previous years, the formal and 
technical sessions were interspersed with social and 
sporting activities. On Saturday afternoon 
(June 16), after the Mayor of Buxton, Councillor H. 
Hartley, B.Sc., had welcomed the members and their 
ladies, a paper on “ Social Aspects of Heating and 
Ventilating” was presented by Mrs. P. G. Allen. 
A party of members visited the laboratories of the 
Manchester College of Technology on Monday, 
under the guidance of Professor H. Wright Baker, 
and in the evening the Mayor and Mayoress gave a 
civic reception, followed by dancing. On the follow- 
ing morning, Professor Wright Baker gave an 
address on technical education and Mr. A. H. 
Goodger presented a paper on “ Heat Treatment of 
Welds in Pipe Lines.” The meeting ended on 
Tuesday evening with a dinner and dance at the 
Palace Hotel. The Mayor of Buxton, in proposing 
the toast of “ The Institution,” suggested that the 
British people were becoming a nation of conference- 
goers. In addition to the technical value of these 
meetings, however, the social contacts they facili- 
tated were welcome. In reply, the President, Mr. 
J. W. Stitson, M.R.San.I., F.1.San.E., said that the 
attendance at the meeting, which was well over 200, 
was a post-war record for the Institution. He was 
glad to see some of the younger members, a8 an 
effort had been made to interest them in the summer 
meeting. A steady influx of new young members 
was essential to the continued well-being of the 
Institution, and, as the standards of admission had 
been raised, adequate educational facilities must be 
provided. 


British Gas TURBINES. 


This is British Gas Turbine Week at the Festival 
of Britain and, to mark the event, Messrs. Power Jets 
(Research and Development), Limited, have pro- 
duced, with the co-operation of firms in the gas- 
turbine industry, a booklet of 40 pages entitled 
The Story of the British Gas Turbine. This sets out, 
in a concise and lucid manner, the history of the 
development of the gas turbine in Britain since its 
earliest days and supplements it with an account, 
which fills more than half the book, of the individual 
contributions, past and present, of the principal 
British firms engaged on gas-turbine research and 
development. The book is almost entirely factual— 
a feature which commends it. It is true that other 
countries, also, have made valuable contributions to 
the subject and this is freely acknowledged in the 
book. It is sometimes forgotten, however, that, but 
for the brilliant work of British scientists and engi- 
neers immediately prior to and during the recent 
war, the development of the gas turbine would not 
have been nearlyso rapid and spectacular. Modesty 
is a British characteristic, but it can be overdone. 
In the field of British gas-turbine development, how- 
ever, self-praise is unnecessary. The facts speak for 
themselves, and the great service performed by this 
booklet is that it sets down the facts almost—and 
we use the word advisedly—dispassionately. There 








of sulphur by the Frasch process from the salt domes 
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are some remarks on page 7 which, we think, might 








760 


ENGINEERING. 


JUNE 22, I95I. 








have been omitted with advantage; ‘rather too 
much, perhaps, is made of the installation of a gas 
turbine in the Admiralty motor gunboat No, 2009, 
which, though it was undoubtedly the first appli- 
cation of the gas turbine to ship propulsion, was, 
nevertheless, an experimental arrangement involving 
an adaptation of an existing aircraft jet engine 
having a somewhat high fuel consumption. The 
booklet is intended mainly for overseas visitors to 
the Festival and has the merit of being comparatively 
free from jargon. The opening sections given an 
explanation of gas turbine principles in simple 
terms, but it soon becomes clear that the strain 
imposed by a rigid adherence to non-technicalities 
is too much for the narrator, and words and expres- 
sions like ‘cycle,’ ‘thermal efficiency,” ‘ heat 
exchanger,” ‘“‘shroud ring,” etc., creep in un- 
announced and undefined. In the chapter on 
Metallurgy, with its talk of “‘ austenitis and ferritic 
steels,” “‘ high proof properties,” ‘scaling resist- 
ance,” “ageing,” “warm working,” etc., the 
writing is unashamedly technical. The only con- 
cession here to the uninitiated is a surprising one. 
namely, a definition of “creep.” The booklet is, 
in fact, not for the novice, but for the reader with a 
substantial scientific and engineering background. 
Further information regarding it can be obtained 
from Sidney-Barton, Limited, 27, Old Bond-street, 
London, W.1. 


LETTER TO THE EDITOR. 


UNBALANCED MAGNETIC PULL 
AND THE MECHANICAL STABILITY 
OF ROTATING ELECTRICAL 
MACHINES. 


To THe Eprror oF ENGINEERING. 

Stmr,—I have read with considerable interest 
Mr. W. G. Crawford’s admirable analysis and 
and graphical presentation, on page 504, ante, of 
the effect of the unbalanced magnetic pull on the 
critical speed and mechanical stability of rotating 
electrical machines. Such an authoritative treatment, 
presented so simply and concisely, should undoubt- 
edly prove most useful to the designer. 

The author’s final expression (4), on page 505, 
column 3, for the critical speed of the rotor, taking 
into consideration the unbalanced magnetic pull, 
can be modified slightly to read as follows : 


ie 
N (Rev. per sec.) re, fe Pg? (5) 
Ky 


Now, the critical speed of a shaft supported in two 
bearings is frequently expressed in relation to the 
static deflection of the rotor (8) by the general 
formula 








N;, (Rev. per sec.) = + Pr , (6) 
2aN8 


For 3 in inches and g, the gravitational acceleration 
in 32-17 x 12 = 386-04 in. per second per second, 
one obtains the simplified expression 

3-128 


VE’ 


Comparing formula (6) with the first term of 
expression (5), one finds that 


Ng, (Rev. per sec.) = (7) 


corresponds 


actually to the static deflection, which agrees with 
the definitions of W and K, used by the author. 


ee 


It follows, therefore, that the simple term 


is, as pointed out by the author, the reduction 
factor for the critical speed for the unbalanced 
magnetic pull. 

On page 505, about halfway down column 3, 
the author has emphasised that the critical apeed 
of the shaft becomes zero when the shaft constant 
K, is equal to the magnetic field constant Kia: 
One finds this is due to the reduction factor becoming 
zero. Surely such a condition must be regarded as 
a hypothetical case, for it seems most unlikely that 
it will ever be experienced in actual designs. 

_ I feel, therefore, that it would have been instruc- 
tive if the author had presented fairly representative 


data on the ratio of = experienced in the actual 





design of motors and generators. Such useful 
information would enable one to appreciate more 
fully the real significance of the effect of the 
unbalanced pull on reducing the critical speed of 
the rotor. It follows from the reduction factor 


Km Km 
1 — — that for —"™ —0-05, 0-10, 0-15 and 
d K, ~ = * 


0-20, the critical speed is reduced by 2-53, 5-13, 
7-80 and 10°56 per cent., respectively. It would 
be of interest to know the range of the percentage 
reduction in the critical speed, due to the unbalanced 
magnetic pull, generally experienced in practice, 
in order to ensure that the critical speed of the 
rotor is within the specified margin of the running 
speed of the machine. 

Such additional particulars would certainly 
enhance the value of the author’s contribution and 
I sincerely hope he is prepared to submit not only 
this useful information, but also test results verifying 
that close agreement is obtained between the calcu- 
lated and actual critical speeds. 

Yours faithfully, 
J. R. FINNIECOME. 

139, Monmouth-drive, 

Sutton Coldfield, 
Warwickshire. 
May 15, 1951. 





OBITUARY. 


SIR EDWARD MACCOLL. 


Ir is with a keen sense of personal regret that we 
record the death, on June 15, of Sir Edward MacColl, 
deputy chairman and chief executive officer of the 
North of Scotland Hydro-Electric Board. Sir 
Edward, who was in his 69th year, collapsed at his 
desk in the Edinburgh office of the Board. He was 
removed to hospital, but died a few hours later. 

Albert Edward MacColl was a native of Dumbar- 
ton, where he was born on July 8, 1882. His 
schooling was obtained at the Dumbarton Academy, 
and his technical education at Glasgow Technical 
College and at the University. He served an 
apprenticeship of five years to electrical engineering 
in the Clydebank shipyard of John Brown and Com- 
pany, leaving them in 1901 to join the staff of the 
Glasgow Corporation tramways department. He 
remained with the Corporation until 1920, progres- 
sing to charge of a shift at the Pinkston generating 
station and eventually to the grade of assistant 
engineer in the head office of the transport depart- 
ment. In April, 1920, he left the service of the 
Corporation on appointment with the Clyde Valley 
Electrical Power Company as executive engineer 
and assistant to the general manager. He spent 
seven years with the Clyde Valley Company, leaving 
in 1927 to take up the position of manager of the 
Central Electricity Board’s area schemes in Central 
and South-West Scotland. In 1943, on the forma- 
tion of the North of Scotland Hydro-Electric Board, 
he was made deputy chairman and chief executive 
officer to the Board, a dual office which he con- 
tinued to hold until his death. 

While with the Clyde Valley Company, Sir 
Edward (who was knighted in 1949) was responsible 
for the Bonnington and Stonebyres hydro-electric 
scheme—the first public water-power plant in 
Scotland. From that time onward, his interest in 
Scottish water-power never flagged, though he had 
to face a great deal of opposition on various grounds, 
economic and esthetic, especially in the early 
stages of the Board’s work. He was not to be 
deterred, however, and the schemes that we have 
described in EncGIngzERING—the Loch Sloy and 
the Tummel-Garry plants—with the many more 
that are in hand and projected, form an enduring 
monument to his farsightedness and pertinacity. 
He was to have attended the formal inauguration 
of the Clunie power station on June 16; a ceremony 
which, in the circumstances, it was decided to 
cancel. Sir Edward was a member of the Institu- 
tion of Electrical Engineers, to which he had been 
admitted as an associate-member in 1912, and had 
served as chairman of the Scottish Centre of the 
Institution. He was awarded a premium in 192] 
for a paper on “‘ Automatic Protective Devices for 
Alternating-Current Systems.” 


THE IRON AND STEEL 
INSTITUTE. 


(Continued from page 713.) 


Tue whole of the morning of the second day of 
the annual general meeting of the Iron and Stee! 
Institute, held in London on May 30 and 31, and 
June 1, was devoted to a joint discussion of three 
papers on blast-furnace operation. 


Buiast-FuRNACE OPERATION. 


The first paper was entitled “‘ Aspects of the 
Blast-Furnace Situation in the United States ”’ and 
was by Mr. O. R. Rice, of the Koppers Company, 
Chicago. In the course of this, he stated that nine 
new blast furnaces were being erected in the United 
States, and at least six more were projected. Many 
small furnaces were being enlarged and every one 
of the 247 blast furnaces in the United States was 
in commission. The production from blast furnaces 
during the spring of 1951 had been at the rate of 
69,000,000 short tons per annum. The output in 
1950 had been 66,100,000 tons of pig and ferro alloys, 
The average daily pig-iron production per furnace 
was about 900 net tons. The average blast pressure 
at furnaces in the United Kingdom appeared to be 
about 13 lb. per square inch gauge. The average 
blast pressure at Northern United States furnaces 
was about 18-6 lb. and at Southern furnaces 23 Ib. 
per square inch gauge. The average blast tempera- 
ture, in 1950, at 106 blast furnaces in the United 
States was 1,020 deg. F. The iron-ore requirement 
in 1950 had totalled about 118,000,000 net tons, of 
which about 89 million tons came from the Lake 
Superior region, 20 million tons were mined in the 
eastern, south-eastern and western parts of the 
United States, and the remaining 9 million tons were 
imported. In the Lake Region there occurred large 
deposits of iron-bearing rock referred to as taconites, 
containing between 25 and 35 per cent. of Fe. 
Commercially feasible means for concentrating the 
magnetic taconites to a 63-per cent. Fe product had 
been established. The extreme fineness of the 
taconite concentrates, however, presented a problem 
and ‘“‘pelletising’ had been under large-scale 
experimentation for several years. 

The second paper was entitled ‘‘ Evolution of the 
All-Carbon Blast Furnace ’’ and was by Dr. J. H. 
Chesters, Mr. G. D. Elliot and Mr. J. Mackenzie, 
of the United Steel Companies, Limited. It was 
presented by Mr. Mackenzie. The authors stated 
that, during the past ten years, many trials had been 
carried out at the Appleby-Frodingham branch of 
the United Steel Companies, Limited, on the use 
of carbon bricks for blast-furnace linings. As a 
result, three furnaces, lined with carbon from top 
to bottom, were now in operation. It had been 
said that carbon bricks were rather expensive to 
use for blast-furnace linings, but it might be slightly 
misleading to- speak of financial sums, since some 
of the modifications and benefits which only carbon 
could make possible should also be considered. 
Certain benefits accrued from the use of carbon 
and could be set against the increased cost. In 
the first place, on account of better refractoriness 
and abrasion resistance, it was safe to use a thinner 
lining with carbon than was normally employed with 
fireclay bricks, so that a larger furnace in an existing 
casing could be used to make more iron, or the 
same quantity of iron with a higher efficiency. 
With a new furnace, a smaller shell was required 
for a given output. Secondly, carbon should increase 
the overall campaign life of a furnace. Thirdly, 
the furnace construction could be greatly simplified. 
This had been demonstrated by the successful use 
of boshes having a very thin lining, and spray 
cooling. Fourthly, while it was early yet to decide 
this point finally, it was thought that stack cooling 
might eventually prove unnecessary. Fifthly, 4 
carbon furnace should maintain “cleaner” lines 
than a fireclay furnace. Lastly, hearth breakouts 
should be reduced to an absolute minimum. The 
wider use of carbon in blast-furnace plants would 
undoubtedly bring down the cost of the refractory. 
The evolution of the all-carbon blast furnace was 
still in the experimental stage, but it did appear that 
such a furnace would give almost complete freedom 





from breakouts and scaffolds. 
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The third paper dealt with ‘‘ Radioactive Indi- 
cators for Blast-Furnace Refractory Wear,” and 
was by Mr. E. W. Voice, of the Iron-Making Division 
of the British Iron and Steel Research Association. 
The author stated that some isotopes emitted 
strongly penetrating y-radiations which could be 
detected through 2 ft. or 3 ft. of firebrick. If, there- 
fore, a pellet of radioactive material could be in- 
serted in the refractory sufficiently near to the shell of 
the blast furnace for the radioactivity to be detected 
outside the furnace, the cessation of this activity 
would indicate that the pellet had been released and 
hence that the refractory in which it had been 
embedded had been worn away. Alternatively, if 
the position of the refractory were too far from the 
shell to make detection through the wall practicable, 
conditions could be arranged so that, when the 
refractory wore away, the exposed pellet dissolved 
in the iron and could be detected when the iron was 
tapped. Both methods were now being used in 
blast furnaces in this country. Cobalt 60 pellets, 
which lasted a long time and gave a strongly- 
penetrating radiation, had been chosen. They could 
be quickly produced from ordinary cobalt in the 
Harwell atomic-energy pile and other advantages 
were that the substance had a high melting point 
and would alloy easily with iron. Portable or 
mains-operated counters were available to detect the 
radiations emitted. In the stack, bosh, or tuyere 
belt of a blast-furnace the counter could be brought 
to within two or three feet of a cobalt pellet embed- 
ded in the lining. In the hearth, however, the 
counter could not be brought near enough to detect 
the radioactivity of a quantity of cobalt small 
enough to be harmless if absorbed by the iron, and, 
in this case, the mains-operated counter was used. 
Samples of each cast were kept, and, by prerenting 
the samples to a counter (weeks after tapping, if 
necessary), it should be possible to detect. which 
samples showed radioactivity and hence gain an 
indication of when the pellet had been detached 
from the hearth and dissolved in the iron. 

The discussion was opened by Mr. R. P. Town- 
drow, who stated that Mr. Rice had mentioned 
several points in which the contrasts between 
British and American practice were very marked. 
The Biast-Furnace Practice Committee had been 
looking actively into these and similar matters for 
some time and many data from some half-dozen 
modern British furnaces, which compared reasonably 
in size with those described by Mr. Rice, had been 
under consideration. Among these furnaces, in 
addition to the difference between their average 
rating and the American rating, there was a differ- 
ence of at least 15 per cent. between the fastest 
coke-burning furnace examined and the slowest. 
Even those British makers who ostensibly were using 
imported ores found themselves, at present, making 
up to 30 per cent. of their iron from an assortment 
of odds and ends which probably no American 
furnace operator would condescend to put in his 
stockyard at all. 

The paper from the United Steel Companies con- 
tained valuable information regarding furnace break- 
outs. In his own experience, he attributed recent 
campaigns in furnaces equipped with ceramic 
hearths, of over 1,500,000 gross tons, and no break- 
outs, to the rigid form of eonstruction used in the 
hearth. Mr. Voice’s paper showed that scientists 
were becoming very active in providing tools with 
which a furnace could be explored without having 
to take it off blast. 

Mr. A. T. Ledgard said that, in England, blast- 
furnace operators were more concerned with the 
coke consumption than with the final output of 
iron, With regard to carbon furnaces, the carbon 
construction should be limited to the side walls, 
and the highest grade of firebrick used for the 
centre core. If the full carbon hearth were used 
it was now generally admitted that there must 
be some form of cooling below the pad of carbon. 
Mr. J. M. Ridgeon, who spoke next, mentioned 
“hanging” and added that there was obviously a 
very wide variation in the types of this irregularity 
which furnacemen experienced. Operators spoke of 
“bottom hanging” and ‘hanging in the stack,” 
and it was known that hanging could occur in the 
upper portion of the stack and be associated with 
excess carbon deposition. There was, moreover, 





“sticking in the bosh” which was probably 
associated, in a way which was not fully understood, 
with the question of slag fusion and the temperature 
at which the primary slags were formed in the bosh. 
The next speaker, Dr. J. H. Chesters, said that, 
during a recent visit to the United States, he had 
been most impressed with what was being done in 
regard to the pelletising treatment of iron ores. To 
be able to take a hard ore, such as a taconite, 
separate the magnetite and silica by grinding the 
material down to pass a 300-mesh sieve, and 
agglomerate the concentrates by pelletising, at a 
price to compete with imported ores, was no mean 
achievement. Some of these techniques might be 
applied with advantage to ores occurring in this 
country. ® 

Mr. E. W. Voice, who spoke on the paper on the 
carbon furnace by Dr. Chesters and his colleagues, 
said that carbon side-walls were being accepted as 
sound normal practice. It might be said, therefore, 
that carbon would be suitable on the furnace 
floor; but this might not be true, because it was 
probable that the hearth wall was ‘ washed ” 
by slag, whereas the centre carbon pad possibly 
was not. The next speaker, Mr. G. Danielsson, 
pointed out, with regard to carbon bottoms in 
blast furnaces, that it was natural to use a cooled 
base in electric pig-iron smelting furnaces, so that 
there was no reason why similar measures should 
not be taken in a blast furnace of the normal type. 

Dr. T. P. Colclough said that Mr. Rice was correct 
in his criticism of British blowing practice. Most 
British turbo-blowers had been designed with a 
maximum operating rating of about 20 Ib. per square 
inch, which was not high enough; but new blowers 
for a pressure of 30 lb. per square inch were being 
designed and all new blowing installations would 
have ample capacity. 

After a brief reply in general terms by Mr. 
O. R. Rice, the President adjourned the meeting for 
luncheon. 

When the meeting was resumed on the afternoon 
of May 31, various methods of iron-ore agglomera- 
tion and sintering were described in the four papers 
presented, which were discussed jointly. 


Tron-OrE SINTERING PROCESSES. 


The first of the four papers was entitled ‘‘ The 
Smidth Agglomerating Kiln; Plant and Practice 
at East Moors Works, Cardiff,’ and was by Mr. 
W. E. Simons, assistant blast-furnace manager at 
East Moors Works. Mr. Simons stated that the 
Smidth rotary kiln, which provided an alternative 
to sintering for the treatment of fine ores and flue 
dust, commenced production at East Moors in 
February, 1939. It had been designed to use 100 
per cent. of flue dust but the present practice was 
to use about 35 per cent., the balance being fine 
ores and pyrites. The output was about 3,000 tons 
of agglomerate a week. The plant was housed in 
two main buildings, one containing the stockyard 
and bunkers, and the other the kiln, which was 
made of }-in. and 1-in, steel plates ; it was cylindrical 
in design and 200 ft. long. It was set at an angle 
of 4 per cent. and was mounted on four sets of steel 
rollers having brass bearings of the plain self- 
aligning type, fitted in a water-cooled chock. A 
110-h.p. motor drove the kiln through totally- 
enclosed double-helical gears. The kiln was divided 
into four zones, known as the barrel, 7 ft. 10 in. 
in diameter ; the small zone, 10 ft. 1 in. in diameter ; 
the well or big zone, 12 ft. 8 in. in diameter; and 
the sinter zone, 8 ft. 2 in. in diameter, in which the 
agglomeration took place. The gas burner was 
19 in. in diameter. The gas pressure was controlled 
by an Askania regulator, normally at 4 in. w.g., the 
volume of gas burnt ranging from 150,000 to 280,000 
cub. ft. per hour, depending on operating conditions. 
While blast-furnace gas was the main fuel, it was 
necessary to have a minimum of 4 per cent. of 
carbon in the flue dust. If there were insufficient 
carbon, this had to be made up with coke breeze, 
though so far this had not been necessary. Agglo- 
merate and sinter had different characteristics and 
it was the experience at Cardiff that 25 per cent. 
of the former in the blast-furnace burden retarded 
driving, while, at a higher percentage, the furnace 
worked very stiffly. It was the practice, therefore, 
not to use more than 25 per cent. Because of the 





high FeO content, the material was not very 
reducible. The amount of FeO and Fe,0, varied 
in the agglomerate, and efforts had been made, 
without success, to increase the Fe,0, content. 
The average analysis of the product over the last 
few months had been 62-91 per cent. of FeO and 
12-70 per cent. of Fe,0,. 

‘**Sinter Making at Appleby-Frodingham’”’ was 
the title of the second paper, by Mr. G. D. Elliot 
and Mr. N. D. Macdonald. The authors stated that 
the first equipment for sintering British ore at the 
North Ironworks of the Appleby-Frodingham Steel 
Company was a Greenawalt plant, installed in 1934. 
Results being encouraging, the capacity was doubled, 
to 8,000 tons a week, in 1936. A Dwight-Lloyd 
type of plant, having a capacity of 12,000 tons 
a week, had been erected at the new South Iron- 
works of the company in 1939. A further plant, 
of 12,000 tons a week capacity, was in hand. Before 
this was designed, however, much full-scale plant 
research had been carried out. At the outset, in 
June, 1947, it had been decided that only full-scale 
operational research could give the information 
needed, and only in the blast-furnace could a check 
be made on whether the final product was good or 
bad. Features introduced in the new sintering 
plant included air cooling of the sinter after leaving 
the machine, the screening of the sinter after 
cooling, and the crushing of the sinter before 
returning it to the raw-material bins. 

The third paper was entitled ‘‘ Investigations of 
the Effects of Controlled Variables on Sinter 
Quality: Part 1—Development of Experimental 
Sinter Plant and Preliminary Results using 
Northants Ore,” and was by Mr. E. W. Voice, 
Mr. C. Lang, and Dr. P. K. Gledhill of the Iron- 
Making Division of the British Iron and Steel 
Research Association. The authors stated that 
most British operators stressed that the primary 
requirements of good sinter were freedom from 
dust and resistance to mechanical breakdown. The 
experimental plant comprised a sinter pan 2 ft. 
square, using suction from a production sinter plant, 
a separate fan being subsequently erected to give 
controlled suction up to 32 in. water-gauge. Sinter 
was produced from weighed mixes, the sinter process 
was observed, and the sinter made was assessed for 
physical properties. Results showed agreement 
with previous data obtained on a full-scale sinter 
plant at Corby, and owing to the closer control and 
greater flexibility attainable with the small_ unit, 
quantitative results were achieved showing the 
effects of flue dust, returned fines, and coke, on the 
sinter strength. Increasing the coke content of 
the mix, up to 6 per cent., improved the physical 
quality of the sinter. At a fixed coke content, 
increasing the flue-dust content of the mix improved 
sinter quality, and the carbon in the flue dust was 
about 60 per cent. as effective as carbon in the 
coke. At fixed coke and flue-dust contents, in- 
creasing the return-fines content of the mix improved 
the sinter quality. Increasing the suction reduced 
the sintering time. When sintering Northants 
greenstone, there was an optimum moisture content 
of 18 per cent., with a tolerance range of from 
17 to 19 per cent. of moisture. No advantage had 
been found in the use of fuels other than coke. 

The fourth paper was another contribution 
from the Iron-Making Division of the British Iron 
and Steel Research Association, by Dr. D. W. 
Gillings, Mr. E. W. Voice, Mr. C. Lang, and Dr. 
P. K. Gledhill. It was entitled ‘‘The Sintering of 
Northamptonshire Iron Ore: A Production-Plant 
Study of Factors Affecting Sinter Quality,” and 
described full-scale experiments made at the No. 3 
Dwight-Lloyd sinter plant at the Corby Works of 
Stewarts and Lloyds, Limited. The results obtained 
showed that the control of the carbon content of the 
raw materials was of first importance, while the 
control of the mixing and size distribution of the raw 
materials was second only to the control of the 
carbon. The control of the proportions and the com- 
position of materials other than coke and flue dust 
was dependent partly on the provision of an 
adequately controlled and stabilised feed, particu- 
larly of return sinter, on information of the varia- 
bility of the raw materials, and on data enabling a 
return-fines screening system to be designed. 

(Z'o be continued.) 








762 


ENGINEERING. 


JUNE 22, I951. 








BRITISH COAL UTILISATION 
RESEARCH. 


On the occasion of their annual general meeting and 
annual luncheon, the British Coal Utilisation Research 
Association combined these functions with an Open 
Day at their headquarters at Leatherhead, Surrey. 
Fine weather favoured the event and the large number 
of members and guests of the Association who attended 
had an opportunity of seeing over the research station 
and learning from members of the staff details of the 
many interesting studies in pro; there. The 
Association has been in existence for 13 years and is 
now firmly established. Most of the building con- 
struction contemplated in the original plan for the 
research station has been completed, although ample 
space remains for extensions should these prove neces- 
sary. The Association is probably unique among its 
kind in that the largest share of the expense is borne 
by a nationalised industry, namely, coal, for, after 
1947, the responsibilities previously shouldered by the 
Mining Association were assumed by the National Coal 
Board. The Association owed its origin to the action 
of the Coal Utilisation Council during the 1930’s, when 
unemployment was rife. Negotiations, entered into 
with the Combustion Appliance Makers Association, 
resulted in the establishment, in 1936, of a research 
department deriving financial support from the coal 
industry. Subsequent proposals put before the Mining 
Association led to increased grants and enabled the 
organisation to become in 1938 one of the group of 
autonomous research associations deriving State-aid 
through the Department of Scientific and Industrial 
Research. 

By 1942 the work of the Association had grown 
to such an extent that a staff of over 200 persons was 
required. The research, at that time, was conducted 
in nine different centres, an arrangement which, 
although it might have had advantages during the 
war, was obviously undesirable from many points of 
view. As early as 1943, therefore, the Council of the 
Association acquired the land at Leatherhead on which 
the research station now stands. Constructional work 
began after the war, when a number of standard 
buildings of Ministry of Works pattern became avail- 
able and were erected as offices and laboratories. 
These were PETIT by some larger buildings, the 
principal one of which is used for research on various 
aspects of combustion. A building, now under construc- 
tion, will house the research on domestic appliances. 

The annual report for the year 1950, which has just 
been issued, shows that both the membership and 
the income of the Association increased during the 
year. The total income, approximately 240,000I., 
exceeded expenditure by nearly 30,000/., and the 
excess was added to a surplus of rather more than 
23,0001. brought forward from 1949. The Council has 
authorised increased expenditure on research amounting 
to 18,0001. during 1951, and this will permit the 
acceleration of a number of research programmes. The 
composition of the scientific staff changed little during 
the year, but the Association suffered a grievous loss 
by the death of the Director of Laboratory Research, 
Dr. D. H. Bangham, who has been succeeded by 
Mr. R. L. Brown. 

In addition to carrying out its own research, the 
Association undertakes work in collaboration with 
other industries. Collaboration of this kind in the 
field has included studies of external deposits on 
water-tube boilers, and an examination of methods of 
improving the design, operation and efficiency of the 
coal-gas producers commonly used in the steel and 
glass industries. There has also been collaboration 
with the British Electrical and Allied Industries Re- 
search Association on methods of assessing the grind- 
ability of coal and of sampling and analysing grit in 
boiler flue gases. Collaboration with Government 
departments has included an investigation into the 
use of coal fines as fuel for gas turbines employing a 
combustion chamber of the cyclone type. Other work 
on gas turbines has been concerned with the manu- 
facture of refractory blades. A grant has been made 
to the Association by the Ministry of Fuel and Power 
for an investigation of the factors which influence the 
performance of shell boilers. Collaboration with uni- 
versities has included the measurement of quantities 
of heat in boiler furnaces and studies of the mechanism 
of smoke formation and combustion. 

As a supplement to its research work, the Association 
issues a number of publications. These include research 
reports, a Monthly Bulletin containing reviews of 
current literature in the field of coal utilisation, and a 
Quarterly Gazette which is an illustrated commentary 
on the activities of the Association. An illustrated 
brochure covering the whole field of the Association’s 
work may also be obtained by prospective members. 
From what we have seen of these publications, they 
are well produced and admirably written. The follow- 
ing details of the research work are taken mainly from 
the two publications last mentioned and from the 
annual report. 





The bulk of the steam used in British industry is 
generated in shell boilers of the Lancashire or Economic 
types. These consume approximately 50 million tons 
of coal annually, approximately a quarter of the 
country’s total output. Although the efficiency of 
such boilers can be as high as 80 per cent., it depends 
on many factors and is frequently very much less. 
The dependence of the efficiency on the character of 
the fuel and the mode of firing and operation is being 
studied by the Association. The facilities at Leather- 
head for this work include an Economic boiler and the 
requisite ancillary equipment. The boiler is equipped 
for both forced and induced draught, and provision has 
been made for recirculating flue gas and for investi- 
gating the use of high-pressure secondary air. It has 
been found that the rank and size of the coal used have 
little effect on the efficiency of the boiler but that, with 
coals of low ash content, the dominating factors are 
fineness and moisture content. For example, with 
coal screened through 4 in. mesh and containing 1 to 
2 per cent. moisture, the efficiency of the Leatherhead 
boiler was only some 45 per cent., but with the same 
coal wetted to carry 10 to 12 per cent. moisture, the 
efficiency could be as high as 75 per cent. 

Other work on shell boilers includes studies of heat 
transfer and steam quality. In the case of the first 
mentioned, experiments are being made both in the 
Economic boiler and in a specially-constructed boiler 
which is heated with air at 2,000 deg. F. With this 
unit, the influence of diameter, length and shape of 
smoke tubes is being investigated as well as the effects 
of deposits of soot and dust on the gas side and scale 
on the water side of the heating surface. The wetness 
of steam, for which the priming of boilers is largely 
responsible, causes water-logging of the heat-transfer 
<~ in process-plant employing steam and lowers 
output in consequence. It also affects the accuracy of 
determinations of boiler performance. As no wholly 
satisfactory method is available at present for deter- 
mining the moisture present in steam, other than direct 
sampling, the Association is attempting to develop one. 
Considerable success has been achieved with an elec- 
trical method which consists in measuring the capacity 
of a condenser formed by an insulated streamlined 
electrode supported centrally in the steam pipe and 
insulated from the latter. The capacity between this 
body and a concentric cylinder close to the pipe wall 
depends on the dielectric constant, which is a function 
of the wetness of the steam. Difficulties owing to 
electrical leakage can be overcome by measuring both 
the magnitude and phase shift of the alternating current 
passed through the condenser, after which the effects 
of the capacitance and resistance in parallel may 
be separated. 

There are few fields which offer so much scope for 
improvements in the efficiency of coal utilisation as 
domestic heating. One-fifth of the coal mined in 
Britain is used for this purpose with an inefficiency 
which is notorious. The research worker in this field 
has three main tasks, namely, to measure the perform- 
ance of heating equipment, to determine the principles 
on which efficient performance depends and, lastly, to 
find ways of applying these principles in design and 
operation. All three are being undertaken by the 
Association and notable success has been achieved. 
It is all the more regrettable, therefore, that so many 
inefficient domestic heating systems continue to be 
installed and that many houses are still being built 
with fireplaces on the outside walls. The Association 
has not overlooked the fact, however, that the main 
problem is to find means for improving the efficiency of 
existing heating systems simply and cheaply and has 
developed an adaptor fire which can be fitted readily 
to most domestic fireplaces. The scientific principles 
on which this depends form the subject of an article 
in the current number of the Quarterly Gazette. 

A service unit designed as a prefabricated structure 
to be installed in a central position in a house, was on 
view during the Open Day. It comprises all the heat- 
ing and related services such as flues, tanks, plumbing 
and auxiliary electrical equipment, supported in a light 
framework. The solid fuel appliance is of the back-to- 
back type in which an open fire, which may be closed 
by means of a shutter, is used for heating a room on one 
side of a dividing wall and for cooking in the kitchen 
on the other. On the latter side, supplementary elec- 
tric cooking and water-heating facilities are in- 
corporated, primarily for use during the summer 
months. 

The Association’s work on the burning of coal 
fines in cyclone combustion chambers has already been 
mentioned. This work has an application in the field 
of open-cycle gas turbines. The cyclone combustion 
chamber differs from the well-known vortex burner in 
that all the burning does not take place with the particles 
in suspension but, instead, some of the particles are 
thrown = the walls of the chamber, where they 
stick to the layer of fused ash which covers the latter 
and then complete their combustion. Tests are being 
carried out on an experimental ‘‘ combustor ” burning 
fine coal at rates up to 500 Ib. per hour. Preheated 


air is used for combustion and the temperature obtained 
is sufficient for the fused ash to run down the walls of 
the chamber from which it is run off as slag. At 
present, the outer walls of the combustion chamber 
are water cooled and the chamber is mounted over 
another in which air at approximately atmospheric 
pressure is mixed with the products of combustion in 
order to reduce their temperature to between 600 and 
700 deg. C. 

One of the difficulties attending the operation of a 
combustion chamber employing the cyclone principle 
is the low-pressure which occurs at the centre of the 
cyclone. This causes a reverse flow of cold air into the 
combustion chamber which is detrimental to efficient 
operation. This effect is being studied in combustion 
chambers modelled in Perspex in which water replaces 
the combustion products and air bubbles represent the 
coal particles. Although such an arrangement obviously 
cannot represent the actual conditions correctly, it 
appears to illustrate the main features of the motion 
with sufficient accuracy to be a useful guide in design. 
The reverse flow is revealed and an explanation 
obtained of the anomalous gas temperatures and 
composition which had been found previously. 

Modern methods of mining and cleaning coal have 
resulted in increased quantities of fines and slurries 
which are difficult to use to good advantage. It is not 
surprising, therefore, that the Association is devoting 
considerable attention to the gasification of slurry and 
low-grade coal fines. At present, work is concentrated 
on the production of low-grade gas in equipment 
having a low capital cost. An interesting method of 
up-grading slurries was demonstrated on a model-scale 
to visitors during the Open Day. Handfuls of slurry 
were fed into the upper end of a revolving cylinder 
about 1 ft. in diameter and 4 ft. long. The axis of the 
cylinder was inclined at a small angle to the horizontal. 
As the slurry gravitated towards the bottom end of the 
cylinder, it formed into roughly spherical lumps of 
various sizes ranging from about } in. to 1 in. or more in 
diameter. Such “ mud-balls” are obviously much 
easier to use in gasification plant than fines which form 
a bed having a high resistance to the gas flow. 

Gas producers, which first became important with 
the introduction of the Siemens regenerative furnace, 
are still the main source of gaseous fuel for melting steel 
and glass. Working in collaboration with the Iron and 
Steel Research Association and assisted by a gas 
producer advisory committee representing the steel 
and glass industries and the plant manufacturers, the 
Association has carried out a programme of research on 
existing installations largely by means of a mobile 
laboratory. This work has demonstrated the important 
influence which the depth of the fuel bed has on the 
quality of the gas. As the advantages of a compara- 
tively deep fuel bed often cannot be fully realised owing 
to the danger of depositing tar in the mains, the 
Association has developed new and improved means for 
controlling producers automatically. The rate at 
which coal is fed to the producer is made proportional 
to the load on it and control is instantaneous however 
violently the load may fluctuate. The resulting close 
control of temperature permits operation at a lower gas 
offtake-temperature than is normally possible without 
deposition of tar in the mains. 

Novel methods of burning solid fuel in metallurgical 
and other furnaces are also being investigated by the 
Association. One of these, which has reached the stage 
of successful commercial development, is the down-jet 
method applied to the burning of coke. In this, the 
combustion air is blown downwards from a nozzle on 
to the upper surface of the fuel bed. By varying the 
velocity of the air, the carbon-dioxide content of the 
exit gases can be varied from approximately 12 per cent. 
to fully 19 per cent., without producing carbon mon- 
oxide. Alternatively, a desired concentration of 
carbon monoxide can be pbtained. As complete com- 
bustion can be effected with only a slight excess of air, 
temperatures of more than 1,700 deg. C. can be reached. 
The fuel may be fed by gravity from a hopper. 

The imperative need for economy and high effici- 
ency in the use of coal was stressed by the Minister 
of Fuel and Power, who was the principal guest 
at the arnual luncheon. He suggested that the 
coal which could be saved this Ps in Britain by 
applying existing knowledge of more economical 
methods of coal utilisation would almost pay for the 
increase in the cost of re-armament and would make the 
country’s foreign exchange position impregnable. As 
an example of what could be adiiowel. the Minister 
said that in the manufacture of steel, coal represented 
20 per cent. of the total cost. In 1920, the production of 
a ton of steel required 60 cwt. of coal; the figure, at 
present, was 37 cwt. 

Replying to the toast of the Association, proposed by 
Dr. Harold Hartley, the President, Sir Charles Ellis, 
announced the inauguration by the Association of au 
annual lecture, to be known as the Coal Science Lectur: 
and to be accompanied by the award of a medal. Sir 
Alfred Egerton had been invited to be the first lecturer 





and medallist. 
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REFRACTORY FACING ON MILD 
STEEL. 


A REPORT (No. 50/4/73) which has been pre: by 
the Industrial Gas Development Committes of the Gas 
Council, London, contains interesting particulars re- 
garding a process for the protection of mild steel 
against the effects of high temperature, in which the 
steel is given a refractory coating. In the introduction, 
the report states that unprotected mild steel is not 
suitable for long periods of use in an oxidising atmo- 
sphere at temperatures above 500 deg. C., and that it 
has been necessary hitherto to resort to the much more 
expensive heat-resisting steel for such applications. 
Since the war, however, a finish known as “‘ Stoneclad ”’ 
has been developed by Matthews Refractories Limited, 
Paisley Works, Swains-road, London, S8.W.17, and 
applied by Messrs. Stewart and Gray, Limited, of the 
same address. It is designed to protect mild steel or 
cast iron from corrosion at high temperatures and to 
permit their use in many instances where heat-resisting 
steel would otherwise be called for, an exception being 
where the high temperature is accompanied by con- 
siderable stress. The process consists in carrying, in a 
boro-silicate matrix, a suspension of insoluble refrac- 
tories and bonding it to the metal surface by fusion at 
about 800 deg. C. The treatment may give a single 
homogeneous coat approximately 0-004 in. thick, where 
resistance to oxidation only is required, or it may 
consist of two coats from 0-020 in. to 0-060 in. thick. 
The properties of the coating depend on the proportion 
of refractory to matrix, the particle size, the number 
of layers present, and the porosity of the upper face. 
The coating, it is emphasised, is always non-porous at 
the metal interface. 

The process has been applied successfully to the 
emitting surface of black emitter radiant heaterg as 
used for space heating and industrial heating pro- 
cesses. In-a heater of the latter kind, in which a 
black mild-steel sheet is heated, a baffle plate is fitted 
behind it in order to shield the lower part from over- 
heating due to direct exposure to the products of 
combustion and radiation from the flames. The panel 
temperature of this appliance was originally limited 
to 345 deg. C. because at that temperature the baffle 
plate was at about 500 deg. C.—the temperature 
above which it is not advisable to heat mild steel for 
long periods if scaling is to be avoided. The radiant 
panels and baffle plates of these appliances are now 
protected by the Stoneclad process, the finish of the 
panels being smooth and black or dark grey in colour, 
its purposes being to prevent rusting and to give the 
panel a good appearance. The baffle plates, on the 
other hand, have a comparatively rough, biscuit- 
coloured surface brought about by the inclusion of a 
higher proportion of refractory material and resultin; 
in a greater resistance to high temperatures and therma 
shock. 

After 1,700 hours heating, tests on an unprotected 
baffle plate were concluded because the scaled condition 
of the mild steel was having an adverse effect on the 
performance of the appliance, and it was felt that the 
material had therefore failed. Further heating would 
have resulted in the formation of more scale, which 
would again have led to incomplete combustion, and, 
eventually, the baffle plate would have corroded away 
completely. On the other hand, the heater having the 
panel and baffle plate protected by the new process is 
still operating satisfactorily after more than 7,000 
hours. The panel has been at a temperature of about 
455 deg. C. and the baffle plate at 620 deg. C., and, on 
occasions, the panel has been used at temperatures 
ang as high as 475 deg. C., and the baffle at 690 

leg. C. 

Apart from the above application the Stoneclad 
process is used on a number of -heating appliances 
and a finish similar to that used for the protection of 
baffle plates has been applied with success to a fabri- 
cated mild-steel mixing chamber, used in connection 
with some experiments in waich products of combus- 
tion at about 800 deg. C. are passed through a central 
tube while comparatively cool circula are 
fed into the annulus surrounding the tube before being 
mixed with the hot gases. Under these conditions, 
unprotected mild-steel components had a life of a few 
hours only, whereas the treated mild steel appeared to be 
in its original condition at the conclusion of the experi- 
ments. The smooth finish as applied to the panels of 
radiant heaters is claimed to be suitable for use up to 
a temperature of 670 deg. C. and the more refractory 
finish applied to the baffle plates for temperatures up 
to 800 deg. C. 

The report concludes that the use of the new finish 

las given encouraging results in the applications men- 

tioned and it is s that there may be many 
instances of high-grade heat-resisting steels being used 
where temperatures of 500 deg. to 800 deg. C. are 
encountered in which mild steel Brsntinn | by the 
Stoneclad process would give an entirely satisfactory 
Performance. 





WOODEN POLES FOR 132-KV 
TRANSMISSION LINE. 


Owine to the shortage of steel and the economies 
that can V mn J be effected in t circumstances, 
the British Electricity Authority have decided to erect 
a section of 132-kV transmission line on wooden poles. 
This will be the first departure, since the establishment 
of the grid, from the standard practice of using lattice 
steel towers for high-voltage transmission. e line, 
for which the contractors are British Insulated Callen- 
der’s Cables, Limited, Norfolk House, Norfolk-street, 
London, W.C.2, will consist of a single circuit with a 
capacity of 90 MVA and will be run between Car- 
marthen and Haverfordwest, a distance of about 
30 miles. 

The construction of the pole will be clear from the 
accompanying illustration, from which it will be seen 
that the supports will be of the “ H ” type ; for straight- 
line positions the creosote-impregnated red fir poles 
will be 45 ft. “stout” and complying with British 
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Standard Specification No. 139, the spacing between 
the poles being 16 ft. For normal angle positions, a 
similar construction will be used but the poles will be 
suitably stayed. A braced steel cross-arm will be 
employed and will be secured to the poles by single 
bolts, thus forming a pin-jointed structure. 

The conductors are to in horizontal 
formation with a space of 16 ft. between the 
and the basic span length will be 600 ft. Steel-cored 
aluminium conductors are to be used, the size being 
the standard one used for most of the British Elec- 
tricity Authority 132-kV lines, namely, 0-175 sq. in., 
and the mechanical tension in the conductor at 40 deg. 
F. will be 4,370 lb. The designed loading conditions 
are for a $-in. radial thickness of ice on the conductors 
and a wind pressure of 8 lb. per square foot. The 
factor of safety of the conductor at 22 deg. F. under 
these conditions is 2-2, and for the supports and 
foundations 3-5. No earth wires will be fitted and the 
steelwork will not be earthed. 





New Facrory FOR SHORT BROTHERS AND HARLAND, 
Lrp.—A new factory at Castlereagh, Belfast, which at 
present houses the Northern Ireland Festival of Britain 
Farm and Factory Exhibition is to be leased on the 
termination of the Festival to Short Brothers and 
Harland, Ltd. ‘The firm propose to use the factory, on a 
long-term basis, in light engineering work which should 
employ a substantial number of men. 





TRAIN ARRIVAL BUREAU AT EvusToN.—The “ pen” 
which, for over 50 years, has served as a waiting area 
and an information centre for those meeting travellers 
arriving at Euston railway station, has been superseded 
by a “train arrival bureau ’—a substantial structure, 
air-conditioned, illuminated by fluorescent lights and 
with seats for 92. On to a large screen, forming part of 
one end wall and divided into 12 panels, information 
about incoming trains is projected from the rear by 12 
projectors, which are provided with Perspex slides for 
the purpose. The operator of the bureau changes the 
slides in accordance with information he receives from 
the operating department. The back wall of the bureau 
incorporates a curved, non-reflecting window so that 
persons outside the building can read the messages on 
the screen, An inquiry counter, a map of the west-coast 
route and connecting lines, and loudspeaker equipment 
are also provided. The chairman of the Railway Execu- 
tive, Mr. John Elliot, formally opened the bureau on 
June 18. 





THE INSTITUTE OF BRITISH 
FOUNDRYMEN. 


Tue forty-eighth annual conference of the Institute 
of British Foundrymen opened at Neweastle-upon- 
Tyne on the evening of June 12, when a reception was 
held at the Old Assembly Rooms by Alderman W. 
McKeag, the Lord Mayor of Newcastle, on behalf of 
the City Council. A civic welcome of the Institute 
to the City was extended by the Lord Mayor, for which 
the President, Mr. J. J. Sheehan, returned thanks. 

On the morning of the following day, Wednesday, 
June 13, the annual general meeting of the Institute 
was held, at the commencement of which the chair 
was occupied by Mr. Sheehan. The minutes of the 
previous meeting having been dealt with, the annual 
report of the Council covering the twelve months ended 
April 30, 1951, was presented. This showed that the 
aggregate membership was 4,773, compared with 
4,588 on April 30, 1950. The Council announced with 
regret the loss by death of 33 members during the year. 
The thanks of the Council and members were expressed 
to the presidents, secretaries and other officials of the 
branches for their work, which had resulted in a year of 
branch activity unsurpassed in usefulness and interest. 
Particular reference was made to the Scottish branch, 
which had held special meetings in the Dundee and 
Arbroath areas, and to the Lancashire branch, the 
officers of which had arranged, in addition to the normal 
programme, special meetings in outlying towns in the 
branch area. Organised by the Birmingham branch, 
the first national works-visits day had been held in 
Birmingham on Friday, October 6, 1950, some 211 
members participating in eight groups of visits to 
foundries in the area. The 1951 national works-visits 
day was due to be held on Friday, October 12, when 
the London branch would be responsible for the 
arrangements. From the funds raised by the pig-iron 
levy, the Joint Iron Council had maintained the grant 
to the Institute in reimbursement of expenditure 
incurred in expanding the Institute’s work in the field 
of technical development and education. These funds 
had been most usefully employed in such projects as 
a further foundry foremen’s training course, an addi- 
tional grant to a selected student for studying purposes, 
the publication of a number of special reports, a 
revised edition of the specimen notes for teachers 
entitled ‘‘ Lectures on Foundry Practice,” and the 
provision of additional facilities for the work of the 
Technical Council of the Institute and its sub-com- 
mittees. 

When presenting the 19th annual report of the 
Technical Council of the Institute, Dr. A. B. Everest, 
the vice-chairman, mentioned that Mr. A. E. Peace, 
the chairman, was absent owing to ill-health. In the 
course of his speech, Dr. Everest stated that the com- 

letion of the work of many of the sub-committees 
enabled the Technical Council to embark on a 
number of new investigations, and, in this connection, 
the opportunity had been taken to consult the branch 
councils with the object of securing a broad view of the 
— which faced the industry. As a consequence, 
ve new sub-committees had been appointed during the 
year, and further investigations were under considera- 
tion. 

The President then presented the awards made for 
1951, the first of which was the E. J. Fox Medal to 
Mr. H. Morrogh, of the British Cast Iron Research 
Association, for his pioneer work in connection with the 
production of nodular cast irons and for his many 
researches into the aye ged of cast iron. The 
Meritorious Services Medal, awarded to Mr. A. S8. 
Worcester, was handed to one of his colleagues because 
of his absence owing to ill-health. The British 
Foundry Medal for 1951 was handed to Mr. E. 8. 
Renshaw and the British Foundry Prize of 10l. to 
Mr. 8. J. Sargood. Both are on the staff of the Ford 
Motor Company, Limited, and wd were the joint 
authors of a paper on “ Some Modifications of Cupola 
Design.” Finally, it was announced that six diplomas 
per, oll awarded to the authors of papers read before 
branches during the 1950-51 session. The recipients 
were Mr. G. E. Fearfield, Mr. K. H. Wright, . D. 
Redfern, Dr. E. Scheuer, Mr. M. M. Hallett and Mr. 
J. Currie. 

The next matter on the agenda was the election of 
officers for the year 1951-52. Mr. Sheehan inducted 
the President-designate, Mr. Colin Gresty, into the 
chair and also announced that Dr. Cyril J. Dadswell 
had been elected senior vice-president and Mr. E. 
Longden junior vice-president. The last announce- 
ment regarding officers was to the effect that Messrs. 
L. W. Bolton, N. C. Charlton, V. Delport, P. A. Russell 
and G. R. Shotton had been elected members of Council 
for the two years ending June, 1953. Votes of thanks 
were accorded to Mr. Sheehan and other retiring 
officers, after which Mr. Gresty read his presidential 
address, which is reprinted on page 770 of this issue 
of EnainzrriInc. The remainder of the morning was 
devoted to the Edward Williams Lecture, on “ The 
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Properties of Materials and the Engineering Uses of 
Cast Metals,” delivered by Dr. R. W. Bailey, F.R.S., 
M.I.Mech.E. We hope to reproduce this lecture in a 
forthcoming issue. 

In the afternoon of the second day of the meeting, 
Wednesday, June 13, simultaneous technical sessions 
were held for the presentation and discussion of 
papers. At session A, three papers, dealing respec- 
tively with thermal considerations in foundry work, 
applications of platinum-metal thermocouples and the 
solubility of carbon in iron, were considered, while, at 
session B, a report on synthetic-resin core binders and 
a paper on patternmaking were submitted. That 
evening, the annual banquet of the Institution was 
held at the Old Assembly Rooms. When proposing 
the toast of the “City and Commerce of Newcastle- 
upon-Tyne,” Mr. Sheehan said that Newcastle was 
essentially a border city and it had all the vigour of a 
border city. It was interesting to note that the first 
men to mine coal in this country had been Tynesiders. 
In replying to the toast, the Mayor of Newcastle, 
Alderman W. McKeag, stated that he endorsed all 
that Mr. Gresty had said in his presidential address 
that morning in regard to craftsmanship; not only 
must we as a nation preserve our craftsmanship, but 
we must maintain our pride in that craftsmanship. 
The toast of “‘ The Institute of British Foundrymen ” 
was proposed by Mr. John Neill, a director of the 
North Eastern Marine Engineering Company (1938), 
Limited, who stated that the Institute had always 
kept in close touch with its various branches and had 
thus maintained the interest of its members. In reply, 
the President, Mr. Gresty, said that the strength of the 
Institute lay in the fact that it was open to — grade 
in the founding industry, whether they were foundry 
owners, managers, foundrymen or apprentices in their 
first year in the industry. In 1917, when he had first 
joined the Institute, it had 1,021 members. In 1924, 
when the Institute had met in Newcastle, there were 
1,556 members on the roll. On the occasion of a second 
meeting in Newcastle, in 1932, the membership had 
risen to 1,919, and in the present year, the third 
occasion the Institute had met in Newcastle since he 
had joined it, the members on the roll totalled 4,773. 
The last toast, that of ‘“‘ The Guests,” was proposed 
by Dr. C. J. Dadswell and the response was made b 
Lord Eustace Percy, P.C., Rector, Newcastle Division, 
University of Durham. 

On the third day of the meeting, Thursday, June 14, 
morning and afternoon simultaneous technical sessions 
were held, sessions C and D in the morning, dealing, 
respectively, with the a of heavy castings and 
their examination, and with the properties and charac- 
teristics of aluminium casting alloys. In the afternoon, 
session E comprised two interesting papers on the 
reduction and control of dust in foundry operations 
and a third paper on the mechanical charging of 
cupolas. In session F, two technical reports, one on 
the soundness of iron castings and the other on the 
heat treatment of grey cast iron, and a paperon 
radiographic practice in the steel foundry, were con- 
sidered. 

The fourth, and last, day of the meeting, Friday, 
June 15, was devoted to visits to works in Newcastle 
and the North-East Coast area, including the Heaton 
Works of Messrs. C. A. Parsons and Company, Limited ; 
the Consett Works of the Consett Iron Company, 
Limited ; the Close Works, Gateshead-on-Tyne, of 
Sir W. G. Armstrong, Whitworth and Company (Iron- 
founders) Limited; the Team Valley Works, Gates- 
head, of the Heaton Foundry Company, Limited ; the 
Victoria Works, Gateshead, of Messrs. Clarke, Chap- 
man and Company, Limited; the Jarrow Works of 
Jarrow Metal Industries, Limited; the St. Peter’s 
Works, Newcastle, of Messrs. Hawthorn, Leslie and 
Company, Limited ; the Wallsend Works of ths North 
Eastern Marine Engineering Company (1938), Limited ; 
the Hebburn-on-Tyne Works of Messrs. A. Reyrolle 
and a = Limited ; the Felling-on-Tyne Works of 
Messrs. Noble and Lund, Limited; and the Elswick 
Works of Messrs. Vickers-Armstrongs Limited. 

The conference closed on the evening of Friday, 
June 15, with a dinner and dance at the Old Assembly 
Rooms. 





PROHIBITION OF THE USE OF NICKEL.—On account of 
the increasing use of nickel in the defence programme, 
the Board of Trade and the Ministry of Supply are 
banning its use in the manufacture of a number of articles. 
The list of prohibitions has been compiled after consulta- 
tion with most of the industries concerned. There are 
two schedules of articles ; in schedule 1 are set out the 
articles and components in the manufacture of whica the 
use of nickel, austenitic stainless steel, and nickel silver, 
cupro-nickel, Monel metal and other nickel alloys, is 
prohibited. Makers, however, are allowed until October 1 
to use up stocks of components made of any of these 
materials which they hold at present. In schedule 2, 


which comes into force on August 22, a list of articles} This 


and components which may not be nickel-plated is given. 





LABOUR NOTES. 


RECOMMENDATIONS of considerable importance, on a 
number of technical and labour problems, were made at 
a conference of representatives of the Diesel locomotive 
industry, which was held at Blackpool on March 20. 
The conference was organised by the Internal Com- 
bustion Group of the Locomotive Manufacturers’ 
Association of Great Britain, to discuss the report of 
the Diesel locomotive industry’s productivity team on 
their visit to the United States in January and Feb- 
ruary, 1950, under the auspices of the Anglo-American 
Council on Productivity. Nearly one hundred dele- 
ee from some twenty firms attended the conference. 

hey were selected for their expert knowledge and lo 
experience in the industry, and included technical an 
design staff, commercial executives, managing directors, 
skilled engineering craftsmen, and shop stewards. The 

roductivity team’s report was published in December 

t and was referred to at some length in ENGINEERING, 
vol. 170, pages 479 and 567. At the Blackpool 
conference, the recommendations contained in the 
report were divided under seven headings, each subject 
being allotted to a committee of the conference for 
discussion. The views of the seven committees were 
then submitted to a meeting of the full conference. 





One of the productivity team’s recommendations was 
that the abolition of piecework be considered, with a 
view to the substitution for it of an enhanced hourly 
rate with time study, in order to establish agreed 
standard times. The labour committee of the Blackpool 
conference reported that, in its opinion, a number of 
developments must take place in the industry before 
“any consideration’ could be given to this recom- 
mendation. It would be necessary to achieve the 
standardisation and simplification of the industry’s 
products and the methods of their manufacture. 
Works organisation must be improved generally, by the 
extensive use of such techniques as time studies and 
movement control, in order that wasted time and effort 
might be eliminated. Inefficient machines must be 
replaced and inefficient operatives either retrained or 
replaced. Only if these steps gave increased production 
without commensurate increases in overheads and 
capital outlay (and the committee felt that they should) 


Y | could enhanced hourly rates be paid economically and 


piecework arrangements abolished. 





At the same time, the labour committee realised 
that raves’ arrangements led to argument and 
tended to restrict co-operation between management 
and labour, that they were not always effective, and 
that they sometimes became artificial. The committee 
considered, therefore, that it was desirable to replace 
existing piecework arrangements by some alternative, 
such as that suggested in the productivity team’s 
recommendation. It was agreed, also, that methods 
of payment might be varied at individual firms to suit 
their respective working conditions, and that other 
schemes, such as those which make use of a basic 
hourly rate and an overall group bonus, were worthy of 
consideration. 





Another of the productivity team’s recommendations 
to be considered by the labour committee, was that 
craft trades and trade apprenticeship, as at present 
known in Great Britain, code be abolished, provided 
that the simplification of methods put forward in its 
report was achieved. It was recognised by the team 
that this was a national issue. The labour committee 
reported that it did not agree with the abolition of craft 
apprenticeship, but it did feel that the rigid lines of 
demarcation between unions should be investigated and 
that an increasing use might be made of specially- 
trained semi-skilled employees. At the meeting of the 
full conference, the reports of the labour committee 
were agreed to by a majority vote, after a lengthy 
discussion. 





The workshop control and technique committee 
considered a recommendation by the productivity 
team “‘that a higher percentage of better supervision 
be introduced.” The committee agreed with this 
recommendation and added that, in its opinion, foremen 
should be relieved as much as possible of paper work, 
to enable them to concentrate on jobs in hand and to 
ensure that the persons under their direct control 
were employed to the best advantage. It was not 
suggested that the number of foremen in the industry 
should be increased, but that they should spend more 
time on the shop floor. This report was later accepted 
unanimously by the full conference. 





A recommendation by the productivity team, 
“that better prospects should be offered to planners, 
rate-fixers, time-study operatives and progress per- 
sonnel,” in order to attract the best types of men, was 
discussed by the organising for productivity committee. 
is body considered that shop experience was as 
important as technical training and recommended 





that men holding the positions referred to should be 
given every facility for increasing their knowledge of 
production engineering subjects. It was agreed that 
better prospects should be open to men having the 
qualifications necessary for these positions. The 
committes felt that the routine and administrative 
work of controlling production should be taken from 
foremen, whose job it was to train and supervise their 
men, and performed by planners in production-control 
offices. At the present time, foremen were frequently 
prevented from doing their own work by calls upon 
them to undertake production control. This report, 
also, was agreed to unanimously by the conference. 





Dissatisfaction felt by engineering employees in the 
Post Office, owing to “‘ insufficient wages,” was referred 
to by Mr. W. J. A. Hughes in his presidential address 
to the annual conference of the Post Office Engineering 
Union, which opened at Llandudno on Monday last. 
Members of the Union are employed, in the main, on 
telephone work and Mr. Hughes declared that it was 
time that the public, especially telephone subscribers, 
were made to realise how poor a reward those so engaged, 
received for their services. The wage increase granted 
to the P.O.E.U. by the Civil Service Arbitration 
Tribunal in mid-1950, though less than the Union’s 
claims, afforded some measure of relief, but it had been 
cancelled out by the frequent rises in the cost of living. 
When the pay and conditions appertaining to clerical 
employees in the Post Office were contrasted with the 
maximum wages and best conditions attainable by 
the Department’s technical grades, it would be realised, 
Mr. Hughes stated, that members of his Union had a 
right to feel that injustice was being done. 





Cases were occurring, Mr. Hughes continued, of 
teqhnical employees in the Post Office leaving the 
service, in order to take up more remunerative work 
elsewhere, often in other Government Departments. 
Owing to the “ridiculous” offer made by the Post 
Office, the P.O.E.U. had been forced to proceed to 
arbitration once more in support of its wage claims. 
The delegates expressed their complete approval of 
their executive committee’s rejection of the Postmaster- 
General’s offer of wage increases varying from 4s. 6d. 
to 6s. a week. They declared, in an emergency 
resolution, that they could no longer accept quietly 
the intolerably low wages paid by the Post Office, 
but an amendment calling for the immediate cassation 
of co-operation with the Department was rejected. 





New wage claims in respect of engineering and ship- 
building operatives were put forward at the thirty- 
third annual meeting of the national committee of the 
Amalgamated Engineering Union, which opened at 
Brighton on Monday last. In effect, the national 
committee is the governing body of the Union, to 
which some 815,000 employees in the engineering and 
allied industries belong, and, of the 26 divisions into 
which this large membership has been grouped, 23 
sent demands to the committee for fresh wage increases, 
ranging from 6d. an hour to 40s. a week. These de- 
mands were considered at length at early sessions of 
the annual meeting, and, eventually, a resolution was 
passed unanimously, instructing the Union’s executive 
council to present new wage claims to the employers 
through the Confederation of Shipbuilding and Engi- 
neering Unions. The claims are expected to come 
before the Confederation at its annual conference in 
August. 


It was decided that the new claims should be for 
an increase of 20s. for a week of 44 hours for all em- 
ployees, whether engaged at time rates or on piece- 
work, and the resolution requested that all piecework 
rates and bonus earnings should be calculated on the 
basis of the new consolidated time rate. The resolution 
also asked that the new prices for piecework should 
be such as would enable operatives engaged on piece- 
work to earn 33} per cent. above the new time rate. 
The resolution had originally included demands for an 
all-round increase of 30s. a week and piecework rates 
of 50 per cent. above the new time rate, but these 
demands were reduced by an amendment to those 
mentioned above. It may be noted that these new 
wage claims were put forward only seven months after 
the agreement of November last, which provided a 

increase of lls. a week for skilled operatives in 
the engineering industry and one of 8s. a week for 
unskilled men. 








In his opening address to the annual meeting of the 
national committee, Mr. Jack Tanner, the President 
of the A.E.U., criticised the extent of the Government 8 
rearmament pro e and the speed with which it 
was being P ate. momar In his view, the countrys 
economic stability and the maintenance of the social 
services might be impaired by the defence programme. 
He attacked profits and demanded that the benefits of 
increased productivity should be used to improve the 
working of industry and to increase wages. 
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DIESEL ENGINES FOR TRACTION 
PURPOSES.* 


By G. JENDRASSIK. 


THe Diesel engine for rail traction differs in some 
respects from the engines used for other purposes. The 
restricted space on a bogie or under the frame of a 
carriage in Diesel rail-cars, the space occupied by the 
machinery equipment in Diesel-electric rail-cars, and 
the space available in a locomotive, all set limits to the 
volume the engines may occupy, and increase the speed 
of the engine so far as other considerations permit. 
The overall shape of the space the engine occupies is 
also of importance. For most applications, short 
engines are preferred; for others, flat engines are 
needed. - In general, reliability, economical maintenance, 
etc., are more important than extremely low weight. 
Outputs range from 100 to 2,200 h.p., the lower outputs 
being for rail-cars and shunting locomotives, the higher 
outputs for main-line locomotives, with engines for 
Diesel trains and smaller locomotives in between. 
Engines are mostly four-stroke, but, especially in the 
United States, many two-stroke engines are being built, 
mostly for higher outputs. In general arrangement, 
the engines have four to eight cylinders in line, eight 
to 16 cylinders in V form, and sometimes op 
pistons in the case of two-stroke engines. It is general 
practice to use engines in multiple units, controlled 
from one driver's post. F 

The weight per horse-power of the railway-traction 
engine averages from 15-4 Ib. to 22 lb. per horse-power, 
but there are engines of much lower and much higher 
weights, respectively, down to 7 lb. per horse-power and 
up to 33 lb. per horse-power. The weights per horse- 
power of the four-stroke and of the two-stroke engines 
are practically the same. The weight per horse-power 
of the engines depends on various factors, and, for this 
reason, is not really a characteristic of the design ; the 

engine specific weight,” that is, the engine weight 
per total piston displacement, is a much better criterion. 
Values of the engine specific weight of a number of 
engines, in pounds per cubic inch of total piston dis- 
placement, are plotted on Fig. 1, herewith, on a base of 
total piston displacement in cub. in. 

The diagram shows that engines for railway traction 
have the lightest build among those represented and 
are even lighter than road-transport engines, which may 
explain why their development has involved so man: 
difficulties. The engine specific weight is, in general, 
from 2 Ib. to 3$ Ib. per cubic inch, but exceptions 
are to be found above as well as below these figures. 
Between the engine specific weights of the two-stroke 
and of the four-stroke engines there is—apart from a 
few exceptions—no marked difference. 

in Diesel-electric drives, the electric generator is often 
secured directly to the engine crankcase ; in one design, 
the lower part of the engine crankcase is prolonged 
towards the electric generator and, adequately rein- 
forced, carries the latter. With this arrangement, there 
is no need for a bearing on the engine side of the 
generator, and the fly-wheel can be dispensed with. 

he cylinders are normally provided with separate 
wet or dry liners, and the cylinder block is integral 
with the upper part of the crankcase. In another 
design, the cylinders are arranged in blocks of two, 
three or more, secured to the crankcase by studs or 
bolts. This arrangement gives a structure of less 
rigidity, but, in some respects, simpler for maintenance. 
With this design, it is not always necessary to use 
separate liners, as the cylinder blocks, being simple 
castings, are easily and cheaply replaced. The ma- 
terial of the cylinder liners is good quality perlitic or 





* Paper entitled “‘ Practice and Trend in Development 
of Diesel Engines, with Particular Reference to Traction,” 
read at a meeting of the Institution of Locomotive 
‘Sngineers held in London, on April 18,1951. Abridged. 


special cast-iron, preferably centrifugally cast and, in 
some cases, provided with a hardened surface, e.g., by 
chromium plating. It is important that the injection 
components should work without trouble over long 
periods and that they should be free from wear, 
clogging and deposits. The cylinder heads are mostly 
of cast iron and, in the case of smaller cylinders, integral 
for two or three cylinders. Because of the enormous 
heat flow, the cooling water is directed at high speed to 
the most critical points of the walls, to provide intensive 
cooling. The pistons are either of cast iron or of light 
alloy and are mostly cooled inside by the lubricating 
oil. 
Supercharging is commonly used. With four-stroke 
engines, the exhaust-gas-driven turbo-charger, in con- 
nection with the Biichi system of supercharging, is 
mostly in use ; this permits a considerable increase of 
output compared with that of the unsupercharged 
engine. An increase of 33 to 50 per cent. is quite 
common, but there are cases of increases up to and 
over 100 per cent. The brake mean effective pressure 
of the unsupercharged engines usually lies between 
78 and 90 lb. per square inch, and for supercharged 
engines is between 105 Ib. and 135 Ib. per square inch, 
and as maximum figures—to cover peak loads—165 lb. 
to 200 lb. per square inch in exceptional cases. Mech- 
anically-driven superchargers are somewhat less advan- 
—., than the exhaust-driven type. 

'wo-stroke “tngines use exclusively mechanically- 
driven scavenging pumps (Lysholm, Roots, or centri- 
fugal systems) which also provide pressure for super- 
charging. These engines have a very high brake mean 
effective pressure, some at the maximum load giving 
92 lb. per sq. in. and 75 lb. per sq. in. at continuous 
rating. Two-stroke engines of another make utilise 
the pressure fluctuations in the exhaust manifolds to 
produce supercharging by returning the air from the 
exhaust manifold into the cylinder at the end of the 
iat, 

As has n shown, there is a wide variation in the 
brake mean effective pressure of the various engines and 
it is very difficult to make fair comparisons between 
them. There are no internationally-accepted stan- 
dards in existence for stating outputs ; and, even where 
standards exist, as in this country, it is fairly diffiult to 
determine the one-hour or the twelve-hour (continuous) 
rating of an engine. It is a question, too, what the 
continuous output of an engine should be for a par- 
ticular application; the symptoms of fatigue, etc., 
which may limit the output of an engine in continuous 
operation, will not necessarily show themselves during a 
twelve-hour test. 

There is a marked difference, especially at low engine 
speeds, between supercharging by an exhaust-driven 
turbo-charger and by a mechanically-driven positive- 
displacement compressor. In the case of the exhaust- 
driven turbo-charger at low engine speed, the charging 
pressure in the intake is also low and it would seem that 
the engine torque and the fuel quantity injected per 
cycle have also to be reduced. But this is not neces- 
sarily so, since, due to the overlapping of the opening 
periods of the exhaust and intake valves, the quantity 
of the scavenging air increases in relation to the air 
remaining in the cylinder, thereby considerably reduc- 
ing the exhaust temperature, which, therefore, can be 
kept low in spite of the high torque and low intake 
pressure. This can only be done effectively if the rated 
torque of the engine has not been increased by more 
than one third by supercharging. The thermal load 
of the engine—the effects of the heat flow—is thereby 
not increased in relation to full speed and full-load 
operation. This may have an important bearing on 
the operation if mechanical transmission is adopted, 
when high torque is indispensable also at low speeds, 
as when starting or when changing the transmission 





gears. 
With mechanically-driven positive-displacement com- 
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pressors, the volume of the air supplied is, in the ideal 
case, proportional to the engine speed. In practice, 
the leakage losses at low s will be greater, but the 
pressure is maintained at a relatively higher level than 
with the turbo-charger of normal design. If scavenging 
is employed with a mechanically-driven positive-dis- 
lacement compressor, with a considerable overlap 
tween the opening periods of the exhaust and intake 
valves, then at lower speeds the intake pressure would 
rapidly fall. 

At supercharging to higher intake pressures, of 8 to 
10 lb. per square inch, it becomes increasingly necessary 
to cool the compressed air. This relatively simple 
operation may become a problem, since the engine 
cooling water is generally too warm to be able to reduce 
the air temperature to the desired extent, and a separate 
water circuit and cooler have to be provided, in which 
the water has to be re-cooled to a lower temperature 
than in the normal cooler. In connection with the 
gas turbine, so much experience has already been 
collected concerning heat exchangers, that it may very 
well be possible to do the cooling by air. In the case 
of a high ambient temperature, the cooling would 
have to be effected by counter flow, whatever the 
cooling arrangement may be otherwise. 

The piston speed is usually considered to be a 
characteristic figure, indicating the degree of thermal 
loading of an engine. This view is not justified, 
however, as the conditions which may determine the 
stress, fatigue, or heating of important engine com- 
ponents do not depend on the piston speed. Fig. 2, 
herewith, shows the piston speeds of a number of 
engines, plotted against cylinder diameters, the indi- 
vidual points each corresponding to a particular engine, 
as in Fig. 1. As is also shown on this diagram, the 
— speeds are mostly higher than those of engines 
or other purposes. This corresponds to the general 

ractice of makers of setting the r.p.m. of engines 
or other applications some 10 to 25 per cent. 
lower than for railway-traction engines. Piston speeds 
range from 2,000 to 1,400 ft. per minute, those of two- 
stroke engines being on the !ower side. The revolutions 
usually lie between 600 and 1,800 i! minute. 

Owing to their high speed, high b.m.e.p. and their 
size, railway -traction engines are highly loaded ther- 
mally. The heat flow requires a considerable tempera- 
ture drop in the walls and also on the outside surface, 
between the coolant and the walls. There is a limit to 
the heat flow which may be passed to the coolant, 
beyond which vigorous steam production may reduce 
the heat transmission, leading in turn to local over- 
heating. To avoid these evils, modern engines have 
higher flow velocities in the cooling jackets than before, 
and the quantity of the coolant is also increased. This 
is illustrated by the low temperature rise of the coolant 

ing through the engine—often not more than 
10 deg. F. with some 20-25 gallons per horse-power per 
hour of the coolant circulated. The quantity of the 
lubricating oil circulated is likewise increased, and may 
amount to 9 to 13-5 gallons per horse-power per hour. 
The heat picked up by the oil in the piston, in addition 
to the heat produced by friction in the rings, is 
considerable, and amounts to 200 to 800 B.Th.U. per 
horse-power per hour ; cooling of the lubricating oil is 
thus imperative. 

Cooling of the lubricating oil is effected, in most cases, 
by the circulating water of the engine which, after being 
cooled, passes first through the lubricating-oil cooler 
and then enters the water jacket of the engine. To 
obtain more efficient cooling, a separate water circuit 
and a separate cooler are provided in some engines for 
the water which cools the oil; in another design, the 
lubricating oil is directly cooled by air, in a cooler 
arranged apart from the engine. This latter arrange- 
ment has the drawback of necessitating oil conduits 
from the engine to the cooler and back, which may lead 





to trouble due to unavoidable vibrations and deforma- 
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tions, and also to the fact that elastic engine supports 
are almost exclusively employed. This arrangement is 
rather on the wane nowadays. The cooling of the 
lubricating oil is in itself a difficult task. The highly 
viscous oil does not lend itself to turbulent flow, and the 
heat transmission in the oil is very poor; the difficulty 
is further increased by the fact that the viscosity of the 
cooled oil is higher and, in consequence, it clings to 
the cooling valet, isolating this from the rest of the 
flow. The oil cooler has therefore to be specially 
designed for this purpose and must also be capable of 
withstanding the pressure and pressure fluctuations of 
the oil, if connected into the circuit of the engine 
lubricating pump. 

The effects of heat flow have been investigated* and, 
by solving the differential equations of heat conduction 
in the walls with Fouger series, interesting results have 
been obtained for a particular case. In the following, 
however, a different and much simpler method is 
adopted; by making some simple assumptions, an 
approximate formula can be established by which such 
a comparison is possible, and relative figures are 
obtained. It is assumed that the factors neglected in 
working out the formule have identical effects in the 
engines compared. 

he average heat flow passing per unit area in unit 
time, at some thermally highly-loaded part of the 
boundary wall of the combustion space, should be 
investigated first. The section of wall in question ma 
be located on the cylinder head, piston or cylinder wall. 
With engines having an insert of heat-resisting material 
in some part of the combustion space, the critical 
section of the boundary wall will not most probably be 
adjacent to this, since it protects the wall against heat 
transmission. 

The amount of heat H transmitted in unit time by a 
gas flowing in a tube to the unit area of the wall is 
represented by the following formula :¢ 
cl 
at 
in which A is a constant, c is the mean velocity of the 
flow, d is the diameter of the tube, Ky is the specific 
heat of the gas at constant pressure, p is the density of 
the gas, A is the heat conductivity coefficient of the 
gas, and ATy is the temperature difference between the 
gas and the wall. This expression represents fairly 
well the heat transmission of gases in tubes; but, 
owing to the complexity of heat transmission, in most 
other cases only approximate formule are available. 
Thus, if the tube is not of a circular cross-section but of 
a flat rectangular one, then, as an approximation, 
28 should be inserted in place of d in the above formula, 
where s denotes the length of the short side of the 
rec cross-section. 

In the Diesel engine, the preponderant part of the 
heat transmission takes place when the piston is at or 
near its upper dead-centre position, when the space in 
which parts of the wall most stressed are located is 
diso-shaped. It can be assumed that the heat trans- 
mitted will be that given by equation (1), taking double 
the height of the disc-sha space instead of the 
diameter d of the tube, and, for the velocity c, the mean 
flow velocity or that of the turbulence existing in the 
F sarod in question. It may be said, further, that, 

uring the same period, Ky and A vary relatively little, 
whereas the other factors may vary substantially. If 
it is assumed that the process of combustion takes place 
according to the same pattern in engines of various 
dimensions and speeds, then, for all of these engines, 
the same mean values of these factors may be taken. 
By including the non-varying factors in the constant, 
Ci} Sesennts 


H = A(pKpytiM—ATy . (1) 


of 

H = apt 7 AT, . (2) 
in which the dashes above the letters denote their 
mean values for the period in question. In this, p is 
dependent on the compression ratio and on the densit 
in the intake only, so its value is nearly the same for 
engines working under similar conditions (e.g., with the 
same supercharging); and AT, depends mostly on 
the b.m.e.p. and on the degree of supercharge, thus it 
is also the same for all a age under similar conditions. 

The mean height of the disc-shaped space, during 
the period of high heat transmission, is proportional 
to the stroke of the engne S and its diameter to the 
cylinder diameter. The mean velocity of flow or the 
velocity of the turbulence in the various engines, if 
correctly designed, will have to be such that, to ensure 
good mixing and combustion during a certain angular 
displacement of the crankshaft, the gas travels a 
certain part of the diameter of the disc. This velocity 
may be produced by any means, such as, for example, 





*“ Temperaturverlauf und Wa&rmespannungen in 
Verb t »”’ by Dr. Ing. G. Eichelberg. 
Forschungsarbeiten auf dem Gebiete des Ingenieurwesens, 
Heft 263. 

t ‘‘ Warmetibertragung,” by Dr. H. Grober. 
Bd. I.,27. Page 592. 
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by flowing after partial combustion from a part of the 
combustion space, through an orifice into the rest of 
the space; or by displacement by the piston forcing 
the gas into a part of the combustion space; or by a 
shrouded intake valve or otherwise during admission, 
etc. In the case of engines with sub-divided com- 
bustion spaces, such as ante-chamber or swirl-chamber 
engines, the disc-like space in question can be con- 
sidered to be the space located directly over the piston 
or in a cavity of the piston. Accordingly, the mean 
velocity is proportional to the cylinder diameter and 
to the engine speed, m r.p.m. 
eaDn, 


with this, iff and A Ty are also included in the constant, 
equation (2) may be restated as 


He (Dn)is-t (3) 


Since the object of the above is to give comparative 
figures only, it may be more informative if the heat 
flow is related to the heat flow in a standard engine 
working under similar conditions. As a standard 
engine, one with a cylinder diameter and stroke of 
4 in., and with a speed of 1,000 r.p.m., is adopted. 
This choice is of advantage for the further reason that, 
if in metric units, the standard engine be one of 100 mm. 
bore and stroke and of the same speed, the figures will 
be very nearly the same. 

For jhe standard engine, the heat flow will be : 


H «x (4 x 1,000) 4-4 
and the relative value Rg is 


7. (? i (? % ( n \i f 
oT oe 7) x) ; ve 

Rg could be called the “ relative heat flow.” This 
figure indicates the ratio between the heat flow per 
unit area per unit of time through a particular part 
of the wall of the combustion space of a given engine, 
and the heat flow through the corresponding part of 
the wall of the standard engine, working otherwise 
under similar conditions. 

If the heat flow to the most stressed part of a stan- 
dard engine of any particular design or working under 
any ‘particular set of conditions is known, then, by 
the formula for the “ relative heat flow,” the heat flow 
of all engines of any size and speed, of the same design 
or working under similar conditions can be calculated. 
This rule applies not only to the “ relative heat flow,” 
but also to the other characteristic numbers which will 
later be introduced. 

The actual value of the heat flow is very high, of 
the order of 150,000 B.Th.U. per square foot per hour, 
although higher values may be found. Its evaluation 
in the stan engine is an intricate problem, since 
it depends on many factors, some of which may be 
altered arbitrarily. Some of these factors are: the 
method of combustion (ante-chamber, swirl-chamber, 
direct injection); the actual form and dimensions of 
the combustion space; the method, rate and timing 
of injection; b.m.e.p.; intake pressure (degree of 
supercharging) ; quality of fuel; ete. 

he total heat per hour transmitted to the coolant 
is not identical with the heat flow, since the total heat 
is transmitted through a varying area as the piston 
moves; the heat flow, as understood in this paper, is 
the heat flowing through the unit area at a given place 
of the wall. Thus it is only a very rough approximation 
to estimate the heat flow by the total heat, but even 
for this there is scanty published information, especially 
as the heat transmitted to the coolant in the cylinder- 
head and in the piston should be stated separately from 
the heat transmitted by other components. 

There is good reason to assume that the heat flow 
depends to a great extent on the pressure rise during 
combustion, increasing with it. This has an important 
bearing on the effect of supercharging, since, with 
pn ge io the pressure rise can be kept at a lower 
value, and, consequently, the heat flow is relatively 
lower. The influence on heat flow of the scavenging 
in connection with supercharging is so far an unsettled 
pays Some think it is advantageous, and others 

ubt its merits.* 

Without attempting to establish the actual figures 
for the heat flow as a function of the supercharge 
pressure and the b.m.e.p., it will be assumed that the 
permissible b.m.e.p. with supercharging has been so 
established by experience that the heat flow and its 
consequences should not create conditions more 
unfavourable than in the case of the unsupercharged 
engine at its permissible b.m.e.p.; the conditions 
should then be substantially the same. On this basis, 
the comparative values of heat flow will be applicable 
both to superc and to unsupe engines. 

It should be noted that the values for the heat flow H 
and the “ relative heat flow ” are incomplete, since the 
effect of radiation has not been taken into account ; 


* The 37th Thomas Hawksley Lecture: ‘‘ The Super- 
charging of Internal Combustion Engines,” by Sir Harry 
Ricardo, F.R.S. Proc. I. Mech. E., vol. 162, page 421 
(1950), 








but this is of no great consequence, as this represents 
only a relatively small fraction of the total heat. 
Strictly speaking, the “relative heat flow” values 
permit comparison only between engines having similar 
combustion systems, and, if engines of different systems 
are to be compared, it is probable that coefficients 
should be applied to the values to account for difference: 
in the systems of the respective standard engines 
Even without these, however, the values offer ar 
interesting comparison. 
(To be continued.) 





TRADE PUBLICATIONS. 


Staff Locating Apparatus.—A leaflet on their staff 
locating apparatus, known as the Blick “‘ Man-hunter,”’ 
has been received from Blick Time Recorders, Ltd. 
188, Gray’s Inn-road, London, W.C.1. 


Switch Socket Outlets.—M.E. Electric, Ltd., Wakefield- 
street, Edmonton, London, N.18, have recently issued 
leaflets dealing with switch socket outlets, fused spur- 
boxes and 13-ampere rectangular pin accessories for use 
on electrical installations. 


Variable-Speed Drives.—Details of the constructional 
features, mode of operation, selection and installation of 
** Hainsworth ” variable-speed V-belt and pulley drives 
are contained in a brochure issued by J. H. Fenner & Co., 
Ltd., Marfleet, Hull. 


Rubber Mountings.—Howard Clayton-Wright, Ltd., 
Wellesbourne, Warwickshire, have issued a leaflet giving 
particulars of their COlayflex rubber anti-vibration 
mountings for machinery, with load capacities ranging 
from 10 Ib. to 2,000 Ib. So hes 


Self-Priming Centrifugal Pumps.—An illustrated cata- 
logue has been issued by Pegson, Ltd., Coalville, Leicester- 
shire, giving specifications of their self-priming centri- 
fugal pumps, which are available with either a petrol- 
engine or an electric-motor drive, and with capacities 
ranging from 50 gallons to 4,000 gallons per minute. 
They will handle liquids of various viscosities, including 
liquids containing solids. 


Gear-Cutting Machines.—We have received two illus- 
trated folders from W. E. Sykes, Ltd., Manor Works, 
Staines, Middlesex ; one gives an outline of their range 
of horizontal and vertical gear generators, universal and 
precision hobbing machines, gear-shaving and tooth- 
burnishing machines, cutting tools, and gauges. The 
other leaflet gives fuller particulars and a specification 
of the horizontal gear-generating machines. 


Electrical Products.—Standard Telephones & Cables, 
Ltd., Connaught House, Aldwych, London, W.C.2, have 
sent us brochures relating to three ranges of products, 
namely, quartz crystals enclosed in evacuated glass 
envelopes of various types and mountings; ‘“‘ Sen Ter 
Cel” selenium rectifiers, with details of ratings, circuits, 
installation, maintenance, etc.; and miniature direct- 
wire remote-control systems, including details of various 
units and their installation. 


Conveyors.—Richard Sutcliffe, Ltd., Universal Works, 
Horbury, Wakefield, Yorkshire, have issued a series of 
illustrated pamphlets on industrial conveying, under the 
following titles: Industrial Conveyors ; Coal, Coke and 
Ore Handling; Mech 1 Handling in Quarries and 
Sand and Gravel Pits ; Chemical and Processing Indus- 
tries; and General Mechanical Handling in Industry. 
Each pamphlet provides a technical description of the 
equipment used for the particular application. 


Remote Liquid-Level Indicator.—Bailey Meters and 
Controls, Ltd., Progress Way, Croydon, Surrey, have 
issued a leaflet giving particulars of the Bailey-Jerguson 
Truscale remote liquid-level indicator for boilers, de- 
aerator tanks, etc. It comprises a mercury manometer 
responding to changes in the water level, and incor- 
porating a float chamber in which is a stainless-steel 
float. The movements of the latter are transmitted to 
the indicating instrument by a magnetic coupling. 


Pressure Tank for Water Supply.—A leafiet describing 

the Pneupress system for water supply in ships and 
buildings has been issued by Drysdale and Co., Ltd., 
Yoker, Glasgow. In this system, the water tank is 
connected to a source of compressed air and is under 4 
pressure sufficient to raise water to the highest point 
in the system. The size of tank can thereby be made 
much smaller than a gravity tank for the same system. 
The leaflet includes a typical layout and a page of 
useful data. 
’ Soil-Testing Machinery.— An illustrated catalogue has 
been issued recently by Soil Testing Services, Incor- 
porated, 4520, W. North-avenue, Chicago 39, Illinois, 
U.S.A., giving brief particulars of some of their products, 
which include miniature compacting equipment, plastic 
and liquid limit sets, water-level instruments for 
measuring differential settlements, triaxial testing equip- 
ment, mixers and stirrers, consolidation apparatus, 
penetrometers, samplers, warmers and ovens, humidi- 
fiers, California bearing-ratio apparatus, etc. 
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RESISTANCE AND PROPULSION,* 
By Sm Amos L. Ayrg, K.B.E., D.Sc. 


One of the main reasons for the presentation of this 
paper is to be found in the unrest in the minds of 
some of those who undertake the ultimate and con- 
tractual responsibility for the speed and power of ships. 
It is appreciated that, during the few years, a 
realisation, and acceptance of the effect of laminar 
flow on the model experiment result has brought 
about a situation which, in itself, calls for a general 
reconsideration of the subject of resistance. Recog- 
nition that the emergence of this laminar flow problem 
has made doubtful, and even useless, much methodical 
and experimental research work of the pest, as well 
as the great mass of data concerning tank tests made 
for commercial reasons, has made many uneasy, and 
it is felt that a rapid restoration of the situation to a 
sound basis is called for. But we must not jump to 
conclusions too rapidly. Practically all of what follows 
refers to the single-screw merchant ship. 

In the main, since model experiments have been 
used as a means of determining the power of merchant 
vessels, the predicted results have been fairly closely 
attained when the ship trial has been carefully con- 
ducted under fine-weather conditions corresponding 
to the tank experiment. That experience may, there- 
fore, be contradictory to the now accepted laminar 
influence on the model ; but there were odd occasions 
when the results did not come up to prediction, and, 
it would seem, in the light of present knowledge, that 
the cause of such exceptions probably arose out of the 
laminar condition of the model having produced an 
apparently low effective horse-power. There have 
appeared instances, in recent times, of the ship on 
trial giving better results than the tank prediction. 
Such a variable state of affairs has naturally raised 
thoughts in many minds of the extent to which present 
knowledge of the twin subjects of resistance and pro- 
pulsion,-as affected by laminar flow, is satisfactory to 
a dependable degree. 

It is possible that we may not even yet have reached 
dependable conclusions regarding the subject of 
laminar flow. One learns of models, of somewhat full 
form, in which there is indication of the effect being 
frequently as much as 16 per cent. Taking into 
account many actual trial results among the lar 
number of cargo vessels that have been built during 
the past half-century, it is difficult to realise that the 
effect can be so great. It makes one wonder how the 
ship trial results that were obtained could have occurred 
if the E.H.P. should now be regarded as having been 
that much larger. When all is said and done, the 
Admiralty coefficient was, in the case of cargo vessels 
with steam reciprocating machinery, a useful measure 
of — efficiency. Without questioning the 
results now emerging from model tests, however, one 
becomes perplexed when these are translated to the 
full-size vessel, and the resultant Admiralty coefficient 
is compared with the much higher values previously 
attained in ship trials. 

The practitioner’s interest is often frustrated when 
endeavouring to reconcile the results of the various 
tanks. He would be considerably assisted and en- 
couraged if the various tanks would adopt a universal 
basis for the determination of, and the form of presen- 
tation of, the data. Some tanks run models in the 
absolutely naked condition, and present the results 
with a statement to that effect. Others fit the stern- 
post and rudder, with or without the propeller boss, 
while others fit the bilge keels in addition. The trip 
wire is not universally used. There is variation in the 
allowance for appendages, roughness, and air resistance 
when translating the model resistance to ship E.H.P. 
Sometimes there is an absence of reference to the 
allowances which should be provided, even when the 
model has been run in the absolutely naked condition. 
In the past, with completely riveted shell, the allowance 
of 8 per cent., as an addition to the E.H.P. of the 
absolutely naked condition, would seem to have taken 
care of seams, overlap butts, rivet points, stern-post 
and rudder, bilge keels and the air resistance of normal 
vessels. In the light of that experience, it might be 
reasonable, when considering the modern vessel with 
smooth shell, having only welding beads at seams and 
butts, and usually only frame rivets, to reduce the 
allowance to, say, 6 per cent. Latterly, however, we 
have seen the introduction of a larger allowance, 
namely, 10 per cent. While the purpose of the increase 
1s concerned with another feature, the desired increase 
might have been regarded as set off by the present 
need for reduction of that part of the allowance that 
applies to the appendages, etc. The combined effect 
of the changes may have contributed to the results of 
Some recent ship trials having been better than the 
tank prediction. 

The adopted length dimension has such variation 

* Paper presented at the Spring Meeting of the 


Institution of Naval Architects, in London, on March 14, 
1951. Abridged. 








through the world’s tanks that the otherwise useful 
data emerging are not comparable, except after con- 
siderable basic modification, and, even then, only when 
sufficient dimensional information is provided for the 
purpose. The difference that results in the block 
coefficient, and the position of amidships from which 
the longitudinal centre of buoyancy position is mea- 
sured, because of the use of length between perpendi- 
culars in one case, and length on the waterline in 
another, can be very great. A further point to note is 
that, even in the case of the same model, at reduced 
draught, practice varies. It seems to be wrong that 
the length, either between perpendiculars or on the 
waterline, as used for the deep-draught condition, 
should continue to be used at the reduced draughts at 
which the rake of stem has appreciably shortened the 
length at the forward end. At the after end, the 
propeller-post, in the case of a single-screw ship, may, 
at the reduced draught, become the true after perpen- 
dicular. The true length at the reduced draught may 
be as much as 5 or 6 per cent. shorter than that applying 
at the deep draught. A difference of 5 per cent. results 
in an apparent block coefficient of 0-70 becoming 0-735. 

As the reductions at the ends are generally different 
in amount, the true position of amidships is also 
changed as compared with the deep draught, and this, 
in turn, affects the reputed position of the longitudinal 
centre of buoyancy. It is desirable that a conventional 
method of measuring the length be adopted, at least 
at the load draught. Particularly in the case of single- 
screw ships, examination of the curve of areas will, 
in the very great majority of cases of cargo vessels, 
show the wrongness of using the length on the waterline. 
The displacement of the cruiser stern is such a very 
small proportion of the total displacement, and so 
local in its effect, that length between perpendiculars is 
obviously the more practical dimension. 

In examining model experiment results regarding 
resistance of merchant vessels, it is most desirable 
that there be a generally accepted speed position for 
the comparison of one model with another. Up to 


the speed-length ratio (=) of 1-0, long experience 
VL. 


has shown the value of what is now termed the 
Alexander formula, in determining the s beyond 


which the model and, of course, the ship, become 
“ overdriven ”’; in other words, the s at which the 
resistance begins rapidly to increase use of exces- 
sive fullness of form relative to the s The Alex- 


ander speed is that at which the block coefficient for 
single-screw ships 
1-08 ag 
2 VL 

the condition being that of the tank, or absolutely fine 
weather on the ship trial. There is much significance 
attached to the Alexander speed. The “ overdriven ” 
condition, as applying to resistance, again arises in 
connection with the power requirements of the pro- 
peller ; while experience on the subject of laminar flow, 
so far, seems to point to this having disappeared, or 
commences rapidly to disappear, at the Alexander 
speed.’ Regard must also be given to the position of 
the “humps” and “hollows” which, in normal 


merchant ship forms, occur very close to om 2 = 0-78 


L 

and 0-98 for “ humps,” and 0-86 and 1-15 for “ hol- 
lows.” The severest conditions occur when a rapid 
advance in resistance, because of the approach to the 
Alexander speed, coincides with the separate cause of 
rapid advance arising from the approach of a “ bump ” 
speed. The approach of a “ hollow ” speed will ly 
mitigate the effect of the approach of the Alexander 
speed. These are features to be borne in mind when 
diagnosing and comparing resistance curves, and are 
essential considerations before reaching conclusions on 
such comparisons. 

Reference has been made to the Alexander formula 
applying to speed up to — = 1-0. Beyond that 
position there is interesting scope for examinations. At 


E = 1-0, the “hump” speed of —Y— = 0-98, the 
L L 

two-wave crest condition, has just been passed, and 
between that and the one-wave crest condition, at 


about mn A = 1-46, the general features have entirely 
L 


changed. The “ hollow” speed has occurred at about 
seen 2K It would seem that a much slower rate 
a in the block coefficient should apply after 
exceeding —— = 1-0. It is possible that the required 


L 
reduction b" block coefficient from 0-58, as resulting 


from the Alexander formula at re 1-0, does not 
/L 


fall to 0-50 until, approximately, -Y_ = 2-0 is reached. 
L 


This suggestion is made, having regard to the block 
coeffigients that have been adopted in such high-speed 
ships that have proved efficient in service. 

The relationship of block and midship-area coeffi- 
cients also calls for examination. Values of the latter, 
Cm, were given on a previous occasion,* for speeds up 


to ye. =1-+3. These were determined with regard to 
L 

good practice within the medium and higher range of 
speeds and, at the lower range, assisted by extrapolation 
to Cy = 1-0, at Cp = 1-0, i.0., at the maximum position, 
Extrapolation of the relation for the finer values of Cp, 
suitable for the higher speeds, can be assisted by the 
fact that the fall in C,, must reach zero together with 
the Cy. Having regard to the special case of fishing 
vessels, a determination of the optimum relationship 
down to the Cy value of about 0-35 would be useful. 

During the war, some work was done on the feature 
of bilge radius. The general conclusion reached was 
that, at least for such vessels as were dealt with, the 
block coefficient was more dependable than the pris- 
matic coefficient as an index of form. In the process of 
increasing the radius of the bilge, the displacement 
remaining constant, the resistance was reduced in spite 
of the increase in the prismatic coefficient. Having 
regard to the knowledge gained concerning laminar 
flow since that time, the thought arises that the finer 
bilges may have encouraged an increase of the laminar 
condition in the fore-body. A final answer to that 
possibility will, no doubt, be obtained on the com letion 
of the series of model experiments by the British 
Shipbuilding Research Association. . 

In references to the angle of entrance, the various 
authorities would seem to adopt different methods of 
determination. With a long straight waterline at the 
extreme fore end, there is no difficulty ; but this is not 
so when there is round or hollow—either small or large. 
In some cases, it would seem to be determined over only 
a very short length within which the waterline is 
tangential. It seems doubtful if this can be correct. 
The author is aware of an instance covering a series of 
otherwise similar fine-lined models in which the resis- 
tance increased as the angle of entrance was reduced. 
Based simply on the angle of entrance, this was not to 
be expected. On close examination, however, it was 
seen that the smallest angle, associated with the largest 
resistance, was such that an excessive rounding of the 
waterline occurred before the approach to amidships. 
The fullest e had a much smoother approach to the 
amidship width. Such a means of determination, with 
reference only to a very small proportion of the length 
at the fore end, —_ aot a 2 usefulness ad 
reference to the of entrance. is 8 
consideration, that's conventional method be adopted 
for the p Possibly it should be based on the 
area of a given proportion of the forward waterplane 
length, resolved into a triangle from which the “‘ angle 
of entrance” would be derived. It may be that the 
amount of length to be used should vary in some relation 
to the block coefficient or, preferably, the coefficient of 
the area of the load waterplane lying forward of 
amidships. 

There is no evidence available as to the efficacy, or 
otherwise, of the largely raked stem in regard to resist- 
ance. Its good appearance above water is attractive 
and, in addition, its influence on the above-water form 
at the fore end is of much value in promoting a vertical 
distribution of the reserve buoyancy that is beneficial 
to seaworthiness. But is the heavily raked stem desira- 
ble below water? It would seem that, below water, 
there is much to be said in favour of a cha over to the 
perpendicular, as has been seen in many nited States 
vessels of recent desi This has the effect of length- 
ening and fining the lower water line and enables their 
shoulders to be reduced. 

(To be continued.) 








RECOVERY OF SULPHUR FROM GASES.—Messrs. Henry 
Balfour and Company, Limited, Leven, Fifeshire, re- 
cently announced that Les Fours Lecocg, 8.A., of 
Brussels, have granted them a licence for the construction 
of plant for the recovery of sulphur from coke-oven gas, 
blast-furnace gas, and power-station flue gas. The 
design and operation of this type of plant have been 
superintended for the Belgian firm by Dr. Bahr, who was 
formerly with the I.G. Farbenindustrie, in Germany, 
where the shortage of sulphur during the war led to the 
development of satisfactory plant. The present shortage 
of sulphur in this country has altered the economics of the 
situation and in many cases it is now worth while 
to consider the extraction of sulphur from gases. 





* In the case of twin-screw ships, without the aperture, 
1-09 applies. 





* Trans. N.E.C. Inst., vol. 64, page 216 (1947-48). 
t Trans. I.N.A., vol. 87, pages 14 to 16 (1945). 
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SOME UNSOLVED PROBLEMS IN 


CIVIL ENGINEERING.* 
By G. A. Maunsgt1, B.Se. (Eng.), M.I.C.E. 
(Concluded from page 737.) 

Ir may be permissible to mention a rather large and 
continuous waste of heat for which engineers are 
themselves responsible and which they have not so far 
been able to avoid, that is, the waste of the surplus 
heat rated in steam and oil power stations and in 
all sorts of other industrial process plants. The present 
custom is to get rid of this surplus heat through the 
intermediary of cooling water pumped from the sea 
or from a large river or canal, afterwards allowing the 
warmed-up water to run back into the source and 
cool down. This requires a large body of cold water 
in which to dissipate the heat. The alternative is to 
use the cooling water many times over, the heat 
absorbed by the water each time it goes round the 
cooling circuit being dissipated by evaporation of a 
small fraction of the water in cooling towers. The 
whole system of heat dissipation by means of cooling 
water is full of objectionable features, among which may 
be mentioned, the constraint which the availability or 
non-availability of cooling-water sources exercises ia 
the choice of sites for power stations and factories, 
and the expense involvea in constructing and operating 
the cooling-water intake and outfall works, culverts, 
pipes, valves, cooling towers, pumps, interceptors, etc. 

he next problem is that of how to equip the 
engineer with the mathematical expertise which will 
enable him to deal with his technical problems as 
they arise from day to day. This is referred to in several 
of the James Forrest Lectures. The problem originally 
was to put some geste. | of mathematics into the 
engineer's mind; the problem to-day is to find for 
the engineer’s use a more efficient mathematical equip- 
ment than has been handed out to him hitherto. 

A Lecture entitled “The Relation of Mathematics 
to Engineering ” was delivered by Dr. John Hopkinson, 
F.R.S., in 1894; his object was to persuade the engi- 
neering  pearvmres of the desirability and importance of 
a mental equipment in mathematics for engineers, at 
any rate, for the rising generation of engineers. It 
seems a terrible thing to say, but many of the engineers 
who were practising at that time did not place much 
confidence in mathematical calculations. Professor 
Clowes, who delivered the Lecture in 1901, referred to 
the still older generation of 50 years previously as not 
having received any special educational training at all. 
He said that the engineer of those days ‘ forced him- 
self to the front in virtue of his quality and industry 
alone.” Again, Mr. Anderson, delivering the 1893 
Lecture, said that “‘ the days are past when an engineer 
can acquit himself respectably by the aid of mother 
wit alone.” 

Lecturing in 1944, Professor Inglis went a little 
farther than Hopkinson would have dared to 
and advocated the acquisition by engineers of “ mathe- 
matical dexterity.” It was left to Sir Richard South- 
well, in 1948, to draw attention to what has all along 
been the engineer’s real problem—how to acquire such 
& measure of expertise in the employment of mathe- 
matics as will suffice for all reasonable requirements. 
He then expounded a new mathematical technique of 
his own devising which he calls the “ Relaxation 
Method” and which he claims to be suited to the 
mentality of the ordinary engineer and specially well 
adapted to solve the kind of engineering problems or 
calculations that normally occur. Even so, you may 
consider that there has, during the past 50 years, 
been a rather too strong swing of the pendulum over 
to the side of pure theory, and that too little attention 
is given to-day to the “ mother wit” referred to by 
Anderson, the “ quality and industry ” referred to by 
Clowes, the “ praciical instinct ” referred to by Hop- 
kinson, and the “ intuition ” mentioned by Terzaghi. 

The mathematical faculty serves to introduce a 
question which has existed bor a long time in a state 
of flux, namely, the problem of the proper place which 
science should occupy, and the relationship which ought 
to exist between the scientist and the engineer. By 
Science is meant the particular brand of knowledge and 
way of thinking that has come into being as the result 
of the scientific revolution. The scientific revolution 
may be regarded as by far the most significant move- 
ment that has taken piace in the world during the 
past thousand years. It has been the work of Euro- 
peans, almost exclusively the work of the peoples of 
western Europe. Copernicus did something to get it 
started when he published his work about the earth 
turning on its own axis and Galileo did something to 
define it when he laid down the rule that scientists 
Should confine themselves to things that could be 
measured and calculated. By the time that Newton 





* James Forrest Lecture to the Institution of Civil 
Engineers, delivered at a meeting held in London on 
April 14, 1951. Abridged. 


published his Principia in 1787, the new way of think- 
ing was going forward strongly. Now, it is rather a 
curious thing, and one that has been frequently re- 
marked upon, that good engineers are very seldom good 
scientists in the strict sense ; although there is to-day 
a great dependence of engineers upon scientists, many 
engineers being reluctant to move a step without 
obtaining some kind of scientific test or report to back 
their judgment. You can say the same thing the 
other way round—that first-class scientists seldom 
make engineers. 

The fact is that engineers are essentially craftsmen, 
and the engineering profession should be the great 
fosterer of crafts. Engineers’ business is to provide 
water, to dispose of sewage and rubbish, to attend to 
heating and lighting, to erect buildings. They have 
to assist in all those processes whereby goods, including 
minerals and agricultural produce are obtained and 





manufactured, and they have to make the apparatus 
whereby goods, messages and passengers can be trans- 
ported by land, by water and by air. In the perform- 
ance of these duties, innumerable crafts such as carpentry 
and electric welding are developed and flourish. The 
chief glory of engineering lies in the marshalling of 
craftsmanship—artistic craftsmanship and creative 
effort. The engineer’s calling is old-established, and, 
albeit humble, is highly respectable. 

Scientists, on the other hand, operate upon a very 
high intellectual plane. The scientific method has not 
inaptly been described as a form of prayer. The first 
requisite for effective prayer is faith, and all true 
scientists have faith. They start off with an unshake- 
able belief that, underlying the phenomena in their 
field of investigation, there lies a pattern. They are 
not always so sure that they can find the pattern, 
but they have no doubt whatever that the pattern 
exists. They have worked out a code of practice 
comprising close observation, careful recording and 
wholehearted concentration of effort and, by following 
the code, with all its checks and controls, they expect 
to discover the pattern and to formulate what they 
call the laws of Nature. 

It is by no means surprising that the practitioners 
in the temple of science, proceeding on the lines des- 
cribed, have achieved, within the ambit of their 
worship, results of the most spectacular. The paladins 
of science, mathematically armed, have in the past 
two hundred years explored the totality of their sensory 
impressions which they regard as comprising the 
physical universe. So prodigious have the achieve- 
ments of science been that the eyes of men are dazzled, 
their ears stunned, their wills paralysed and their minds 
hypnotised. The engineers have joined in a pxan of 
— and adulation. Hear what some of your 
ecturers have said. 

Sir William Preece, in 1900, remarked that ‘‘ the 
Nineteenth Century is distinguished in our profession 
chiefly by the knowledge we have obtained of the 


go, |constitution of matter and of the qualities of the 


materials we utilise for the service of man, of the 
presence and characteristics of that medium—the 
ether—which fills all space, and of the existence, 
indestructibility, and protean character of that. great 
natural force, motion work and power, which we call 
energy.” Sir William Roberts-Austen, giving the 
James Forrest Lecture of 1902, quoted G. P. Bidder, 
who wrote in 1860, “‘ if I was now called upon to define 
the object and scope of the profession of the civil 
engineer, I should say that his particular province is 
to take up the results discovered by the abstract 





mathematician, the chemist, and the geologist, and 
to apply them practically for the commercial advantage 
of the world at | ; and to diffuse their beneficient 
influences among all classes of his fellow creatures.” 
It is, indeed, up to this time, an unbroken chorus 
eulogising the achievements of science; but in 1928, 
the lecturer of that year, Sir James Alfred Ewing, 
speaking on the subject of ‘‘ A Century of Inventions,” 
introduced a note of disillusionment. Professor Ewing 
said that ‘all our efforts to apply the sources of power 
in Nature to the use and convenience of man, successful 
as they are in creating for him new capacities, new 
comforts, new habits, leave him at bottom much what 
he was before.” He went on to say that he himself, 
as a young teacher, used to think that the march of 
discovery and invention, with its unlimited possi- 
bilities of benefit, was in fact accomplishing some 
betterment of the character of man. He had believed 
that “the assiduous study of engineering could not 
fail to soften his [man’s] primitive instincts’; that it 
must develop a sense of law and order and righteous- 
ness. ‘“‘ But,” he said, ‘the war came and I realised 
the moral failure of applied mechanics.” He concluded 
by saying, “ Surely it is for the engineer as much as 
any man to pray for a spiritual awakening, to strive 
after such growth of sanity as will prevent the gross 
misuse of his good gifts. For it is the engineer who in 
the course of his labours to promote the comfort and 
convenience of man, has put into man’s unchecked and 
careless hand a monstrous potentiality of ruin.” 








Confronting this problem of the correct relationship 
between engineering and science afresh, and with an 
open mind, it does seem that the attitude of regarding 
the engineer simply as a person whose function and 
scope is to make practical applications of scientific 
discoveries, as Sir William Austen defined, was alto- 
gether too limited. This definition overlooked the 
engineer’s primary function, which is the preservation 
and fostering of the constructional crafts, many of 
these crafts being themselves much older than science 
and their practice more conducive to the development 
of human character and happiness than any scientific 
pursuit. It also overlooked the engineer’s function 
as an artist, another faculty which is very important 
and which has no relation to science. Moreover, and 
most important of all, it left out of account this duty 
of striving for a growth of sanity, to which Professor 
Ewing very properly drew attention. We engineers, 
as practitioners of an old and highly respectable craft, 
should revert to our former attitude of standing more 
upon our own feet, possessing more our own minds, 
and bestowing upon the scientific element a more 
cautious and discriminating appraisement. 

There was one other thing which Professor Ewing 
mentioned in his lecture ; referring more particularly 
to the principal stronghold of science, he said “* At 
the moment ” (that was 20 years ago), “ the very basis 
of physics is in a state of flux. Its exponents are 
struggling to assimilate two momentous new ideas—the 
principle of relativity and the quantum theory. The 
relation of these ideas to the accustomed body of older 
physics is obscure. They present dilemmas which are 
not yet solved.” j 

He went on to suggest that the torn and distorted 
framework of science might eventually be recondi- 
tioned, or, to change the metaphor, the deadly wound 
sustained by Science might be healed ; but when the 
deadly wound is healed, what assurance have we that 
a movement from another direction, a breath from a 
source which hitherto many scientists have affected 
to ignore, will not dissipate the seemingly solid fabric 
which the scientific method has set up? It is rather 
remarkable to find that Professor William Anderson, 
F.R.S., when delivering the first James Forrest 
Lecture, drew attention to a class of phenomena 
which, to use his own words, “ can only be accounted 
for by the supposition that one mind can interact 
upon another.” “ Numerous,” he said, * are the cases 
of presentiment, or knowledge of events which have 
taken place at a distance.” He went on to say that 
“the poet frequently penetrates at random deeper 
and earlier into the mysteries of Nature than does the 
sober man of science.” These were very significant 
observations, referring, as they did, to a subject which 
few of the sober men of science are prepared to discuss. 
It is rather extraordinary, therefore, to find the first 
of the James Forrest lecturers referring to this tabooed 
subject so openly and also to find him appealing to 
Mr. James Forrest (who was present) to bear him witness 
that no part of knowledge, even knowledge of this kind, 
lay without the compass of the engineer. 

The researches to which Professor Anderson referred, 
researches which Mr. W. E. Gladstone considered to 
be the most important of all researches, have continued 
in a very quiet way ever since, mainly in Britain and 
America, and evidence has been steadily piling up. 
During recent years, there has been a new method of 
approach whereby researches of a limited character 
have been conducted in the laboratory under strictly 
scientific control and in the most rigid accord with 
the scientific code of practice, and to the recorded 
observations within this limited sphere have been 
applied mathematical computations regarding chances. 

e conclusions which derive from these researches 
indicate the existence of a kind of phenomena which 
do not at all fit unto the accepted framework of physical 
science. Professor Ewing, in his lecture, spoke about 
Einstein’s relativity theory and Planck’s quantum 
theory not fitting very well into the framework of 
existing physics: he expected that the framework 
would have to be adjusted and might, in his opinion, 
ultimately be adjusted to make them fit in. But these 
other phenomena to which reference is now made do 
not fit in at all. 

These new phenomena, though unaffected by the 
limitations of space and time,/and though acting in 
apparent defiance of the accepted mechanical laws, 
are susceptible to human temperament, obedient to 
mental states, bound up very definitely with conscious- 
ness. It is possible that the extended study of such 
phenomena may not be capable of pursuit along the 
lines of the scientific code of practice, and that the 
comprehension of the world in which these phenomena 
exist is not within the scope of human intelligence. 

It may also be that some people have already 
attained the approach to knowledge by intuition and 
that many people do so approach in rare flashes. It 
may quite possibly be that many or all works of genius 
and all genuine advances of the human mind, things 
like Einstein’s mathematics, Parsons’ turbine, Ford's 
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mass production, Whittle’s jet engines, Watson Watt’s 
radar and Marconi’s wireless, owe their origin rather to 
an intuitive perception of truth on the part of the 
founder than by intellectual reasoning. 

Is it not a curious thing that unmistakable advances 
in arts, in thought and in craft are brought about so 
frequently, not by properly equipped and properly 
instructed people, but by outsiders? Einstein was 
in his youth an employee in the Swiss Patent Office, 
Marconi spoke of himself as an amateur, the use of 
reinforced concrete was first demonstrated by a French 
gardener, Henry Ford was a garage man ; the designer 
of the Great Eastern, a steamship 50 years ahead of 
her time, was Isambard Kingdom Brunel, a civil 
engineer with no training in naval architecture, and 
his assistant, Froude, also a civil engineer, was the 
man who established the empirical laws of ship pro- 
pulsion. It is curious, too, that Colonel Crompton, 
who achieved so much for electrical development, 
Started life as a naval cadet in the Crimean war, after- 
wards went into the Army, and only acquired a kind 
of accidental interest in electricity and engineering. 
Bessemer attacked the steel problem as an outsider 
who broke away from the traditions of the steel trade. 
Parsons, the inventor of the steam turbine, broke right 
away from established steam-engine practice, with 
which he could scarcely have been fully conversant. 

There is just one last problem which may be touched 
upon, and this is the problem of the engineer’s attitude 
to his profession. This is a fundamental and important 
problem, because there can be no really fruitful crafts- 
manship unless it be carried on in reasonably good 
conditions of confidence. Thirty years ago, the young 





engineer was, as the result of what he was taught, 
almost compelled to adopt a mechanistic view of the 
universe. There was one law in particular which the 
abstract man of science regarded as incontrovertible, 
namely, the Second Law of Thermodynamics. It was 
first presented to the mind of the neophyte in a com- 
paratively innocuous form, but ultimately its full 
meaning was made comprehensible as being a trend 
in Nature for everything to degenerate, to run down, 
to reach a dead level. Under this law, there was 
presented to the mind of the engineer a gradual and 
inevitable disintegration of order, an ever-increasing 
disorder. It was admitted that the process might take 
a long time to complete, but the ultimate fate of the 
material universe was, by virtue of the Second Law of 
Thermodynamics, represented as increasing disorder 
merging ultimately towards extinction, cessation of 
movement, utter cold and death. 

While the engineer was expected to swallow the 
Second Law of Thermodynamics plus a large dose of 
other mechanistic laws, he, being an engineer, was not 
normally brought into contact with the activities of 
the different set of scientific laws evolved by a different 
set of scientists, namely, biological laws. Now the 
biologists and the geologists, and a number of other 
researchers into the history and origin of living species, 
while disagreeing as to the sequences and the duration 
of events, and while differing upon the precise way 
in which changes and developments have come about, 
are in a fair measure of agreement that living sub- 
stance had existence on this planet first in very simple 
primitive forms a great many millions of years ago. 
They are agreed that, as time went on, these living 





forms gradually increased in complexity and in organi- 
sation, most of them specialising in some direction or 
other, meaning by the term specialisation a concentra- 
tion upon some external character. But there always 
seems to have been a main focus of development, and 
near the focal point a creature which remained alert 
and aware, which did not specialise in externals, which 
continued to evolve and which culminated in man. 

The interesting thing about all this, from the engi- 
neer’s point of view, is the evidence that the Second 
Law of Thermodynamics, with its inexorable tendency 
towards increasing disorder and degeneracy, is appa- 
rently balanced by something in nature which, for the 
past thousand million years or so, has exhibited a 
precisely opposite tendency, namely, a movement 
towards greater complexity, increasing order and a 
higher organisation—in fact, life. It does not seem 
unreasonable to suppose that, although our physical 
development as an animal species reached finality 
about a million years ago, there is something about us 
which is still very much alive, still very much in the 
main focus of evolution, and which it is legitimate 
to hope may attain to unimaginable powers in that 
dimension where development is now rather painfully 
proceeding. 





LAYING 33-KV CABLES ACROSS 
THE RIVER WYRE. 


Tue difficulties of installing electric power cables 
across wide waterways may be illustrated by referring 
to a contract, which was recently carried out by 
British Insulated Callender’s Cables, Limited, Norfolk- 
street, London, W.C.2._ This comprised the laying of 
two 33-kV three-core cables, and an auxiliary and tele- 
phone cable, across the Wyre estuary at Fleetwood, a 
distance of 1,050 yards. The power cables have a 
cross-section of 0-3 sq. in. and are paper-insulated, with 
lead-alloy sheathing and single-wire armouring. The 
single-core auxiliary cable is 1-036 sq. in. in section 
and is insulated with vulcanised rubber, sheathed with 
lead alloy, and single-wire armoured. 

To avoid underwater joints, the two power cables 
were manufactured at the Erith works of the company 
in single 1,130-yard lengths; to carry them it was 
necessary to build special drums, 12 ft. in diameter 
and 8 ft. wide. When loaded with the cables, these 
drums each weighed 36 tons. They were hauled to the 
site on eight-wheeled trailers by two Diesel-engined 
lorries. One drum was mounted laterally on each 
trailer and the lorries travelled in convoy with police 
motor-cycle escort at a maximum speed of 5 m.p.h. 
It took four days to complete the 250-mile journey 
from the works to the site. 

On the Fleetwood side of the estuary a wide expanse 
of muddy flats and banks is exposed at low tide, as 
shown in Fig. J], and near the opposite, or Preesal, 
bank the channel is only 100 yards wide at the lowest 
spring tides. The two power cables were laid 50 ft. 
apart, and were buried in trenches to a minimum depth 
of 1 ft. across the 100-yd. stretch of channel and of 3 ft. 
across the remainder of the estuary. To form the 
trenches in the hard clay, Polar Ammon gelignite 
charges of the gages type were placed in a string 
along the line of the trench in the river bed and were 
exploded electrically when there was sufficient depth 
of water over them. Soundings were then made to 
ascertain whether the operation had been successful. 
At the same time, trenches were excavated on the 
Preesal side of the river, and winches were installed 
at their shore ends. These winches were then used 
to pull wire bonds across and to these the leading ends 
of the power cables were attached. Laying from a 
barge was impracticable, owing to the difficult tides. 

It was initially intended to lay the cables, which 
were floated across on oil drums, during a neap-tide 
period when the water was slack. To do this, however, 
it was necessary to pull the cable at high water, as, 
even at low water, it was not sufficiently deep to allow 
the cable to be floated. After about 250 yards of the 
first cable had been pulled towards the water’s edge, 
the laying operation was begun about three hours 
before high water. The oil-drum floats, illustrated in 
Fig. 2, were then attached to the cable at 9-ft. intervals 
and it was landed successfully on the far bank 3} hours 
later. The floats were removed as the cable grounded 
and it was finally made fast 4 hours after starting. 
Owing to the short period of slack water, it was im- 
possible to lay the cable on the right line and it had 
subsequently to be moved to its correct position. 
Cover was provided across the mud flats by digging out 
lengths of trenches pro ively and back-flling the 
soil during low tides. nfortunately, this operation, 
which was scheduled for completion before the next 
neap tide, was delayed by the weather conditions and 
it was impossible to begin laying the second cable 
as planned. It was therefore arranged to pull it 
across on rollers during the spring-tide period, which 
was performed at about 20 ft. per minute. Subse- 
quently, the auxiliary cable was laid in the same way. 
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THE USE OF MODELS IN 
DEVELOPING RAILWAY ROLLING 
STOCK. 


Tue use of models, and the building of tull-size 
“* mock-ups ” to demonstrate new designs of railway 
rolling stock, have been practised for many years; it 
is found to be easier to relate and appreciate the 
problems of different departments when a full-sized 
model is used instead of working drawings or perspective 
sketches. In particular, full-size models of cab 
equipment are of great value in enabling drivers to 
suggest modificatons which will suit operating require- 
ments. In the driving cabs of tube-railway motor 
cars, for instance, the space available for equipment 
is limited, and the most convenient places for such 
fittings as the driver’s seat and the switchgear are 
practically impossible to ascertain in any other way. 
A further development in the employment of full-size 
models, which has been in use for some time in the 
workshops of the London Transport Executive, is of a 
more purely engineering character, omy 2 they are again 
used to solve problems which arise from limitations 
of space. Cars have to be built to conform with 
the tunnel loading gauges and at the same time have 
to accommodate the increased amount of equip- 
ment necessitated by the more intensive service. 
Complete full-sized bogies are therefore constructed 
in wood, with all attachments, such as shoe gear and 
brake cylinders, and a clear indication of the diffi- 
culties of providing adequate mechanical and electrical 
clearances is thus obtained. The use of such models 
has been found of great advantage in overcoming 
problems of design which are not apparent on the 
drawing board. 

One such model bogie, which has been designed in 
connection with the production of future Tube stock, 
is shown in the accompanying illustration. It is 
mounted on a platform, above which is the headstock 
and that part of the underframe which is associated 
with the drawgear and buffers. The superstructure 
above the bogie is arranged to rotate about the centre 
of the bogie centre and thus to represent the greatest 
curvature which is encountered in service. The 
bogie also includes a new type of bolster suspension 
and a new design of retractable shoe gear which 
eliminates the wooden beams, compensating devices 
being provided to keep the shoe at a constant height. 
The advantage of seeing all this gear on a full-size 
model in three dimensions has been invaluable in 
determining the detailed design, especially where the 

move relatively to each other in service; for 
instance, it has been ible to determine the best 
layout of air hoses and electrical “ jumpers ” without 
the risk of fouling other equipment in close proximity. 

Apart from demonstrating operating facilities, such 
full-size car models are useful in experimenting with 
new types of interior finish, as these can be easily tried 
out with new methods of fixing. Improved methods of 
artificial lighting can also be investigated, and the 
wiring is simplified by being carried out on the surface 
of the ceiling. During such experiments the model is 
fitted with canvas blinds to exclude daylight and thus 
to enable the full effects of the various arrangements 
to be assessed. The best positions of route diagrams 
and advertisements relatively to the lighting can be 
determined, as can the most suitable form of wind 
screens at the doorways, and the height and location of 
handgrips and handrails. 





INTERNATIONAL COMMISSION ON ILLUMINATION.—The 
twelfth session of the International Commission on 
Illumination will he held in Stockholm from Tuesday, 
June 26, to Saturday, July 7. Reports and papers 
covering a wide range of subjects, such as lighting and 
vision, definitions, colorimetry, aviation and street 
lighting will be presented and discussed. 





SYMPOSIUM ON ROLLER BEARINGS FOR RAILWAY 
AXLEs.—Messrs. British Timken, Limited, who held in 
May a seven-days’ symposium of pipers on the manu- 
facture and application of roller-bearing axleboxes for 
railway rolling-stock, coichuded it with a dinner at the 
Savoy Hotel, London, W.C.2, at which Mr. F. J. Pascoe 
presided. Representatives of tae railways of nine 
overseas countries who attended the symposium, in- 
cluded Mr. H. Christensen, chief engineer of the Danish 
State Railways, who responded to the toast of “ Our 
Visitors,’ proposed by Mr. Pascoe. The other response 
to this toast was by Mr. Julian S, Tritton, M.I.Mech.E. 
In the course of his remerks, Mr. Pascoe stated that the 
first Timken roller axleboxes were fitved b, the Birming- 
pam Carriage and Wagon Company to a veaicle for the 
Egyptian State Railways. One of these axleboxes had 
been recovered by British Timken, Limited, for preserva- 
tion as an historical relic, after it had run 2,000,000 miles. 
The others were still in service. 
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RECENT PROGRESS IN THE 
FOUNDRY INDUSTRY.* 


By Coin GREsty. 


Tue choice of a subject for this address has been by 
no means easy to make, not least because probably 
every aspect of foundrywork has been covered, at all 
events to some extent, by previous addresses. I pro- 
pose, therefore, not to worry too much about this but 
to deal with certain matters which, in my opinion, are 
of outstanding importance in our industry to-day. A 
few months ago I was very much impressed by the 
remarks made by one of our loam moulders on the 
occasion of a presentation made to him on his retire- 
ment after 55 years of service in «ne of our foundries. 
He said that foundrywork was a grand craft and that, 
if he had to start life again, he would not wish to make 
any change; moreover, that after more than 50 years’ 
practical work he was still learning. In those few 
words, spoken from the heart, that man expressed 
two fundamental truths about foundrywork, namely, 
that it is indeed a “‘ grand ” craft and that even a life- 
time is not long enough to master all its problems. 

This intense pride of craft, which still imbues many 
of the older craftsmen, is unfortunately not so evident 
in the younger men to-day. There are many reasons 
no doubt why this is so, the principal one being un- 
questionably the economic effects of two major wars 
during the last 37 years. Nevertheless it is a matter 
to be greatly deplored, because this pride of craft, this 
satisfaction in a difficult job well done, has a very high 
moral value in urging a man to give his best under all 
circumstances. Surely, it is the finest incentive in the 
world because it satisfies something in a man’s make-up 
that cannot be matched in its effect by incentives of a 
purely material character. I look upon this Institute 
as the most powerful influence to-day for the encourage- 
ment and development of pride of craft,’ provided that 
it continues its policy of building up its membership 
from all grades of foundry employees. 

In speaking thus of foundry craftsmanship, you will 
appreciate that I am not referring only to that of 
moulders and coremakers but broadly to that of all 
those other skilled people—patternmakers, metal- 
lurgists, engineers—who are part and parcel of the 
industry to-day and who, largely by their joint efforts, 
have enabled much progress to be made ; thus the skill 
of the patternmaker is no longer confined to the pro- 
duction of large and small wood patterns but, coupled 
with that of the foundry engineer, has rendered possible 
the mass production of intricate castings by methods 
mainly of a mechanical character. The science of the 
metallurgist—in particular his skill of applying it in 
the foundry and assisting and developing the produc- 
tion technique of special processes—has resulted in new 
casting alloys for a large variety of purposes and in 
great improvement in the eechaniak properties of 
some of the older metals and alloys. Thus, to quote 
one example, at the beginning of the 1914-18 war, that 
is, less than 40 years ago, the British Admiralty speci- 
fication for cast iron called for a minimum tensile 
strength of 9 tons per square inch. I well remember 
that when, during the war, this requirement was 
raised to 11 tons per square inch for certain castings, 
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there was considerable perturbation in foundry circles. 
To-day, as you all know, cast iron having a tensile 
strength of over 40 tons per square inch can be pro- 
duced. Then there are the phenomenal developments 
which have taken place in the light-castings industry 
whereby the demand for the production of large 
numbers of complicated castings, very light in weight 
and high in strength, has been met. New alloys, 
having the required properties, have been produced 
and new methods and processes developed. Similarly, 
when we turn to the steel castings side of the industry, 
we find a record of great progress in the development 
and production of alloy-steel castings, particularly for 
heat-resisting, wear-resisting and other special pur- 
poses. 

Again for some very high-duty applications, such as 
turbine blades and other parts for gas turbines, we 
have certain nickel-chromium and cobalt-chromium 
alloys, coupled in some cases with the refined technique 
of precision investment castings—a modern adaptation 
of the old “cire perdue” or ‘‘lost-wax’’ process. 
Added to this record of progress is the fact that, not- 
withstanding the present serious shortage of skilled 
labour, the total production of castings is at a very 
high level, probably higher than ever before. Taking 
into consideration all these factors I have outlined, it 
is most unfortunate that, during the last few years 
particularly, the industry has been subjected to 
exaggerated propaganda regarding its working condi- 
tions. The chief result of this propaganda, and one 
which has had a disastrous effect on recruiting, is that 
the popular idea to-day is that a foundry is not a good 
place in which to work, instead of being known as a 
place where astonishingly clever things are done and 
where craftsmanship of a high order prevails. It is my 
view that the industry has a great deal more of which 
to be proud than of which to be ashamed. 

In expressing this view I do not wish to be misunder- 
stood in any way. I have been closely connected for 
some years with the subject of improving working con- 
ditions and am fully aware of its importance. I am 
well aware also, however, that some of the problems 
in this connection are very difficult to solve and call for 
much research and experimental work. It is essential, 
therefore, to keep a proper sense of proportion in these 
matters, and never to lose sight of the fact that the 
prime function of a foundry is to produce castings. 

In the Report of the Chief Inspector of Factories for 
1949, which contains a notably large section devoted to 
foundries, the industry receives just credit for the 
considerable progress made in certain directions, 
notably in the provision of washing facilities, clothing 
accommodation, improved lighting and other matters. 
This progress has been continued and extended in 1950. 
You will appreciate, however, that these are compara- 
tively straightforward matters, depending largely on 
funds and space being available to carry them out. 
The same Report also draws special attention to the 
more difficult and complex problems of ventilation and 
means of suppressing dust, fumes and smoke, pointing 
out, in particular, the absence of reliable data for the 
design of ventilating apparatus. Progress on these 
matters is inevitably rather slow because, as already 
indicated, it depends very largely on research and 
experimental work. 

n dealing with the air which we have to breathe in 
the foundry, we are tackling something of great impor- 
tance to all those engaged in the industry. I wish to 
make a special appeal to you all for co-operation in this 
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TOWER CRANE WITH ALUMINIUM-ALLOY JIB. 


BUTTERS BROTHERS AND COMPANY, LIMITED, GLASGOW. 
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work and especially to those connected with jobbing 
foundries. As usual with many of our problems— 
whether related to labour, production methods, equip- 
ment or costing—jobbing foundries present the greatest 
difficulties, owing to the very varied character and 
range of size of their work. In shops which cater for 
such work, the segregation of dusty processes and plant 
is a much greater problem than in mechanised or 
partly-mechanised foundries. 

The various committees working on the closely- 
related subjects of the suppression and removal of dust, 
smoke and fumes, namely, the Foundry Atmospheres 
Committee of the British Cast Iron Research Associa- 
tion; the British Steel Founders’ Association Research 
and Development Division; and the two Factory 
Department Committees, known as the Dust in Steel 
Foundries Committee, and the Joint Standing Commit- 
tee on Conditions in Ironfoundries, all require facilities 
for carrying out investigational work in foundries and 
for trying out new ideas. In addition—and I consider 
this a very important point—there is ample scope for 
individual thought ail epithet in trying to solve 
some of the many interesting and intricate problems 
which exist in every foundry. If you are successful in 
curing any of your own troubles, then your method, if 
made known, may help others. 

First of all, however, I would like to remind you of 
the well-known proverb, “ prevention is better than 
cure,” which points the way to the first line of attack 
on any dust or similar problem. If it is possible, by a 
change of method, of material, or by any other means, 
orthodox or unorthodox, to avoid the production of 
dust at any operation, without introducing other still 
greater problems, then that is an ideal solution. 
Secondly, if it is impossible to avoid producing dust, the 
next line of attack is to confine it to the smallest possible 
space and get hold of it by wetting it, or by exhausting 
it and carrying it out of the building. It will be 
appreciated that the main object is to prevent its 
dispersal into the general atmosphere of the shop, 
from which it is much more difficult to remove. I am 
strongly of the opinion that the solution of many of 
these highly practical problems can be found along the 
lines indicated, that is, by the exercise of individual 
ingenuity. One or other of the committees mentioned 
will, I am sure, be only too pleased to act as a channel 
for the dissemination of knowledge gained. 











TOWER CRANE WITH ALUMINIUM- 
ALLOY JIB. 


A development in the structural use of aluminium 
alloy is represented by the 15-ton electric tower crane 
illustrated in Figs. 1 and 2, herewith, which was 
designed, constructed and erected by Messrs. Butters 
Brothers and Company, Limited, Mclellan-street, 
Glasgow,S.1, to the order of the Tyne Dock Engineering 
Company, Limited, South Shields. Fig. 1 is a general 
view of the crane, and Fig. 2 shows the interior of the 
operator’s cabin. 

The crane is of the four-motor type and stands on a 
steel tower, 56 ft. high, on a foundation of reinforced 
concrete. In its general design, it is of a more or less 
standard type, but it is unusual in that the jib is 
166 ft. long (instead of the normal 122 ft. 6 in. of a steel 
jib), and is made largely of Duralumin, of a composition 
in accordance with British Standard Specification 
No. 1161. The Duralumin used was supplied by 
Messrs. James Booth and Company, Limited, Argyle- 
street, Birmingham, and has a proof stress of 21 tons 
per square inch, an ultimate tensile strength of 27 tons 
per square inch, and an elongation of 10 per cent. on 
2 inches. This material is employed for four of the 
five sections in which the jib is constructed, the bottom 
section being of steel. The working loads are 15 tons 
at a radius of 95 ft., 12 tons at 108 ft., 10 tons at 116 ft., 
7 tons at 128 ft., 5 tons at 138 ft., 4 tons at 150 ft., 
and 3 tons at 160 ft. The central revolving mast is of 
steel, carried on a double ball-race at the bottom, with 
a series of horizontal rollers running on an internal 
pressure ring, mounted on the top of the tower. 

The jib is 6 ft. deep and 7 ft. 3 in. wide at the centre, 
tapering to 20 in. deep at each end in elevation. The 
main members are four equal angles, 6 in. by 6 in. in 
section. The bottom members are ¢ in. thick through- 
out, the top members } in. for the three top sections, 
and the two bottom sections, § in. thick. The elevation 
bracing angles are of 3 in. by 3 in. by 4 in. angles, and 
the plan bracing consists of a 3 in. by 24 in. by ¥% in. 
angle, crossing a 3 in. by # in. flat section. Diaphragm 
bracings are fitted where required. The jib is riveted 
throughout with j-in. steel rivets. The rivet holes 
were primed with paint of a zinc-chromate base before 
riveting, after which all scale was removed. The 
structure was then thoroughly degreased and an etch- 
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primer applied. After etching, the priming coat was 
applied, followed by the finishing coats. 

The considerable saving in the weight of the jib, 
achieved by using the light alloy, made possible a 
material reduction in the power required to lift the 
jib under working conditions, the derricking motor being 
of 60 horse-power only, but capable of working at a rope 
speed of 50 ft. per minute. The oe main hoist 
motor can deal with a 15-ton load at 30 ft. per minute 
or a 5-ton load at 100 ft. per minute. The auxiliary 
hoisting motor can raise a 2-ton load at 126 ft. per 
minute. The slewing motor is of 30 h.p. and can swing 
the crane, with a 15-ton load suspended from the jib, 
at a peripheral speed (of the load) of 300 ft. per minute. 





CONSERVATION OF SCARCE MATERIALS.—The Anglo- 
American Council on Productivity arranged for a group 
of eight persons to leave on Sunday, June 17, fora visit to 
the United States to inquire into measures being taken 
and planned in the engineering and allied industries there 
for the conservation and efficient utilisation of scarce 
materials. Sir Graham COunningbam is leading the 
group, the other members of which are Mr. H. W. 
Bowen, O.B.E., M.I.Mech.E., Mr. F. E. Chappell, Mr. 
F. V. Everard, M.I.Mech.E., Mr. John Hampson, Mr. 
D. A. Oliver, M.Sc., F.I.M., Major P. L. Teed, A.R.S.M., 
and Mr. Bertram White, B.Sc. (secretary of the group). 





INSTITUTION OF SANITARY ENGINEERS.—The water 
supply of London bas been chosen as the subject for 
consideration at the summer meeting of the Institution 
of Sanitary Engineers, 118, Viotoria-street, Westminster, 
London, 8.W.1, which will be held on Friday and Satur- 
day, July 6 and 7. The proceedings will commence, on 
July 6, with the annual general meeting of the Institution 
at 5.15 p.m., which will be open to members only. This 
will take place at the Caxton Hall, Westminster, S.W.1, 
and will be followed, at 6 p.m., by a paper entitled 
“ From Thames to Tap,”’ by Dr. Gordon Carter, B.So., 
F.R.1.C., to which visitors are invited. On Saturday, 
July 7, commencing at 9.45 a.m., a visit will be paid to 
the laboratories of the Metropolitan Water Board at 
New River Head, Rosebery-avenue, London, E£.C.1, 
under Dr. Carter’s guidance, Dr. Carter is personal 
scientific assistant to the Director of Water Examination 
of the Metropolitan Water Board. 
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NOTES ON NEW BOOKS. 


At the Sign of the Orrery. 
By E. WiLFrRep Taylor and J. Simms WISsoN. 
Cooke, Troughton and Simms, Limited, Haxby-road, 
York. [For private circulation.) 


Tue firm of Cooke, Troughton and Simms, now a 
subsidiary of Vickers Limited, can trace its history 
back, with only two doubtful links (which appear to be 
probably, though not certainly, sound), to ‘“ John 
Worgan, Instrument Maker, at his Shop under the 
Dial of St. Dunstan’s Church in Fleet Street, London,” 
to quote an advertisement of 1688. The shop dis- 
appeared long ago and the church has been rebuilt, but 
the clock that Worgan knew, and which dates from 
1671, is still there. From this beginning, Mr. Taylor 
and Mr. Simms trace the history of the present ® 
admitting, however, that there is no documentary proof 
that John Rowley, ‘“‘ Master of the Mechanicks”’ to 
George I and maker of the first orrery, succeeded 
directly to Worgan’s business, though he did establish 
himself “ under the Dial”; or that Thomas Wright 
directly succeeded Rowley. If there is no proof that 
would satisfy a lawyer, there is at least a very strong 
probability in each case ; and from Wright’s retirement 
in 1748 every step can be demonstrated beyond cavil. 
Wright was followed by his apprentice, Benjamin Cole, 
sen., and he in turn by his son, also Benjamin. Edward 
Troughton, F.R.S., and his brother, John, took over the 
business from the younger Cole in 1782; William 
Simms (the third of that name) joined Edward 
Troughton in 1826; and the firm of Troughton and 
Simms were merged in 1922 with that of T. Cooke and 
Sons, of York, who had been acquired in 1916 by 
Vickers Limited. This is a very brief outline of the 
story told, with a wealth of incidental detail, in this 
scholarly brochure, which may be welcomed as one of 
the most notable contributions of recent years to the 
history of the scientific-instrument industry. 





Two Centuries of Shipbuilding by the Scotts of Greenock. 


Third edition. W. Hopwood and Company, Limited, 

674, Mosley-street, Manchester, 2. [For private 

circulation.]} 
Tue earlier editions of this handsomely-produced 
account of a shipbuilding company, whose record must 
be almost, if not entirely, unique, were prepared some 
45 years and 30 years ago, respectively, by the late 
Sir Alexander Richardson, a former editor of Enat- 
NEERING, and have been long regarded as among the 
classics of the industry. Though the old title has been 
retained, this new edition has been brought up to date— 
allowing for the time necessarily required for an exten- 
sive rewriting—and now includes a collection of valuable 
technical data regarding the performance of recent 
ships for comparison with those of earlier periods, as 
well as a record of the inevitable changes in the direction 
of the firm. The book is lavishly illustrated with 
reproductions of portraits, photographs of ships, and 
drawings of propelling machinery, and fully justifies 
the claims that “ the skill and vigour of the present-day 
shipbuilder is in every way worthy of the splendid 
tradition of his forbears and that the Scotts continue 
to be in the forefront of their honourable calling.” 





Chantier et Ateliers de Saint-Nazaire (Penhoét), 


1900-1950. 


English edition, limited to 1,000 copies, published by 

the company at 7, Rue Auber, Paris, 9e. 
THERE is an interesting link between the Scotts, the 
Greenock shipbuilders, and the Compagnie Générale 
Transatlantique, though, rather curiously, it does not 
appear to be brought out in Scotts’ T'wo Centuries of 
Shipbuilding, reviewed above. The C.G.T., which 
dates from 1861, had a clause in its articles of association 
requiring that at least half of its ships must be built in 
France, and Scott and Company (as the Greenock firm 
then was) received an order for the hulls of five ships, 
with this proviso. It was Scotts, therefore, who laid 
out at Penhoét the shipyard which, since 1900, has 
been operated by the Société Anonyme des Chantier et 
Ateliers de Saint-Nazaire. The first ship to be built 
there was the paddle steamer, Impératrice Eugénie, 
designed by Scott and Company, but constructed with 
French labour under the direction of 15 managers and 
foremen sent from Greenock. The present Penhoét 
company was formed so that the could compete 
more freely for orders in the open market than it 
could do when owned by a shipping company, and, in 
fact, the yard has built many important ships for other 
owners, in other countries as well as in France, and a 
pr number of warships. Apart from the distinction 
of having built the famous Normandie and most of the 
other COT. ships, the firm built and engined the first 
French ship (the Charles Roux, in 1908) to be fitted with 
Parsons turbines, and the first French Diesel-driven 
ship, the tanker, Motricine, in 1914. The yard was 
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badly damaged in the recent war, but, as this brochure 
shows, has now been restored to more than its former 
state of efficient equipment. 





The Great Exhibition of 1851. 
By KENNETH W. LucKHURST. The Royal Society of 
Arts, John Adam-street, Adelphi, London, W.C.2. 
[Price 2s. 6d. net.} 
On 533, ante, in discussing the Festival of Britain, 
we referred to a book, The Story of Exhibitions, by 
Mr. Kenneth Luckhurst, secretary of the Royal Society 
of Arts, in which he dealt very thoroughly with the 
Great Exhibition of 1851 and the part which the 
Royal Society of Arts played in its inception and 
organisation. That book, however, being priced at 30s., 
is hardly one for the masses; yet it is eminently 
desirable that as large a proportion as possible of the 
general public should know something of the Great 
Exhibition, and appreciate how remarkable it was 
and how much it contributed to Britain’s prosperity 
in succeeding years. The present brochure—a reprint 
of three Cantor Lectures delivered by Mr. Luckhurst 
to the Royal Society of Arts earlier this year—admirably 
fulfils this requirement. The first lecture, presented on 
March 5, dealt with the initiation of the Great Exhibi- 
tion by the Royal Society of Arts; the second, on 
March 12, with its “ Organisation by the Royal Com- 
mission” appointed by the Government for that 
eon and the third, on March 19, with the Exhi- 
ition’s “ Fruition and Results.” They provide an 
admirable record of a story that deserves tu be remem- 
bered. 





BOOKS RECEIVED. 


Refrigeration Engineering. By PROFESSOR H. J. MACIN- 
TIRE and PROFESSOR F, W. HUTCHINSON. Second 
edition. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 6.50 
dols.]; and Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 52s. net.] 

Reviews of Petroleum Technology. Volume 10 (covering 
1948). Edited by Dr. F. H. GARNER, Dr. E. B. EVANS, 
and GEORGE SELL. The Institute of Petroleum, 
Manson House, 26, Portland-place, London, W.1. 
[Price 278. 6d., post free.) 

Chambres d’Equilibre. Ecole Polytechnique de I’Uni- 
versité de Lausanne, Lausanne, France. 

Dictionnaire Techniques des Barrages. Technical Dic- 
tionary of Dams. The International Commission on 
Large Dams of the World Power Conference, 3, Rue 
de Messine, Paris (8e), France. Percy Lund Humphries 
and Company, Limited, 12, Bedford-square, London, 
W.C.1. [Price 25s. net.] 

The Radio Industry Council. Specification No. RIC/112. 
Resistors, Fixed, Composition, Grade 1. Section 3. 
Schedule of Types, Values, Sizes, etc. [Price 1s. 6d., 
post free.) No. RIC/113. Resistors, Fixed, Composi- 
tion, Grade 2. Section 3. Schedule of Types, Values. 
Sizes, etc. [Price 2s., post free.] No. RIC/132, 
Capacitors, Fixed, Mica Dielectric, Stacked Foil. 
Section 3. Schedule of Types; Values, Sizes, etc. 
[Price 2s., post free.] No. RIC/133. Capacitors, 
Fixed, Ceramic Dielectric, Grade 1. Section 1. 
Performance Requirements. Section 2. Production 
Tests. (Price 5s., post free.) No. RIC/134. Capaci- 
tors, Fixed, Electrolytic. Section 1. Performance 
Requirements. Section 2. Production Tests. [Price 
5s., post free.) No. RIC/136. Capacitors, Fized, 
Paper Dielectric Tubular, Medallised. Section 3. 
Schedule of Types, Values, Sizes., etc. (Price 18. 6d., 
post free.] No. RIC/137. Capacitors, Fixed, Mica 
Dielectric, Metallised. Section 1. Performance Re- 
quirements. Section 2. Production Tests. Section 3. 
Schedule of Types, Values, Sizes, etc. [Price 7s8., post 
free.] No. RIC/1000/C. Standard Colour Coding for 
Connections in Radio and Electronic Equipment (other 
than Domestic Radio and Television). [Price 1s. 6d., 
post free.) 








HYDROGEN COOLERS FOR 
TURBO-GENERATORS. 


THE adoption of hydrogen gas for cooling large 
electric generators has involved the establishment of 
new techniques in the design and installation of the 
necessary equipment. One of the most important of 
these changes arises from the fact that while, with air- 
cooling, leakage from the system is relatively unimpor- 
tant, with hydrogen it has adverse thermal and 
economic effects on the performance, besides being 
dangerous. Both generator and cooling system must 
therefore be gas-tight. A convenient method of 
ensuring this is to incorporate both generator and 
coolers in one casing by grouping the units round the 
periphery of the stator yoke. In this arrangement, 
which was first employed on the 75-MVA machine 
installed by the Metropolitan-Vickers Electrical Com- 
pany, Limited, Trafford Park, Manchester, 17, in the 
Littlebrook B_ station of the British Electricity 
Authority in 1949, the tubes are parallel to the 
axis of the machine and the units themselves are 
about the same length as the generator. To limit the 
overall diameter of the casing, the radial width of 
the coolers is reduced to a practical minimum. 

The complete unit, of which an illustration is given 
on this page, consists of a nest of finned tubes, with 
water boxes and removable covers. Each tube is 
supported at frequent intervals along its length and the 
ends are expanded into tube plates. To enable 
individual tubes to be removed, adjacent tubes are 
belled at alternate ends to a diameter greater than 
the fins and supporting collars. The cooler units are 
secured to the generator casing by end mountings, 
which incorporate bonded-rubber seals. These mount- 
ings, together with a flexible member at one end of each 
side frame, permit differential expansion to take place 
between the tubes and casing. By providing cooler 
units with water boxes and removable covers at both 
ends, it is possible to clean the underside of a unit 
while the generator is running at reduced load. 

Although tubes fitted with wire loops provide the 
most efficient surface for heat transfer, a plain finned 
tube is preferable for hydrogen coolers, since it offers 
less resistance to the gas flow. A higher gas velocity 
can therefore be employed for a given pressure drop 
through the cooler. A high gas velocity permits a 
reduction in the radial width of the cooler units, so 
that, when these are grouped round the periphery of 
the stator yoke, the diameter of the casing is less. 





NEw GARAGES FOR LONDON TRANSPORT.—The firs? 
stage of a programme for the building of additional ’bus 
garages and the reconstruction, extension or modernisa- 
tion of some existing garages of the London Transport 
Executive is now well in hand. It provides for the 
construction of seven new garages, four in the central 
area (one of which—Peckham—has been brought into 
use), and three in the country area, and the reconstruction 
of nine existing central *bus garages. The additional 
covered accommodation, under this part of the pro- 
gramme, will be sufficient for about 1,000 ’buses. In 
preparing the scheme it was necessary to consider 
the overall requirements of the *bus and coach fleet 
as a whole and these largely determined the sites for 
the new buildings. 





“MODERN BUILDING” EXHIBITION AT CHESTER.— 
The Minister of Works, the Rt. Hon. George Brown, 
M.P., will open the “‘ Modern Building ’” Exhibition at 
the Little Roodee, Chester, at 3 p.m. on Friday, June 22. 
The public will be admitted to the Exhibition from 
10.30 a.m. on that date, and on each subsequent day 
(except Sunday) between 10.30 a.m. and 8 p.m., up to 
and including June 30. One of the main features of 
the exhibition, which is organised by the Ministry of 
Works in association with the building industry, wil! be 





a demonstration of mechanical aids to building by 50 
manufacturers of plant and equipment. 
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AERODYNAMIC INVESTIGA- 
TION ON TURBINE-BLADE 
LOSSES.* 

By Dr. K. H. Karim, M.Eng., A.M.I.Mech.E. 


THERE have always been great difficulties in 
carrying Out experimental work on steam-turbine 
blading; this is due to the high temperatures, 
extreme peripheral speeds, inaccessibility, and the 
laborious dismantling and reassembly required in 
such tests. These difficulties, and others, led 
research workers to prefer using air on stationary 
model blades, reproduced several times the actual 
full size, so that the Reynolds number is maintained 
at a value of interest in turbine design, but with the 
comparatively low air speeds usual in wind-tunnel 
work. 

In the blade passage of the impulse turbine, 
there is a degradation of kinetic energy to heat, 
with the result that the relative exit velocity is 
always less than the relative entrance velocity. A 
similar action takes place in the reaction machine, 
though the effect is not apparent because of the 
increase of the velocity due to pressure drop in the 
blade channel. 
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For these reasons, a new method of exploration 
in the channel between the model blades was 
adopted. The blade passage was divided into 
several sections from the inlet section to the exit 
section, for which the pressure distribution, velocity 
distribution and total energy were calculated. A 
new design of “ Pitot cylinder,” suitable to these 
experiments, was utilised for the determination of 
the direction and magnitude of the velocity and 
pressure distributions in each section. This made 
it possible to draw the velocity and pressure-energy 
contour lines in the path, and to locate regions of 
eddies and separations. 

The object of these tests, therefore, was not to 
obtain data for an addition of the losses, but pri- 
marily to secure a clear conception of the distri- 
bution of these losses with a view to improvement. 
Remedies must be sought where the tests show the 
largest losses to exist. 

The wind tunnel used was of the open-jet type, 
12 in. in diameter, with a maximum air velocity 
of 120 ft. per second. The blades were placed at 
a considerable distance from the fan to secure 
two-dimensional flow and to minimise turbulence. 
At the exit of the tunnel, there was a wooden air 
duct, acting as a rectangular nozzle of 5 in. 





by 64 in. section, to which the blades were 
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was free and could be removed to study the flow 
passages or could be replaced by a glass plate for 
visual observations and photographic purposes. 
This lateral board, which acted as a shrouding, had 
also some slots and holes for the introduction of the 
Pitot cylinder into the blade passage. 

Fig. 2, herewith, shows the Pitot cylinder made 
for these tests. The main part is a brass tube, 
9 cm. long and 4 mm. in diameter, which is divided 
longitudinally into two halves ; these were cut from 
two separate tubes, machined, and soldered together 
with a thin copper sheet between. This sheet, 
0-004 in. thick, served as a diaphragm separating 
the two chambers. Two holes, 0-5 mm. in diameter, 
were drilled, with an angle of 90 deg. between 
them, in the two chambers. The holes were in the 
same plane perpendicular to the axis of the tube, 
and at 10 mm. from the closed top, to prevent any 
disturbance in the pressure readings due to edge 
effect. The other parts were a 5-in. transparent 
dial, a holder, two brass nipples connected to the 
two chambers, and a handle for rotation. 

The method of using the Pitot cylinder is as 
follows. The cylinder is placed in the blade passage 
and rotated about its own axis until the pressure 
at each hole is the same, i.e., the differential head 
is zero. The bisector of the angle between the holes 





Fig. 1. ARRANGEMENT OF BLADES FOR TEST. 


Losses in available energy may be due to various 
causes. In the impulse passages, these losses may 
be classified as: boundary or friction loss ; curva- 
ture loss due to the continuous change of the flow 
direction ; loss due to disturbance set up at the 
nozzle exit and carried into the blade channels, 
especially when a pressure ratio is used other than 
that for which the nozzle is designed ; loss due to 
Shocks ; and loss due to escaping steam when, the 
pitch is greater than the optimum one. This classi- 
fication is based on previous experiments carried 
out on full-size blades using a special “ blade 
tester”; the determination of the losses depends 
on the blade velocity coefficient. The tangential 
torque component and the axial thrust were obtained 
experimentally in every case by spring balance ; 
then, knowing the direction of the velocities at 
inlet and exit, their magnitudes, and hence the 
blade velocity coefficient, could be determined. 

This method has some defects, as it depends on 
the average values of angles and steam velocities 
at inlet and outlet of blades; it also sums up the 
losses occurring in the blade channel as a whole, and 
does not give their distribution at the different 
sections, 





* The subject matter of this article formed a thesis by 
the author on “ Aerodynamic Investigations on Turbine 
Blades,” for which he was awarded a Ph.D. degree. 





attached at a suitable angle, as shown in Fig. 1, 
herewith. 

The model blades used in these experiments were 
made of pine, and were five times the original full 
size. Geometrical similarity, however, is not the 
only condition that must be fulfilled if the results 
obtained from the models are to be used for pre- 
dicting the behaviour or performance of the full-size 
prototype. Previous theoretical investigations on 
these lines established that the conditions which 
must be fulfilled are: equal atomic value, equal 
Mach value and equal Reynolds value, as well as 
geometrical similarity. 

The conditions of flow were arranged to represent 
an average case of the different rows of the impulse 
blades in a steam turbine, and to fulfil the above 
conditions for similarity. The blade section chosen 
as the original was a symmetrical impulse type, 
having an angle of 20 deg. at inlet and exit, and a 
chord of 1-25 in. Two of the blades had pressure 
holes on their boundaries, which were connected 
by rubber tubes to a multitubular manometer. The 
other four blades were dummies, placed two on 
each side; they were well finished, varnished and 
polished to reduce skin friction as much as possible. 
The six blades were placed horizontally and attached 
together by two wooden covers, through one of 
which the pressure tubes passed. The other cover 

















Fie. 2. Prror CYLINDER. 

gives the direction of flow, as read on the dial. 
Now, if the cylinder is rotated through an angle 
of 45 deg. from zero position, one hole will be in 
line with the stream and the differential head h 


2 
then equals Ky from which the velocity V can 


be determined after obtaining the value of the 
coefficient K from the calibration curves against a 
standard Pitot tube. 

The top hole in the previous position reads 


2 
P+ * and is measured by a separate U tube, 
P being the static pressure with respect to the atmo- 
2 
sphere. As - is now known, P can be deduced at 


the same point ; so, by the use of the Pitot cylinder, 
it is possible to measure the velocity and its direc- 
tion, and the static pressure. It is worth noting 
that this type of tube gives less error in turbulent 
flow than other types; also, it has the advantage 
of reducing the time of operation, as one instrument 
is used for measuring the static pressure, the magni- 
tude of the velocity, and the direction of flow, and 
of ensuring that these different readings refer to one 
and the same point, 

Experiments were carried out on this group of 
model blades, set at different pitches and using a 
series of air velocities in every case. The pressure 























774 ENGINEERING. JUNE 29, I95I. 
AERODYNAMICS OF TURBINE BLADES. 
Fig.3 Pressure Distribution ’ Total Force in Lb. 
9 Polar = Fig. 4. | Against Blade Pitch 
Pitch=3: ea =Force per Blade 
(Pressure in mm. of Water) “ | H . 3 aader of Blates in - 
1 
Hy I 
3 Ay, 
» : He S|- ! “ 17. S; 
¥ ys . eae, 
q ~ ' 3: I 1 f 
‘ -B12}+ { I See 
age te : | 
5 | I ' 115 ' 
10} ; hat : iv 
3 H 1 ; | 
& gt | | : ; 100 ,, : 
y I I I Me 
| : ' ' ; . { 
" I | I 8s : 
z= 
5 ' 4 ' ' 
TTY 3 i ! 
' { ' ( 
! ' | 1 \ 1 
2} //' j | 
ae 
‘7 et ! “an it 6 ; 
eon.0) Blade Pitch, Inches - ‘ anesinar 





(293.<.) 
distributions round the blades were recorded from 
the pressure holes*in their boundaries. These were 
always positive (or above surrounding pressure) in 
the concave part of the blade and negative at the 
back or convex parts. They form a loop round the 
blade, Fig. 3, the area of which (if plotted on the 
chord projection) represents the useful work. This 
difference of pressure between the face and the back 
of the blade gives the real motive force causing the 
blade to rotate; hence the area of the pressure- 
distribution diagram equals the force per blade in 
the direction of motion. It is of interest that the 
force per blade, calculated in this way, differs 
appreciably for the different pitches; a fact which 
can be utilised in determining the optimum pitch 
for a certain type of blade, as given in Fig. 4, 
herewith. 

The blade passage was generally divided into seven 
sections, from the outlet section (I) to the inlet 
section (VII), all being taken parallel to the line 
of symmetry of the blades or normal to their 
chords. The Pitot cylinder was inserted in the blade 
passage at a certain section starting near the blade 
boundary (not less than one tube diameter from it) ; 
then its position was changed on the same section, 
until the boundary of the next blade was reached. 

The observations taken in each case were: the 
angle of flow measured from the chord direction, 
the average Pitot cylinder reading h, and the 
maximum Pitot pressure at one Pitot hole, 


P+ r The flow angle as measured was plotted 


at each point and indicated by an arrow as shown 
in Fig. 5, opposite. The angle generally did not 
vary with different air speeds, but it was noticed 
that the angles measured at the exit section of the 
blades were always greater than the blade geo- 
metrical angle, especially when using wider pitches. 
This was probably due to lack of proper guidance 
of the flow in the blade passage at these pitches. 
These angles, however, were considered as the 
angles of entrance to the next row of blades. To 
correct this deviation, the inlet angle of the next 
row of blades should be made greater than the 
angle given by the vector diagram, in order to 
provide better flow characteristics. 

The velocity distribution curves at these sections 
were obtained by the Pitot cylinder, and thus 
constant-velocity contour lines were mapped in the 
blade channel, as shown in Fig. 6, opposite. It 
will be seen that the higher-velocity lines crowd 
together at the entrance, near the back of the blade, 
and again at the exit, but near the concave side ; 
the maximum velocity seems to fall gradually from 
the inlet velocity of 100 ft. per second to 90 ft. per 
second, and then rises gradually till it again reaches 
100 ft. per second at exit; and that the region 
at the back of the blade, especially near the exit, has 
the lowest velocities, indicating rarefaction and 
causing separation at this zone. 








The flow through this blade passage must not 
be regarded as a “rotation ” in which the velocity 
increases towards the outer periphery; even in 
the case of incompressible liquids, it is known 
that the velocity is greater at the back of the 
blade than on the concave side. In this case, 
there is, in addition, a compression at the concave 

, as a result of which the velocity at this region 
is still further reduced. 

The static pressures on the boundary of the blades 
were measured by static holes on the blade surface, 
as previously mentioned, and it has been shown that 
the pressures on the back were negative, while those 
on the front were positive. The change of pressure 
from positive to negative in the blade passage was 
gradual, and had to pass through the atmospheric 
state, where the pressure was considered zero. In 
every case, the pressure was measured by a static- 
pressure tube and checked by the Pitot cylinder 
method. 

The constant pressure lines were then deduced 
in the same way, as in Fig. 7, opposite, which shows 
the atmospheric line dividing the blade passage 
into a positive (compression) region in the concave 
side and a negative (rarefaction) region at the 
back of the blade. The maximum positive pressure 
occurred at the concave boundary, and the maxi- 
mum negative at the back, nearer to the exit and 
entrance regions, where the section becomes wider 
as shown. If the velocity and, pressure diagrams 
are compared, it will be noticed that, generally, the 
higher-velocity regions are always under negative 
pressure and vice versa. 

Consider a small element of the passage, having 
an infinitesimal area 8a. The flow passing through 
this area is at an angle @ with the normal direction, 
and its velocity is V ft. per second. Then the mass 
flowing per second through this area = pV cos @ 6a, 
where p is the density of the fluid. The velocity 
energy at this area 

pV cos 6 8a V? 
V3 cos@ 8a 
29 
Therefore the total velocity energy through the 
whole cross-section. 


| V? cos8 $a 
= |p ————.. 








29 
If static energy is added, then the total is 


v? 
[e(e aa 5) V cos@ da. 

In this manner, the energy could be calculated 
for the different parts of the blade passage. Fig. 8, 
opposite, gives the velocity-energy gradient; the 
inlet side is to the right, where the energy is a maxi- 
mum, followed by a gradual decrease due to friction 
and change of direction, and conversion to pressure 
energy, which appears as recompression in the 
middle region. The velocity energy decrement could 





be considered to be due to ordinary losses such as 
boundary, curvature, etc., as mentioned above ; 
and to conversion of some velocity energy to 
pressure energy, some of which may not be re- 
covered. 

Summarising the results obtained, it will be 
accepted that an accurate knowledge regarding 
the outlet angle is desirable in order to ensure 
correct design of the rotor blading. The measured 
outlet angle does not remain the same across 
the exit area, but generally tends to be larger than 
the geometrical design angle. Contrary to the 
usual assumption of a uniform distribution, the 
velocity is very unequally distributed over the 
outlet area. At the back of the blades, however, 
as a result of energy losses, it is appreciably reduced ; 
and, on the front side of the blade, only a relatively 
narrow part exists with reduced energy content. 

The available total energy at the inlet to the 
blade row is fairly uniformly distributed across the 
section ; at the outlet, the total energy falls rather 
below the value at inlet. Because of the divergence 
of the flow from the geometrical direction, a dead air 
pocket with reduced energy content is formed behind 
each outlet edge of the blades. The somewhat abrupt 
pressure increases, and the corresponding variations 
in the velocity which cover relatively short distances 
are, no doubt, important factors in the blade losses. 
The values of the blade-velocity coefficient resulting 
from the model tests are nearly equal to those 
obtained by experiments on actual blades of the 
same shape and corresponding size, and vary 
between 75 and 85 per cent. for steam-jet velocities 
of 1,200 to 2,000 ft. per second. 

Air-flow pictures of the model blades with different 
pitches show that it would be more efficient, some- 
times, to add material at the back of the blade 
in order to eliminate as much as possible the eddy 
and separation areas and thus to make use of the 
whole section. The difference of pressure between 
the face and the back of a blade gives the real 
motive force causing the blade to rotate. The blade 
passage has one side subjected to a positive pressure 
and the other to a negative pressure ; and it is of 
interest to study the gradual change of pressure 
between these two extremes. 


These tests show, however, that satisfactory . 


results can be obtained, even when using different 
materials for a model and its prototype, provided 
that the conditions of dynamic similarity are 
fulfilled. An advantage of the method is that the 
model can be made with sufficient accuracy in wood 
or other readily worked materials, in order to 
investigate the properties of a new shape of blade. 
It should be noted that, for geometrical similarity, 
the roughness ratio should be the same for the model 
and the prototype. This factor appears to be 
taken care of by the fact that, in the case of a 
wooden model of larger size, the surface irregularities 
are also larger than those of the prototype and the 
“roughness factor” appears, therefore, to be 
negligible. 
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LITERATURE. 


Molesworth’s Handbook of Engineering Formule. 
Thirty-fourth edition, revised, re-illustrated and reset. 
Edited by ALBERT PETER THURSTON, M.B.E., 
D.Se.(Eng.), M.I.Mech.E. E. and F. N. Spon, Limited, 
15, Bedford-street, London, W.C.2. [Price 32s. 6d.]. 

MoLeswortu’s Pocket-Book of Useful Formule and 

Memoranda for Civil and Mechanical Engineers first 

appeared in 1862 and achieved such immediate 

popularity that six further editions followed in less 
than two years, by which time the original 220 pages 
had expanded to 280. The 17th edition was 
published in 1871, after which the pace slackened 
somewhat, the 21st coming out in 1886. After 
Molesworth’s death in 1925—and, indeed, for some 
years before it, for he lived to be 96—the changes 
made were small, the successive editions being little 
more than new impressions, until, some years before 
the recent war, Dr. A. P. Thurston undertook the 
immense task of bringing this engineering classic up 

to date. He found, as was to be expected, that a 

mere modernisation would not be enough; and, 

though publication continued in the old form, while 
one section or another was revised, it was with the 

















idea in mind that the book 
should be entirely reset and 
re-arranged at the earliest 
opportunity. This has now 
been done, but there was so 
much new matter to be in- 
cluded that it was decided to 
adopt a new format, with 
larger type and, inevitably, 
a larger page. 

The old familiar ‘“‘ Molesworth,” therefore, is a 
pocket-book no longer, but has become a portly 
Handbook of nearly 1,700 pages, opening in normal 
book fashion instead of lengthwise as hitherto ; 
shorn at last of many of the more archaic features of 
the old work—a process, however, which has been 
proceeding steadily ever since Dr. Thurston took 
charge—but amplified now in a number of directions, 
such as aircraft, plastics and electric welding, which 
hardly came within the purview of an engineer in 
Sir Guilford Molesworth’s time. Incidentally, his 
name was Guilford, not Guildford, as it is rendered in 
Dr. Thurston’s preface. The book is now arranged 
in four sections, respectively headed ‘ General,” 
“Civil and General Engineering,” ‘‘ Mechanical 
Engineering ” and “ Electrical Engineering.” These 
very broad classifications inevitably result in some 
decisions that may seem somewhat arbitrary, but the 
index, which is a good one, should obviate any 
difficulty in locating a particular subject. 

The first section contains the usual mathematical 
tables, conversion factors, physical constants, etc., 
and also covers explosives and ballistics, workshop 
practice and a list of British Standard Specifications. 
“* Welding ”’ figures in Section II, and so do “ Gas 
Supply” and “ Water Supply,” which, perhaps, 





might have been placed elsewhere ; but most of this 
section is indubitably civil engineering. In Sec- 
tion III are to be found steam, railway and marine 
engineering, power transmission, fuel, heating and 
ventilating, and refrigeration. Section IV is purely 
electrical. In some cases, the references to parti- 
cular subjects are so brief as to be hardly worth 
indexing—e.g., “‘ jet engines ” appear to have only 
two lines, of doubtful worth, and they appear under 
the general heading of “‘ Marine Engineering”; we 
have not succeeded in locating any reference to gas 
turbines as such, or, for that matter, to the Michell 
bearing. As with all works of this kind, however, 
the only real test is that of use, which takes time to 
apply; but so far as may be judged from a fairly 
detailed scrutiny of the book, and a large number of 
experimental searches in the index, the reputation 
enjoyed by the old Pocket-Book for the inclusion of 
miscellaneous information, not to be found readily 
elsewhere, is well maintained in the new Handbook, 
which may be commended also for being easy to 
read and, all things considered, very moderately 
priced. We predict for it a long and useful life in 
its new format. 
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IMPROVEMENTS AT LEICESTER LOCOMOTIVE DEpoT.— 
British Railways (London Midland Region) are to install 
mechanical coaling and ash-removing plants at Leicester 
motive power depot, where 79 locomotives are main- 
tained. At present, the coaling of locomotives and the 
removal of ash are done manually. Other improvements 
to be carried out in the depot include the installation of 
electric light in place of gas, additional buildings for 
offices and staff amenities, the provision of a canteen, 





and a better layout of the tracks in the depot yard. The 
work is to be commenced in six months’ time. 
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THE IRON AND STEEL 
INSTITUTE. 
(Concluded from page 761.) 

ConcLuDING our report of the annual general 
meeting of the Iron and Steel Institute, held in 
London on May 30 and 31 and June 1, we have now 
to deal with the joint discussion on the four papers 
on iron-ore agglomeration and sintering, presented 
at the afternoon session on May 31. Summaries 
of the four papers will be found on page 761, in our 
issue of June 22. 

Iron-OrnE SrnTERING PROCESSES. 

Dr. T. P. Colclough, who opened the discussion, 
said that the sinter plants installed in this country 
and operating in 1949 dealt with over 4,000,000 tons 
of material, and produced just over 3,000,000 tons of 
sinter. Plants due to come into service before the 
end of 1952, it was expected, would raise these 
totals to about 7,000,000 tons of ore fines and 
5,250,000 tons of sinter. It was probable that, 
by 1960, a total of between 9 and 10 million tons of 
fines would have to be handled if the development 
programme of 20 million ingot tons of steel per 
annum were to be attained. The kiln described by 
Mr. Simons was the only one of its type in the 
United Kingdom. A question which needed an 
answer was whether sinter quality bad any relation 
to the sintering time, and whether there was an 
optimum sintering time. This would have a marked 
bearing on plant design and operating cost. The 
fundamental fact brought out by the field tests at 
both Corby and Appleby was the vital character of 
intimate mixing. A point which had not been 
brought out in any of the papers was that sintering 
must also remove sulphur from the fines. 

Mr. Guy Barrett agreed that intimate mixing was 
the first essential of any of the processes described ; 
it was also one of the most difficult things to achieve. 
There was no doubt that the down-draught pro- 
cesses could and did eliminate sulphur, and a good 
deal could be done to that end by proper control. 
Mr. E. H. Lewis, who spoke next, said that one 
argument against the rotary kiln was the diffi- 
culty of reducing the agglomerate, as compared 
with sinter made in an ordinary sinter plant. Re- 
ports from Luxembourg, however, were rather con- 
trary to this. During extensive comparative tests 
with agglomerate and sinter in the blast-furnace 
burden, it had been found that no greater coke 
saving was registered when sinter was used instead 
of agglomerate. On the contrary, a greater saving 
of coke had been obtained when sinter was replaced 
by agglomerate. The chief claim in favour of the 
kiln was that it was very flexible in the matter of 
the raw materials which could be used. Intimate 
mixing took place automatically in the kiln and the 
water content was of no consequence. If necessary, 
the materials could be fed into the kiln in the form 
of a slurry, as in cement manufacture, or they could 
be fed in dry. The size of the raw materials did not 
matter. The rotary kiln required less continuous 
control than did a sintering plant. 

Mr. E. W. Voice said that the type of ore sintered 
had a definite bearing on the strength of the sinter. 
There was also an optimum size range for the 
materials charged into the sinter plant. The next 
speaker, Mr. T. W. Thursfield, said that considerable 
improvement had been forthcoming in the quality 
of the sinter made in the works of Gjers Mills and 
Company since the additions of breeze to the mix 
had been controlled by means of a feeder. Their 
furnace practice had improved. As they were using 
up to 624 per cent. of sinter, good material was 
eseential, 

Mr. R. P. Towndroew, who closed the discussion, 
said that Messrs. Elliot and Macdonald specified a 
4-in. minimum size for the material charged into 
the furnace. He would like to know if } in. was 
an absolute figure. He supported all speakers who 
had emphasised the necessity for thorough mixing. 
It seemed probable that some of the phenomena in 
a sintering plant were analogous to the phenomena 
in a blast furnace. A sinter plant, like a blast 
furnace, was a machine for burning coke. The 
important point to determine was whether existing 
plants were burning as much coke as they could ; 
if not, they should be given more air. 





Mr. W. E. Simons, in reply, said that the great 
length of the kiln was to give pre-preparation ; the 
agglomerating took place within the last 15 ft. of 
the kiln. Mr. G. D. Elliot, who also replied, said 
that it was impossible to lay down rules which 
were applicable to any raw materials. There was 
no special magic about the 4-in. size, and recent 
experience seemed to show that, for the particular 
conditions at Appleby-Frodingham, it would pay 
to raise the size to # in. It was known that an 
average sulphur removal of well over 50 per cent. 
of the input was easily attained in ordinary prac- 
tice in a sinter plant, but one of the difficulties 
was that, the harder the sinter made, the lower 
was the degree of desulphurisation achieved. 

Mr. C. Lang, replying to the discussion on the 
paper by Mr. Voice, Dr. Gledhill and himself, 
re-emphasised the importance of the mixing of 
the raw materials. In full-scale trials at Corby a 
hammer mill had been introduced, in addition to 
the normal drum mixer, to promote very intimate 
blending of the coke, flue dust and ore. The result 
of this was seen in the excellent quality of the 
sinter produced. 


Buast-FuRNACE TRIALS. 


At the last technical session of the meeting, 
held on the morning of Friday, June 1, two papers 
relating to blast-furnace operation, were presented 
and then, jointly discussed. The first paper, “ Full- 
Scale Blast-Furnace Trials,” by Mr. J. A. Bond 
and Mr. T. Sanderson, contained details of full- 
scale trials carried out at the Appleby-Frodingham 
and Workington, branches of the United Steel Com- 
panies, Limited. Describing the Appleby-Froding- 
ham experiments, Mr. Bond said that results had 
proved that the elimination of fines from the 
burden, combined with the use of the best coke 
available on the plant, improved the output of iron 
and decreased coke consumption. It was also 
evident from the smoother operation and increased 
blast volume that the permeability of the stock 
column was materially improved. Similarly, the 
effects of screened and dried burdens were to 
promote smoother furnace operation, to increase the 
output of iron, and to decrease coke consumption. 
Another experiment, involving the addition of 10 per 
cent. of Welsh coke to South Yorkshire coke, 
indicated that the furnace operation was thereby 
rendered more smooth, permitting the use of lower 
blast temperatures, and substantially increasing the 
output of iron, Again, the introduction of 10 per 
cent. of Welsh coal into the coal blend significantly 
improved the physical properties of the resultant 
coke, increased the daily make of iron on a particular 
furnace by 31-6 tons, and decreased the coke con- 
sumption by 0-34 cwt. per ton. Another experi- 
ment related to the bulk interchange of Brookhouse 
and Thurcroft slacks, for coking at the respective 
coke-oven batteries. The results showed that under 
the conditions of these trials, a fast rate of carbon- 
isation, coupled with a high temperature and a 
narrow oven, produced a coke which had an inferior 
blast-furnace performance. Tests with a skirted 
bell had shown that this promoted an ‘‘ M”’ stock- 
line but apparently concentrated all fines in a tight 
annulus below the lip of the skirt, which virtually 
sealed off the furnace into two portions and preven- 
ted smooth operation. Finally, an experiment to 
study the effect of mixing steam in the blast had 
shown that little benefit was derived from using 
steam over a prolonged period, but that there was 
a definite increase in the amount of coke used, and 
a reduction in the ore:coke ratio. The use of 
steam for periods of up to 30 minutes, however, 
showed that benefit could be derived on a furnace 
which was tight and proving difficult to check. 

Describing the Workington experiments, Mr. 
Sanderson stated that the results of trials on the 
effect, on coke quality, of the introduction of a low- 
volatile coal into the blend from which the coke was 
made, had proved that low-volatile coal blending 
effected improvement in coke quality and a reduc- 
tion in blast-furnace coke consumption. It had 
been arranged, therefore, that low-volatile coal 
blending should be adopted as standard practice and 
the effect of the coke on blast-furnace performance, 
over a lengthy period, had been closely observed. 
The improvement had proved to be even greater 





than the original experiments had suggested. Tests 
on the effect of blending ground coke breeze into the 
coking-coal blend, while rather limited in scope, had 
provided useful information and had proved the 
practicability of breeze blending for the maintenance 
of good coke quality. The results of other tests had 
indicated the advantages of the inclusion of high 
percentages of sinter in the blast-furnace charge in, 
obtaining a lowering of coke consumption. It was 
considered that the limiting percentage of sinter had 
not been reached during the test, and that the sinter 
charge could have been increased beyond 67 per 
cent. It was obviously of vital importance, how- 
ever, that the physical quality of the sinter should 
be maintained at a constantly high standard when a 
large percentage was being charged into the furnace. 

The second paper on blast-furnace operation was 
by Dr. R. Wild, of the Imperial College of Science 
and Technology, South Kensington, and dealt 
with ‘‘ Distribution of Materials in the Blast Furnace. 
Part I1/—Further Factors Influencing the Distri- 
bution of Solids in the Blast Furnace.” In presen- 
ting the paper, the author stated that in Parts I 
and II of the present series of papers the effect of 
various modifications of the furnace headgear, on 
the stockline contour and thesegregation of material, 
had been considered by means of small-scale models 
of various types and the results subsequently con- 
firmed on an experimental blast furnace. In the 
present Part III, further consideration had been 
given to the effects of modifications in the design 
and operation of the headgear, and the nature of the 
materials charged, upon the distribution of solid 
materials in the blast furnace, using the model 


technique. It was found that increased bell over- 


hang and an increased extent and rate of bell 
opening all gave increased throw of materials to the 
walls, with consequent alteration in segregation, 
especially with high stocklines. Again, the more 
angular the lumps, the less would be the segregation 
at the stockline. A similar diminution of segrega- 
tion would be brought about by a moist burden. 
By the use of a McKee rotating top, uniform circular 
distribution of materials around the stack might be 
obtained ; in other words, the proportion, of coarse 
and fine materials in any segment of the cross 
section would be similar. The use of a McKee top, 
however, had no effect upon the radial distribution 
of materials in the stack, the distribution of coarse 
and fine materials across a diameter of the furnace 
being the same whether or not such a top were used. 

Mr. J. H. Patchett, who opened the discussion, 
said that it was now generally accepted that the 
elimination of fines and large lumps of material from 
the blast furnace did give more economical and 
smoother furnace operation. This resulted in a 
better and more regular quality of iron, as well as 
less loss of iron in the form of flue dust. Messrs. 
Bond’s and Sanderson’s results had shown—and 
this was borne out by his experience with home 
and foreign-ore burdens—that a substantial saving 
in coke consumption and an improvement in out- 
put could be obtained by full preparation of the 
burden. The ideal fuel would appear to be a fast- 
burning coke having a size of 1} in. to 3 in. It 
seemed that no hard-and-fast rule existed regarding 
the distribution conditions which gave the best 
results in furnace operation. The requirements 
varied from time to time and were governed by other 
conditions in the furnace stack. It was, however, 
beyond doubt that furnace operators must have the 
means to vary the conditions at the charging level. 

Mr. R. P. Towndrow stated that Messrs. Bond and 
Sanderson were concerned to demonstrate that 
experimental trials in a blast furnace, on a full 
scale, could give information on which reliance could 
be placed. It would, however, be helpful if a 
few further data were given regarding the other 
constituents of the burden, and, in particular, how 
much scrap was charged into the furnace and what 
changes in slag volume were brought about by the 
various changes in burden which took place. More- 
over, in these tests the amount of sinter varied very 
considerably, and it would be interesting to know 
to what degree this affected the result. 

Mr. A. Stirling said that if there were room in 
the text of the paper by Messrs. Bond and Sanderson, 
it would be helpful to have the total weight of the 
burden added to the data which the authors had 
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GENERAL View OF LOCOMOTIVE. 
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given, It would be useful to deduct from it 
the gangue represented by the slag volume and 
have the remainder as the gangue-free burden. A 
subsequent speaker, Mr. A. T. Ledgard, said that 
Dr. Wild took into account bell overhang, distri- 
bution by means of a rotating top, and speed of 
bell discharge. He (Mr. Ledgard) was in full agree- 
ment with the author regarding the rapid flow of 
materials from the bell, and also, in the main, 
concerning the rotation of the hopper, but one 
point which he had missed was the discharge of ma- 
terial from the skip. To avoid the segregation of 
fines in the hopper the speed of tipping must be 
adequate, and also the angle of tipping, or materials 
would dribble on to the receiving hopper and so 
into the rotating top and make a difficult task more 
difficult. With regard to the paper by Messrs. Bond 
and Sanderson, a number of favourable factors were 
necessary to achieve the best results. On the other 
hand, it was not necessary to have a number of 
unfavourable factors in order to achieve poor 
results ; one unfavourable factor was quite suffi- 
cient. This had been borne out by these authors’ 
results on the effect of selected cokes and graded 
burdens, They had shown that with a good bur- 
den and a poor coke the iron output was 3,220 
— with a good coke and a poor burden, it was 
%,060 tons ; but with a good coke and a good burden 
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it was 4,190 tons. To give fair comparative results 
of furnace operation it was necessary to report the 
full operating data, which should include iron 
rate, coke rate, blast pressure and its temperature 
and volume, top pressure, top temperature, physical 
and chemical characteristics of the burden, the 
charging sequence, tuyere sizes and numbers, top- 
gas analysis, the number of slips, and, if possible, 
stockline contour and transit time. 

Mr. T. Sanderson, in the course of his reply to 
the comments made on the Workington experiments, 
stated that as a result of a succession of improve- 
ments the coke consumption in the blast-furnace 
had been brought down from 19-44 cwt. per ton 
of iron produced to about 16-88 cwt. Experi- 
ments had proved beyond doubt that by using 
good-quality coke it was possible to increase ma- 
terially the proportion of sinter carried in the 
burden. In view of the high percentage of sinter 
which most likely would have to be used with 
imported ores, this matter was of importance. Dr. 
R. Wild, who also briefly replied, said that the 
distribution of gas through the burden obviously 
depended on two factors, namely, the initial distri- 
bution of gas from the tuyeres and the distribution 
of solids from the bell. It was the interaction of 
these two factors which would give the final distri- 
bution of gas through the burden. 
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230-H.P. DIESEL-ELECTRIC 
INDUSTRIAL LOCOMOTIVE. 


THE present aim in Diesel locomotive design seems 
to be almost universally to eliminate electric drive, 
and locomotives of high and low power are now 
being built with hydraulic and mechanical drives. 
The design illustrated in this article, however, though 
of comparatively small power—230 horse-power— 
is for electric drive, as the designers and builders, 
the Yorkshire Engine Company, Limited, Meadow 
Hall Works, Wincobank, Sheffield, 9, considered this 
to be the most suitable for the proposed traffic 
duties in steel works, where the need is for a high 
starting tractive effort and good low-speed per- 
formance, and where the curvature of the track is 
severe and the loading-gauge height restricted. 

Though the wheel arrangement is 0-4-0, with a 
wheelbase of only 8 ft., the tractive effort at starting 
is 24,000 lb. The total weight of the locomotive in 
working order is 44 tons and the adhesion factor is 
4-17. The wheels are 3 ft. 6 in. in diameter, and the 
maximum speed is 25 miles an hour. The loco- 
motive is driven by means of a single lever which 
controls the engine speed, excitation of the generator 
and, at higher speeds, field-weakening of the two 
traction motors. Reversal is effected by a pneu- 
matically-actuated reverser. The Diesel engine was 
supplied by Messrs. Davey, Paxman and Company, 
Limited, Standard Ironworks, Colchester, and the 
electric equipment by the British Thomson-Houston 
Company, Limited, Rugby. A general view of the 
locomotive is given in Fig. 1, herewith, and the 
general arrangement drawings are reproduced in 
Figs. 6 and 7, on page 779. 

As the locomotive is small in overall dimensions, 
in relation to its power, heavy steel and iron castings 
have been incorporated to ensure that the adbesive 
weight is adequate. The buffing gear (Figs. 6 and 
7) has been designed to resist the shock loads which 
are inevitable in steel works. The axleboxes have 
renewable leaded phosphor-bronze liners. and the 
laminated springs are overhung. The hornblocks, 
which incorporate the guides for the spring pillars, 
are fitted with renewable manganese-steel liners. 
The clasp-brake system has been designed for rapid 
and positive action; it is fully compensated and 
operates on all wheels with an independent cylinder 
for each. 

The prime mover is a Davey, Paxman Mark 6 
RPHL series-I six-cylinder engine developing 
230 brake horse-power at 1,250 r.p.m. ; it is coupled 
to a B.T.H. direct-current generator of the three- 
winding self-ventilated type RTB 8836, and an 
exciter type DY 1514. The power unit is mounted 
on a common bedplate, as shown in Fig, 2, together 
with a Serck radiator for water and lubricating oil, 
placed for reverse flow in a separate compart- 
ment, i.e., the air is drawn in through louvres in 
the sides of the bonnet by a fan driven from the 
engine, and is discharged vertically through a grill. 
Each pair of wheels is driven by a B.T.H. reversible 
series-wound self-ventilated traction motor (type 
KEI0T) through a double-reduction gear of 19-75: 1 
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ratio, which is housed in an axle-borne gearbox. 
The motors, which are of the spring-loaded nose- 
suspension type, a8 shown in Figs. 6 and 7, are 
placed longitudinally between the main frames ; 
the springs are at the outward end of each motor. 
Self-ventilation is effected through air intakes fitted 
with Vokes air filters. Fig. 4 shows one of the 
motors, etc. 

The Diesel engine is provided with a maximum 
fuel stop, and the generator characteristic is such 
that it is impossible to load the engine above its 
rated capacity. The engine is started by a C.A.V. 
starting motor which drives a toothed ring on the 
coupling ; current is supplied from a 24-volt battery, 
which is charged from a small generator driven by 
the Diesel engine. There is a bulkhead at each end 
of the power-unit compartment to isolate it from 
the cab and radiator compartments and a slight 
plenum is maintained to prevent the ingress of dust, 
etc. A Westinghouse compressor with a capacity 
of 25 cub. ft. of air per minute, and driven from the 
engine, supplies compressed air at 105 lb. per square 
inch, for a straight air brake, through a feed valve 
set at 60 lb. per square inch, and to an auxiliary 
reservoir, through a reducing valve at 75 Ib. per 
square inch, for the reverser. A pressure switch con- 
nected to the brake system prevents movement of 
the locomotive when there is not sufficient pressure 
for the brakes. A fuel tank of 200 gallons capacity, 
sufficient for over ten days continuous service under 
average conditions, is located below the power 
unit and between the axles. 

The performance of the locomotive varies 
according to the type and conditions of vehicles 
being hauled or pushed, as well as the gradient, 
curvature and condition of track, but the curves 
reproduced in Fig. 3, on page 777, show the per- 
formance which has already been proved on test. 

Dealing with the principal parts in more detail : 
the engine has a bore of 7 in. and a stroke of 7} in. 
It has an underslung crankshaft carried in seven 
bearings secured by transverse tie-rods to the 
crankcase. The pistons are cast in aluminium Y 
alloy and are heat-treated; three pressure rings 
and two oil-control rings are fitted and the gudgeon, 
pins are fully floating, secured by circlips. Con- 
necting rods are heat-treated carbon-steel forgings, 
of blade and fork construction, with copper-lead 
shell-type bearings. The cylinder heads are of cast 
iron, three in a block; they carry the valves and 
enclosed rocker gear, and are provided with Ricardo 
Comet combustion chambers. The fuel pump is a 
C.A.V. six-element unit, gear-driven from the cam- 
shaft, and the injectors are of the single-hole 
pintle type, spring-loaded and removable without 
disturbing the water joints. The camshaft is driven 
through gears and runs in an oil bath; the rocker 
levers are lubricated by oil under pressure. 

An engine-driven gear pump is located in the 
sump, and distributes oil through a large filter and 
a distributor valve. A geared pump circulates 
sump oil through the radiator, and this circuit is 
independent of the main circulating system. Circu- 
lation of cooling water is maintained by a belt- 
driven centrifugal pump. The locomotive radiator 
consists of a single panel with removable elements 
for oil and water cooling. 

As shown in Fig. 14, on Plate LXIV, a compact 
and sensitive centrifugal governor, gear-driven 
from the camshaft, operates the control valve of a 
servo piston which controls the fuel-pump regulator ; 
the operating medium is oil under pressure, so that 
the engine is automatically stopped should this 
pressure fail. 

The generator, the construction of which is 
shown in Figs. 8 and 9, on Plate LXIV, is a single- 
bearing machine, the non-bearing end of the arma- 
ture being solidly connected to the engine crank- 
shaft. The yoke is of rolled-steel construction and 
is fitted with six main poles and six commutating 
poles. The armature coils are held firmly in place 
by wedges, wire banding being used only on the 
end windings. The machine is insulated with the 
highest quality Class B materials—clear mica and 
mica-glass cloth. Ventilation is by means of a 
fan fitted at the coupling end of the armature, air 
being drawn in over the commutator, and expelled 
at the coupling end. The fan is designed with a 
small clearance to the yoke so that the armature 
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rests on the fan for transport purposes when dis- 
connected from the engine. The generator is a 
three-winding machine, having self-excited and 
separately-excited shunt fields and a differential 
series field. Such a machine has an inherently 
drooping characteristic which cuts the constant 
horse-power hyperbola at two points, between 
which the generator tends to overload the engine. 
The engine, however, is operated with a maximum 
fuel stop (Fig. 14), so that, during this overload 
period, being unable to obtain more fuel, it loses 
speed. A drop in speed reduces both the output 
from the generator and the effect of the self-excited 
shunt field until balance is achieved. 

An, exciter is provided to energise the separately- 
excited field of the main generator. It is a lightly- 
saturated machine, and is therefore extremely 
sensitive to speed variation. Consequently, only a 
small drop in engine speed is necessary to reduce 
the excitation of the main generator appreciably 
and to achieve balance. This drop in engine speed 
is never sufficient to cause a serious loss of available 
engine power, and the average utilisation of engine 
power is of the order of 96 per cent. It will be 
seen from the foregoing that it is impossible to 
overload the Diesel engine beyond the pre-deter- 
mined maximum output, even with the locomotive 
stationary and the engine running at full speed. 





This feature is important since a reduction in th> 
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overloading of the engine is a main factor in 
extending engine life. The speed-sensitive feature 
is also used to provide the lowest “notch” for the 
locomotive when the engine is running at idling 
speed, since, under these conditions, only a very 
small voltage is generated. Thus, infinite variation 
of the generator output, and hence the locomotive 
power, is available by varying the engine speed 
between idling and full speed. 

The traction motors and drives, drawings of 
which are reproduced in Figs. 10, 11 and 12, on 
Plate LXIV, are designed on a right-angle arrange- 
ment. The traction motor is spigot-mounted on the 
gearbox, which is of the totally-enclosed oil-lubri- 
cated type, and has spiral bevel gears for the first 
reduction and straight spur gears for the second 
reduction, the overall ratio being 19-75:1, as 
already stated. Speeds up to 25 m.p.h. are per- 
mitted with this gear ratio, and provision is made 
in the gearbox to disengage the gears by sliding 
the layshaft to one side should it be desired to tow 
the locomotive at a higher speed. This can be 
done from outside the gearbox. 

The construction of the motor follows generally 
that of the generator in the use of a rolled-steel 
yoke, Class-B insulation, and wedged armature 
windings, but the motor has four poles instead of 
the generator’s six. The spiral-bevel pinion 1s 
fitted to the shaft of the motor by providing the 
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pinion with a tapered base which is shrunk into a 
tapered hole in the shaft. With this arrangement, 
the bearing is located immediately behind the work- 
ing face of the pinion, thus reducing to a minimum 
the bending stresses in the shaft caused by the dis- 
engaging reaction from the spiral bevel. 

The fundamental control circuit consists of the 
generator and exciter and the two traction motors 
connected in parallel, as shown in Fig. 13, on Plate 
LXIV. It will be noted that there are no main 
contactors in the traction-motor circuits, the latter 
being permanently connected to the generator. 
When the locomotive is standing at rest with the 
engine idling, the exciter separate field and also the 
main generator separately-excited field are de- 
energised. There is no danger of the main genera- 
tor building up on residual magnetism since any 
tendency to do this would be counteracted immedi- 
ately by the effect of the differential series field. 
When the driver’s controller is moved from “ idle ” 
to the lowest running speed, a contact is closed to 
energise the exciter field and to close the contactor 
in the main-generator separately-excited field 
circuit. The locomotive will then move. As pre- 
viously explained, control of the locomotive power 
is obtained by varying the Diesel-engine speed. 
A single step of traction-motor field-weakening is 
provided by means of two contactors and resistors. 
Reversing is effected by an electro-pneumatic 
nts which changes the connection of the motor 

elds. 

An engine control lever is provided at the driver’s 
desk and has four positions marked “off,” 

run,” “engine only ” and “start.” Mechanical 
and electrical interlocking is provided between the 
various controls to prevent incorrect operation. 
All the controls are housed in a dustproof cabinet, 
on top of which are mounted the driver's control 
levers and the instrument panel, as shown in Fig. 5, 
Opposite. 


THE JOINT ENGINEERING 
CONFERENCE, LONDON. 


(Continued from page 748.) 


We continue below our report of the joint dis- 
cussion, on the morning of June 7, of the two 
papers presented under the heading of “ Sea Trans- 
port (Civil Engineering).” These papers were on 
“Ports and Harbours,” by Mr. Leopold Leighton, 
O.B.E., and on “ Dry Docks,” by Mr. J. Guthrie 
Brown. 

Mr. P. A. Scott said that Mr. Guthrie Brown, in 
dealing with the modern trend of dry docks, had 
mentioned the elimination of altars. He agreed 
that this was advantageous in many respects, but 
it had the disadvantage of eliminating a “toe” 
that was very useful from the design point of 
view. It was unfortunately true that granite, 
owing to its cost, was tending to go out of use; 
but, in his view, the replacement of granite by 
concrete was not a good thing, because with con- 
crete, however carefully made, it was almost 
impossible to produce a lasting smooth surface. 
The cement in the concrete ultimately leached out, 
or was worn out or chipped, so that the matrix 
was left and there was not a smooth meeting place. 
Steel was being used to some extent as a meeting 
face in some dock gates, where there was a stainless 
steel or cast-iron meeting face bedded into the 
concrete, against which the gate abutted, with a 
steel billet carrying a rubber insert. The steel 
billet took the load and the rubber insert formed the 
water seal. The mitre gate and the Box gate were 
still widely used in the type of dock which was in 
most common use in the ports of this country— 
docks built for the average cargo vessel. There 
were dry docks in this country with entrances up 
to 90 ft. wide, employing the Box type of gate. 
In America, they were looking into the use of the 
sector gate, but, so far, he thought this had not 





been shown to be very economical. In the really 
small type of dry dock, steel sheet piling was used 
to some extent for the barrel of the ,walls, but this 
piling, though economical in many ways, had its 
limitations. It was restricted to the depth which 
could be reached with the weight of section that 
could be rolled, and it was not possible to cater 
economically for heavy surges from cranes and 
other equipment on the sides of the gates. 

Mr. J. E.G. Palmer said that Mr. Guthrie Brown 
had been much too modest ; he was the designer of the 
two enormous and magnificent dry docks at Sydney 
and the Cape. Mr. Leighton’s paper was a masterly 
exposition of port engineering. He was delighted 
to see it stated, as a fundamental truth, that the 
ship could turn out the cargo quicker than it was 
removed from the quays and sheds. The lesson 
had not yet been learned of how to clear general 
cargo quickly enough. There had been an attempt 
made some 35 years ago to meet that difficulty. 
Along the southern side of the King George V Dock, 
London, there were seven berths in line, each 
about 625 ft. long. In front of each berth there 
was a false jetty about 500 ft. long, about 30 ft. 
clear of the main wall, and this false jetty acted as 
a dolphin, so that barges could come inside between 
the false jetty and the main dock wall. The dock- 
side cranes put one load on the quay and, while 
that was being cleared, another load could be put 
into the barges. The statement that the figures did 
not indicate that seaborne traffic was increasing 
surprised him. There was a profound change 
taking place in the trade of the world. An increas- 
ing amount of world trade was being carried in larger 
and larger ships. It seemed that harbour authori- 
ties all over the world were having to face the 
dilemma of whether to spend hundreds of thousands 
of pounds in making ports and harbours fit to re- 
ceive big ships, or whether to sit back and do nothing. 





Good port facilities were quite definitely productive 
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assets. Ports with good facilities would get more 
trade, and ports that did not have good facilities 
would lose trade. His final point had to do with the 
layout of harbours. The main problem in a harbour 
layout was to get, by artificial protection, what in 
the case of a naturally protected estuary port was 
provided by the surrounding land and hills. The 
other difficulty in harbour design, was the siting of 
the entrance, which must be in such a position that 
ships could come in, and get out during storms. 

Mr. L. A. Smart said that when, over 40 years 
ago, he had been interested in the formation of the 
Port of London Authority, one of the big arguments 
against the old dock company had been their 
obsolete plant, all of which was hydraulic. It was 
said that all this would be pulled out and replaced 
with electrical plant. Last summer, he had been 
surprised to find that, not only had the P.L.A. not 
pulled out the old plant, but they had continued 
to duplicate it for at least two decades. He noted, 
also, that, in some of the docks, particularly the 
older ones, the ships were not using the wharfside 
cranes, but were using their own tackle because they 
found it quicker and cheaper. Some comments on 
this might be instructive 

Rear-Admiral R. E. Bakenhus, United States 
Navy (retd.), said that he had been concerned with 
work in dry docks for the American Navy. One 
feature that had been developed was the drainage 
of the dock, In ordinary drainage systems, the 
entrance to the pump pit was either at the middle 
or the entrance to the dock. It took a long time 
for the water to pass round the bilge-block sides 
which crossed the floor of the dock and were about 
1 ft. above the floor. A scheme had been developed 
whereby the bilge blocks were made to slide in 
grooves in the floor of the dock, and it had been 
found that those grooves, which were spaced 4 ft. 
apart on the floor of the dock, could be used for 
drainage of the dock. Thus the water from any 
part of the dock had only 2 ft. to go to disappear 
from the floor. In the walls of the docks there were 
large conduits with pumps on the lower end, and 
the water was pumped out ; thus the water, instead 
of flowing from the upper end of the dock or the 
lower end to the suction pipes, flowed vertically 
downward at a uniform rate. This resulted in a con- 
siderable saving of time in pumping the dock and 
therefore saved the time of the ship, which was the 
all-important thing. 

Mr. C. W. Niel McGowan remarked that there 
was no reference, in Mr. Guthrie Brown’s paper, to 
the relative costs of floating dry docks and built-in 
dry docks. Floating dry docks seemed to have 
advantages over the built-in docks in certain 
cases ; they were mobile, and they probably had 
some advantage on the ground of costs. Nor had he 
been, able to find any mention of corrosion protection. 
Caissons of different types all needed protection 
against corrosion, wherever they might be. In this 
country, there being sea water round the coasts, 
they were probably less subject to corrosion than 
in more tropical climates, such as in the Middle 
East, where the salinity of the sea water was 50 per 
Cent. greater and the sea temperatures considerably 
higher. It might be that in this country it was 
enough to adopt the normal methods of priming 
and periodical painting, or there might be cathodic 
protection. In the United States, they were trying 
out cathodic protection as applied to ships by the 
installation of strips of magnesium anode fixed to 
the ship’s side round the load water-line and they 
were obtaining satisfactory results. It was possible 
that the same method could be applied to the sides 
of the caissons, with reduced maintenance costs. 

Mr. J. R. Witty asked whether either of the 
authors had had any experience of sulphate- 
resisting Portland cement. He understood that the 
sulphates in sea water badly affected concrete. 

Mr. Leopold Leighton, in a brief reply to the 
discussion on his paper, said that he did not think 
there were points of great difference between himself 
and Mr. Edwards. The design of dock gates was 
an important subject, but it was not particularly 
tricky or difficult, and there were several excellent 
papers which gave a reasonable amount of informa- 
tion. Of course, the settling of the volume of the 
watertight chamber, the floats, and so on, was 
largely a matter of experience. Mr. Peel had 











opened a very big subject regarding the siting 
of docks. He had himself often wondered whether, 
if he had the task of developing the ports of this 
country, he would put them in places where there 
was little, if any, tidal range ; but, unfortunately, 
such sites were usually surrounded by hills, and 
it was difficult to arrange road and rail access. 
The fact remained that the ports had to go to 
the community, and the community could not 
be expected to go to the ports. As regards keeping 
goods in, a ship, it was generally recognised that 
the longer one could keep the goods in the ship’s 
bottom, the cheaper the transport costs—hence 
the Manchester Ship Canal. The large Conti- 
nental ports got a lot of their traffic through trans- 
shipment. As he had stated in the paper, he did 
not hold very strong views about the shape of a 
dock, because so much depended on the site that 
was available, but he thought it would be found 
that there was a better ratio of length of quay to 
water area with the branch docks than with the 
rectangular dock. 

He had been much interested in Mr. Palmer’s 
remarks about the jetties at the King George V 
Dock, as he had always felt that, if it were possible 
to discharge a ship from both sides, it would be 
possible to get a quicker discharge. He had once 
got out a scheme for the discharge of meat which 
would have achieved discharge on both sides, but 
it had not been proceeded with because of the cost, 
since the solution had meant the building of a lot 
of wharves. He thought that the solution was to 
do as was done in London to a great extent, namely, 
to discharge on to the quay and over the side inct 
barges. Mr. Palmer had been critical of the fato 
that goods were not taken away as fast as the ship 
turned them out. Of course, a great deal of this 
was due to the receivers not taking them; there 
was so much weighing and sorting going on with 
a landed cargo. An average ship turned out about 
1,000 tons or 1,200 tons a day, and it took a good 
many wagons and a deal of organisation to get it 
away. British ports were not like Rotterdam and 
Hamburg, which earned a lot of money as trans- 
shipment ports, and, therefore, were more productive 
than were the ports in this country. It was a 
fact that there was very little increase in the ton- 
nage. He had taken the 1920 figures from a paper 
which had been read at the Engineering Conference 
in 1921, and the 1949 figures from one of the steam- 
ship owners’ associations. He had been, surprised 
at the small increase. 

Mr. J. Guthrie Brown, replying to those speakers 
who had commented on his paper, said that one or 
two of them had referred with regret to the possi- 
bility of the disappearance of granite. He shared that 
regret. He thought it was an excellent material 
for the purpose, and he hoped that even yet it would 
be used in certain cases, provided that the engineers 
could convince their clients that money used on it 
would be well spent, which, in his opinion, it was. 
With regard to the reference to Box gates, he had 
said in the paper that he was referring to the 
major docks only ; he did not think that the Box 
gate was suitable for a major dock. Up to 80 ft. or 
90 ft., it was a very excellent type of gate. Mr. 
Morton had referred to the advantages of sewage 
disposal in large docks. He heartily concurred in 
all that Mr. Morton had said on the subject. There 
had been consideration of the possibility of fitting 
lifts, or a lift, at the Sydney dry dock, but he had 
turned down the idea. As the years went on, 
however, he was inclined to think that a lift might 
be an advantage. A lift, however, did not give 
the same advantages of speed as might be sup- 
posed, and the men, if they insisted on going up 
in the lift—as the modern labourer might well 
do—might hold up the work appreciably. 

On the question of subdividing the large docks, 
it was true that any intermediate subdividing walls 
must be kept down below the entrance sill level. 
At Sydney, they had been kept down to about 
3 ft. It was very important that the vessel should 
not sit on the solid granite in the middle of the 
long dock. They had docked three destroyers 
abreast at Sydney and it had been quite satisfactory. 
Mr. Scott had pointed out that the omission of the 
altar at the foot of the large walls tended to necessi- 





tate a revision of the design and caused concrete 


to be put on the other side so as to balance up the 
pressures. That was definitely the case, and was 
probably a necessary evil. The method of drainage 
mentioned by Rear-Admiral Bakenhus was cer- 
tainly interesting and would appear to be satis- 
factory. With regard to the relative cost of 
floating and built-in docks, he had no figures 
that he could quote with authority, but the floating 
dock was very expensive and it was even more 
difficult to get suitable sites where it could be used. 
Naval people seemed to prefer, if they brought 
in a big battleship, to bring it into a normal dry 
dock, where less worry was entailed in docking it. 

As to the protection of caissons from corrosion, 
one advantage of the floating type was that it 
could be floated in and given a periodical overhaul 
and painting. That was done at Sydney. As to 
the effect of sulphates, or the effect of sea water on 
concrete, in the case of the Sydney dock they had 
used a low-heat cement, which had some advantages 
in resisting attack; but his experience was that 
the best form of protection was to use a high- 
quality concrete. In the case of the large dry 
docks, they had always used a face work of high- 
quality concrete. Similarly, in the case of large 
dams, where there was the same problem with attack 
from moorland water, the best protection was to 
use a very good quality of concrete. 


MECHANICAL PLANT FOR PowER StaTIONs. 


A meeting was also held at the Institution of 
Electrical Engineers cn Thursday morning, June 7, 
when a paper on ‘“‘ Mechanical Plant for Electricity 
Power Stations ” was presented by Mr. V. A. Pask. 
Sir Claude Gibb, F.R.S., was in the chair. The 
author said that mechanical inventions and national 
legislation had greatly influenced the trend of plant 
design in Great Britain during the past 100 years. 
A first period of 33 years was associated with an 


‘industrial expansion which created a demand for 


larger and more efficient reciprocating engines, and 
a second period, of 22 years, was associated with the 
development of the Parsons and other turbines, and 
the Diesel engine. Between 1205 and 1919 there 
had been a sharp rise in electrical demand, with 
increases in turbo-generator capacity from 4 MW 
to 35 MW at 1,500 r.p.m. During the fourth period, 
the Electricity Commissioners and the Central 
Electricity Bcard were established; and some 
3,500 MW of plant were installed between 1923 and 
1929. From 1930 to 1936, interconnection by the 
grid reduced the amount installed to 1,850 MW, com- 
pared with the 6,000 MW which would have been 
required without it. In 1937, of the 171 stations 
associated with the grid, only 30 were running for 
the whole year and 14 of the most economical were 
supplying 50 per cent. of the total output. 

The 1946-50 programme envisaged the installa- 
tion of 6,000 MW, beginning at the rate of 1,000 MW 
and gradually increasing to 1,500 MW per annum ; 
and over the years from 1950 to 1960 it was esti- 
mated that about 1,250 MW to 1,500 MW would be 
required per annum. After the establishment of 
the British Electricity Authority in 1947, 7,000 MW 
of new plant had been scheduled, divided into 
5,100 MW for the period 1951-55 and 1,900 MW for 
the 1956 programme. The total amount in the 
1946-56 programme was therefore over 13,000 MW, 
of which 97 per cent. was designed to run at 3,000 
r.p.m. There would be 50 units, each comprising 
one 60-MW turbo-generator, to run at 3,000 r.p.m. 
and taking steam at 900 Ib. to 1,500 Ib. per square 
inch, supplied by one 515,000 Ib. to 550,000 Ib. 
boiler; and five units comprising one 100-MW 
turbo-generator, taking steam at 1,500 Ib. pressure 
and 1,050 deg. F. supplied by one 830,000-Ib boiler. 
A comparison between the plant programmes of 
1946 and 1956 indicated that it would be possible 








to obtain twice the output from about the same 
number of turbines and less than two-thirds the 
number of boilers. 

This planning had facilitated rationalisation of 
design and had justified limiting the sizes of the sets 
mainly to 30 MW and 60 MW at 3,000 r.p.m. In 
fact, nearly 9,000 MW of turbo-generator plant, or 
74 per cent. of the total ordered, would be built in 
these two sizes. The rationalisation of the steam 
conditions had also enabled nearly 11,000 MW of 
plant to use steam at 600 Ib. and 900 Ib. per square 
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inch. . Before 1939, an experimental station of 
120 MW capacity, comprising four 30-MW scts 
and four 300,000 Ib. boilers, had been designed to 
operate on the unit principle. The high plant 
availability at this station, using free-burning 
bituminous fuels, had led to the construction of a 
similar station, where fuels ranging from 11 to 
35 per cent. volatile content were available. This 
plant had operated at annual load factors exceeding 
80 per cent., with over 93 per cent. plant avail- 
ability. In the 1946-56 programmes, 97 unit plants 
had been scheduled, aggregating 4,727-5 MW and 
nearly 44,000,000 lb. per hour boiler steaming 
capacity. 

The Authority’s experience in the burning of 
bituminous and hard steam coals for a volatile 
range from 18 to 36 per cent. confirmed that high 
boiler availability could be maintained. At present, 
the whole range of boilers was designed for pulver- 
ised-fuel firing, but further experience might 
indicate that spreader stokers could be used for 
300,000-Ib. boilers, and Cyclone equipment as an 
alternative for the larger-sized plant. There was 
also an indication that satisfactory designs for a 
300,000-Ib. boiler could be evolved for burning 
low-volatile anthracite and for a 550,000-lb. boiler 
using medium-volatile anthracite or semi-bituminous 
fuel. While in 1945 some 18 million tons of coal 
were burned. on, stoker-fired boilers and 4-5 million 
tons on pulverised-fuel boilers, it was estimated 
that in 1956 about 19 million tons would be burned 
on stoker plant and nearly 20 million tons as 
pulverised fuel. 

Dealing with future developments, Mr. Pask said 
that the water-power resources of the world were 
estimated at 5,610,000 MW, of which 2,308,000 MW 
were in Asia, 1,827,000 MW in North and South 
America, 1,155,000 MW in Africa, 200,000 MW in 
Europe and 120,000 MW in Australasia. Most of the 
large concentrations of hydro-electric power were, 
however, in regions remote from centres of economic 
importance. The trend of development in steam 
power, especially in countries with a large inter- 
connected capacity, was towards the installation of 
larger individual sets using high pressures and 
temperatures. Unit sets of 150 MW were already in 
operation in the United States at 2,000 Ib. per square 
inch, 1,050 deg. F., and with re-heat to 1,000 deg. F. 
Orders had recently been placed for a 200-MW set 
operating under almost the same conditions. It 
was technically possible to build 300-MW to 400-MW 
sets aS cross-compound units, while metallurgical 
development might permit the use of higher tem- 
peratures. Investigation indicated that the attain- 
able efficiencies of the steam and gas cycles were 
about equal between, 1,100 deg. and 1,200 deg. F., 
but beyond that, the rate of increase in efficiency of 
the gas cycle with increase in temperature was 
greater than that attainable with the present steam 
cycle. The gas turbine was envisaged as a top- 
ping unit superimposed on an existing steam tur- 
bine system. The highest thermal efficiency for the 
combined plant was obtained when the gas turbine 
was designed to give a maximum output consistent 
with the efficiency of the steam cycle remaining 
sensibly constant. Higher gas temperatures would 
give a greater rate of increase of thermal efficiency 
of the combined plant as compared with a straight 
steam cycle. 

The discussion was opened by Mr. N. Elce, who 
said that the paper provided some interesting 
examples of Baumann’s dictum that turbine 
developments pursued the objective of maximum 
output at maximum speed. Over a period of 
20 years, the effect of changing the speed from 1,500 
to 3,000 r.p.m. was to reduce the specific weight 
by about 50 per cent., while the effect of the con- 
centration of power had been to reduce it by about 
75 per cent. Re-heating to a temperature of 
50 deg. below the initial temperature also enabled 
the turbine rating to be increased by about 16 per 
cent. The difference was not entirely due to the 
change in steam conditions. It had also been 
caused by the way in which the turbine engineer 
had been able to reduce the losses by improving the 
leaving area and the blading efficiency. 

Mr. C. K. F. Hague, referring to boiler design, 
pointed out that, after 1919, improvements in the 
stoking had enabled cheap and inferior coals to be 





burned. The employment of forced draught and hot 
air had resulted in an increase in overall efficiency, 
but a marked change in boiler design became neces- 
sary to deal with furnace conditions and to overcome 
the bird’s nesting and slagging which arose from the 
increased ratings. These problems were accentuated 
by the rapid introduction of pulverised fuel, which 
led to a consideration of the arrangement of the 
boiler heating surfaces and a realisation that a high 
thermal efficiency was of little use unless it could be 
maintained for a long period. The de-rating of 
many boilers, which had occurred since 1937, was 
due not only to their unsuitability for continuous 
operation at the figure for which they were de- 
signed, but to a rapid deterioration in the quality 
of the coal available. The specification of wide fuel 
ranges, which was now common, was a serious 
handicap to the boiler designer, and frequently 
resulted in expensive plant which was not suitable 
for most of the fuel supplied to it. 

Mr. C. E. H. Verity thought that, in designing 
plant, as much weight should be given to speed of 
construction as to capital and running costs, 
technical performance and availability. He was well 
aware of the many difficulties in regard to labour and 
materials, but an analysis of the plant commissioned 
in 1950 showed that the overall times could be much 
reduced by proper planning. It would be inter- 
esting to know the first cost of centralised instru- 
mentation, which was tending to get a little out of 
hand. Such centralisation might save labour costs 
by reducing the man-hours per kilowatt; on the 
other hand, additional labour might be required to 
maintain the instruments in proper running order. 

Mr. C. H. P. Ewbank was glad to see the 
acceptance in the paper of the unit principle, which 
would lead to economy in material. He would like 
to have seen more reference to the slag-tap furnace, 
which was fortunately suitable for the wide range of 
fuels used in this country. He was an advocate of 
centralised control and instrumentation on the score 
of safety. With regard to turbines, more con- 
sideration should be given to side exit to the 
condensers with a view to reducing volume and 
blading costs. The use of bled-steam evaporators 
should be given up, triple-effect thermo-compression 
equipment being more suitable and costing less, 
while mixed-bed deionisation would be still more 
economical, both in capital and running costs, than 
ever. He was also an, advocate of soot-blowing by air 
and the elimination of all steam-driven auxiliaries. 

Mr. G. A..Plummer objected to the statement in 
the paper that in 2,300-lb. boilers a rate of water 
circulation over ten times greater than the steaming 
capacity could be obtained with internal circulation. 
The fact that at least two universities in this 
country were now engaged on full-time research on 
this subject was sufficient proof of the need for more 
knowledge of internal circulation phenomena. The 
adoption of forced circulation enabled a saving in 
weight of steel of some 20 per cent. to be realised 
and a smaller and lighter building structure to be 
used. As the tubes were of smaller diameter, a 
forced-circulation, boiler was safer, and purer steam 
could be obtained. 

Mr. B. Pochobradsky said that the progress in the 
unit output of the steam turbine could be illustrated 
by the growth of the area of the annulus of the last 
stage of a 3,000-r.p.m. machine. This area, 40 years 
ago, was 9-8 sq. ft.; to-day, it was almost five 
times as much. The highest speed at the top of the 
blade was 770 ft. per second ; to-day, it was almost 
1,400 ft. per second. The available adiabatic heat 
at the stop valve had risen from 30 to 42-5 per cent. 
of the total heat, while the blading leakage and 
mechanical losses had fallen from 28 to 14 per cent. 
of the heat drop. With the increase in individual 
turbine output, the ratio of blade length to diameter 
had also increased and it was necessary to correct 
the greater centrifugal effect. This had been 
successfully done at the expense of increased 
section, which necessitated the use of means to 
reduce the leakage over the blade tips. 

Mr. J. N. Waite thought that, with unit design, it 
should be possible to make more progress with 
re-heating installations. For the same initial 
steam conditions, this development should reduce 
the fuel bill by about 5 per cent. The life of the 








blading should be prolonged by the reduction of the 


moisture content ; it could then be run at a higher 
efficiency for a longer period, thus reducing the 
steam consumption and the sizes of the condensate 
pumps and steam pipes. All this would offset the 
cost of the re-heat equipment. The present designs 
of high-efficiency sets would not allow them to be 
shut down at night, although, as pointed out, a large 
proportion would only be required to operate on a 
two-shift basis. The result would be unnecessary 
steam consumption and the introduction of stability 
and voltage-regulation problems. It seemed desir- 
able, therefore that all turbo-alternator plant should 
be designed so that it could be shut down at night, 
and the proportion of high-efficiency plant ordered 
should be modified accordingly. 

Mr. R. W. Mountain asked whether it was possible 
to give figures showing the increase in plant avail- 
ability throughout the years, since it had been 
suggested that this might be reduced. Mr. J. B. 
Jackson pointed out that the use of the re-heat 
cycle had no adverse effect on plant flexibility. 
Mr. J. T. Moore suggested that the next 100-MW 
unit should be a cross-compound machine, as the 
stator of present alternators of this capacity 
weighed 150 tons, which was nearly the limit of 
what could be transported in this country in one 
piece. 

Mr. W. B. Shannon pointed out there was some 
danger in fitting anticipatory governor gear on 
turbines without paying attention to the electrical 
interconnections. He mentioned a case where 
failure to do this had resulted in all the station 
auxiliaries being shut down. Many of the designs 
described in the paper would not have been possible 
without the use of welding, in the technique of 
which British engineers led the way. In many unit 
designs, the steam-driven feed pump would be 
eliminated, although the operation engineer would 
require convincing of the wisdom of that course. 

Dr. W. Kulka said it would be wrong to give the 
impression that the return of grit to the furnace 
was only possible with stoker-fired boilers. There 
was a slag-tap furnace of German design in which 
80 per cent. of the ash from pulverised-fuel firing 
could be liquified and subsequently used as a 
building material. In this way, the unburnt losses 
had been reduced from 6 to 1 per cent. or less. 

Mr. Pask, in reply, agreed that the time taken 
to put plant into commission should be reduced. 
There was no evidence in this country, or elsewhere, 
that the rate of growth of electricity consumption 
would slow down, very considerably. One slag-tap 
furnace had been installed as an experiment and 
the results so far were good. The absence of the 
unit boiler, and complications in controls had 
retarded the use of re-heat and, with the present 
poor fuel, he did not think it possible to contemplate 
it with the higher cycle, as the re-heated surface 
would have to be very much bigger than would 
otherwise be necessary. 

(To be continued.) 





AVro-CANADA “ ORENDA” JET ENGINE.—The Hawker 
Siddeley Group have announced that the first CF 100 
all-weather fighter aircraft to be fitted with two Orenda 
jet engines has flown successfully. The aircraft and 
engines are both designed and constructed by Messrs. 
A. V. Roe (Canada), Limited, Malton, Ontario, Canada. 
The static thrust at sea-level of the Orenda, which is an 
axial-flow engine, is said to be more than 6,000 Ib., with 
a specific fuel consumption of about 1 Ib. per Ib. 
thrust per hour. The dry weight is about 2,500 Ib., and 
the engine has a nominal diameter of 42 in. and a length 
of nearly 10 ft. The engine and aircraft are to be pro- 
duced for the Royal Canadian Air Force, 

SECOND INTERNATIONAL CONGRESS ON ASTRONAUTICS. 
—tThe British Interplanetary Society are organising the 
Second International Congress on Astronautics, which 
is to be held in London, from September 3 to 8. The 
first three days will be devoted to procedural matters 
and are open only to delegates, but on Thursday, Friday 
and Saturday, September 6 to 8, technical sessions will 
be held to which the public are invited ; papers will be 
presented on satellite vehicles, space stations, and kindred 
subjects. The sessions will be héld in Caxton Hall. 
To conclude the Congress, a dinner will be held on, 
Saturday, September 8, at St. Ermin’s Hotel, Caxton- 
street, London, 8.W.1. Further particulars of the 
Congress may be obtained from the Secretary of the 
British Interplanetary Society, 157, Friary-road, London, 
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ENGINEERING IN THE 
FESTIVAL OF BRITAIN. 


VII.—Exursits at THE SoutH Bank 
EXHIBITION. 


(Concluded from page 752.) 


TxovGH this concludes our series of articles on the 
exhibits at the South Bank Exhibition, it does not 
conclude the series on engineering in the Festival 
of Britain. Articles on the Exhibition of Industrial 
Power at the Kelvin Hall, Glasgow, will be published 
in the next volume of ENGINEERING, which com- 
mences with the first issue in July. Much more 
might have been, written about the South Bank 
Exhibition, from the engineering point of view— 
indeed, there is no limit to what could be written— 
but, apart from the building structures, there is 
not much that is technically novel or new, though 
the range of exhibits is so wide that no visitor can 
remain blasé for long. 

A feature which is attracting considerable 
attention from visitors to the South Bank Exhi- 
bition is the Telecinema. This is situated near the 
Station Gate and seats 400 people. It is claimed 
to be the first theatre of its kind to be specially 
designed for showing both films and television ; 
and in order that this may be done efficiently a 
number of architectural problems have had to be 
overcome. An added interest is that visitors can 
inspect the television-control and cinema-projection 
rooms through glass windows, while the programmes 
include interviews with notable people in the 
theatre foyer. These interviews will be conducted 
with the latest pattern of Marconi Image Orthicon 
camera, which is highly portable and includes a 
four-lens rotatable turret. The turret is specially 
designed for quick setting up and lens replacement, 
and is operated from the rear of the camera, the 
vision output being automatically blanked as it is 
rotated. Focusing is effected by racking the camera 
tube and deflection assembly relative to the lens. 
Control is by a single handle and all the circuits, as 
well as the high-tension supply unit, are contained in 
the camera itself. The lens sizes range from 2 in. at 
f/1-9 to 25 in. at f/5, and include units of the tele- 
photo and Zoomar type. An electronic view finder 
is clipped on the top of the camera through which 
the operator can see the actual image that is being 
picked up. 

The film projection equipment was supplied by 
the British Thomson-Houston Company, Limited, 
Rugby, and consists of two separate 8/U/P/A units, 
which are maintained in synchronism by Selsyn 
motors. The projectors throw two images, which 
are maintained in vertical and horizontal register, on 
to the screen, the light beams from each projector 
being polarised by filters so that, when the screen is 
viewed through spectacles with large areas of 
Polaroid, an unobstructed three-dimensional picture 
is seen in all directions. Another interesting feature 
is that the rear surfaces of the projector shutters are 
made reflecting so that when they are closed during 
the *‘ pull-down ”’ period light is transmitted through 
an optical system and illuminates the surround of the 
screen. The picture is thus presented against a 
neutral instead of the usual black background in 
such a way that the high-lights on the screen itself 
are always brighter than the surroundings and the 
dark portions always darker. The intensity of the 
colour and the surround, therefore, always takes on 
the average intensity and colour of the picture and 
considerable improvement in details and colour is 
thereby obtained. 

The stereophonic sound reproduction in the Tele- 
cinema also differs from that employed in normal 
cinema practice, in so far as no sound is recorded 
on the films running through the picture projectors. 
Instead, sound is recorded on a film coated with 
magnetic material, which is run through a separate 
sound reproducer head. Three-channel recording is 
employed, while a fourth channel is used solely to 
reproduce sound effects through loudspeakers in the 
main and balcony ceilings and at the back of 
the auditorium of the theatre. The sound from thé 
three stereophonic tracks is reproduced behind the 
screens, each track supplying one combination of 
loudspeakers. These combinations consist of twin- 
unit low-frequency and twin-unit high-frequency 


horns with a change-over frequency of 500 cycles, 
and are used for both stereophonic sound and 
monaural sound in conjunction with normal films, 
television sound and music. The magnetic film, 
reproducer pick-up heads and pre-amplifiers used 
in this system were designed by Electrical and 
Musical Instruments, Limited, Hayes, Middlesex, 
in conjunction with the B.T.H. 

The television projector forms a full-screen 15-ft. 
image with its own projected light surround and is 
set forward from the projection booth on an open 
platform. It was designed by Cinema-Television, 
Limited, Lower Sydenham, London, S.E.26, and 
employs a 50-kV cathode-ray tube to project an 
image through a Schmidt-type optical system on to 
a Stableford high-grain screen. The equipment is 
designed to produce pictures up to 21 ft. wide and 
although it normally employs the standard 405-line 
scan it is adaptable to other transmission standards. 














Fig, 114. THe Snort Tower. 


Television is a well-established medium of public 
entertainment, and the displays, both in a special 
building and in the Transport and Communications 
Pavilion, show the advances that are being made 
in the technique of producing this type of equip- 
ment. They include a camera for outside broadcasts, 
by Messrs. Pve, Limited, Cambridge, and examples 
of studio control and monitoring apparatus by the 
same firm. In the Transport and Communications 
Pavilion are models of the production centre at the 
White City and of a 750-ft. television mast, both of 
which are shown by the British Broadcasting 
Corporation. The General Electric Company are 
exhibiting a model of their relay tower for the 
London-Birmingham television link, as well as the 
900-megacycle tuned circuit which forms part of the 
same installation. Emitron Television, Limited, 
Hayes, Middlesex, have lent examples of their 
camera tubes, and receivers are exhibited both by 
them and a number of other firms. The historical 
exhibits include early Crookes and Brown tubes, a 
Cossor cathode-ray tube from the McVitie-Weston 
collection of valves, which dates back to 1903, and, 
as a contrast, a collection of modern cathode-ray 
tubes made by Cinema-Television, Limited. 





It is common knowledge that it was necessary 





in order to provide sites for the South Bank Exhibi- 
tion and the Royal Festival Hall, to clear away a 
number of buildings, inhabited and derelict. This 
clearance was not, however, complete since it 
was decided to retain the tower which was erected 
in 1826 for the manufacture of shot, though it 
has not been used for this purpose for some time. 
The question then arose as to the use that should 
be made of the shot tower and, after a number 
of more or less frivolous suggestions had been 
put forward, it was finally arranged to employ 
it as a beacon for advertising the Festival. It has 
therefore been equipped both as a lighthouse, with 
a double flashing beam, and as a “ radio telescope ” 
which is connected to a cathode-ray oscillograph in 
the “ outer space ” section of the Dome of Discovery. 
Theshot tower, with the paraboloidal aerial, is shown 
in, the accompanying illustration. 

The source of illumination for the lighthouse 
is a 3-kW lamp, which is mounted on an automatic 
exchanger, so that should it fail, a second lamp is 
swung into focus. Both lamps are enclosed in a 
cage of prismatic glass, which is made up of triangu- 
lar-shaped curved panes. Each of these panes has 
been set individually into a metal frame to ensure 
the concentration of the light on one focal point, 
and to eliminate dispersion. The optic itself is 
enclosed in a lantern which is 7 ft. 1 in. in diameter 
and is mounted on a ball-bearing pedestal and 
turntable. This turntable is revolved by two electric 
motors, one of which normally acts as a stand-by. 
The Jantern emits a double flashing beam of 3 million 
candle power, which recurs every 10 seconds. The 
flashes last 0-33 second and are divided by a short 
eclipse of 1-33 seconds and a longer eclipse of 
8-01 seconds. 

The lighthouse was constructed by Messrs. 
Chance Brothers, Limited, 28, St. James-square, 
London, 8.W.1, who made the 1} million square ft. 
of glass for the original Crystal Palace of the 1851 
exhibition one hundred years ago. On the same 
occasion they also showed the first British-made 
optic and it is interesting to note that during the 
intervening period the introduction of all-electric 
lighthouses has made it possible to produce more 
powerful lights and to reduce the weight of the 
prismatic reflectors. 

The lighthouse is remotely controlled by a radio 
transmitter, which has been installed in the London 
offices of Messrs. Chance Brothers in St. James- 
square, a distance of about a mile. This trans- 
mitter, which was made by Marconi’s Wireless 
Telegraph Company, Limited, comprises a crystal- 
controlled oscillator followed by three multiplication, 
power-amplifier and modulated stages. It is 
operated from the mains supply and has a power 
output of 5 watts. For transmission purposes 
it is connected to a four-element Yagi directional 
aerial which provides horizontal polarisation and 
is mounted on the roof of the building. The 
receiving aerial is also of the four-element Yagi 
directional aerial which provides horizontal polar- 
isation and is mounted on the roof of the building. 
The receiving aerial is also of the four-element Yagi 
type and is mounted on the outside balcony of the 
shot tower. Power for the receiver is obtained 
from the mains supply and the frequency is crystal- 
controlled. 

As regards operation, the transmitter is connected 
to a time switch with an astronomical dial, which 
energises it for a period of 30 seconds half an hour 
after sunset. As a result, a coded signal is trans- 
mitted to the receiver and is used to operate a relay. 
This relay closes, in turn, the circuit of the 3-kW 
lamp in the lighthouse optic and also that of the 
motor which revolves the lantern. The lighthouse 
then continues to operate until midnight, or some 
other fixed time, when the time switch again ener- 
gises the transmitter for 30 seconds. As a result, a 
second coded signal is transmitted and the light and 
motor are switched off. 

The 30-ft. diameter aerial for the radio telescope 
can be rotated in azimuth. It was made by Black- 
burn and General Aircraft, Limited, and consists 
of a number of light-alloy tubes, its general design 
being similar to that of the arrays employed on the 
London-Birmingham television radio relay link. The 
shot-tower aerial is being used to receive radio- 
frequency radiations from the sur and stars. 








ce 





JUNE 29, 195I. 


ENGINEERING. 


783 








BRITISH ELECTRICAL POWER 
CONVENTION. 


Tue third British Electrical Power Convention was 
held at Brighton from Monday, June 18, to Friday, 
June 22, under the presidency of Sir Henry Self. 
As this gathering may be described as a lineal descen- 
dant of the Incorporated Municipal Electrical Associa- 
tion, it is fitting to recall that the first annual conven- 
tion of the latter body assembled in Brighton in 1896, 
under the presidency of Mr. Arthur Wright, and that 
conventions were afterwards held in the same town on 
more than one occasion. It may also be mentioned 
that a public supply of electricity was given in Brighton 
as long ago as 1881 and that the Corporation took over 
the undertaking in 1890. The attendance on this 
occasion was representative of all branches of the 
British electrical industry, and the visitors included 
members of the council of the International Conference 
on Large Electric Systems (C.I.G.R.E.). 

PRESIDENTIAL ADDRESS. 


The formal proceedings began on Tuesday, June 19, 
when a meeting was held in the Dome and a civic 
welcome was extended to the delegates by the Mayor 
of Brighton (Alderman E. Simms). Sir Henry Self 
then delivered his presidential address, in which he 
contrasted the present position of the supply industry 
with that in 1947, the year in which the Electricity 
Act, initiating the amalgamation of some 560 separate 
undertakings, was passed. During that period the 


productivity had increased by about 30 per cent., |. 
a result which had been achieved only by the greater | "8, 


use of electric power. The expansion of generating 
plant, however, had not shown a proportionate in- 
crease, although the capacity installed in 1950 was 
965 MW, compared with 340 MW in 1947. To bridge 
the shortage, the annual commissioning figure must 
be raised to 1,800 MW. The necessity for a larger 
share of capital investment allocation for that purpose 
must, therefore, be stressed and re-stressed as a prior 
essential both for the rearmament programme and for 
the production of export goods to pay for our food and 
raw materials. 

Taking all sources of power into consideration, the 
use of electricity per operative worker in the manufac- 
turing industries of Great Britain increased from 
2,365 kWh a head in 1938 to 3,200 kWh in 1949. 
In the United States, however, the increase had been 
from 8,300 to 11,700 kWh a head during the same 
period, figures which showed that we were actually 
falling back rather than improving our position. 
One of the main justifications for the nationalisation 
of the electricity supply industry was that it would 
enable capital to be spent in such a way as to secure 
the highest economy in the long run. The national 
interest would be therefore gravely impaired if the 
advantages of a closely integrated programme of 
development were sacrificed to temporary embarrass- 
ments. The secondary effects of such a programme 
were also of considerable importance. For instance, 
it had recently been estimated that the lack of generat- 
ing capacity had cost the country between 81. and 101. 
million of industrial production last winter. The 
electrification of railways would also save some 
15 million tons of good coal by substituting for it 
some 5 million tons of inferior coal at power stations, 
while an increase of 0-1 per cent. in thermal efficiency, 
which might result from the use of more modern 
generating plant, would represent an annual reduction 
in coal consumption of about 140,000 tons. 

The severe cuts, which had been imposed on the 
bulk transmission and distribution programmes, had 
also meant the restriction of activities and might, in 
turn, have adverse effects on industrial production. 
The question thus arose as to how demand could be 
conditioned to fit supply in a better way than by the 
use of the blunt instrument of the “ power cut.” This 
problem could be approached from the standpoints 
of financial and physical controls. It was, however, 
doubtful whether tariff adjustments by themselves 
would be sufficient to reduce demands at the critical 
times. They might indeed aggravate the problem by 
worsening the load factor. It would seem, therefore, 
that greater reliance might have to be placed on the 
use of some form of load controlling device and thus 
to ensure that supplies to industry had priority. 

The achievement of the maximum efficiency in the 
national use of coal was a problem for serious study 
which required the formulation of a long-term national 
policy. To this policy the electricity supply industry 
might contribute a great deal. Such contribution 
carried with it the obligation to achieve the maximum 
practicable economy in internal administration. 

ELEcTRONIcS IN INDUSTRY. 

A meeting was also held in the Dome on Tuesday 
afternoon at which it was announced in the official 
programme that a paper on “ Electronics in Industry ” 
would be presented by Mr. O. W. Humphreys. Begin- 
ning with an historical summary, this paper traced the 
development of modern electronic devices from the 





early observations of Edison on thermionic electron 
emission, and the early valves which resulted there- 
from, to the most modern types of this equipment. 
Descriptions of some of the three main fields in which 
valves were now used in industry were given, particular 
attention being paid to applications involving the 
control of electrical and mechanical processes, such as 
the operation of motors and those in which the process 
was in itself electronic, as in heating, and in inspection 
and testing, such as photo-electric counting or sorting. 

In fact, Mr. Humphreys entirely abandoned his 
formal paper and replaced it by an excellent general 
lecture on the subject, which was illustrated by a 
number of experiments. This was much appreciated 
by the majority of the audience, whose concern is with 
kilowatts rather than kilocycles, and made any dis- 
cussion redundant. 

In the evening the President and Lady Self held a 
reception in the Corn Exchange, which was largely 
attended. 


ELECTRICITY aS A NATIONAL ASSET. 

On Wednesday morning, June 20, a further meeting 
was held in the Dome when two papers, dealing with 
the subject of “ Electricity as a National Asset—Its 
Uses and Application,” were presented by Mr. H. H. 
Mullens and Mr. N. Elliott, respectively. In the first 
of these the author laid emphasis on the industrial uses 
of electricity and, in particular, discussed its applica- 
tion in coal mines, chemical works and steelworks, as 
well as in shipbuilding and heavy and light engineer- 
Electricity was first used in mines for pumpi 
and this, together with ventilation, now accounted for 
about 40 per cent. of the total colliery consumption. 
Electrically driven coal-cutters and conveyors were 
being increasingly used and a recent introduction was 
fluorescent lighting, the advantages of which became 
manifest when it was realised that the ordinary miner’s 
lampseldom gave a light of more than two candlepower. 
It had recently been estimated that if all the coulieries 
in the country were completely electrified, the average 
consumption would be some 7,600 million kWh, or 
38 kWh per ton of coal produced. Collieries at present 
burnt some 11 million tons of coal per annum to 
generate their own power in some form or another, 
compared with four million tons if the British Electri- 
city Authority supplied all the power required. 

The present trend in the chemical industry was to 
group a number of interdependent processes on one 
site. Many of these required large quantities of process 
steam and it had therefore been found economical to 
install back-pressure or pass-out turbines at a central 

wer station. With such an arrangement it was, 

owever, difficult to maintain the heat balance neces- 
sary to avoid a waste of fuel, so that it was advisable 
to connect such stations with the public system and 
thus enable interchanges of electricity to take- place. 
Between 1935 and 1950, the amount of electricity used 
in the iron and steel industry had increased from 
1,614 million to 4,214 million kWh per annum, and 
there was no doubt that this rise in consumption had 
been a factor in the 80 per cent. increase in steel output 
during the same period. Electricity had also helped 
to improve productivity in shipbuilding. At the 
present time, about 75 per cent. of the construction 
of the average cargo ship was welded, a figure which 
rose to 90 per cent. in the case of oil tankers. In one 
typical North-East Coast shipyard the consumption of 
electricity had increased from 186 kWh per ton of 
shipping launched in 1936 to 284 kWh per ton in 1950. 

In the heavy engineering industry, the chief con- 
tribution of electricity was the provision of motive 
power, although its use in welding and for the heat 
treatment'of metals had rapidly increased during recent 
years. In the light metal and miscellaneous industries, 
electricity was also used as a source of motive power 
as well as for heating, welding, inspection, testing and 
control and for lighting and ventilation. On the 
railways, the earlier expectations as to the extent to 
which electricity could be used for traction had not 
been realised and only some 3,000 track miles were 
operated electrically. An overall efficiency, coal to 
drawbar, of 14 per cent. could, however, probably be 
obtained with electric locomotives, compared with 
5 per cent. for the present passenger and goods steam 
locomotives. Conversion to electric traction would, 
therefore, mean the saving of some nine million tons of 
good-class coal per annum. 

Large-scale generation of electricity offered man 
advantages, including especially the economies which 
were obtainable by the use of the largest generating sets. 
As the largest user of coal, the electricity supply indus- 
try was, in turn, an obvious target for economy at a 
time of grave scarcity, but the best way of ensuring 
this economy was a greater use of the public supply 
system. No manufacturing industry could achieve 
maximum efficiency and success in the world’s markets 
unless full ——— were taken of what electricity 
had to offer. It followed that an ample and economic 
supply of electricity was a mount need and load 





shedding was therefore a national misfortune. 


ELECTRICITY AND THE ORDINARY MAN. 


In the second paper, Mr. N. Elliott said that the view- 
point of the ordinary man was that electricity was 
essential to his daily life. More and more of it would 
therefore be required in the future and it was thus 
imperative that the resources available for its genera- 
tion should not be wasted. The shortage of electricity 
at peak times last winter had been artificially stimu- 
lated by the restrictions in the supply of solid fuel, 
which had led to a marked increase in the employment 
of electric fires. It was mainly due, however, to an 
increased demand for electricity for all purposes. The 
best solutions to the peak-load prob! were un- 
doubtedly the installation of more generating plant 
and the education of consumers when and how best to 
use electricity. 

Electricity was a saver of both coal and manpower. 
Tt had also acted as a buffer to inflation during a period 
when the retail prices of most commodities had more 
than doubled. use of its availability, the siting 
of industry could be properly planned and congestion 
overcome, smoke elimi and labour conditions 
improved. It had increased the amenities both of the 
farm and in the home and had profoundly improved 
our means of communication. 

In opening the discussion on these two rs, 
Mr. E. R. Wilkinson pointed out that a saving of'e ut 
10 million tons of good quality coal per annum would 
be effected by the electrification of the railways. This 
represented a money saving of 301. to 351. million per 
annum, which would cover the charges and annual 
outgoings on a capital expenditure of 300/. million. 
This sum could therefore be spent to save the coal it 
was so essential for this country to preserve. Had the 
recommendations of the Weir Report of 1931 been 
carried out, by this time there would have been a 
saving of 200 million tons of coal—equal to the entire 
output of the National Coal Board for 12 months. 
Another 7 million tons of coal could be saved by 
electrifying the coal-mining industry. This would mean 
another 20/. million per annum, so that the country 
could afford to spend 150I. to 200. million to effect 
thateconomy. It should not be left to the industrialist 
to work out the methods of using process steam best 
suited to his own requirements without consulting 
with the Area Boards as to what was the best course 
in the general interest. 

Mr. J. Eccles thought that the test single 
contribution to our survival as a world force would 
be more horse-power, intelligently applied, which meant 
more electricity. He felt that the present plant 
shortage could be met without making excessive 
demands on supplies of raw material by organising the 
site work at power stations as a military operation and 
thus, perhaps, saving a year. The Central Authority 
should intensify their programme of operational 
researeh with a view to reducing the number of break- 
downs, simplifying maintenance and increasing thermal 
performance. We might also have to become accus- 
tomed to a lower standard of continuity of supply, 
while the possibilities of load control devices must be 
examined. 

Mr. R. H. Rawll expressed the hope that it would 
be possible to standardise methods of rating high- 
frequency and particularly dielectric apparatus. 

Dr. 8. Whitehead said that when an attractive new 
idea was introduced, at first a small number adopted 
it, thus reducing the resistance of the rest until a 
landslide occurred when nearly everybody was con- 
verted. The introduction of mercury-are rectifiers 
was an example of such a movement. en, however, 
it came to using these devices in a manner convenient 
to electricity supply, the matter was different, as 
there was a very low de of interaction between 
consumers and propaganda was ineffective. One of 
the problems of the supply industry was therefore to 
bring about such interaction between consumers. 
Electricity must also be used in such a way as not to 
disturb other users. High-frequency processing and 
medical electrical apparatus were liable to bring about 
such disturbances, but a study of their causes, and 
their eventual solution, would bring benefits to all 
parties by disclosing the existence of unexpected 
defects. 

Mr. A. N. Irens welcomed Mr. Mullens’s statement 
that use should be made of all available sources of 
energy in the country, since anything which would 
contribute toward the better utilisation of the country’s 
resources was to be encouraged. People who had lazge 
blocks of heating power for process work should, in 
particular, be encouraged to “ float” across the line. 

In the afternoon visits were paid to the new 315- 
MW Brighton B power station and the Southern 
Cross grid substation. 

REFRIGERATION. 

On Thursday morning, June 21, a meeting was 
held in the Dome, when a paper entitled “ A Survey 
of the Refrigeration Industry ” was ted by Mr. 
E. G. Batt. He said that between 1935 and 1950 the 





total production of refrigeration equipment in this 
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country had increased seven times and the volume of 
exports 37 times. At present, the industry employed 
some 12,000 workmen spread over nearly 200 firms, 
and production could be materially increased but for 
the shortage of essential materials, in particular 
sheet steel. 

Mr. Batt described the construction of various types 
of refrigerator and referred both to ordinary domestic 
equipment and to special applications. Among the 
latter was the employment of refrigeration to retard 
the fermentation of dough used in making bread. 
As a result, the dough could be prepared and fer- 
mented during the ordinary working hours, stored 
overnight in a refrigerator at a temperature of 38 deg. F. 
and baked in the morning, thus reducing labour costs 
and solving the difficulty of obtaining men for night 
work. Another industrial application was in connection 
with the low-temperature storage of Duralumin in air- 
craft factories. As was well known, this metal, which 
was normally hard, could be softened by special heat 
treatment. Subsequently, it hardened again fairly 
rapidly, became brittle and could not easily be worked. 
If, however, rivets of this material were stored at a 
temperature of about 0 deg. F., the hardening rate 
could be retarded for at least a week and in one factory, 
where a refrigerator had been installed for this purpose, 
the reduction in serap material had been enormous. 
Now many aircraft factories had cold storage for both 
rivets and sheet metal. 

In opening the discussion, Mr. E. G. Rowledge said 
that domestic refrigerator manufacture in this country 
now accounted for more than half of the 22-8. million, 
which represented the production of the industry. 
One of the most important shortages to be overcome 
was that of properly qualified technical personnel, 
and for that reason he hoped that the Electricity 
Boards would support the National College course 
and take full advantage of the service training schemes 
organised by the manufacturers. Precision manu- 
facture and leakage detection had done most to con- 
tribute to the present trouble-free system. There was 
evidence that many of the faults on domestic refrigera- 
tors were due to low voltage and tests on compressor 
capacity could be affected by frequency changes. 

Mr. K. J. R. Cocke pointed out that although there 
had been a tremendous growth in the use of domestic 
refrigerators that of commercial equipment had been 
most disappointing. The seriousness of small leaks 
in domestic refrigerators must be emphasised. For- 
tunately, the problems involved in detecting these 
leaks had now been solved. This country had not 





been far behind the United States in the production 
of hermetically-sealed refrigerators. The size of the 
compressor compartment had been reduced from 
10 in. in diameter and 18 in. long to 6} in. in diameter 
and 8} in. long, while the change from sulphur dioxide 
to Arcton 6 meant that corrosion had ceased to be a 
difficulty. It was essential to have well-educated 
engineers to take care of design and servicing. 

Mr. W. N. C. Clinch remarked that little had been 
said about the absorption type of refrigerator, which 
was not affected by either frequency or voltage changes 
within reasonable limits. He endorsed all that was 
said in the paper about the value of training. 

Mr. E. G. Batt, in reply, said that as the main use 
of commercial refrigeration equipment was the storage 
of food he could only conclude that it was shortage of 
the latter that was the cause of the lack of progress 
in that field. A compressor machine would operate 
at about a quarter of the cost of an absorption machine 
of the same capacity. 


ANNUAL DINNER. 


The annual dinner was held in the Corn Exchange on 
Thursday evening, the President (Sir Henry Self) 
being in the chair. The toast of “The Electrical 
Industry” was proposed by Mr. W. R. Herod, co- 
ordinator of the North Atlantic Treaty Defence Pro- 
duction Board and former president of the Inter- 
national General Electric Company, who outlined the 
task which lay before the N.A.T.O. countries and com- 
pared their resources, actual and potential, with those 
of the nations dominated by the Kremlin. In the 
present situation the electrical industry could play a 
a most important part. 

In replying, the President said that the electrical 
industry was one of the key industries and those who 
were engaged in it, whatever their nationalities, thought 
in the same terms. 


ELECTRICITY AND SOCIAL PROGRESS. 

At the final meeting of the Convention, which was 
held at the Dome on Friday morning, June 22, Dame 
Caroline Haslett read a paper on “ Electricity—a 
Factor in Social Progress.” She said that the standard 
of living of a nation was indicated by the amount of 
power available to each of its people; it was not 
surprising that the average was highest in the United 
States. Electricity had brought about a second 
industrial revolution by emphasising the needs of the 
worker as a person. Heating, lighting, ventilation, 
speed, precision and safety were all increasingly pro- 
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vided for on the factory floor and in many up-to-date 
offices, while electrically-equipped canteens, clinics 
and day nurseries catered for those other needs which 
so influenced the performance of the daily job. 

It was probably true to say that a housewife who 
used electricity saved some 25 working hours per week, 
compared with her neighbour who did without it. 
In addition, much fatigue was avoided. Electricity 
ensured the clean atmosphere essential for health. 
In hospitals it afforded the same up-to-date services 
as in industry, and had a further social significance in 
surgery, dentistry and electrical treatment of many 
other kinds. 

In opening the discussion, Mr. R. H. Coates emphas- 
ised the necessity for education in the advantages of 
electricity, while Mrs. F. Forrest thought that it was 
impossible to over-estimate the national rather than 
the local importance of speeding up the electrification 
of outlying areas. During the year the South Western 
Electricity Board had connected over 900 farms, but 
their ability to continue this work would depend upon 
their earning sufficient revenue on the capital outlay. 
Service centres should not be regarded simply as so 
much space in which to display electrical goods, but 
rather as a means of attracting the attention of the 
passer-by. The personnel should be chosen with the 
greatest care and be well-trained. Mr. L. Gosland 
thought that there was scope for the development of 
appliances which were small and worked slowly and 
automatically with low power consumption. 

The Convention concluded with the Annual General 
Meeting, at which Mr. P. V. Hunter and Sir John 
Hacking were elected president and vice-president 
respectively, for the ensuing year. 








THE LAST OF THE G.W.R. “‘ BULLDOGS.”—The last 
of the celebrated Bulldog class of G.W.R. locomotives 
to remain in service, the Skylark, made its final run on 
June 17. Drawing a train containing 170 members of 
the Midland Branch of the Stephenson Locomotive 
Society, the locomotive made the journey from Snow 
Hill station, Birmingham, to Swindon and back, and was 
13 minutes ahead of schedule on the return run. 
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Fic. 5. Dritwmye Gantry For TUNNEL ENLARGEMENT. 


PROGRESS WITH THE NEW 
WOODHEAD TUNNEL. 


SATISFACTORY progress continues to be made with 
the construction of the new Woodhead tunnel and, if 
nothing unforseen occurs, there appears to be no 
reason why the project should not be completed as 
planned in the early part of 1953. The existing Wood- 
head tunnel, it will be recalled, is situated on the rail- 
way line between Manchester and Sheffield where it 
passes through the Pennine Range from Woodhead 
to Dunford Bridge. This line, which is now in the 
course of being electrified, is one of the chief arteries 
of communication between the North West, the East 
coast and the Midlands, carrying a heavy flow of 
mineral traffic from the South Yorkshire, Derbyshire 
and Nottinghamshire coalfields to the industrial North 
West. There is also a considerable amount of passen- 
ger traffic and during each weekday an average of 
90 trains pass over the down line towards Manchester 
while some 80 trains use the up line. 

The existing single-line twin tunnels were built 
more than 100 years ago, work on the down tunnel 
having commenced in September 1839 and on the up 
tunnel in 1847. Owing to their age, maintenance 
became costly and uneconomical; furthermore, they 
did not fit in well with the electrification scheme. 
The former London and North Eastern Railway Com- 
pany, therefore, decided in 1947 to construct a new 
double-line tunnel and subsequently obtained the 
necessary Parliamentary powers. The general scheme 
for the new tunnel was prepared under the direction of 
the Civil Engineer for the Eastern Region, British 
Railways, and the detailed plans were made for the Rail- 
way Executive by Sir William Halcrow and Partners, 
Westminster, S.W.1. Messrs. Balfour Beatty and 
Company, Limited, London, were appointed as the 
contractors responsible for the execution of the work 
and supervision on behalf of the Railway Executive is 
being carried out by the consultants. 

A diagram showing a longitudinal section through 
the tunnel is reproduced in Fig. 3, opposite, from 
which it will be seen that the total length is 3 miles, 
178 ft. with a rising gradient of 1 in 130 from the 
Manchester end for approximately two thirds of the 
length followed by a falling gradient of 1 in 1,186 for 
the remaining third. After the usual preliminary site- 
work had been completed, operations commenced on 
driving the pilot tunnel and at Woodhead, the rock 
face was cleared, the portal opened and driving started 
in August, 1949. At Dunford Bridge, the situation 
was more difficult as the tunnel entrance is 60 ft. 
below ground level; it proved necessary, therefore, 
to remove approximately 80,000 tons of soil and rock 
from the approach cutting before tunnelling could com- 
mence; the portal at this end, therefore, was not 
opened until November of the same year. Photographs 
showing the approach cutting at Dunford Bridge and 





the temporary portal at Woodhead are reproduced in 
Figs. 1 and 2, respectively, opposite. During the same 
period a ventilating shaft was sunk on the open moors 
midway on the line of the tunnel in the position 
indicated in Fig. 3, tunnel level being reached in the 
early summer of 1950. Driving of pilot headings 
towards Woodhead and Dunford Bridge was then 
started from the base of the shaft, that between the 
shaft and Dunford Bridge being completed in April and 
the other section in the middle of May last. 

The pilot tunnel is 12 ft. square and its construction 
was far from simple as beds of shale intersect the 
general sandstone formation of this area; as a conse- 
quence a great deal of the tunnel length has had to be 
supported by steel ribs. The full excavation size of 
the new tunnel will be 31 ft. wide by 24 ft. high and 
already the enlargement of about 1,300 ft. has been 
completed. As in the case of the pilot tunnel, much of 
it has had to be supported by steel ribs, some of which 
can be seen in Fig. 6, above, which shows part of the 
fully excavated tunnel and the pilot tunnel. When 
this task is completed, the entire length will be lined 
with concrete; a drawing showing a typical cross 
section through the completed tunnel is reproduced 
in Fig. 4, opposite. Blasting was employed for 
driving the pilot tunnel and the same method is 
being used to open out to size. To simplify drilling 
of the charge holes, a special gantry has been erected 
in the enlarged part of the tunnel which enables drilling 
to be carried on at three different levels, the gantry 
being mounted on wheels to that it can be moved away 
from the working face when the charges are fired. The 
gantry is illustrated in Fig. 5, above, from which it 
will be seen that there is ample room for the skips 
and locomotives to pass below it. The spoil is loaded 
into the skips by mechanical loaders, there being 
enough room for three such loaders to work abreast ; to 
ease marshalling of the skips at the tunnel face, a 
device known as a “ truck hoist” has been installed 
behind the drilling gantry. This comprises a steel 
framework of much the same size as the drilling gantry 
which is fitted with three compressed-air operated 
hoists designed to lift a full skip a sufficient distance 
to allow the empty skips to be passed underneath to 
the loading machines. 

The trains of skips are hauled by battery-operated 
electric locomotives the capacity of the batteries in 
each case being sufficient for 24 hours’ operation before 
re-charging becomes necessary. At present, the skips 
are discharged directly into dump trucks and Scammell 
four-wheel drive two-axle tipping lorries, but work is 
in progress on the construction of elevated storage bins 
into which the skips will be discharged, thereby 
accelerating the loading of the vehicles carrying the 
spoil to the disposal areas. Work has not yet been 
started on the concrete lining but preliminary opera- 
tions, such as the setting up of pre-batching plants, 
are well in hand. It is understood that, when the 





Fie. 6. Tonnet Entarcine at Dunrorp BRIDGE. 


lining is put in place, the aggregates will be batched 
before they are transported to mixers situated close 
to the working area inside the tunnel and, after having 
been mixed, the concrete will be delivered by concrete- 
pumps assisted by impulses of air. At present, 
enlarging of the tunnel is being carried out from the 
two ends only, but it is believed that in due course 
it will also be accomplished from the base of the 
ventilating shaft. 

Ancillary work, which has had to be carried out in 
connection with the tunnel, includes the provision of 
the necessary services, such as electricity and com- 
pressed-air supplies and the construction of a water- 
treatment plant. The latter is used to treat the water 
draining out of the tunnel at the Woodhead end as 
this forms part of a catchment area. The plant com- 
prises the usual settling tanks, chlorination equipment, 
etc. The electricity supply is taken from the National 
grid and is transformed in stages to a minimum of 
100 volts for tunnel lighting, other voltages being used 
for driving a variety of equipment, such as pumps, 
air compressors, etc. A typical compressed-air supply 
unit is that used to supply the area in the vicinity of the 
shaft. This plant comprises three Sentinel belt-driven 
No. 8 compressors manufactured by Messrs. Alley and 
MacLellan, Limited, Glasgow; in addition, there is a 
Diesel-driven standby alternator set consisting of a 
National engine coupled directly to a Brush alternator 
rated at 138 kVA, sufficient to operate the hoist in an 
emergency. 

Other works in connection with the tunnel comprise 
the reconstruction of Woodhead and Dunford-Bridge 
stations and the building of new rail and road bridges. 
Demolition of the old pseudo-Gothic station buildings 
on the down platform at Woodhead has been completed 
and a new house constructed for the station master. 
Eventually, a new bridge will have to be built at 
Woodhead to carry the line over the river Etherow 
while at the Dunford Bridge end, a new bridge is in 
course of construction to carry the road over the 
approach cutting. 

Owing to the isolated nature of the working area, it 
proved necessary to construct a camp for the workmen, 
and a site on the open hillside at Dunford Bridge, just 
above the portal of the existing tunnels, was chosen for 
this purpose. One of the early difficulties was the 
provision of accommodation, not only for the workmen 
required for the new tunnel, but also for the skilled 
tradesmen engaged in the construction of the camp. 
This resulted in an initial bottleneck which was 
gradually overcome and by the autumn of 1949, a 
number of dormitories, the main dining hall and kitchen 
were erected and a sick bay built and staffed. By 
January, 1950,'400 workmen were in residence, while 
in May, 1950, a cinema to seat 200, together with 
adjoining billiard and rest rooms, was opened. At 
present, there is comfortable accommodation for 
approximately 1,000 men. 
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NOTES FROM THE 
INDUSTRIAL CENTRES. 


SCOTLAND. 


ScortrisH CoaL.—The first fortnight of operations in 
the coalfields on the five-day week basis resulted in a 
fall of 35,000 tons in output a week as compared with 
the preceding fortnight of six-day weeks. In contrast 
with a year ago, when the 11-day fortnight operated, the 
decline amounted to 20,000 tons a week, As a result of 
the export restrictions and American imports, as well as 
the longer working week during the winter, the total 
distributed stocks at the end of the first week in June 
amounted to 965,000 tons against 820,000 tons in 1950. 
General industrial users held 354,000 tons, compared 
with 304,000 tons last year. 





New Jure Facrory.—aA circular-loom jute factory 
was opened on June 18 at the Manhattan Works ot Jute 
Industries, Ltd., Dundee, by Lord Bilsland, chairman of 
the Scottish Council for Development and Industry. 
Forty-eight circular looms have been installed, and more 
are to follow. In full production, the factory will provide 
material for 10,000,000 bags a year. 

MAOCHRIHANISH Naval AIR Sration.—Lord Paken- 
ham, First Lord of the Admiralty, announced in London 
on June 20 that the war-time naval air station at Machri- 
hanish, Campbelltown, Argyllshire, is to be brought 
from reserve at the end of this year and will be operated 
as an anti-submarine training station to accommodate 
the expanding number of anti-submarine squadrons. 

RUNWAY CONSTRUCTION AT PRESTWICK.—Tests were 
carried out on June 21 on the 400-ft. extension of the 
main runway at Prestwick Airport to ascertain the 
nature of the subsoil on the site. After work had begun 
two weeks ago, water was discovered on part of the 
runway, and subsequent tests indicated that the ground 
was marshy. If the ground is found unsuitable for the 
present method of construction, a different system will 
be used. 

RENFREW AIRPORT.—In a written Parliamentary 
answer, Mr. Frank Beswick, Parliamentary Secretary to 
the Ministry of Civil Aviation, stated on June 21 that a 
site had been selected for the erection of new terminal 
buildings at Renfrew Airport. Sir Patrick Dollan, 
chairman of the Scottish Advisory Council for Civil 
Aviation, said later that the estimated cost of the 
buildings was 150,0001., and that it was expected that 
they would be completed before next spring. 

ELECTRICITY AND THE FARMER.—This year, for the 
first time, a “‘ hydro-electric ” farm was shown at the 
Royal Highland Show at Aberdeen, which concluded on 
June 22. It was exhibited by the North of Scotland 
Hydro-Electric Board. Two standard agricultural build- 
ings contained electrically-driven machinery grinding 
oats, elevating grain, raising steam, pumping water, and 
milking, cooling and bottling. 

ADMINISTRATION OF RIVER CLYDE.—Members of the 
riparian local authorities met in Glasgow on June 20 
to consider their action to safeguard their interests in 
any scheme for the administration of the River Clyde 
which might be proposed by the Docks and Inland 
Waterways Executive under the Transport Act. It was 
stated that the authorities were anxious to secure their 
position, probably by some form of representation on the 
proposed new body. 

NEw OOLLIERY.—A new colliery, to produce 3,000 tons 
of coal a day for an estimated period of 100 years, was 
inaugurated at Bo’ness on June 25, when the Countess of 
Balfour cut the first sod on a site adjacent to the existing 
Kinneil Colliery. Lord Hyndley, in a message, wrote 
that the new sinking at Kinneil Colliery marked the 
beginning of a great reconstruction programme for the 
coal mines of Scotland. 





CLEVELAND AND THE NORTHERN 
COUNTIES. 


MIDDLESBROUGH IRON AND STEEL INDUsTRY.—Condi- 
tions in the Tees-side iron and allied trades still occasion 
uneasiness and, with producers of many commodities 
reluctant to enter into new contracts until they are 
assured of an early substantial reduction in their com- 
mitments, market transactions continue difficult to 
arrange. Contributions to the somewhat more hopeful 
feeling in commercial circles are the slight improvement 
in imports of foreign ore, the successful home scrap 
drive—which, while far from compensating for the heavy 
decrease in unloadings from the Continent, greatly 
exceeds expectations—and the rather better supply of 





pig-iron. Complaints of steel shortage still abound, 
however, and the claims of the defence plans threaten to 
necessitate a considerable curtailment of steel allowances 
for ordinary commercial purposes. 

SourH SHIELDS COLLIERIES.—In the week ended 
June 16 the four collieries in the South Shields area beat 
their coal-output target of 32,000 tons by more than 
2,000 tons. 

SHIPBUILDING ACTIVITY aT SUNDERLAND.—What is 
believed to be a new record for the total tonnage launched 
on the River Wear, at Sunderland, in one day, was 
reached in little more than an hour on Tuesday, June 19, 
when three oil tankers were launched, their tota] dead- 
weight tonnage being 41,535. The vessels are the 
16,500-ton Chariton Venus, launched by William Doxford 
& Sons, Ltd. ; the 12,875-ton Atheltemplar, launched by’ 
Joseph L. Thompson & Sons, Ltd.; and the 12,160-ton 
British Maple, launched by Sir James Laing & Sons, Ltd. 





LANCASHIRE AND SOUTH 
YORKSHIRE. 


TTaLIAN Miners.—There are now 53 Italian miners at 
the Maltby Miners’ Training Centre, South Yorkshire, 
undergoing a ten-week course on the English language 
and customs. Arrangements have been made with the 
Italian Government,to send batches of 60 a week, 
instead of the 30 originally requested. Fifty Yorkshire 
branches of the National Union of Mineworkers have 
shown themselves in favour of the employment of 
Italians, though 38 have rejected the proposal. 

SHORT-TIME WoRKING.—Short-time working is be- 
coming more general in Sheffield and Rotherham industry 
as a result of the steel shortage, which some authorities 
predict will extend over two years. At the Temple- 
borough Rolling Mills, for example, 200 men are affected 
by the reduction of working shifts from 17 to 12 a week, 
and, at the works of J. J. Habershon & Son, Ltd., the 
cutting down of shifts in some departments is affecting as 
many as 200 men at a time. The shortage of wire rods 
has reduced the production of wire ropes for the mining 
and shipping industries and port authorities. 

RECRUITMENT OF YOUNG EMPLOYEES.—There is keen 
competition for the services of the 2,500 Sheffield boys 
and girls who will be leaving school this month. Many of 
them already have been interviewed for jobs in the steel, 
cutlery and silverware trades. The demand for boys is 
for every grade of employee, manual or black-coated, 
and there is an almost unlimited call for girls for the 
lighter industries. There is a swing away from the 
desire for office jobs, not because of bigger earnings, but 
owing to a desire for apprenticeships which will ensure 
future security. 

PAYMENT FOR POWER-CuT WARNINGS.—Industrialists 
have been advised by the Yorkshire Electricity Board 
that they will be required to pay about 501. for the re- 
ceiver and to cover the costs of installation if they desire 
to have warnings by radio of impending power cuts. 
Sheffield firms, while welcoming such a system, object to 
having to finance it. The President of the Sheffield 
Chamber of Commerce, Mr. W. H. Higginbotham, chair- 
man of Edgar Allen & Co., Ltd., while declaring that he 
considers the principle wrong, thought that the scheme 
might be worth while as due warning of a cut might save 
hundreds of pounds in production costs. 





DOLLAR-EARNING ORDERS.—Firm orders, worth over 
200,000 dollars, have been placed with Morgan Fairest, 
Ltd., of Sheffield, for automatic bottle-labelling machines 
recently exhibited in the United States and Canada, and 
further inquiries are being received. One of the machines 
exhibited is intended for the labelling of penicillin vials 
at the rate of 10,200 units an hour. 


THE MIDLANDS. 


THE NICKEL Ban.—The new ban on the use of nickel 
for a variety of purposes, which came into force on 
June 22, will, like the earlier restrictions imposed on the 
use of other non-ferrous metals, be felt particularly in 
the Birmingham district. Probably the worst-hit will 
be the many small firms in Birmingham which are engaged 
on the production of articles made from nickel alloys, 
and not in the essential category, or which do not rank 
for exemption on the basis of the stated ratio of selling 
price to cost of nickel used. The schedules to the 
Orders, which list articles that may not be nickel- 
plated, or in which nickel may not be used, show that 
all or almost all the goods mentioned are made in the 
Midlands, and the effect will clearly be widespread. To 
some extent, however, the position will not be so difficult 
as if it had arisen during normal times, for the shortage 
of non-ferrous metals has been so acute for some time 





that industry generally has had ample warning of 


possible future developments, and, in many cases. 
alternatives, including plastics, are already in use. 

Prr—e TUNNEL UNDER THE RIVER SEVERN.—A new 
tunnel under the river Severn at Shrewsbury, intended 
to carry the main sewer from the northern part of 
Shrewsbury to the sewage works at Monkmoor, has now 
been completed. The tunnel is 6 ft. 6 in. in diameter 
and was completed in two months of day and night work 
at a cost of 16,7571. It may also be used for pipes and 
mains for other purposes. 

ATMOSPHERIC POLLUTION AT BRIERLEY H1iu.—The 
Brierley Hill Urban District Council have authorised the 
purchase of apparatus for measuring atmospheric pollu- 
tion. It will be used in the vicinity of the Round Oak 
steelworks and readings will be taken daily. Complaints 
have been received over a long period about fumes from 
these works, but the Council have been assured that 
Round Oak Steelworks, Ltd., will do everything possible 
to solve the problem, and are prepared to spend money 
for the purpose. 

PROPOSED AMALGAMATION OF WATER UNDERTAKINGS. 
—Mr. B. L. McMillan, engineer to the Wolverhampton 
Corporation water undertaking, has reported to the 
Council that the West Midland Water Survey, made by 
Mr. A. K. Pollock, an engineering inspector of the 
Ministry of Health, proposes the amalgamation of the 
Wolverhampton and Bilston undertakings. At present, 
these departments are operated by the respective Coun- 
cils, and both supply water to certain districts outside the 
municipal boundaries. The report proposes a revision 
of several water-supply area boundaries in the Midlands, 
and would reduce the existing 53 water undertakings to 
11. Five of these would be in Staffordshire, and three 
each in Worcestershire and Warwickshire. 


SOUTH-WEST ENGLAND AND 
SOUTH WALES. 


Marcam Hor-Strie Rowwnc Mi1i.—tThe Steel 
Company of Wales have announced that the 80-inch 
continuous hot-strip mill at the Abbey Works, Margam, 
has been successfully started and the first phase of 
testing and operating under full-load conditions is 
gradually changing over to production. One shift has 
been working and it is expected that two-shift working 
will be started within a few weeks. The cold-reduction 
plant at the works is not due to begin operations until 
the late summer and the tin-plate plant, at Trostre, 
Llanelly, until the autumn. 

New INDUsTRIES, MERTHYR.—Opening a Festival of 
Britain Industrial Exhibition at Merthyr, Viscount Hall 
said that new industries which had come to the town had 
provided employment for 90,000 people. It was hoped 
that this total would be increased to 120,000. 





Om. Imports aT BARRY.—Barty, which at one time 
exported more coal than any other port in the country, 
is now becoming one of the principal oil-importing ports. 
Oil storage at the docks will shortly be brought up to 
95,000 tons. Four 8,000-ton tanks have been erected 
by Cory Brothers, Ltd., who acquired four tanks at 
Dowlais, near Merthyr, from the Ministries of Food 
and Works and rebuilt them at the docks where they 
have already been used for storing edible oils. The 
completion of the tanks is the first stage in a 250,0007. 
scheme to extend the oil-storage capacity at Barry to a 
minimum total of 120,000 tons. Apart from Diesel and 
heavy oils, whale, sunflower-seed and linseed oils are 
being stored. 

NANTGARW COKE-OVEN PLANT.—The new 3,000,0007. 
coke-oven and by-product plant which has been erected 
at Nantgarw Colliery by the National Coal Board will be 
officially opened on July 17. It will take eigbt weeks 
before normal coking operations can begin, but, when in 
full operation, the plant will deal with 1,500 tons of coal a 
day. From this, it will produce 1,100 tons of coke, 
18,000,000 cubic feet of gas for the East Glamorgan grid 
of the Wales Gas Board, 3,000 gallons of benzol, 40 tons 
of tar and other by-products. Mr. T. Mervyn Jones, 
chairman of the Wales Gas Board, states that, in 1938-39, 
Newport used 13,000,000 cubic feet of gas industrially ; 
in 1949-50, this had risen to 590,000,000 cubic feet. 
Comparative figures for Port Talbot were 7,000,000 cubic 
feet and 338,000,000 cubic feet, and, for Pontypool, 
30,000,000 cubic feet and 312,000,000 cubic feet. 





WHITFORD SHEET WoRKS TO CLOsE.—Another of the 
Richard Thomas and Baldwins group works at Briton 
Ferry is to be closed. It is the Whitford sheet and 
galvanising works. Like the Briton Ferry Steelworks, 
these works, employing 300 men, were scheduled for 
redundancy under reconstruction plans, The shortage of 
raw materials, however, is responsible for the closure 
being effected much earlier than originally planned. 
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NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





Roya InstiruTion.—Monday, July 2, 5 p.m., 21, 
Albemarle-street, W.1. Monthly General Meeting. 


INSTITUTION OF MINING ENGINEERS.—Wednesday. 
July 4, 2.15 p.m., Hugh Stewart Hall, The University of 
Nottingham, University Park, Nottingham. Meeting 
held in connection with the Institution’s Summer Meet- 
ing. “Continuous Mining at Donisthorpe Colliery,” by 
Mr. H. B. Bennett. 


RoyaL SANITARY INSTITUTE.—Colwyn Bay: Friday, 
July 6,10 a.m., Town Hall, Colwyn Bay. ‘‘ Co-operation 
Between the Various Government Services and the 
Local Authorities in the Promotion of Health,” by Dr. 
D. J. A. Alban Jones. Beverley: Thursday, July 12, 
10 a.m., The Art Gallery, Beverley Library, Beverley. 
“‘Human Problems in the Tanning Industry,” by Dr. 
E. H. Thierry. 


INSTITUTION OF SANITARY ENGINEERS.—Annual Sum- 
mer Meeting. Friday, July 6, Caxton Hall, Victoria- 
street, Westminster, S.W.1. 5.15 p.m., Annual General 
Meeting (open to members only) ; 6 p.m., “‘ From Thames 
to Tap,” by Dr. Gordon Carter (open to visitors). 
Saturday, July 7, 9.45 a.m., visit to laboratories of 
Metropolitan Water Board. 


INCORPORATED PLANT ENGINEERS.—Newcastle-upon- 
Tyne Branch: Thursday, July 12, 7.30 p.m., Roadway 
House, 8, Oxford-street, Newcastle-upon-Tyne, “Oil 
in Industry,” by Mr. I. A. Howden. 





TRADE PUBLICATIONS. 


Crushing Equip t.—A brief outline of the range of 
breakers, crushers, grinders, granulators, shredders, etc., 
manufactured by British Jeffrey-Diamond, Ltd., Stennard 
Works, Wakefield, Yorkshire, is given in a new leaflet. 


Drill Bits —We have received a leafiet from the 
Climax Rock Drill and Engineering Works, Ltd., Carn 
Brea, Redruth, Cornwall, giving particulars of the 
Maxbit, a tungsten-carbide tipped bit available in sizes 
from 1 in. to 3 in. and in three grades of hardness. 

Fluorescent, Mercury and Sodium Lamp Fittings.—A 
revised edition of their pamphlet on fittings for 40-watt 
4-ft. fluorescent lamps has been received from Philips 
Electrical Ltd., Century House, Shaftesbury-avenue, 
London, W.C.2. They have also sent us copies of 
publications on fittings for sodium and mercury lamps. 

Compressed-Air Turbines.—British Jeffrey-Diamond» 
Ltd., Stennard Works, Wakefield, Yorkshire, have 
issued an illustrated booklet which describes very clearly. 
witb the aid of photographs, diagrams and charts, the 
principles, design, operation and performance of “ Spiro ” 
compressed-air turbines which have been in regular 
production for over 30 years. 


Two-Rate Battery Charger.—A pamphlet received from 
Crypton Equipment, Ltd., 25, Shaftesbury-avenue, 
London, W.1, gives details of an equipment which enables 
a 36-cell Exide battery with a capacity of 1,500 ampere- 
hours to be charged with an average current of 315 
amperes for 5 hours, after which 125 amperes is used 
until a cell voltage of 2-65 volts has been reached. 

Punched-Card Equipment.—We have received’ from 
the British Tabulating Macbine Co., Ltd., 17, Park-lane, 
London, W.1, a booklet entitled “‘In business, too,” 
which contains an explanation, in general terms, of the 
principles of operation of the company’s well-known 
range of “ Hollerith ’’ punched-card automatic equip- 
ment for accounting and other purposes. The arrange- 
ment of information on cards, and the operations of 
punching, verifying, sorting and tabulating are described, 
together with the function of the control panel of these 
machines, Details are also given of hire, training, testing 
and maintenance services provided by the company, and 
of certain supplementary equipment. 


Design of Valves.—Two publications recently received 
from Edward Valves, Inc., East Chicago, Indiana, U.S.A., 
deal with the design and other aspects of the firm’s 
non-return, stop, gate, gauge, instrument, check, stop- 
check, etc., valves. Valve Values is a house journal, 
No. 36 of which contains two articles on welding, with 
reference to valves. No. 35 is devoted to a reprint of 
an article (originally published in Product Engineering) 
on the firm’s technique of design and development. 
The basis of their method is the use of a model, made 
of a plastic material, which represents a half of the 
valve, to which a transparent cover is secured on 
the “cut” face (the longitudinal centre-line of the 
valve); the flow of compressed air is measured for 
different conditions, and the data used for the design 
of valves for other fluids. 





CONTRACTS. 


MARCONI’s WIRELESS TELEGRAPH Co., Ltp., Chelms- 
ford, Essex, have obtained an order valued at 139,0001., 
for transmitting, studio, radiation and outside broad- 
casting television equipment for Spain. The order is 
for complete television systems for installation at Madrid 
and Barcelona, and includes two 5-kW vision trans- 
mitters, type B.D. 352; two 3-kW sound transmitters, 
type B.D. 309; two complete radiating systems, each 
including a combining unit, three-stack turnstile aerial 
and transmission line ; four complete microwave links ; 
and studios in both cities. Messrs. Marconi have also 
received, from the Broadcasting Department of Nigeria, 
orders for a 20-kW high-frequency transmitter for Lagos 
and for another 7}-kW transmitter. Full equipment for 
four studios and a control room are on order for Lagos 
and for three provincial stations at Enugu, Kaduna, and 
Tbadan. 


VICKERS-ARMSTRONGS LTD., Vickers House, Broadway, 
London, S8.W.1, have received orders for two tankers, 
both of which will be built at their Naval Yard at New- 
castle-upon-Tyne. The first, asingle-screw tank steamer, 
is for the “‘ Alvion’” Steamship Corporation, of Panama, 
and will have a deadweight capacity of 32,000 tons. 
She will have a length of 665 ft. and her engines, to be 
built at the Barrow-in-Furness Works, will consist of a 
reduction geared turbine developing 12,500 s.h.p, in 
service. The second tanker is a repeat order of the 
single-screw motorship Credo, recently completed at the 
same shipyard for Mr. Gorgen P. Jensen, of Norway. 
She will have a deadweight capacity of 24,500 tons, a 
length of 606 ft., and her 6,000-b.h.p. Vickers-Doxford 
Diesel engine will also be built at Barrow-in-Furness. 

THE AUTOMATIC TELEPHONE & ELECTRIC Co., LTD., 
Strowger Works, Liverpool, 7, bave obtained an order 
from the Yorkshire Electricity Board, sub-area No. 4, 
for the supply of “* Rythmatic ” ripple-control equipment 
to cover the Leeds area. The Leeds City Council Light- 
ing Department ave contracting with the Board for the 
provision of signal injection equipment at an agreed 
sum per lighting point. The relays, of which 5,000 are 
expected to be commissioned during the first year, will 
be purchased by the Council direct. Centralised control 
of all the equipment will be exercised from the office of 
the City lighting engineer. 

THE WESTINGHOUSE BRAKE & SIGNAL Co., LTD., 82; 
York-way, King’s Cross, London, N.1, have been awarded 
the contract for the re-signalling of Euston Station, 
London Midland Region. The installation will include 
100 sets of electro-pneumatic facing-point layouts 
involving the installation of approximately 2} miles of 
air main and branch piping; 110 alternating-current 
condenser-fed track circuits, covering a total of about 
7 miles of track; 31 field locations using 44 apparatus 
cases; 1,000 alternating-current relays, excluding the 
track relays, for various contro] functions; and air- 
compressor plant. The 227-lever all-electric Westing- 
house power frame, to be installed, was built some years 
ago and held by the then Railway Company as war 
emergency stock. The L.M.R. will provide and fix 
34 main colour light signals and 36 ground light signals, 
the main run of cable, and a 60-kW Diesel alternator for 
emergency stand-by supply. 





WELDING AND NotcH-BaR TESTING.—A symposium 
on recent developments in notch-bar testing of materials 
and their relation to welded construction is to be held in 
London on Wednesday, December 5, 1951. Papers are 
being invited from a number of British and ‘foreign 
experts; they will be preprinted and introduced by a 
rapporteur so as to allow for a discussion, which will 
occupy two sessions, one in the morning and the otner in 
the afternoon. The symposium is being organised, in 
association with the Institute of Welding, by the Joint 
Committee on Materials and their Testing of Technical 
Institutions and Societies in Great Britain. The address 
of the secretary of the committee is: Institution of 
Mechanical Engineers, Storey’s Gate, London, S.W.1. 





Rouiis-Royce, LimMIrED.—The Rolls-Royce Bulletin, 
1951, contains a general, though challenging, article on 
jet propulsion by Mr. E. Colston Shepherd. His main 
argument is that a fighter has still to be built which can 
exploit in level flight the full power of a gas turbine. 
“There are,” he says, “ Avon gas turbines fitted experi- 
mentally in the Meteor fighter which can only be run 
at full power on the climb.” Three photographs repro- 
duced in the article, each showing a V-notch with liquid 
flowing through it, tellingly compare the fuel consump- 
tions of a Merlin piston engine, a Nene jet engine, and 
an Avon jet engine, the flow for the latter being-almost 
unbelievable. The author defines the attraction of the 
jet engine thus: “it can gorge and then disgorge, con- 
tinuously, so much more air than any other air-displacing 
combination of similar proportions and weight.” More 
than half the bulletin is devoted to photographs which 
come as near as possible to matching the high quality of 





the aircraft engines and motor-cars they illustrate. 


PERSONAL. 


Proressor W. R. HawTHORNE, who has held the 
George Westinghouse Chair of Mechanical Engineering 
at the Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, U.S.A., since 1948. has resigned 
to take up the Hopkinson and Imperial Chemical Indus- 
tries Professorship of Applied Thermodynamics at the 
University of Cambridge. Dr. E. Orowan, F.R.S., 
M.I.Mech.E., who joined the faculty of Engineering of the 
Massachusetts Institute in June, 1950, has succeeded 
Professor Hawthorne as Westinghouse Professor. 

Proressor A. A. Hatt, Zaharoff Professor of Aviation, 
London University, and head of Department of Aero- 
nautics, Imperial College of Science and Technology, has 
been appointed director of the Royal Aircraft Establish- 
ment, Farnborough, in succession to the late Mr. W. G. A. 
PERRING. 

Mr. F. B. Ricwarps, M.I.C.E., has retired from the 

chairmanship of Woodall-Duckham Ltd., the holding 
company of the Woodall-Duckham Group. At the 
request of the directors he has retained a seat on the 
board. Mr. T. CAMPBELL FInLAysON, M.Sc., has been 
appointed chairman of Woodall-Duckham Ltd. Mr. 
Finlayson is also chairman of the Woodall-Duckham 
Vertical Retort & Oven Construction Co. (1920) Ltd., 
Woodall-Duckham House, 63-77, Brompton-road, Lon- 
don, S.W.3, the principal operating company of the 
Woodall-Duckham Group. 
“Mr. E. ©. Orraway, M.I.Mech.E., R.D.1., at present 
works manager (omnibuses and coaches), London Trans- 
port Executive, 55, Broadway, S.W.1, has been appointed 
chief supplies officer. 

Mr. H. F. CARPENTER, who, as announced on page 691, 
ante, is relinquishing bis appointment as secretary of the 
British Electricity Authority on retirement in tle 
Autumn, has been appointed a member of the com- 
mittee set up by the Authority to review tbe organisa- 
tional and administrative efficiency of the electricity- 
supply industry as it was established under the Electricity 
Act, 1947. 

Following the resignation of Mr. MILEs BEEVoR, chief 
secretary and legal adviser to the British Transport 
Commission, 55, Broadway, London, 8.W.1, Mr. 8. B. 
TAYLOR, at present deputy secretary to the Commission, 
will become chief secretary as from July 1. On that 
date Mr. Beevor’s duties as legal adviser will be assumed 
by Mr. M. H. B. Giumour. Mrkr. A. J. LEwis, at present 
assistant to the principal staff officer of the Commission, 
has been made works ofticer in the chief secretary’s 
department, in succession to Mr. R. B. LEwis, who 
resigned from the Commission’s service at the end of 
April. 

Dr. R. GENDERS, M.B.E., F.R.1.C., F.1.M., is now 
associated as consultant metallurgist with Messrs. Sand- 
berg, consulting and inspecting engineers, 40, Grosvenor- 
gardens, London, 8.W.1, in connection with their 
reopened analytical laboratory and newly-opened test 
bouse. 


Mr. J. A. BROUGHALL, B.Sc. (Eng.), M.I.E.E., principal 
assistant to the executive officer (electrical engineering 
new works and development), Railway Executive, has 
been made executive officer (electrical engineering new 
works and development) at Railway Executive head- 
quarters. Mr. A. ForBEs SMITH, assistant stores super- 
intendent, Eastern and North-Eastern Regions, British 
Railways, has been promoted to the position of stores 
superintendent, Eastern and North-Eastern Regions, 
King’s Cross, London, N.W.1. 


The Minister of Local Government and Planning has 
appointed Sm Tomas BENNETT, CO.B.E., F.R.S.A., 
F.R.1.B.A., to be chairman of the Stevenage Develop- 
ment Corporation. Sir Thomas will also continue as 
chairman of the Crawley Development Corporation, 
a post which he has held since February 26, 1947. 


Mr. I. G. BucHAN has been appointed chief accountant 
and local director of Samuel Osborn & Co., Ltd., Clyde 
Steel Works, Sheffield, 3. 


Mr. H. LurHerR Jones has been appointed personne] 
adviser to F. Perkins Ltd., Queen-street, Peter- 
borough, and will take up bis duties early in September. 


DuREX ABRASIVES Lrtp., Birmingham, have an- 
nounced that, as from June 14, the name of the compang 
has been changed to MINNESOTA MINING & MANUFAC- 
TURING Co., Lrp. The offices remain at Arden-rad, 
Adderley Park, Birmingham, 8, and the products of the 
company are unchanged. 

THE IRON AND STEEL CORPORATION OF GREAT BRITAIN, 
1, Chester-street, London, S.W.1, have notified the 
BIRMINGHAM SMALL ARMs Co., Lrp., of their intention 
to exercise their option to acquire the steel interests of 
the B.S.A. Group, comprising WrLu1amM Jessop & Sons, 
Lrp., J. J. Savitte & Co., Lrp., and BROMLEY, FISHER 
& Turton, Lrp. The works of all three firms are in 
Sheffield. 
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NEW POWER STATIONS FOR THE 
B.E.A.: XVIII--BRUNSWICK WHARF. 


THE new 330-MW Brurswick Wharf station of the 
British Electricity Authority is situated on the north 
bank of the River Thames near the entrance to the 
Blackwall Tunnel. The site covers about 19 acres 
and has a deep-water frontage to the river of 850 ft. 
Fig. 1 shows the boiler and turbine houses under 
construction. Coal will be brought to the station by 
water and unloaded by four high-speed luffing cranes on 
the jetty, three of which are at present being installed. 
These cranes, which are being constructed by Stothert 
and Pitt, Limited, Bath, will have a capacity of 200 tons 
of coal per hour and will discharge on to conveyors, 
constructed by International Combustion, Limited, 
and Fraser and Chalmers Engineering Works, Erith, 
with a capacity of 800 tons per hour. These conveyors 


CoaL STORE UNDER CONSTRUCTION. 











Borer House AND TuRBINE Room FRAMING. 
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will either supply the boiler house direct or discharge 
into a store, shown under construction in Fig. 2. 

The 12 boilers will be fired with pulverised coal, and 
each will have an output of 320,000 lb. of steam per 
hour at 925 lb. per square inch and 925 deg. F. These 
units, of which ten are at present being installed, 
are being constructed by Clarke, Chapman and Com- 
pany, Limited, Gateshead. Full automatic control 
will be fitted and the gases will be discharged to the 
chimneys through Howden “‘ Centicell ” dust extractors 
and Sturtevant electrostatic precipitators. 

The generating plant will eventually consist of four 
52-5-MW and two 60-MW Metropolitan-Vickers turbo- 
alternators. The three-cylinder turbines of the former 
sets will be coupled to 61-765-MVA totally enclosed 
alternators with separate fan cooling and direct- 
coupled exciters. The alternators of the larger sets 
will have an output of 75 MVA and will be hydrogen- 











3. Exterior oF SwWITCH-HOUSE. 


cooled. The condenser cooling-water will be circulated 
by Mather and Platt pumps; and the condensate will 
be re-heated in five stages to a temperature of 365 deg. F 
The alternators will generate three-phase current 
at 11-8 kV, to be stepped up in unit transformers to 
132 kV, at which voltage it will be controlled by British 
Thomson-Houston switchgear of the air-blast type, to 
be installed in the separate switchhouse shown in Fig. 3. 
Air-break switchgear will be supplied by the English 
Electric Company for controlling the auxiliaries. 








BRIGHTON “‘ B ” PowER STATION.—We regret that on 
page 724, ante, in referring to the new Brighton power 
station, we gave an incorrect address for that of Sir 
William Halcrow and Partners, the consulting engineers 
for the foundations and buildings. The correct address 
is Alliance House, Caxton-street, Westminster, S.W.1. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


T ic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMrte Bak 3663 and 3664. 


All editorial ammgenienns should be addressed 
to the Editor and other correspondence to the 


Accounts are pole to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limi Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 

For- the United Kingdom and all 

places abroad, with the exception 

of Canada £510 0 
For Canada £5 5 0 

Subscriptions for periods less than twelve months 
are based on the price of a single copy, namely, 2s. 3d. 
post free. 











ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper bas pe on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all icable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headi of “Appointments Open,” “ Situations 
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THE PROBLEM OF PERSIAN 
OIL. 


For some months, the steadily-deteriorating 
situation in Persia, with respect to the position of 
the Anglo-Iranian Oil Company and the Imperial 
Iranian Government—the “ Persian” Government 
still, in the minds of most English people—has been, 
competing with the war in Korea for the most 
prominent places on the front pages of newspapers 
of all shades of opinion ; until, at length, it achieved 
a definite, if temporary, ascendency. As we go to 
press, the great refinery at Abadan appears to be on 
the point of shutting down, many of the European 
staff’s families have been evacuated, tankers are 
leaving empty, because the Persians refuse them 
clearance papers if they are loaded, and the crviser 
H.M.S. Mauritius has been ordered to Abadan to 
carry out the Navy’s traditional role of preserving 
at least a semblance of law and order. Persian 
mobs have got out of hand at times and have done 
a certain amount of damage to the oil company’s 
buildings and other property. What the upshot 
may be can only be guessed at; but the Persian 
Government, driven or dominated by extremists 
who are, apparently, quite prepared to assassinate 
an opponent, show no signs of relenting, or of 
modifying their decision to nationalise the Anglo- 
Iranian Oil Company and appropriate its assets. 
Moreover, they have passed an anti-sabotage law 
which, it is evident, exposes the operating staff of 
the refinery and the crude-oil pumping plant to the 
danger of a long term of imprisonment, and possibly 
death, if anything happens to the plant which could 
be twisted into an accusation of sabotage. 

Abadan had been experiencing labour troubles for 
some months before nationalisation became an open 
topic of conversation in England ; though most of 
the reports of strikes in the refinery suggested that 
they were started by unskilled but vociferous youths, 
of the so-called “student” type, too familiar in 





India, Egypt and elsewhere, whose excesses and 


susceptibility to the wiles of agitators appear to 
justify the early Victorian alarm at the possible ill- 
effects of free and compulsory, but indiscriminate, 
education. A statement issued by the Anglo- 
Iranian Oil Company in April made it clear that 
there was little real cause for the strikes which were 
then interfering with operations at Abadan; that 
proper machinery existed for settling disputes 
between the company and the employees, Persian 
and otherwise; and that every reasonable effort 
had been made to investigate complaints and to 


6|conform to the requirements of Persian labour 


legislation in doing so. The true character of such 
disputes as there were was well shown by the fact 
that the strike of 300 students and apprentices at 
Abadan on March 24 had as one of its objects an 
“improvement in working conditions,” which 
turned out to be a reduction in the strikers’ examina- 
tion pass marks from 50 per cent. to 30 per cent. 
It may be remarked that the number of the strikers 
represented about I per cent. of the total number of 
employees at Abadan. 

This particular group of strikers, following a 
discussion of their demands, resumed work on 
March 31, but some 600 trade apprentices went on 
strike next day and resisted all persuasion to return 


{to work. They secured some support among the 


local mob, leading to rioting, and some casualties 
in a clash with the Persian police and military. In 
the course of these events, it became abundantly 
clear that a relatively small number of recalcitrants 
were intimidating their fellow workmen with threats 
of personal injury ; threats which were shown, by 
the assassination of the Persian Prime Minister, to 
be no idle words. 

Thereafter, the position worsened rapidly, until 
new developments on a national scale drove these 
minor labour squabbles completely into the back- 
ground ; for the Persian Government, ignoring the 
contracts which they had freely entered into with 
the company, introduced a Bill to nationalise the 
Anglo-Iranian Oil Company, with all of its plant 
and assets that could be reached. The concession 
under which the company had been operating on 
Persian soil dates from 1933 and is for 60 years, 
terminating on. December 31, 1993. It could only 
be terminated before that date if surrendered by 
the company, or if it were to be annulled by an 
arbitration court because of some default by the 
company—“ default” being specified as failure to 
pay, within one month, any sum awarded to Persia 
by arbitration, or the decision to put the company 
into liquidation. These clauses were laid down in 
Art. 26 of the 1933 agreement between the Persian 
Government and the company; but Art. 21 also 
had an important bearing on the matter, since it 
stated unequivocally that the concession should not 
be annulled by the Persian Government, neither 
could the terms be altered by legislation, by 
administrative measures “or any other acts what- 
soever of the executive authorities.” 

These points were made clear in a communication 
from the company to the Persian Government, 
which was presented on May 8. The communica- 
tion also cited Art. 1, which specified that the 
Government granted to the Company the exclusive 
right “to search for and extract petroleum, and to 
refine it and render it suitable for commerce ”’ ; 
together with the non-exclusive right to “ transport, 
refine and sell petroleum throughout Persia,” and 
to export it. The agreement also provided that any 
differences should be settled by arbitration, each 
party nominating an arbitrator and the two arbi- 
trators appointing an umpire; and that, if they 
could not agree on an umpire, either party might 
appeal to the President of the Permanent Court of 
International Justice to appoint one—a request 
which, apparently, he could not refuse. The com- 
pany did submit their case to the International Court 
at the Hague ; but, as the Persian Government have 
shown clearly that they do not recognise the Court’s 
jurisdiction, and as the Court has no means of 
enforcing an acceptance of its decisions, the only 
benefit that the submission seems likely to produce 
is a good effect on public opinion in those countries 
where agreements are still regarded as binding. 

Although it is obvious that much of the present 
trouble, and, in particular, the unsatisfactory 





attitude of the Persian Government, is due to the 
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pressure exerted by completely unscrupulous 
extremists, it may be noted that this is not the first 
time that the Persians have tried to repudiate a 
bargain. The original concession under which 
development operations began covered the whole of 
Persia except the five northern provinces, the total 
area being some 480,000 square miles; and the 
agreement, which was for 60 years from 1901, 
provided that Persia should receive 16 per cent. of 
the net profits. This meant, of course, that the 
amount of the annual payment fluctuated from year 
to year, being affected by oil prices in world markets ; 
and when, between the wars, the general trade 
depression reduced the profits seriously, the Persian 
Government arbitrarily cancelled the concession. 
An, appeal was made by the concessionaires to the 
League of Nations at Geneva, and eventually a new 
agreement was concluded—the one which the present 
Government have now torn ,up—whereby Persia 
would receive a royalty of 4s. a ton and a share in 
any profits made by the company in excess of 
5 per cent. At the same time, the area covered by 
the concession was reduced to about a fifth of the 
former area. 

This new concession, so obviously advantageous 
to the Persian Government, appears to have satisfied 
them for the time being, and the conditions seemed 
sufficiently stable to justify the company in plan- 
ning an immense development of their plant at 
Abadan. Even five years ago, it was stated by Sir 
William Fraser, chairman of the Anglo-Iranian Oil 
Company, that Abadan was “ probably processing 
more oil than any other refinery in the world,” and 
there has been a considerable expansion since that 
date. The shipments of crude oil, to be refined else- 
where, have also increased very greatly, as has been 
made evident by the rapid accumulation of empty 
tankers when the Persian Customs interfered last 
week in the regular loading schedule. 

Throughout the development of their concession, 
the company have shown special consideration for 
the welfare of their employees, native as well as 
European, and have provided housing and associa- 
ted services on a scale not to be found elsewhere in 
the country. That it was to their advantage is, of 
course, obvious , indeed, there was no other course 
open to them, for Abadan is wholly 4 creation of the 
industry, in an area where it was difficult for the 
few original native inhabitants to live at all. No 
doubt, the original employees have appreciated all 
that has been done for them ; but the next genera- 
tion, as happens so often in such cases, tends to take 
all these things for granted and the initial gratitude 
soon wears thin. Most of the older men would pro- 
bably prefer that the company should be allowed 
to proceed unhindered with their activities, for it is 
certain that, even if the Persian Government did 
manage, with outside help, to get together a scratch 
team of technicians to operate the plant, they would 
not show the same consideration for welfare and 
amenities that the company have done. 

If there is one thing more evident than another, 
however, it is that the Persian Government are quite 
incapable of developing their mineral wealth with 
their own technical resources, or of maintaining 
the Abadan plant in an efficient condition with any 
foreign assistance that is immediately in sight. The 
equipment for handling and processing petroleum 
and its products requires an expenditure on main- 
tenance and renewals which bears a very high ratio 
to the initial cost: a point that is conveniently 
ignored (if they know of it) by most of those who 
gird at oil companies as monopolists, and which is 
very unlikely to be appreciated by the Persian 
Government or by the board of management that 
they have suddenly pitehforked into power. The 
members of that board must be regarding with 
considerable dismay the savage clauses of the new 
Persian anti-sabotage legisation ; for they, at least, 
must be aware of the danger in which they stand if, 
after the contemned foreigners have been forced to 
depart, the plant deteriorates to the point of a 
serious breakdown. The Persian Ministers them- 
selves, it may be supposed, are also feeling occasional 
qualms ; but, unless they can control their terrorist 
element—or, alternatively, the British Government 
decide to take the action that should have been 
taken long ago—the future of Abadan, and of the 
continued supply of Persian oil, is far from bright. 


ELECTRICITY SUPPLY 
PROBLEMS. 


METEOROLOGICALLY, the climate. during the 
third British Electrical Power Convention, which 
was held at Brighton last week, left little to be 
desired. It therefore speaks well for the conscien- 
tiousness of the delegates, who were drawn from all 
branches of the industry, that the attendances at 
the meetings were large, and that the influence of 
counteracting attractions was not unduly noticeable. 
This devotion to duty was unfortunately in- 
adequately rewarded, since the authors of the various 
papers, with the notable exception of Mr. O. W. 
Humphreys, found it difficult to realise that it is 
better on such occasions to lay aside their manu- 
scripts and to use their personalities in an attempt 
to convey a “ message,” which will not only arouse 
the immediate interest of their listeners, but leave 
them with something upon which to ponder. As a 
result, they may be led to a further study of the 
paper, so that its intrinsic value and the reputation, 
of the author may both be increased. As it was, 
it is not going too far to say that very little of value 
was contributed in the discussions, and the impres- 
sion left on many of those present was soporific 
rather than stimulating. 

There may, we think, be two reasons for this, 
one of which is more important than the other from 
the national point of view, although the second 
must be carefully examined if the holding of such 
conventions in the future is to be justifiable. We 
have said that the climate during the Convention 
week was favourable, but a deep depression, was the 
characteristic of the psychological atmosphere. 
This is not surprising, since probably everyone in the 
audiences was well aware that the present position 
of the industry leaves much to be desired; and, 
what is more, may well grow worse, unless the 
political authorities alter their course, a step which 
they still seem singularly and inexplicably reluctant 
to take. That there is much pessimism about the 
future is indeed natural, as may be illustrated by 
making a few quotations from what was said in 
public last week. 

Addressing the delegates of the British Electricity 
Authority, who were present, Lord Citrine pointed 
out that during the year ended March 31, 1951, load- 
shedding, either by voltage reduction or by dis- 
connection, of supply, was necessary on 267 occasions, 
compared with 124 during the previous year. This 
increase had been, due partly to a rise in demand, 
coupled with the fact that more plant was out of 
commission for various reasons, a reduction in the 
amount of load-spreading, and the generally colder 
weather. Inspite ofanimprovementin the capacity 
of the generating plant commissioned, the gap 
between supply and demand is, in fact, widening. 
We therefore agree with Lord Citrine that it is 
curious in such circumstances that the need for an 
adequate supply of generating plant is being 
questioned by those who are euphemistically 
described as “planners.” The result of this short- 
sighted outlook is seen in the Government’s decision 
to limit the capacity of the new plant installed in 
any year to 1,500 MW, while re-armament is already 
delaying deliveries of steel, copper and other 
materials. In addition, the attempt to increase 
the balance of overseas payments is diverting 40 
per cent. of the output of leading British boiler- 
makers to overseas markets and is imposing such a 
severe handicap on the industry that it is possible 
that less generating plant will be commissioned this 
year than in 1950. 

This, however, is not the end of a distressing story, 
since, as Sir Henry Self pointed out in his presi- 
dential address, similar problems arise under the 
headings of transmission and distribution. As a 
result of the severe cuts made by the Government in 
the capital programmes submitted for their approval, 
development in these fields has had to be restricted ; 
and activities have had to be concentrated on 
maintenance and strengthening of the systems so as 
to avoid breakdowns. In fact, last year the expen- 
diture on accrued commitments accounted for 
practically the full amount of the permitted total, 
so that supplies of electricity, both to industry and 
to housing, were delayed. The position was illumi- 





nated from another angle by Mr. W. R. Herod, the 


co-ordinator of the North Atlantic Treaty Defence 
Production Board, in a speech which he made at 
the annual dinner of the Convention. Having 
expressed the opinion that a substantial re- 
armament load could be borne if, inter alia, 
productivity could be increased, he went on to say 
that the tools, equipment and instruments necessary 
to ensure that increase were in great measure 
electrically driven and that to produce more goods 
required not only more tools, but more energy. 
These statements represent a fair cross-section 
of the views of the electrical industry upon what is 
an important, even a vital, question. It is to be 
hoped, therefore, that they will be brought to the 
attention of those in authority in no ambiguous 
terms, in order that the folly of the present policy 
may be clearly brought home to them; for it 
would be both ironical, and dangerous from the 
point of view of the country’s safety, if the attempts 
to build up defences as an insurance against possible 
ion were stultified because insufficient power 
was available to produce the necessary equipment 
in a short enough period. The course that should 
be set is clear enough. It must be categorically 
asserted that this course must be followed. 

It should be added that this opinion is advanced 
without a tinge of political bias. Indeed, it may be 
recalled that a similar mistake was made by a 
former Government, and that the present position is 
the result. There is, however, no reason why actions 
that have been proved to be unwise should be 
repeated, especially when, as in this case, the 
results would be even more harmful. The under- 
lying weakness of the situation seems to lie in the 
fact that the present Government seem unable to 
take other than a sectional view of any problem. It 
is therefore the duty of those in the electrical 
industry who are aware of the danger of the present 
policy of restriction, to bring home the fact that the 
country can only maintain its position both politic- 
ally and economically if sufficient supplies of power 
are made available to industry without delay. 

Although the question which we have been 
discussing was the underlying theme of the Conven- 
tion and must, we feel, continue to be kept in the 
foreground until a change of policy on the lines 
we have indicated takes place, other matters were 
mentioned upon which a brief comment may be 
made. One of these was the necessity of conserv- 
ing coal resources, not only by examining every 
means whereby the thermal efficiency of power 
stations may be raised, but by substituting the 
use of electricity for raw coal in more than one 
industry. For instance, in his paper, Mr. Norman 
Elliott pointed out that last year over 13 million 
tons of good-quality. coal were consumed by steam 
locomotives, but that, if the railways were electrified, 
their requirements could be met by burning rather 
over 3$ million tons of poor-quality coal in power 
stations. Mr. H. H. Mullens, dealing with another 
aspect of the same subject, said that, if all the 
collieries in the country were electrified, the coal 
consumed to produce all the power they required 
would be 4 million tons per annum, compared with 
the present figure of 11 million tons. Dame Caroline 
Haslett discussed electricity as a factor in social 
progress, and sufficient was said by speakers in the 
various discussions to indicate that those who 
work in the industry do not doubt where the remedy 
lies for many present disabilities. ae 

In his presidential address last year, Sir Vincent 
de Ferranti expressed the hope that concentration 
at some future convention would be on the art of 
utilising electricity. This year some attempt has 
been made to realise that hope, but the authors, 
as at the previous gatherings, have not altogether 
succeeded in resisting the temptation to deal with 
the past rather than the future. It is in the future, 
however, that the problems of the industry lie, and 
the fact that at the moment one of these over- 
shadows the others should not be allowed to obscure 
the fact that the others exist. The time has there- 
fore come to formulate, discuss and, if possible, 
solve these problems and this might well be the 
theme of some future convention. In this con- 
nection, it seems desirable that the scope of the 
gathering should be widened, as many of these 
matters are the concern of the user as well as of 





the provider of electricity. 
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NOTES. 


Tae Navat ARCHITECTS’ CONFERENCE. 


Tux International Conference of Naval Architects 
and Marine Engineers was opened at the Central 
Hall, Westminster, on the morning of Tuesday, 
June 26, by the Lord Mayor of London (Alderman 
Sir Denys Lowson). The Conference has been 
organised jointly by the Institution of Naval 
Architects, the Institute of Marine Engineers, the 
Institution of Engineers and Shipbuilders in Scot- 
land, and the North-East Coast Institution of 
Engineers and Shipbuilders, and is being held in 
London throughovt the present week, in Glasgow 
from July 1 to 4, and in Newcastle-on-Tyne and 
district on July 5 and 6, the members and delegates 
returning to London by special train on Saturday, 
July 7. Itis being attended by 113 official delegates, 
with some 80 ladies, from 14 countries overseas, 
and by more than 400 members of the organising 
institutions, with their ladies—a total of some 
750 participants. In the absence, because of 
illness, of the President of the Institution of Naval 
Architects (Admiral of the Fleet Viscount Cun- 
ningham of Hyndhope), the chair was taken at 
the opening meeting by the President-elect, Vis- 
count Runciman of Doxford, who welcomed the 
Lord Mayor and invited him to address the meeting. 
Sir Denys Lowson, who was supported by the 
Sheriffs (Alderman G. J. Cullum Welch and Mr. 
Perey T. Lovely, C.C.) and the Mayor of West- 
minster (Councillor A. Sciver), expressed pleasure 
at the support given to the Conference, and the 
hope that, apart from its technical deliberations, it 
would afford an opportunity for many of the dele- 
gates and other visitors from overseas to see some- 
thing of the Festival of Britair as well as of Britain 
itself. He then declared the Conference open. 
After a vote of thanks to the Lord Mayor had been 
proposed by the chairman, seconded by Dr. 8. F. 
Dorey, F.R.S., President of the Institute of Marine 
Engineers, and carried by acclamation, the Lord 
Mayor and the Sheriffs, with the Mayor of West- 
minster, left the meeting, which proceeded to the 
reading and discussion of two papers. The first of 
these, entitled “‘ Ships’ Structures—A Century of 
Progress,” was presented by Mr. R. B. Shepheard, 
C.B.E., Chief Ship Surveyor to Lloyd’s Register of 
Shipping; and the second, on the “B.S.R.A. 
Resistance Experiments on the ‘Lucy Ashton ’,” 
by Sir Maurice E. Denny, Bt., K.B.E. At the 
conclusion of the meeting, the delegates and mem- 
bers adjourned to the Connaught Rooms for the 
inaugural luncheon of the Conference. In the 
evening, they were the guests of His Majesty’s 
Government at a reception in Lancaster House, 
when they were received by Lord Pakenham, First 
Lord of the Admiralty, and Lady Pakenham, with 
Lord and Lady Runciman. On the previous 
evening, the overseas delegates, with many of the 
Ambassadors and Ministers of the courtries repre- 
sented at the Conference, were the guests of Lloyd’s 
Register of Shipping at that Society’s neadquarters, 
71, Fenchurch-street, E.C.3, where they were 
received by the chairman, Sir Ronald Garrett, and 
Lady Garrett. On Wednesday, June 27, following 
a technical session ir the morning, the members 
and delegates were the guests of the Shipbuilding 
Conference at a luncheon in the National Maritime 
Museum ; and, in the evening of the same day, of 
the Lord Mayor at a reception at the Mansion 
House. As the current issue concludes the present 
volume of ENGINEERING, we can do no more at the 
moment than record the fact of these events, but a 
full report of the Conference will appear in our next 
volume, beginning with the issue of July 6. 


INLAND WateR Survey CoMMITTEE. 


The fifth annual report, for 1950, of the Inland 
Water Survey Committee (H.M. Stationery Office, 
price 9d. net), is the first since the third report was 
published in 1939; the fourth was presented but 
not published, owing to the war. The committee’s 
terms of reference are “to advise on the surface 
water survey of Great Britain, on the prog.ess of 
the measures undertaken and on further measures 
required, and, in particular, to make an annual 
report on the subject.” The chairman is Major- 





General G. Cheetham, C.B., D.S.0., M.C., F.R.L.C.S., 
a former director-general of the Ordnance Survey. 
After reviewing previous legislation and reports 
bearing on the survey of rainfall, surface water and 
underground water, the report reviews existing 
survey arrangements and concludes that these are 
inadequate. Any weakness of the present arrange- 
ments, however, is stated to relate chiefly to Scot- 
land ; in particular, since underground water is of 
minor importance there, to the surface-water survey. 
There is now, however, a prospect of systematic 
surveys of water resources being be in many 
English and Welsh river basins during the next few 
years, and the committee have therefore considered 
it necessary to frame their conception of how such 
surveys should be designed if they are not only to 
be of wide and enduring value and impartial charac- 
ter, but also to possess the assimilability that will 
be necessary if they are to constitute a national 
survey that will satisfy the several interested sections 
of the public to as great an extent as possible. 
After considering three different scopes of survey, 
the committee propose that every river board in 
England and Wales should establish a systematic 
and permament network of gauging stations covering 
their area, subject to the limitations imposed by 
such physical hindrances as tidal influence and river 
control work, where accurate and comprehensive 
methods of measurement would be used continu- 
ously or periodically. The information thus obtained 
should be recorded in a uniform manner and in this 
way a national network of stations would be 
secured. Such a scheme would not only provide 
data for the current and imminent schemes of 
individual water interests and enable other water 
interests to judge the effect on themselves of those 
schemes, but would also furnish information which 
might answer to some extent the questions that any 
water interest may ask about the effect of any 
scheme of water utilisation at any point in the river 
basin, that may be envisaged at any time, now or 
in the future. The report also considers the 
question of the incidence of gauging stations— 
quoting the cases of the River Nene scheme and the 
Thames scheme—and the technique of surface-water 
measurement. An all-embracing water-survey 
scheme, similar to that for England and Wales, is 
strongly recommended for Scotland. The com- 
mittee state that throughout their studies they 
have given heed to the growing extent to which 
water is being used by industry and energy- 
generation for processing, cooling and condensing ; 
to the tendency to growth of industrial units ; and 
to the increased mobility of industry and population. 


British INsTRUMENT INDUSTRIES EXHIBITION. 

The first British Instrument Industries Exhi- 
bition is to open at Olympia, London, on Wednes- 
day next, July 4, and will remain open daily except 
Sunday from 11 a.m. to 8 p.m. until Saturday, 
July 14, when it will close at 6 p.m. The exhibition 
is supported by the British Electrical and Allied 
Manufacturers Association, the British Industrial 
Measuring and Control Apparatus Manufacturers 
Association, the British Lampblown Scientific Glass- 
ware Manufacturers Association, the Drawing Office 
Material Manufacturers and Dealers Association, 
and the Scientific Instrument Manufacturers Asso- 
ciation of Gt. Britain, Limited. Itis being organised 
by Messrs. F. W. Bridges and Sons, Limited, Grand 
Buildings, Trafalgar-square, London, W.C.2, for 
the exhibition of scientific and industrial instru- 
ments of entirely British manufacture. The list 
of exhibitors contains 142 names and includes, in 
addition to manufacturers of instruments of all 
types and allied products, the Department of 
Scientific and Industrial Research, on the stand of 
which will be exhibited some 30 instruments 
developed in the research establishments of the 
department or by research associations ; certain 
of these instruments have a range of application 
wider than that for which they were originally 
intended, and are available for marketing by any 
interested manufacturer. 


REFRIGERATION CONGRESS. 

The eighth International Congress of Refrigera- 
tion will be held in Church House, Westminster, 
London, 8.W.1, from August 29 until September 11. 
The governments of upwards of 50 countries are 





members of !’Institut Internationa] du Froid, under 
the auspices of which the Congress will be held, and 
the organising body is the Institute of Refrigeration. 
The Right Hon. Viscount Bruce of Melbourne, C.H., 
M.C., F.R.S., President of the Institute of Refrigera- 
tion, is also President of the Congress and he will be 
assisted by Professor W. J. de Haas, who represents 
the International Institute. The last assembly of 
its kind, in this country, was held in 1924, and 
subsequent congresses were held in Italy in 1928, 
Argentina in 1932 and Holland in 1936. At the 
1924 congress in London, official delegates from 
some 40 countries were present and 160 papers and 
reports were read and discussed. At the forth- 
coming meeting, the numbers of papers has been 
limited so that discussion may be more easily 
confined to the principal subjects. The freezing and 
chilling of foods will naturally figure prominently 
in the discussions at the Congress, but papers on 
engineering subjects will also be dealt with. Among 
these may be cited, “ A Solid Absorption Machine 
for Refrigerated Railway Vehicles,” by Mr. H. I. 
Andrews ; “‘ The Use of Insulated and Refrigerated 
Containers for the Transport of Perishable Food- 
stuffs by Rail, by Land and by Water,” by Mr. 
T. A. Eames ; and “ The Calculation of Refrigerator 
Car Performance,” by Mr. E. W. Hicks and Mr. 
J. R. Vickery. A programme of excursions and 
industrial visits is being arranged. Particulars 
regarding membership of the Congress may be 
obtained on application to the secretary, Eighth 
International Congress of Refrigeration, Dalmeny 
House, Monument-street, London, E.C.3. 


THE PROFESSIONAL CLassEs AID CoUNCIL. 

The annual report for 1950-51 of the Professional 
Classes Aid Council—better known, perhaps, among 
those who have dealings with it, as the “ P.C.A.C.”— 
recalls that “last year the finances were in a more 
satisfactory state than for some time,” but shows 
that, in the year under review, which ended on 
March 31, 1951, it was “not so good.” The year 
ended, in fact, with a deficit of 1,094. This change 
in the situation is stated to be due mainly to an 
increase in appeals, resulting from the recent steep 
rise in, the cost of living, which affects severely those 
who are living on a fixed income, as most pensioners 
are. The total expenditure for the year was 
16,0311., of which 12,3171. was spent on relief. The 
number of families aided was 268, and, the report 
states, “ many others were helped by advice as to 
the appropriate sources to apply to in their need,” 
this being a particular feature of the Council’s work. 
It may be noted that the Institutions of Electrical, 
Municipal, and Structural Engineers are repre- 
sented on the Council, as are also the Benevolent 
Funds of the Institutions of Civil and Mechanical 
Engineers, the Junior Institution of Engineers, 
and the Society of Engineers. The secretary of 
the P.C.A.C. is Miss G. M. Walters, whose office is 
at 20, Campden Hill-square, London, W.8. 


British WATERWORKS ASSOCIATION. 

The 40th annual report, for the year 1950-51, of 
the Executive Committee of the British Waterworks 
Association records a year of considerable activity, 
especially in negotiations with Ministries and other 
authorities. The membership of the Association 
now includes 568 water authorities numbering over 
1,700 representatives and individual members. As 
a result of a suggestion made by Mr. Geoffrey 
Hatchinson, M.C., K.C., M.P., when President in 
1947, consultations took place between representa- 
tives of the Association and of the Institution of 
Water Engineers on the development of research in 
the water supply service. An appeal was made to 
member authorities for financial support in founding 
a research organisation; it met with complete 
success and a draft constitution has been prepared. 
Discussions have been held with the Department of 
Scientific and Industrial Research, however, and 
the Department take the view that the finances of 
research organisations should be related to the size 
of their respective industries. If the research 
organisation were set up on the lines suggested by 
the D.S.I.R. it would be somewhat larger than 
anticipated and substantially Government-aided. 
The annual report indicates that a further statement 
will be issued as soon as possible. A report on the 
“ Organisation of the Water Supply Industry in 
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England and Wales” was prepared by a sub- 
committee of the Association, and after discussion 
and amendment, it was submitted to an extra- 
ordinary meeting on May 31, 1951 ; this report was 
the subject of a leading article op page 725 in our 
issue of June 15. In July, 1950, representatives 
of the Association had a meeting with the Minister 
of Health to discuss the difficulties of the industry, 
particularly the shortage of materials, money and 
men, and subsequent events showed that this 
meeting had served a useful purpose. Other matters 
dealt with in the annual report include the preven- 
tion of river pollution ; a section of the Water Act, 
1945, relating to the form in which applications 
were to be made for licences to sink wells in con- 
trolled areas ; mining subsidences ; water engineers’ 
salaries ; public relations ; the sailing of dinghies 
on reservoirs for compensation water; and the 
amalgamation and transference of water under- 
takings. The annual conference of the Association 
was held at Portrush, Northern Ireland, from 
June 20 to 22, and Sir William Neill gave an address 
on his inauguration as President. 


RESEARCH ON CREEP AND FaticuE at HicH 
TEMPERATURES. 


Shortly after the conclusion of the recent war, the 
Light Alloys Sub-Committee of the Metallurgical 
Research Committee of the Ministry of Aircraft 
Production reviewed the position in the field of 
research on creep and the fatigue properties of 
metals at elevated temperatures. Under the 
chairmanship of Professor L. Aitchison, a policy 
was framed for the guidance of investigators 
employed on creep research for the Government 
services and a memorandum incorporating the 
sub-committee’s recommendations on this subject 
was drafted in 1947. When, in 1948, the Ministry 
of Aircraft Production’s Research Committee was 
superseded by the Inter-Service Metallurgical 
Research Council of the Admiralty and the Ministry 
of Supply, consideration of the subject was continued 
by the Non-Ferrous Metals Committee of the New 
Council, under the chairmanship of Mr. (now 
Professor) A. J. Murphy. In due course, a further 
memorandum, incorporating this committee’s recom- 
mendations on research on the fatigue of metals at 
elevated temperatures, was produced. These memo- 
randa were primarily intended to help in the 
formulation of Government research policy, and 
investigators, studying a particular application of 
metals or alloys at high temperature, have broadened 
their work so as to bring it within the scope of the 
general recommendations made. With the object 
of giving an opportunity to all investigators working 
in this field to modify and direct their researches, if 
they so desire, in such a manner as to contribute 
the maximum amount of useful information on 
creep and fatigue at high temperatures, a general 
statement summarising the views expressed and the 
recommendations made in the earlier memoranda 
has been issued by the Non-Ferrous Metals Com- 
mittee. This statement is in the form of a note 
designated PLB 40371, and it contains some factors 
recommended for consideration. Thus, it is sug- 
gested that the most important general approach 
should be an orderly investigation of the influence of 
variables in metallographic structure and in com- 
position on creep and fatigue resistance at elevated 
temperatures. Among the factors relating to the 
metal matrix which are considered of importance 
are grain size, orientation, the effect of prior mech- 
anical strain, the effect of small amounts of dissolved 
impurity, and the crystal structure of the matrix 
crystals. Of the factors relating to the second or 
“dispersed ” phase, the following are considered of 
importance: the nature of the distribution of the 
particles and their s‘ze, and the amount of the 
second phase present and the nature of this second 
phase. The relaxation towards equilibrium of non- 
equilibrium structures at elevated service tempera- 
tures, recrystallisation, grain growth, and other 
temperature-dependent factors are also deemed of 
importance. Interested investigators working in 
this field are requested to communicate with the 
secretary, Non-Ferrous Metals Committee, Inter- 
Service Metallurgical Research Council, Me 
Department, Royal Aircraft Establishment, Farn- 
borough, Hampshire. 





LETTER TO THE EDITOR. 
THE HEAT UNIT. 


To THE Eprror oF ENGINEERING. 
Str,—Dr. Ezer Griffiths, in his excellent review 
on the essential facts and on the experimental data 


concerning the much-discussed value of the heat 
unit, on page 577, ante, has certainly considered 





century ago that J. P. Joule (1818-1889) published 
(in 1850) the final results of those original experi- 
ments on the mechanical equivalent of heat con- 
ducted during the years 1842-1950. In rsponse to 
the request of the British Association, Joule repeated 
his tests on a much larger scale, using for the first 
time the electrical heating method. These results, 
published in 1879, confirmed his earlier experiments, 
which were based originally on the quantity of heat 
generated by friction. The heat unit named after 



































COMPARISON OF STANDARD HEAT UNITs. 
Difference 
Year. British Unit. Joules B.Th.U. 
Standard. per B.Th.U.| per kWh. 
B.Th.U. Per cent. 
1915 — International unit (1 kWh = 860 kg.-cal.) 1,054-95 3,412-48 + 0-048 + 0-0141 
1926 ; 
ees 205 60-5 deg. F. Britishthermal unit .. 1,054°54 3,413-81 + 1-81 + 0-0531 
43 |) 
1926 
= 205 Mean 32-212 deg. F. British thermal unit 1,055-79 3,409-77 — 2-23 — 0:0654 
1943 
1929 -- Steam table British thermal unit 1,055 -06 3,412-13 + 0-13 + 0-0038 
1944 350 39 deg. F. British thermal unit 1,059-52 3,397°77 —14-23 — 0-4170 
— —_ Recommended engineer's British thermal unit | 1,055-10 3,412 | 8 0 
(1 kWh = 3,412 B.Th.U.) | 
! 














1 Joule = watt second = 107 ergs. = 107 dyne cm. 
1kWh = 3,600,000 Joules. 


every aspect of the problem and his treatment of 
the subject is admirably concise. His contribution 
is undoubtedly a welcome addition to the literature 
on thermodynamics. It is specially interesting to 
emphasise that he published, as far back as 1913, 
the results of carefully planned researches which 
enabled him to determine with precision, by the 
electrical method, the value of the heat unit. 
Expressed in the absolute units of the C.G.S. system, 
used in his present contribution, he had found that 
a gram-calorie was equal to 4-181 Joules, and the 
mean gram-calorie corresponded to 4-187 Joules. 
The latter value agrees remarkably well with the 
International Steam Table calorie at 4-1868 Joules, 
recommended as a standard heat unit in 1915. 
This excellently compiled table of the values of the 
heat unit and the corresponding conversion factors 
should prove most useful, not only to the physicists 
who generally use the C.G.S. system, but also to 
engineers, who are usually not quite so familiar 
with the heat unit expressed in Joules. 

On examining Table I, presented by Dr. Griffiths, 
one is immediately struck by the number of values 
of the heat unit. A serious attempt of standardising 
the heat value was made in 1915, when the Inter- 
national Steam Table gram-calorie was universally 
recognised and defined as 1/860 of an international 
watt-hour, or 1 watt-hour = 860 gram-calories, or 
1 kWh = 860 kilogram-calories. This value is 
well established as a standard in all countries on the 
Continent of Europe, where the kilogram-metre- 
Centigrade system is used. In consequence, I 
consider it most desirable to recognise without 
hesitation this value of the heat unit in Great 
Britain, which when expressed in British thermal 
units corresponds to 3,412-48, or, in round figures, 
to 3,412. Now this value has been used for some 
years by engineers and fuel technologists, particu- 
larly by those closely associated with the determina- 
tion of the performance of power plant. Conse- 
quently, I recommend it as the engineer’s British 
thermal unit. 

In the above table, I give a comparison of six 
standard heat units. Five of these are based on Dr. 
Griffiths’s Table I. The values are first given in 
Joules per B.Th.U. (column 4) and in B.Th.U. per 
kWh (column 5). Finally, the percentage difference 
of these values relative to the recommended engi- 
neer’s British thermal unit (1 kWh = 3,412 B.Th.U.) 
is indicated in column 7. A cursory glance at this 
table reveals that, except for the 1944 standard 
39 deg. F. British thermal unit, the others ditter 
only by not more than 0-0654 per cent., which is 
really minute. The 1944 value is 0-417 per cent. 


below the recommended standard of 3,412 B.Th.U. | 


It is rather interesting that Dr. Griffiths’s contri- 
bution was accepted by the Institution of Mechanical 
Engineers at a most opportune time; for it is a 





Joule will always remind us of the great physicist 
and experimenter who established the principle of 
the conservation of energy. 
Yours faithfully, 
J. R. FINNIECOME. 
139, Monmouth-drive, 
Sutton Coldfield, Warwickshire. 
June 15, 1951. 





OBITUARY. 


MR. H. A. SIEVEKING. 


WE regret to record the death on June 20, at the 
age of 46, of Mr. H. A. Sieveking, M.Sc., M.I.C.E., 
M.I.E.E., of the hydro-electric department of the 
English Electric Company, Limited, for whom he 
worked at Rugby, Stafford, Glasgow and London. 
In addition, to his qualifications as an engineer, he 
was called to the Bar of the Middle Temple in 1938. 

Herbert Alfred Sieveking was born at Bristol on 
October 12, 1904, the son of the late Dr. Alfred R. 
Sieveking, and was educated in Switzerland and at 
Trent College, Derbyshire. From there, he went, in 
1922, to King’s College, University of London, and 
graduated as a B.Sc.(Eng.) in 1925. He served a 
three-year app:enticeship with the British Thomson- 
Houston Company at Rugby, and was then em- 
ployed by them for a year at Willesden. In 1929, 
Mr. Sieveking joined Messrs. J. M. Voith, Heiden- 
heim, Germany, where he worked on pump and 
turbine design, hydro-electric schemes, etc., and 
from 1930 to 1933 he gained further experience 
as a consulting hydro-electric and electrical engineer 
with Messrs. Perrins, Limited, Westminster. Then 
followed a period of seven years with the Central 
Electricity Board, London, as a supply-contracts 
engineer. In November, 1940, he joined James 
Howden and Company, Limited, Glasgow, as chief 
electrical engineer, a position he held for five years 
until, in 1945, he accepted a post with the English 
Electric Company. Up to the time of his death, 
he had been concerned largely with hydro-electric 
projects and had examined hydro-electric prospects 
in Canada, Brazil and India. 

Mr. Sieveking passed through the three principal 
grades of membership of the Institution of Civil 
Engineers—a student in 1925, an associate member 
in 1930 and a member in 1941. He was awarded 
that institution’s Joule Medal and Miller Prize in 
1930 and the Telford Premium in 1931. He joined 
the Institution of Electrical Engineers as an associate 
member in 1932, and was transferred to the class 
of member ten years later ; his paper on “ Electric- 
ally-Manufactured Steels” earned him an Extra 
Premium of the institution. The M.Sc. degree 
was awarded to him in 1931. 
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EQUIPMENT FOR TELEVISION RESEARCH. 








Fie. 1. Opticat Test Benow For TELEVISION RESEARCH. 





Fie. 2. Hicu-DeErFtntTIon TELEVISION EQUIPMENT. 


KIRK O’SHOTTS TELEVISION 
TRANSMITTING STATION. 


WHEN the transmitting station at Kirk O’Shotts, 
about 17 miles from Glasgow on the road to Edinburgh, 
is ready to start broadcasting programmes early next 
year, more than 70 per cent. of the population will be 
brought within the range of television coverage ; and 
this figure will be increased to 78 per cent. when the 
station at Wenvoe, on the Bristol Channel, is com- 
pleted about the same time. 

The Kirk O’Shotts site is 900 ft. above sea-level and 
covers an area of about 25 acres. It was chosen after 
other sites had been investigated with a mobile trans- 
mitter and an aerial suspended 600 ft. above ground 
by a balloon. The strengths of the signals were con- 
tinuously recorded in a moving van and from the 
results field-strength contour maps were prepared. 
The L-shaped main building is similar to that at 
Sutton Coldfield,* one wing being intended for the trans- 
mitters and their associated equipment and the other 
for offices and a viewing room. There will be two 
transmitters, one for vision and one for sound, which 
are being manufactured by Electric and Musical 
Industries, Limited, Hayes, and Standard Telephones 
and Cables, Limited, Aldwych, London, W.C.2, respec- 
tively. The vision transmitter will have an output of 
50 kW and will be equipped with air-cooled valves, 
except in the output stage. Low-power modulation 
will be employed and stand-by transmitters for both 
sound and vision will be installed. 

The mast for the transmitting aerial will be about 
“5 yards from the main building and is being erected 





* See ENGINEERING, vol. 168, page 661 (1949). 





by British Insulated Callender’s Construction Company, 
Limited, 21, Bloomsbury-street, London, W.C.1. It 
will be 750 ft. high and will have a total weight of 
over 100 tons. Its general construction will be similar 
to that of the masts at Sutton Coldfield and Holme 
Moss, the first 610 ft. above the ground being of 
triangular cross-section with faces 9 ft. wide. Above 
this will be a cylindrical section 100 ft. high and 
6 ft. 6 in. in diameter, and above that again a tapering 
square-section top mast 40 ft. high, to which the aerial 
will be fixed. In the surface of the cylindrical section 
32 slots will be cut to form a very-high-frequency 
aerial system. The mast will be held vertical by four 
restressed steel wire rope stays and its base will be 
‘ocated by a small steel ball which will be mounted in 
a socket to form a pivot. The aerial, which has been 
designed by Marconi’s Wireless Telegraph Company, 
Limited, Chelmsford, will consist of eight vertical 
dipoles arranged in two tiers and fitted with built-in 
electric heaters. A smaller mast, 150 ft. high, will 
be erected to serve as a stand-by. 

The vision transmitter will operate on a carrier 
frequency of 56-75 megacycles and the sound trans- 
mitter on 53-25 megacycles. 





RESEARCH AIRCRAFT WITH EXPERIMENTAL WING.— 
A new research aircraft, the H.P. 88, designed by Messrs. 
Handley Page Limited, Cricklewood, London, N.W.2, 
in collaboration with Messrs. Blackburn and General 
Aircraft Limited, Brough, East Yorkshire, and con- 
structed by the latter company, has recently made its 
first flight. The aircraft is fitted with a Rolls-Royce 
Nene jet engine and a Handley Page experimental wing. 
No further details have been released. 





ENGINEERING RESEARCH OF THE 
BRITISH BROADCASTING 
CORPORATION. 


In a previous issue (ENGINEERING, vol. 170, page 81 
(1950)), a résumé was given of the work of the Engi- 
neering Research Department of the British Broad- 
casting Corporation which, since 1947, has had its 
headquarters at Kingswood Warren, Banstead, Surrey. 
The premises occupied at that time consisted of a large 
mansion and certain outbuildings situated in grounds 
extending to 27 acres, but steps were being taken to 
increase the laboratory accommodation by the erection 
of a further large building. The latter is now complete. 
Although very different in style from the house, which 
is a somewhat rambling castellated structure dating 
from the first half of last century, the new laboratory is 
a good example of modern architecture. Originally, it 
was planned to build two new blocks, so that the whole 
of the department’s research work might be concen- 
trated in one place, with obvious advantages from the 
points of view of administration and liaison. Owing to 
the present economic situation, however, the con- 
struction of the second laboratory building has had to 
be postponed, with the result that two sections of the 
research are still located in the department’s earlier 
headquarters in Nightingale-square, Balham. 

The main function of the Research Department is to 
solve the technical problems of broadcasting, including 
television. Its work, therefore, covers a wide field and, 
for convenience, is divided into five sections, each the 
responsibility of a group which is ultimately responsible 
to the Head of the partment and his assistant. 
Of these, the electro-acoustics group is subdivided into 
acoustics, recording, and audio-frequency sections, and 
the others are concerned with television, field strength, 
aerials and transmitters, and receivers and measure- 
ments, respectively. The groups share the customary 
services provided by a general office, drawing office, 
model shop, stores and a maintenance staff. As much 
of the equipment required by the department is 
highly specialised and cannot be purchased, the model 
shop fulfils an important function, and it is well- 
equipped to undertake work demanding high accuracy, 
as, for instance, the manufacture of optical equipment 
for the television section. Most of the design work, 
as well as the production of detailed drawings of new 
equipment, is undertaken by the drawing office in 
consultation with the engineers and the model shop. 
The drawing office is also responsible for the pre- 
paration of maps of field strength and for general 
photographic work. We were able recently to visit 
Kingswood Warren on the occasion of an Open Day 
and to meet members of the research staff and hear 
from them some details of their work. An account of 
this, and of the equipment which was on view, is 
given below. 

The main work on television at present is concerned 
with high-definition and colour systems and is grouped 
under three headings, namely, cameras, circuits, and 
colour and optical investigations. As a user of tele- 
vision camera tubes, the Corporation attaches much 
importance to their performance and to means for 
measuring it. For this reason, an optical test bench, 
which is illustrated, with its cover removed, in Fig. 1, 
on this page, was designed and constructed by the 
department. The scanning waveform generator and 
the carriage, which can be adapted to hold any type of 
tube, are visible in the illustration. In addition to 
being used for routine measurements on commercially- 
manufactured tubes, the equipment is employed on 
research, the immediate object of which is the pro- 
duction of a high-definition camera. In connection 
with the work on circuits, three complete vision 
channels have been constructed. One of these, a high- 
definition channel of extreme flexibility, is illustrated 
by the photograph reproduced in Fig. 2. By means of 
this equipment, either interlaced or sequentially- 
scanned pictures, with various standards of definition 
up to 1,000 lines, can be produced. The equipment 
has proved of great value in demonstrating the relative 
merits of systems employing different numbers of lines. 

Experiments have been carried out, also, to demon- 
strate the results of interference between transmitters 
sharing a common frequency channel. This is an 
important subject, since the Corporation has only five 
television channels at its disposal. The effects of 
impulsive interference, like that produced by the 
ignition systems of motor vehicles, and the subjective 
effects of aerial mis-matching are also being studied. 
An investigation is also in progress on means of 
effecting economies in bandwidth, which are necessary 
for high-definition and colour systems. Methods of 
improving camera head-amplifiers are also being 
studied. Much of the work has important applications 
to the existing 405-line system as well as to possible 
future developments. 

The optical problems at present under investigation 
include an appraisal of colour fidelity, and involve 
colour analysis and synthesis and a study of physio- 
logical factors, such as the effects of flicker and visuai 
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acuity. The colour laboratory contains various pieces 
of equipment for superposing the primary colours in 
varying amounts either sequentially or simultaneously. 
Many of the problems under investigation are purely 
optical and are independent of any particular system 
of colour television, but a colour-television camera and 
vision channel have been constructed with the object 
of determining the degree of colour perfection which 
must be achieved. The equipment, which was demon- 
strated, employs a frame-sequential system because 
its colour performance is dependent on filtering and can 
be varied at will. In the demonstration, a member of 
the staff sat under a coloured umbrella in an open-air 
studio on the roof of the building and was televised 
on to a small screen in a darkened room. The method 
involved the use of two transparent rotating discs, one 
placed directly in front of the camera lens and the 
other between the receiving screen and the viewer. 
Each disc was divided into six equal segments made 
up of red, green and blue filters, and the two discs 
were run in synchronism and in phase. Otherwise, 
the equipment resembled that employed for ordinary 
television, indeed, had the rotating disc in front of the 
viewing screen been omitted, a black and white picture 
would have been seen. By way of demonstration, 
spurious colours were produced by running the discs 
at the same speed but out of phase, and a kaleidoscopic 
colour sequence resulted when the running speeds 
were different. There are still many problems to be 
solved, however, and other systems are to be tested, 
including that known as dot interlacing. This method 
is entirely electronic and involves the use of special 
tubes. The picture is built up from arrays of dots in 
the primary colours similar to the scheme employed 
in colour printing. A demonstration was also given 
of black and white pictures produced by a receiver 
employing a Schmidt projection system. The viewing 
screen measured 20 in. by 15 in., and the picture, which 
was enlarged from that produced by a 2-in. tube, had 
excellent clarity and brightness. 

The work of the field-strength section falls into two 
main parts. That concerned with medium wave- 
lengths is confined to routine surveys of field strengths 
in the areas served by transmitters radiating the home, 
light and third programmes. Maps of field-strength 
are prepared from the information collected and are 
circulated within the Engineering Division. The work 
also includes the testing of sites for projected medium- 
wave transmitters by means of a mobile low-power 
transmitter and a number of field-strength recording 
vehicles. Work of a similar kind has also to be done 
in connection with the siting of television transmitters. 
Preliminary calculations of the probable field strengths 
in the neighbourhoods of a number of possible sites are 
followed by detailed tests at each site. The trans- 
mitting aerial for very high frequencies is attached to 
a balloon which is flown at various altitudes correspond- 
ing to the heights of masts which might be erected. 

One of the field-strength ing vehicles used in 
this work is illustrated in Fig. 3, on this page; the 
body of this vehicle is specially built and is non- 
metallic. When measurements in the television and 
very high frequency bands are being made, a non- 
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directional dipole aerial is mounted on the telescopic 
mast which is visible at the rear of the vehicle in its 
retracted position. The recorder works automatically 
and is driven from the wheels of the van so that the 
movement of the paper is proportional to the distance 
travelled. The recorded signal strength at any instant, 
therefore, can be related to a definite position on a 
map of the area surveyed. A detailed study is also 
being made of propagation over long distances at 
very high frequencies in connection with a possible 
synchronisation of transmitters in different parts of 
the country on a common frequency. The high-power 
V.H.F. transmitter at Wrotham, Kent, is being used 
for this work, in conjunction with six automatic record- 
ing posts established at distances of between 120 and 
450 miles from the transmitter. The receivers have a 
high degree of frequency-stability and constancy of 
gain and can be left unattended. As a precaution, 
however, apparatus has been developed for checking and 
calibrating the receivers automatically and recording 
their performance. 

The design and performance of transmitting aerials 
are a major preoccupation of the aerial and transmitter 
section. In the case of medium-wave transmitters, 
it is important to secure the maximum possible non- 
fading ranges, because comparatively few frequencies 
are available to the Corporation. Both practical and 
theoretical investigations, therefore, have been made 
to determine the best designs for anti-fading aerials. 
Particular attention has been paid to the current 
distribution and to the effect of the associated earth 
system. Different values of earth conductivity have 
been simulated by erecting small-scale models of 
aerials over a shallow pond filled with water of con- 
trolled salinity, and feeding the aerial with energy at 
the appropriate high frequency. Increasing attention 
is being given to aerials suitable for television and 
broadcasting on very high frequencies. In particular, 
aerials are being designed to transmit horizontally- 
polarised radiation, and aerials with directional pro- 
perties have been developed. These are intended for 
use at projected medium-power television stations and 
for reducing interference between synchronised stations. 
Much of the practical work has been done with the aid 
of models using frequencies of the order of 500 mega- 
cycles per second, and suitable measuring equipment 
has had to be designed. An example of such equip- 
ment, which has been of great assistance, was demon- 
strated to visitors on the Open Day. It consisted of 
apparatus by which the horizontal polar diagram of a 
model aerial can be plotted continuously on a P.P.I. 
display employing a cathode-ray tube having a long- 
persistence screen. This avoids the somewhat tedious 
procedure of taking numerous readings during experi- 
ments and shows immediately the effect of any altera- 
tion in design. It was demonstrated in conjunction 
with a slotted cylindrical aerial which was caused to 
rotate about its axis in synchronism with the plan- 
position indicator (P.P.I.) display. 

The receiver and measurements section is concerned 
with developments in the design of broadcast receivers 
and makes tests of commercial designs. It also 

igns receivers for special purposes as, for example, 
the standard receivers used in connection with the 
Corporation’s frequency-modulated and amplitude- 
modulated test-transmissions. A small receiver for 
frequency-modulated transmissions has been designed 
and built to show that such receivers need not be 





excessively costly. The special unattended receiving 
equipment, which was referred to earlier, was also 
designed by the section. Considerable work has also 
been done on impulsive interference and on the design 
of receivers which are as little susceptible as possible 
to such interference. Wide-band iron-cored radio- 
frequency transformers, designed by the section, are 
used in connection with a wide-band aerial system at 
the Corporation’s monitoring station at Caversham. 
This system permits up to 60 receivers to be fed 
from a single aerial and operates on frequencies ranging 
from 100 kilocycles to 27-5 megacycles per second. 

Within the electro-acoustics group, the acoustics 
section is responsible for experimental and research 
work on the design of studios. The response of studios 
to transient sounds is studied by the aid of equipmeat 
illustrated in Fig. 4, the results being displayed on a 
cathode-ray tube. One method involves the use of 
pulses of tone at selected frequencies, the pulses being 
made either long enough for steady conditions to be 
reached in the studio or, alternatively, so short that only 
echoes are displayed. In large halls, directional 
microphones have been employed to determine the 
origin of echoes. A new method, not yet employed 
elsewhere, makes use of a pulsed gliding tone. As the 
frequency increases, the changing form of the display is 
photographed by a ciné camera. Studio research has 
also been carried out with the aid of models. The 
audio-frequency section is concerned with microphones, 
loudspeakers and audio-frequency equipment, and 
with general problems of sound. It designed the ribbon 
microphone which has been the standard pattern 
used by the Corporation for the past 14 years, a 
lip microphone, also of the ribbon type, which is 
used on outside broadcasts and, more recently, a 
directional microphone for special purposes. The 
latter is likely to prove useful in television studios. 
The standard ribbon microphone is being redesigned 
to take advantage of improved magnetic materials. 
Other work undertaken in the section includes the 
study of reverberation, produced artificially in order 
to give a more life-like character to broadcasts from 
studios and halls. Methods employed include the use 
of Helmholtz resonators and acoustic delay tubes. 

As its name implies, the recording section is respon- 
sible for research on all the systems of sound-recording 
used in broadcasting. High-fidelity recording equip- 
ment has been constructed, and methods of calibrating 
and checking the equipment and the records produced 
by it have also been developed. The exhibits on the 
Open Day included a demonstration of the manufacture 
of styli for recording on and reproducing from discs. 
The cutting section of the recording stylus consists of a 
cylindrical synthetic sapphire which has been ground 
and polished to the required shape. The grinding is 
done on wooden and metal laps with diamond dust 
suspended in oil. Fine finish is of great importance, 
otherwise recordings with a high level of background 
noise result. The reproducing stylus is a small 
sapphire cylinder fixed in a steel shank and finished 
with a ball end so that it rests on the sides of the 
groove in the record without touching the bottom. 
The shapes of recording and reproducing styli are 
checked during manufacture with the aid of a shadow- 


graph. 

When a recorded disc is illuminated by a beam of 
incident light and viewed at a suitable angle by means 
of an optical system, the recorded wave-form resem les 
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a Christmas tree. If the recording consists of bands 
of discrete tone, the pattern is well-defined and rect- 
angular, and the width of each rectangle is a measure 
of the recorded amplitude of the corresponding tone. 
By determining the width directly, an absolute measure- 
ment of the recorded amplitude is obtained. This 
method, which was developed by Buchmann and 
Meyer, is much more satisfactory than using a pick-up, 
and it makes possible the accurate calibration of a 
recording channel, or the setting of a channel to produce 
recordings with a chosen characteristic. Two methods 
of measuring the recorded amplitude on discs were 
demonstrated. Laboratory-type equipment employing 
the Buchmann-Meyer method consisted of an inclined 
table, on which the disc was rotated, and optical 
illuminating and viewing systems. Two images of the 
recorded pattern were produced in the eyepiece. By 
adjustment of the optical system, these two patterns 
could be superimposed or brought into contact side 
by side, and the width of each pattern could then be 
determined by measuring the displacement between 
these two positions. The advantage of this method 
is that any movement of the pattern resulting from the 
warping of the disc, or any other cause, is of no conse- 
quence, since the two images move together. The 
other equipment consisted of a portable optical calibra- 
tor which could be mounted directly on a turntable. 
The instrument employs an optical graticule to deter- 
mine the width of the pattern. 

Investigations of magnetic-recording methods are 
now a major part of the section’s work. The pheno- 
menon of magnetic printing, both accidental and 
intentional, is being studied. Accidental printing 
between the layers of a roll of magnetic tape is respon- 
sible for an echo effect which has proved troublesome, 
but means have been devised by which the trouble 
may be largely overcome. An investigation of inten- 
tional contact-printing, by means of which copies 
may be made from master tapes, is in progress. The 
method is likely to have important applications. 
A demonstration was given of magnetic fluid-braking 
which has been developed for stopping tape recording- 
machines abruptly and holding the spools so that loops: 
of loose tape, which are liable to break on re-starting, 
are avoided. Direct reproduction from a tape record- 
ing was also demonstrated. The recording charac- 
teristic was level from 50 to 10,000 cycles per second, 
and the record was reproduced on a linear amplifier 
driving a 15-in. loudspeaker. The reproduction, which 
was made without any boost, or cut, of bass or treble, 
was excellent. 

Although limitations of space have made it impossible 
to do more than sketch a few of the activities of the 
Engineering Research Department of the British 
Broadcasting Corporation, it will be evident that the 
work covers a wide field. The listener, or viewer, 
who switches on to the B.B.C. programmes is apt to 
forget that the technical standard of broadcast trans- 
missions to which we, in Britain, are accustomed, and 
which has made British broadcasting the envy of the 
world, has been achieved only by painstaking research. 
We have no doubt, after visiting the research labora- 
tories at Kingswood Warren and witnessing the enthu- 
siasm and achievements of the research staff that not 
only are existing technical standards being well main- 
tained but important developments are to be expected 
in the not far distant future. 





AMERICAN SOCIETY FOR TESTING MATERIALS.—A pro- 
cedure for issuing Emergency Specifications and Emer- 
gency Alternate Provisions has been approved by the 
Board of Directors, American Society for Testing 
Materials, ‘‘in the interest of expediting procurement or 
conservation of materials during the National Emergency 
and at the urgent request of severa)] technical com- 
mittees in such fields as rubber products, steel and 
corrosion-resistant alloys.” From June 23 to 27, 1952, 
the Society is to celebrate the 50th anniversary of its 


THE ELECTRICITY SUPPLY 
OUTLOOK. 


At a meeting of the British Electricity Authority’s 
delegates to the British Electrical Power Convention, 
which was held at Brighton on Monday, June 18, Lord 
Citrine delivered an address reviewing some of the 
major activities and problems of the organisation. 
Shortage of coal had, he said, caused much anxiety 
during the winter months, while inflationary trends and 
the strain on material and manpower resources, due to 
rearmament, were raising further problems. 

The number of consumers was now over 13,000,000, 
an increase of about 1,500,000 since vesting date, and 
the number of employees of the Central Authority and 
Area Boards was about 176,000. The electricity sent 
out during the year ended March 31, 1951, from the 
Authority’s power stations, was 52,525 million kilowatt- 
hours, compared with 46,383 million kilowatt-hours 
during 1949-50, an increase of 13-2 per cent. There 
was, moreover, no sign of any diminution in the rate of 
increase, and the peak load deficiency, far from being 
solved, was being steadily accentuated. Last year, the 
maximum simultaneous demand occurred on Friday, 
December 22, 1950, and amounted to 11,468 MW. 
One month later, the plant out of commission amounted 
to 14-9 per cent. of the installed capacity, compared 
with 11-4 per cent. in January, 1950. When criticism 
was made of the resulting load cuts, it must be realised 
that it was utterly impossible for the Authority to keep 
a substantial amount of plant in reserve for emergencies. 
The plain fact was that the Authority had no reserves. 

During 1950, the output capacity of the new plant 
commissioned had been 965 » which was by no 
means sufficient, and the gap between supply and 
demand was widening. It seemed curious that in such 
circumstances the need for an adequate supply of 
generating plant was being questioned. It was, 
however, an open secret that certain people, euphem- 
istically described as planners, were constantly 
endeavouring to limit the annual commissioning pro- 
gramme to 1,400 MW. On the other hand, it was the 
aim of the Central Authority to commission at least 
1,000 MW of plant during 1951 and it was within the 
bounds of possibility that a total of 1,250 MW might be 
attained. The programmes for succeeding years were 
devised on a rising scale, it being considered both 
necessary and practicable to attain a figure of 1,800 MW 
in 1956. Hopes had, however, been considerably 
damped by the effects of rearmament and by the 
Government’s decision to limit the programme to a 
maximum of 1,500 MW in any year. Both these 
factors would have more serious consequences than 
were realised and, if the investment programme was still 
further curtailed, industry, commerce and the public 
generally would find that there would be a shortage of 
electricity, particularly in severe weather, for a decade. 

As it was, a shortage of reinforcing steel was delaying 
civil engineering work, and, on the plant side, an 
equally serious position had developed in respect of 
copper, zinc, nickel and molybdenum. In the case of 
boilers, the Authority was still not getting the most 
effective help, and 40 per cent. of British output was 
still going overseas. Even in the absence of further 
cuts in capital investments, it would be impossible to 
meet the increasing demand for electricity as the system 
was already overloaded and the need for reinforcement 
was imperative. Experiments with load-controlling 
devices were proceeding, but it was still uncertain how 
effective they would be. In Great Britain, load control 
could not at present be imposed and the law would 
have to be changed to allow it, but the time was 
approaching when such arbitrary action would have to 
be taken in order to reduce substantially domestic and 
commercial consumption. 





ARTS AND CRAFTS EXHIBITION.—As a contribution to 
the Festival of Britain, the Central School of Arts and 
Crafts are holding an exhibition of students’ work, in 
the school premises in Southampton-row, London, 





incorporation as a national technical society. 





TRAIN DERAILMENT.—A Cyclic variation in the cross 
level of a length of track, the potential danger of which 
had not been appreciated by the permanent-way inspec- 
tors, is stated to have been the cause of a passenger-train 
derailment into which Colonel R. J. Walker, an inspector 
of railways, inquired recently. His findings are given in 
Ministry of Transport: Railway Accidents. Report on 
the Derailment which occurred on 12th May, 1950, between 
Clipstone West and East Junctions in the Eastern Region, 
British Railways (H.M. Stationery Office, price 2s. net). 
There was a reversal of elevation from one rail to the 
other. As it happened, the track was due for renewal 
in a few weeks’ time; the speed limit was 60 miles an 
hour, but Colonel Walker considers that the track was 
not safe for this speed. A contributory factor in the 
accident was that there were three broken springs on 
the engine—an 0-6-2 class-N5 tank engine. 


W.C.1. The exhibition, which is open from 10 a.m. 
to 5 p.m. on weekdays, but not on Saturdays and Sun- 
days, until July 31, was opened on June 22 by Mr. 
Gavin Astor, who.also presented diplomas to 49 students 
of the college, 14 of whom gained distinction. The 
Central School of Arts and Crafts, which is a craft school 
of the London County Council, offers full-time and evening 
courses of advanced instruction in silversmiths’ work and 
allied crafts, industrial design, furniture and pottery, 
textiles and weaving, book production and printing, etc. 
It is interesting to note that every year since 1947 a 
student of the School has gained an industrial art bursary 
awarded by the Royal Society of Arts for the design of 
domestic solid-fuel burning appliances ; in 1950, similar 
bursaries were also awarded to students of the school 
for the design of domestic electric appliances and electric 
light fittings. Among the examples of work in the exhi- 
bition may be mentioned electric light fittings, a sewing 
machine, a hot-air fan, and various articles of decorative 





metal work. 





FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 


Tals list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





PETROLEUM INDUSTRY EXHIBITION.—Various dates 
between Friday, April 6, and Saturday, July 28, at 
London and other university centres in the United 
Kingdom. See also page 311, ante. 

EXHIBITION OF EXHIBITIONS.—Tuesday, May 1, to 
Saturday, September 29, at the Reyal Society of Arts, 
John Adam-street, London, W.0.2. See also page 497, 
ante. 


EXHIBITION OF SCIENCE.—Friday, May 4, to Sunday, 
September 30, at the Science Museum, South Kensington, 
London, 8.W.7. Organised by the Festival of Britain 
authorities. Apply to the information officer, 2, Savoy- 
court, London, W.C.2. (Telephone: WATerloo 1951.) 
See also page 567, ante. 

EXHIBITION ILLUSTRATING HISTORY OF ALUMINIUM.— 
Thursday, May 10, to Friday, September 28. Organised 
by the Aluminium Development Association at their 
headquarters, 33, Grosyenor-street, London, W.1. 
(Telephone : MAYfair 7501.) See also page 599, ante. 

Man-PoweER EXHIBITION.—Friday, May 18, to Satur- 
day, September 29, at the Safety, Health and Welfare 
Museum, Horseferry-road, London, 8.W.1. See also 
page 630, ante. 

EXHIBITION OF INDUSTRIAL POWER.—Monday, May 28, 
to Saturday, August 18, at the Kelvin Hall, Glasgow. 
Organised by the Festival of Britain authorities. Apply 
to the information officer, 2, Savoy-court, London, 
W.C.2. (Telephone: WATerloo 1951.) See also page 
663, ante. 


LuTON INDUSTRIAL EXHIBITION.—Saturday, June 16, 
to Saturday, July 14, at Wardown Park, Luton. Apply 
to the organiser, Town Hall, Luton. (Telephone: Luton 
2800.) 

*“* PEOPLE AT WoORK.”—Saturday, June 30, to Satur- 
day, July 14. Three five-day residential conferences at 
Keble College, Oxford. Apply to Miss M. D. Reed, 
Industrial Welfare Society, 48, Bryanston-square, Lon- 
don, W.1. (Telephone: AMBassador 2401.) See also 
page 527, ante. 

Tuomas DE La RUE AND Co., LTpD.: EXHIBITION OF 
Propvucts.—Monday, July 2, to Thursday, July 19, at 
the galleries of the Royal Society of Painters in Water 
Colours, Conduit-street, London, W.1. Apply to the 
company, 84, Regent-street, W.1. (Telephone : REGent 
2901.) See also page 723, ante. 

RapDIO CONVENTION.—Various dates between Tuesday, 
July 3, and Thursday, September 6, at London, South- 
ampton and Cambridge. Organised by the British Insti- 
tution of Radio Engineers, 9, Bedford-square, London, 
W.C.1. (Telephone: MUSeum 1901.) See also page 
377, ante. 

RoyaL AGRICULTURAL SHOW.—Tuesday, July 3, to 
Friday, July 6, at Cambridge. Apply to the Royal 
Agricultural Society of England, 16, Bedford-square, 
London, W.C.1. (Telephone: MUSeum 5905.) 

WetsH INDuUsTRIgs FaiR.—Wednesday, July 4, to 
Saturday, July 14, at Cardiff. Further partioulars 
obtainable from the secretary of the Fair, 17, Windsor- 
place, Cardiff. (Telephone : Cardiff 5452.) 

BRITISH INSTRUMENT INDUSTRIES EXHIBITION.—Wed- 
nesday, July 4, to Saturday, July 14, at the National 
Hall, Olympia, London, W.14. Further information 
obtainable from Messrs. F. W. Bridges and Sons, Limited, 
Grand Buildings, Trafalgar-square, London, W.C.2. 
(Telephone : WHItehall 0568.) 

INTERNATIONAL WELDING ConGREss.—Saturday, July 
14, to Saturday, July 21, in London and Oxford. 
Apply to Mr. G. Parsloe, secretary-general of the Inter- 
national Institute of Welding, at 2, Buckingham Palace- 
gardens, Buckingham Palace-road, London, 8.W.1. 
(Telephone : SLOane 9851.) 


CONFERENCE ON MIXING AND AGITATION IN LIQUID 
Mepi1a.—Tuesday, July 17, at the Royal Institution, 
21, Albemarle-street, London, W.1. Organised by the 
Institution of Chemical Engineers, 56, Victoria-street, 
London, 8S.W.1. (Telephone: VICtoria 6161.) See 
also page 641, ante. 

COURSE AND CONFERENCE ON THEORY OF DIELECTRICS. 
—Thursday, July 19, to Saturday, July 21, at the 
University, Liverpool. Apply to the deputy secretary, 
Institute of Physics, 47, Belgrave-square, London, 
8.W.1. (Telephone: SLOane 9806.) See also page 432, 
ante. 

CoURSE ON MANAGEMENT PRACTICE.—Saturday, July 
21, to Saturday, July 28, at Wadham College, Oxford. 
Apply to the secretary, the Institute of Industrial 
Administration, 8, Hill-street, London, W.1. (Telephone: 
GROsvenor 6000.) See also page 664, ante. 
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COURSE ON ELECTRONICS.—Monday, July 23, to 
Friday, July 27, at the Atomic Energy Research Estab- 
lishment, Harwell. Apply to the Electronics Division, 
A.E.R.E., Harwell, Didcot, Berkshire. See also page 
667, ante. 

ELECTRONICS EXHIBITION.—Tuesday, July 24, to 
Thursday, July 26, at the College of Technology, Sack- 
ville-street, Manchester, 1. Organised by the Institution 
of Electronics. Apply to Mr. W. Birtwistle, 17, Black- 
water-street, Rochdale. See also page 616. 

BRITISH ASSOCIATION.—Wednesday, August 8, to 
Wednesday, August 15, at Edinburgh. Apply to the 
joint local secretaries: Dr. G. B. Warburton, 11, Grace- 
mount-road, Edinburgh, 9, and Mr. J. D. Robson, 
Engineering Department, Edinburgh University, May- 
field-road, Edinburgh 9. See also page 377. 

UNITED STATES CONFERENCE ON PRESTRESSED 
CONCRETE.—Tuesday, August 14, to Thursday, August 
16, at the Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, U.S.A. Organised by the 
Institute. See also page 756, ante. 


“MopEL ENGINEER” LEXHIBITION.—Wednesday, 
August 22, to Saturday, September 1, at the New Royal 
Horticultural Hall, Greycoat-street, London, S.W.1. 
Organisers: Messrs. Percival Marshall and Company, 
Limited, 23, Great Queen-street, London, W.C.2. (Tele- 
phone : CHAncery 6681.) See also page 721, ante. 

18TH NaTIonaL Rapio SHow.—Tuesday, August 28, 
to Saturday, September 8, at Earl’s Court, London, 
8.W.5. Applications to be made to the Radio Industries 
Council, 59, MRussell-square, London, W.C.1. (Tele- 
phone : MUSeum 6901.) 


8TH INTERNATIONAL CONGRESS OF REFRIGERATION.— 
Wednesday, August 29, to Tuesday, September 11, at 
Church House, Westminster, London, S.W.1. Held 
under auspices of International Institute of Refrigeration. 
Apply to the secretary of the Congress, Dalmeny House, 
Monument-street, London, E.C.3. (Telephone : AVEnue 
6851.) See also page 77, ante. 

SuMMER SCHOOL ON PRODUCTION ENGINEERING.— 
Wednesday, August 29, to Sunday, September 2, at 
University College, Durham. Organised by the Institu- 
tion of Production Engineers, 36, Portman-square, 
London, W.1. (Telephone: WELbeck 6813.) See also 
page 395, ante. 

ENGINEERING, MARINE AND WELDING EXHIBITION.— 
Thursday, August 30, to Thursday, September 13, at 
Olympia, London, W.14. Organisers: Messrs. F. W. 
Bridges and Sons, Limited, Grand Buildings, 
square, London, W.C.2. (Telephone: WHItehall 0568.) 

EUROPEAN MACHINE-TOOL EXHIBITION.—Saturday, 
September 1, to Monday, September 10, at Paris. Further 
particulars obtainable from the General Commissary of 
the Exhibition, 2 bis, Rue de la Baume, Paris, 8e. See 
also page 34, ante. 

Lerezie Fairs.—Autumn Fair: Sunday, Septem- 
ber 2, to Friday, September 7. Organised by Leipziger 
Messeamt, Platz des Friedens 8, Leipzig C.1, Germany. 

THIRD ANGLO-AMERICAN AERONAUTICAL CONFERENCE. 
—-Monday, September 3, to Friday, September 7, 
at Brighton. Convened by the Royal Aeronautical 
Society, and the Institute of the Aeronautical Sciences 
(of America). Apply to the secretary of the Royal Aero- 
nautical Society, 4, Hamilton-place, London, W.1. 
(Telephone : GROsvenor 3515.) 


SUMMER SCHOOL ON RELAXATION METHODS.—Monday, 
September 3, to Friday, September 21, at the Imperial 
College of Science and Technology, South Kensington, 
London, 8.W.7. Apply to Mr. D. N. de G. Allen at the 
College. (Telephone: KENsington 4861.) See also 
page 447, ante. 


SUMMER SCHOOL ON PuHysics or SOLIDS.—Thursday, 
September 6, to Saturday, September 15, at the Univer- 
sity, Bristol. Appiy to Mr. W. E. Salt, Director of Adult 
Education, The University, Bristol, 8. (Telephone : 
Bristol 24161.) See also page 429 ante. 


ENGINEERING SCHOOL OF GHENT.—Saturday, Septem- 
ber 8, to Thursday, September 13, at Ghent, Belgium. 
Congress and exhibition in commemoration of the 75th 
anniversary of the A.I.G. (Association des Ingénieurs 
Sortis des Kooles Spéciales de Gand). Apply to Professor 
G. Willems, 155, Rue de la Loi, Résidence Palace, 
Brussels. 


BUILDING RESEARCH CONGRESS.—Tuesday, September 
11, to Thursday, September 20, in London. Detailed 
information may be obtained from the organising secre- 
tary, Building Research Congress 1951, Building Re- 
search Station, Bucknalls-lane, Garston, Watford, 
Hertfordshire. (Telephone: Garston 2514.) 


CONFERENCE ON HEAT TRANSMISSION.—Tuesday, 
Wednesday and Thursday, September 11, 12 and 13, 
in London, Organised by technical societies in Britain, 
the United States, and on the Continent. Apply 
to the secretary, Institution of Mechanical Engineers, 
Storey’s-gate, London, S.W.1. (Telephone: WHItehall 
7476.) See also our issue of June 16, page 674. 


LABOUR NOTES. 


Mucs greater freedonr will be given to trade unions 
in the near future to take official strike action whenever 
they consider such a course to be necessary, according 
to a statement made-by Mr. Tom Williamson, the gen- 
eral secretary of the National Union of General and 
Municipal Workers, at the Union’s annual conference 
at Douglas, Isle of Man, on June 20. Mr. Williamson 
reported to the conference on the discussions which 
had taken place between Mr. Alfred Robens, the Minis- 
ter of Labour, representatives of the British Employers’ 
Confederation, and officials of the Trades Union Con- 
gress regarding the steps to be taken to replace the 
Conditions of Employment and National Arbitration 
Order, No. 1305. He stated that it might reasonably 
be expected that the terms of a new Order, in substitu- 
tion of Order No. 1305, would be laid before Parliament 
at a very early date. Among some of the clauses of the 
existing Order which would be retained, were those 
compelling employers to recognise trade-union agree- 
ments, under which fair rates of wages and good 
working conditions were required to be observed 
throughout an industry. 





The present Order made strikes illegal unless twenty- 
one days’ notice of the existence of the dispute was 
given to the Minister of Labour and he took no action, 
during that period, to effect a settlement. It was 
hoped, Mr. Williamson stated, that the new Order 
would reduce considerably the time limit between the 
notification of a dispute to the Minister and its refer- 
ence to an arbitration court. The existing period of 
twenty-one days had proved to be too long. Power 
should be conferred upon the Minister to refer disputes 
to other arbitration bodies besides the National Arbitra- 
tion Tribunal, and, if the Minister was able to arrange a 
conference between the parties to a dispute, he might 
be able to bring about an agreement without sub- 
mitting to arbitration at all. It had to be realised, 
however, that, under the new system, the workpeople 
involved would still have the right to strike even if the 
Minister should refer their dispute to arbitration. 





Though the trade-union movement would never 
agree to surrender the right to strike, Mr. Williamson 
stated, the unions must not permit sections of their 
memberships to treat negotiating machinery “ with 
scant courtesy.” When the negotiating machinery 
was abused in that way, the country’s economic well- 
being was put in jeopardy and the community might be 
deprived of its food. He expressed the hope that the 
new Order would do much to eliminate strikes. Mr. 
Williamson is the chairman of the special sub-com- 
mittee of the joint consultative committee of the 
Ministry of Labour, which was formed to investigate 
the working of Order No. 1305 and to advise the 
Minister on what action should be taken. 





An increase of three points in the “ all-items ” figure 
of the interim index of retail prices occurred during the 
four-weekly period ended on May 22, according to a 
Ministry of Labour announcement issued on June 22. 
The level reached on May 22 was 124, against 121 on 
April 17, and 119 on March 13. These figures com- 
pared with a level of 118 in mid-February and with 
117 in mid-January. Between January and December 
last year the “all-items” figure increased only by 
three points, from 113 to 116. The increase during 
the four weeks ended on May 22 was due mainly to the 
higher prices of many articles of food and to dearer 
household appliances. Increases in the cost of many 
articles of furniture, floor coverings and durable goods 
generally, as well as clothing and newspapers, also 
contributed. It is the first time that the “ all-items ” 
figure has advanced by three points in one four-weekly 
period since this index was first established on June 17, 
1947, at which date the level was taken as 100. 





The action of the Borough Council of Edmonton, 
Middlesex, in requiring persons in its employment to 
be members of a trade-union organisation, was con- 
demned by the Association of Local Government 
Engineers and Surveyors at the annual conference of 
the Association at Margate on June 19. A resolution 
was passed unanimously stating that, while the Asso- 
ciation recognised the merits and advantages of collec- 
tive negotiation on conditions of service, and the 
benefits of membership of “ appropriate organisations,” 
it considered that the action of the Council, in requiring 
membership of bodies eligible for affiliation to the 
Trades Union Congress as a condition of employment, 
to be an intrusion on the personal liberties and rights 
of individuals. The Association therefore advised 
engineers, the resolution proceeded, to refrain from 
submitting applications for appointments with such an 
objectionable condition. The protest of the Engineers’ 
Guild, earlier this month, against the action of the 
Edmonton Borough Council was referred to on page 





694, ante. 








Problems relating to wages, prices and profits, in 
the light of present-day requirements, were considered 
by the special economic committee of the Trades Union 
Congress at its meeting on June 21. Owing to the 
absence of several members of the special committee 
at Geneva, where they are attending the meeting of 
the International Labour Conference, and elsewhere, 
the attendance at the committee meeting was small, 
but some ground was covered in the preparation of a 
report on the country’s economic requirements, for 
submission to the annual congress of the T.U.C. in 
September next. These draft proposals were laid 
before a meeting of the full General Council on Wednes- 
day, when it was expected that the Council would 
make some decisions as to what steps should be taken 
by it to give a lead to affiliated unions on wages and 
the price situation generally. Among the factors which 
the Council will have to take into consideration are 
the impact of the Government’s rearmament policy on 
shortages and real wages, and the large number of 
claims for wage increases, which have recently been 
presented or which are in course of preparation. 





The sixth annual delegate meeting of the Amal- 
gamated Union of Foundry Workers was held at 
Margate from June 18 to June 22. During the five 
days of the meeting motions were submitted by the 
delegates on over one hundred subjects. These ranged 
from a plea for the right of trade unions to negotiate 
on behalf of apprentices, whether indentured or not, 
to suggestions that the Union’s Monthly Journal 
should be published quarterly, to save expense. One 
motion expressed the belief that, in view of the loop- 
holes existing in the employment of Italian labour, the 
agreement should be revised, and another suggested 
that the excessively high salaries and overstaffing in 
the local and national offices of the Executives of the 
nationalised industries were the main causes of their 
uneconomic working. Many motions were submitted 
dealing with wages generally, the foundrymen’s differen- 
tial, rates for different sections of the trade, and rates 
for shift work. One district committee asked that 
foundrymen attending hospital for treatment during 
working hours should be paid at the day rate. 





In his report to the annual delegate meeting, Mr. 
J. Gardner, the general secretary of the Union, referred 
to the recruitment of apprentices to moulding as being 
a problem which would remain without a satisfactory 
solution until the foundry industry was made suffici- 
ently attractive, both with regard to wages and work- 
ing conditions. The national council of the Union, 
Mr. Gardner stated, would welcome any suggestions 
which would help its endeavours to improve the intake 
of young people. He reported that the changeover 
to a war economy was not reflected to any great extent 
in the production figures of the foundry industry for 
1950, although there was evidence that a recession, 
which had been noticeable in certain industries during 
1949, had been checked by the rearmament boom. 





Mr. Gardner referred to the Union’s membership 
figures for 1949, which reflected the declining employ- 
ment in the foundry, and stated that this trend con- 
tinued until the third quarter of 1950, when increased 
industrial activity in certain sections of engineering 
caused an improved demand for foundry labour. 
the fourth quarter, the Union’s membership began to 
increase and that increase had continued to the present 
time, but it had not quite made good earlier losses. 
The Union’s total membership at the end of December, 
1950, was 77,556, against a total of 78,273 at the end 
of December, 1949. This represented a decrease of 
717 during the twelve months. The number of 
employees in iron foundries had increased during the 
same period by 2,885, from 139,400 at the end of 1949, 
to 142,285 at the end of 1950. In steel foundries, 
however, there had been a decrease of 360, from 
19,315 in 1949, to 18,955 in 1950. Employment in 
ferrous foundries, as a whole, had thus increased by 
2,525 during the twelve months. 





On the second day of the conference, the delegates 
requested the Government to exercise stricter control 
over the prices of essential articles and to restrict 
profits to “ a reasonable maximum,” in order that the 
cost of living might be prevented from rising further. 
A resolution was passed instructing the Union’s 
national executive council to co-operate with the Con- 
federation of Shipbuilding and Engineering Unions, the 
national light castings trade union joint committee, 
and other similar bodies in measures designed to secure 
a substantial wage increase for all employees, com- 
parable to the rise in the cost of living and to profit 
increases. Mr. Gardner stated subsequently that the 
Union would probably claim an increase of 20 per cent., 
which would not be immoderate, having regard to rises 
in living costs since 1947. 
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DIESEL ENGINES FOR TRACTION 
PURPOSES.* 


By G. JENDRASSIK. 
(Concluded from page 766.) 

Fic. 3, herewith, shows the relative heat flow (Rq)t 
for a number of four-stroke engines, plotted on cylinder 
diameter. As shown by this diagram, it has nearly 
the same value of 1-5 to 1-6 for cylinder diameters 
from 4 in. to 8 in., above which its value decreases 
with increasing diameter. For cylinders of 12 in. or 
above, its value falls below 1, showing that engines 
with big cylinder diameters are subjected to relatively 
small heat-flows. Engines for purposes other than 
railway application show, in general, lower figures than 
these. Road engines at their maximum speed will 
have high heat-flow values, but, as these are only for 
short peak periods, they are not shown. 

Apparently the highest relative heat flow for four- 
stroke engines is 1-6 and, for some reason, this value 
is not exceeded in practice. The conditions of heat 
transfer from the wall to the coolant are peculiar : 
at this high rate of heat flow, the wall temperature at 
its outer surface must be above the boiling point of 
the coolant, but the temperature of the coolant is 
below this figure. There is thus steam formation on 
the wall, but the steam bubbles are swept away by 
the flow of the coolant and soon condense. It would be 
of interest to investigate this more closely. 

The temperature difference A T,, in the wall, which 
is nece to maintain the heat flow, is inversely pro- 
portional to the heat conductivity coefficient of the 
wall material A and directly proportional to the length 
of the heat path in the wall h and to the heat flow. 


A Twx H ° 
If the heat flow takes place across the wall, A is equal 
to the thickness of the wall. If the wall in question 
is the cylinder cover or the piston crown (which is 
cooled from the interior), then, to satisfy the require- 
ment of strength, the thickness has to be proportional 
to the diameter of the cylinder and the temperature 
difference will also be proportional to this diameter. 


D 
ATye H>> or < HD, A being constant, 
and with formula (3) for the heat flow, the expression 
for the temperature difference ultimately becomes 


AT, « Di S-t ni. one 


If the wall in question is the piston crown, but the 
piston is uncooled, the heat flow takes place along the 
radius of the piston crown to the cylinder wall and, on 
the assumption that the thickness of the crown is 
proportional to the cylinder diameter, the result 
obtained for the temperature difference along the 
radius is the same expression as obtained before. The 
temperature difference is an important factor, as the 
Static heat stress g, produced in the engine part by the 





* Paper entitled ‘‘ Practice and Trend in Development 
of Diesel Engines, with Particular Reference to Traction,” 
read at a meeting of the Institution of Locomotive 
Engineers held in London, on April 18,1951. Abridged. 

t On page 766, in our issue of June 22, the “ relative 
heat flow * was defined by the autbor as the ratio 
between the heat flow per unit area per unit of time 
through a particular part of the wall of the combustion 
Space of a given engine, and the heat flow through the 
corresponding part of the wall of the standard engine, 
working otherwise under similar conditions. 


temperature difference, is directly proportional to it 
and dependent also on the constants of the material.* 


qa DI g-t ni. 


If the ratio of the heat stress in the actual engine to 
the stress in the standard engine is taken, then the 
value for the relative static heat stress is obtained : 


D\i /S\-i / n \i 
Re ~ (7) G) (im) © 


Since Rg has been deduced from the expression of the 
heat flow, all remarks concerning the Jatter also apply 
to the relative static heat stress. 

Fig. 4, herewith, shows the relative static heat stress 
values for a number of engines, plotted on cylinder 
diameter. The top values for the relative static heat 
stress appear to be nearly constant, at 3 to 3} for cylin- 
ders over 8 in. diameter, and, for cylinders under 8 in., 
falling with decreasing diameter nearly linearly towards 
zero. This feature is remarkable; nevertheless, it 
corroborates what was said concerning the relative 
heat flow, namely, that the top values are nearly 
constant for diameters under 8 in. Fig. 4 shows that 
the relative static heat stress values for certain loco- 
motive engines are the highest, the values for most 
industrial or marine engines being below the top 
values shown. 

As the estimated heat flow in two-stroke engines for 
rail traction appears to be somewhat higher than for 
four-stroke engines, the same can be stated in regard 
to their static heat stresses, but it is obvious that the 
design features have also a marked influence; an 
opposed-piston, or a loop-scavenge, or a uni-flow 
scavenge two-stroke engine and a conventional four- 
stroke engine are all so different in their designs that 
only an approximate comparison can be obtained ‘on 
this basis. 

The heat flow passing through the walls varies con- 
siderably during the cycle of the engine. The greatest 
variation takes place on its inside surface exposed to 
the hot gases, the preponderant part of the heat trans- 
mission being effected during a fraction of the expansion 
stroke. The eurface layer of the wall suffers, in conse- 
quence, periodic change: in temperature, which in turn 

roduce periodically varying beat stresses which may 
bed to fatigue and cracks. The variable heat stress 
acts in combination with the static stress, and the 
elevated average temperature of the layer involved has 
also an influence. 

The variable heat stress gy is proportional to the 
amplitude of the temperature variation T, and, for 
variations that are not too slow, its valuef is 





% = € ET, (7) 


l-»p 

in which E is the modulus of elasticity of the wall 
material, « is the coefficient of expansion, T, the 
amplitude of the temperature variation, and y is 
Poisson’s ratio. 

The amplitude of the temperature variation in the 
boundary wall of the combustion space can be calcu- 
lated approximately by applying certain results of the 
theory of heat conduction. According to this, if, on 
the boundary surface of a body, on its unit area, during 
t seconds, Q heat is introduced in every second, then 
the temperature change on this boundary will amount 





* Heat Conduction, with Engineering and Geological 
Applications, by L. R. Ingersoll, O. J. Zobel and A. C, 
Ingersoll, page 56. McGraw Hill, New York, 1948. 

t+ Ingersoll, Zobel and Ingersoll, loc. cit., page 57; 


to* 


a a 
Tt, = 209/ ° - (8) 


where A is the heat conductivity coefficient of the 
material, K is its specific heat (per unit mass), and p is 
its density. 

The temperature change is therefore proportional to 
the rate of heat introduction and to the square root of 
its duration. In the Diesel engine, the preponderant 
part of the heat is transmitted during a fraction of the 
expansion stroke, and, if combustion and expansion 
take place always according to the same pattern 





relatively to crank angle (all other things being equal), 
the duration ¢ is inversely proportional to the r.p.m., or 

1 

ta - 

n 
and the rate of heat introduction Q is proportional to 
the heat flow. Combining with equation (3), 

T,« x pis-tat 
n 

and, since the variable heat stress is proportional to the 
temperature amplitude, it follows from (7) that 


St Diste ...... + 


In this way, the variable part of the heat stress can 
be expressed in terms of dimensions and speed. 

If this is related to the variable heat stress in the 
standard engine of 4-in. bore and stroke and 1,000 r.p.m., 
a figure, which may be termed the “‘ relative variable 
heat stress,”’ is obtained : 


no =) Gea) 


Fig. 5, on page 798, shows the relative variable heat 
stress for a number of engines, plotted on cylinder 
diameter. In this diagram, a few points corresponding 
to two-stroke engines are also shown. It is remark- 
able how consistently the points are placed: they 
are from 1-2 to 1-4 for cylinder diameters between 
4in. and 29-5in., with few exceptions. Although there 
is little difference in these figures, the locomotive 
engines have the highest values. Points corresponding 
to many existing engines would lie below those repre- 
sented, proving them to be less heavily stressed. 

In equation (8), the rate of heat introduction is 
identical, in the case of Diesel engines, with the actual 
value of the heat flow during its greatest intensity. 
Consequently, for both two-stroke and four-stroke 
engines, the actual values should be taken for the 
calculation of variable heat stress values. Thus, if, in 
a two-stroke and in a four-stroke standard engine, the 
b.m.e.p. is 70 Ib. per square inch, the variable heat stress 
in both is the same, all other things being equal ; 
nevertheless, the output of the two-stroke engine is 
twice that of the four-stroke engine. The static heat 
stress, on the other hand, being dependent on the time 
average of the heat flow, is in the two-stroke standard 
engine twice that prevailing in the four-stroke standard 
engine. If the actual figures of the b.m.e.p. in railway- 
traction two-stroke and four-stroke engines at con- 
tinuous rating are taken into account, the static heat 
stress in the two-stroke engine appears to be greater 
than in the four-stroke engine, the reverse being the 
case for the variable heat streeses. It is possible that 
there is a connection between these circumstances, and 
that the greater static heat stress of the two-stroke 





* Ingersoll, Zobel and Ingersoll, loc. cit., pages 109 to 





and Theory of Elasticity, by 8S. Timoshenko, page 212. 
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engine is only permissible because the variable heat 
stress is less. 

As the variable heat stress is basically dependent on 
the heat transfer during its peak, supercharging has 
probably a beneficial effect on the variable heat stress. 
With supercharging, the pressure rise during com- 
bustion is under better control than if unsupercharged 
and, consequently, the heat flow, especially at its peak, 
is much less intense. The longer duration of the heat 
transfer period will have a smaller, but nevertheless 
adverse, effect. In all, the reduced pressure rise 
during combustion has a beneficial effect by reducing 
the variable heat stress, and this may be one of the 
reasons why higher b.m.e.p. and higher static stresses 
appear to be permissible with supercharging. 

The difference between the mean temperature of the 
interior surface of the combustion-space boundary walls 
and the temperature of the coolant is made up of the 
temperature difference between the coolant and the 
outer surface of the wall, and by the temperature 
difference in the wall itself. The former temperature 
difference is proportional to the heat flow H and the 
latter to the static heat stress g. If the respective 
relative figures are compared, as in Figs. 3 and 4, it 
becomes obvious that railway-traction engines with 
cylinders of about 8 in. diameter will have the highest 
resulting internal wall temperatures, according to 
present practice in four-stroke engines. 

The main bearings and the connecting-rod big-end 
bearings, except those of large diameter, are precision 
bearings, which do not need any manual adjustment 
when assembled. They are composed of a thin steel 
shell lined with copper-lead, lead-bronze, or other 
bearing alloy, and covered with an extremely thin layer 
of lead-base Babbitt or indium, to facilitate running-in. 
Shells entirely of lead-bronze or aluminium are also in 
use and, for the big diameters, tin or lead-base Babbitt- 
lined bronze or steel shells. The big-end bearings of 
almost all engines under 8 in. cylinder diameter, for 
railway-traction purposes, have a hard metal bearing 
surface. The duty of these bearings is so heavy that 
the white-metal cannot withstand the strain, cracks 
develop, parts work themselves loose from the shell, 
and the rest of the lining melts. The problem of the 
big-end bearings for railcar and locomotive engines was 
a rather difficult one. The ay on also required 
much attention, and, apart from a few engines having 
unhardened steel crenkshafts, almost all under the 8 in. 
cylinder diameter size have hardened or nitrided crank- 
shafts, to prevent excessive wear or seizure with the 
hard bearing metals. Some makers use special cast- 
iron crankshafts with good results. In the case of 
engines of larger cylinder diameters, the duty of the 
big-end bearings is less severe, and white-metal bearings 
are acceptable. 

For railway traction, engines with the V cylinder 
arrangement are important. In some, the cylinders 
have separate conneciing-rods of conventional design, 
working in pairs side by side on every crankpin. This is 
a simple arrangement, but it permits only narrow big- 
end bearings if considerable increase in engine length is 
to be avoided. In a second arrangement, there is a 
main connecting-rod on every crankpin, with an 
articulated rod attached. The articulation is effected 
by a hardened pin carried by the main rod and working 
in a bronze bushing in the articulated rod. A third 
design embodies also a main rod for every pin and an 
articulated rod, but, as a characteristic feature, the pin 
for the articulation is secured by bolts to the articulated 
connecting-rod and pivots in a bushing in the big 
end of the main rod. By this arrangement, the whole 
length of the pin serves as a bearing surface to take up 


the combustion pressure, thus reducing the specific 
load. This arrangement is also used for gudgeon pins. 

In another design, the bearing shells of the big-end 
bearings are secured to the big end of the main forked 
rod or are clamped into it, and ride on the crankpins. 
The big end of the articulated rod is thin (blade-shaped) 
and embraces the outside surface of the main shells 
between the fork-like arms of the main rod. The 
outside surface of the main shells is hardened or plated. 
A fifth design is for two-stroke engines, in which the 
force acting on the big end of a connecting-rod always 
produces a thrust against the pin. It is again a fork- 
and-blade arrangement, but the blade rod does not 
embrace the main shell riding on the crankpin; it 
forms a “ slipper ’’ and bears only over a certain arc on 
its outside surface, reaching between the arms of the 
forked end of the main rod. To cope with forces which 
might tend to dislocate the slipper when starting, a 
narrow shoulder is provided on its outside periphery, 
which bears against a corresponding groove in the 
forked rod. The main bearing shells are held in 
position by arms of a “ basket,” articulated on their 
outer ends and secured by lateral bolts to the splined 
sides of the main rod big end. 

The duty of the main bearings is lighter in most cases 
than that of the big-end bearings and therefore the 
bearing materials which are used for the latter are good 
enough for the former. In some cases, white metal is 
used as a lining for the main-bearing shells, mostly in 
thin layers, and occasionally only on the less loaded 
parts. Some makers use roller bearings for supporting 
the crankshaft, which is then of the built-up type. 

The heavy strain on the big-end bearings is caused 
by the high maximum load and by the large amount of 
heat developed by friction in the bearing. This heat 
raises the temperature of the bearing and calls for a 
harder material. Since this heat has an important 
influence on the conditions the bearing has to cope with, 
an —— will be made to work out an approximate 
formula for this ; with its aid, comparative figures are 
obtained for the heat developed per unit of bearing 
area in unit time, neglecting certain factors having the 
same effect in different engines. 

If the average load per unit area in the big-end 
bearing is p, its diameter d, its speed n r.p.m., and the 
coefficient of friction is », then the heat B developed 
per unit time on the unit area will be 


Be pdnp . . . (11) 


The average load per unit area is made up of the effect 
of the gas pressures acting on the piston and that of the 
inertia forces of the moving parts and, therefore, at 
constant b.m.e.p. will vary with the speed. 

For four-stroke engines with relatively light moving 
parts, including aluminium pistons, as is usual in railcar 
engines, at an indicated mean effective pressure of 
110 lb. per square inch, the following approximate 
formula expresses the mean pressure acting on the 
connecting-rod bearing, per unit of piston area: 





os G 
D, = 81(1 + 10%) x 8-55 Sani lb. persq.in. (12) 


in which G is the weight of the moving parts (i.e., piston 
and connecting-rod assembly) in lb., F the piston area 
in sq. in., S the stroke of the engine in inches and n the 
speed in r.p.m. For two-stroke engines, a similar 
equation applies, with different values for the coeffi- 
cients. This formula gives fairly good approximate 
figures over a wide rang2. 

The coefficient of friction, and the influence of the 
various factors based on the hydrodynamic theory of 





lubrication of Reynolds, has been worked out for 


bearings by Giimbel.* According to his results, the 
coefficient of friction » is approximately 
nn 
Se =. ° ° ~~ & 
Be 3 (13) 

in which 7 is the coefficient of viscosity of the lubricant. 

This expression is valid only within certain limits 
of ~y . There has been much controversy about this 
formula and it was shown in some cases not to have 
yielded results in accordance with measurements. In 
most such cases, the measurements carried out were 
quite in accordance with the results of Giimbel’s theory, 
but the conditions of load, speed and temperature were 
such that this approximate formula should not have been 
applied. The conditions prevailing in engine big-end 
bearings seem to be within the limits of its validity. 
It should be mentioned that the quoted authors also 
propose a modification of the formula, taking into 
account the limited length of the journal, but in the 
following this will not be adopted. 

If the expression for the coefficient of friction shown 
in (13) be inserted, expression (11) becomes : 


BadnVpny.. . .« (14) 


Assuming that the journal diameter and its length are 
proportional in all engines to the cylinder bore D, then 
the mean pressures related to the piston area p, become 
proportional to the mean pressure on the bearing unit 
area. It is further assumed that the weight of the 
moving parts, G, is proportional to the cube of the 
cylinder diameter, D*. This assumption is very nearly 
correct. The stroke has obviously little influence on 
the weight in question, since it only determines the 
length of the connecting rod. With these assumptions, 
the mean bearing pressure for four-stroke engines will 


Pex 1 +10 x 1-71DS8 23, e (15) 


and expression (14) for the heat developed yields, for 
four-stroke engines, the following formula : 


B, & Dn (1 + 10-8 x 1-71 DS nt. (16) 


The viscosity of the oil is considered to be the same for 
all engines. 


If these “ bearing numbers” are related to the 
standard engine of 4 in. bore and stroke and 1,000 
r.p.m., the “relative bearing number” is obtained, 
giving the ratio of the heat developed per unit area of 
the big-end bearing in unit time, in the actual engine, 
to the heat developed in the same manner in the 
standard engine big-end bearing. The relative bearing 
number is : 


D n \3 . D\ /S 
Ra = 0-886 (2)(43) [ +0 24(?) (3) 
‘ (i) | om 
1,000 


Fig. 6, herewith, shows the relative bearing number 
values for a number of four-stroke single-line engines, 
plotted on cylinder diameter. ' 

As shown on this diagram, the relative bearing 
numbers of road and railcar engines are the highest, 
and locomotive, industrial and marine engines show 
lower figures as the cylinder diameter increases. The 
relative bearing number of railcar engines is from 

* “ Einfluss der Schmierung auf die Konstruktion,” by 
L. Gitmbel, Jahrbuch der Schiffbautechnischen Gesellschaft, 








1917, pages 288 and 307; and Grundziige der Schmier- 
technik, by E. Fealz. 
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3 to 4-5, those of locomotive engines from 2 to 3-5; the 
figures for engines with large cylinders are even less 
than 1. The relative bearing number of road engines 
at their maximum speed is much higher than the 
figures represented, but these speeds are not for con- 
tinuous operation. It takes a long time for a bearing 
to assume its final temperature, so that, for occasional 
peaks of not too long duration, higher figures may well 
be permissible. The figures obtained for the relative 
bearing number seem to be justified by experience 
and are in accordance with the design as practised in 
the various engines. The bearings of the larger engines 
have no hard metal bearing surface, and the journals 
are not hardened. It is possible that the lower relative 
bearing number of these engines reveals the desire to 
obtain a higher degree of reliability, but it is also 
possible that the lower numbers are dictated by 
practical conditions of design. 

It should be noted that, in the case of larger engines, 
the pistons not being of light metal but of cast-iron, 
and the connecting-rod assembly being also more 
robust, the corresponding figures should be higher, 
showing a difference in the respective standard engines ; 


: G. , . ‘ 
but, since the term — is of little influence in the resulting 


expression, the difference incurred is small. 

The actual figure for the heat developed is very high 
for the heavy-duty bearings ; it amounts in some cases 
to 7,000 B.Th.U. per square foot per hour, the dissipa- 
tion of which can be quite a problem. It can be 
best achieved in practice by the lubricating oil leaving 
the bearings in a heavy stream along their periphery. 
The author is of the opinion that, especially in smaller 
engines, the relatively big clearance of 0-0015 to 0-002 
in. per inch bearing diameter is really needed to let 
— oil escape from the bearing to carry away the 

eat. 

In the case of the multi-cylinder railway-traction 
engine, the torsional vibrations of the crankshaft 
caused some trouble until reliable dampers were avail- 
able. The most commonly used type appears to be 
the viscous damper, in which a swinging annular mass 
is enclosed in a casing which also contains a viscous 
silicon compound producing friction between the mass 
and the casing, which is secured to the crankshaft. 
Another type is the hydraulic damper, in which an 
annular toothed mass enclosed in a casing (which is also 
provided with teeth inter-meshing with those on the 
swinging mass) produces a dash-pot effect in forcing 
the oil contained in the spaces between the teeth to 
flow from one space into the adjacent one. A third 
type is based on the friction produced between layers 
of a laminated spring pack, soaked in oil and acting 
between the swinging mass and the casing. This has 
also a detuning effect, the drawback being that the 
friction torque can hardly be calculated. 

An interesting method to avoid torsional resonances 
is based on the application of the centrifugal pendulum. 
It is quite possible to apply at the same time several 
pendulums, dimensioned against different harmonics. 
The centrifugal pendulum automatically detunes the 
system whenever called upon to vibrate with the fre- 
quency of a particular harmonic. Thus, if the pendu- 
lums are dimensioned to avoid resonance, e.g., with 
the 8th and with the 12th harmonics, they will not 
permit such vibration at any engine speed whatever. 

In railway traction, all the main types of combustion 
system are in use. As regards fuel consumption, 
direct injection is the best, but it requires more delicate 
components for injection, high injection pressure, and 
very fine bores for the injectors, which require more 
frequent maintenance. It is more sensitive to fuel 
quality and to possible deposits interfering with the 
process of injection. The pintle-type injectors in use 
with the swirl-chamber engines are much less sensitive, 
but an even more “ railway-like” and less sensitive 
design is the single-bore open injector, used in some 
ante-chamber engines. Its bore is large and immune 
against disturbances, and it yields very steady, good 
consumption results over long periods of service. 

The fuel pepsin tog of railway-traction engines 
as given by the maker is, at full rated load, between 
0-36 and 0-42 1b. per horse-power per hour, with some- 
what lower figures at partial speeds and loads. 

Two-stroke engines with outputs up to 1,700 h.p. 
occupy an important position in railway traction, 
especially in the United States. One of the most 
generally used types has uniflow scavenging with the 
exhaust valves in the cylinder head ; another is of the 
opposed-piston two-crankshaft type. A third type, 
of British make, has loop-scavenging, with the method 
already mentioned to supercharge by the exhaust. 

The characteristic numbers introduced above permit 
a better survey of the conditions prevailing in engines. 
They are approximate, but it is hoped that they will 
help in the development of Diesel engines. Some 
engines which have not proved quite satisfactory and 
have been abandoned or modified, or in which the 
makers have encountered difficulties with certain 
components, have in most cases shown too high 
respective characteristic numbers. 





SCIENCE IN THE SERVICE OF THE 
COMMUNITY.* 


By Tae Rieut Hon. Sir Joun ANDERSON, 
P.C., G.C.B., G.C.S.1., G.C.LE., F.R.S. 


OnLy in comparatively recent times has science 
become a significant factor in the life of any nation. 
Our country has, through the centuries, produced 
many men of genius who have devoted their lives to 
the study and elucidation of natural phenomena, and 
many brilliant discoveries have been made, some of 
which have had important economic consequences, 
but these have been sporadic. The creation of a 
coherent framework of scientific knowledge is a rela- 
tively new development. From the earliest times men 
have speculated on the true explanation of observed 
facts, building up what must, I think, be regarded as 
philosophy rather than science. Some of the theories 
formulated, after gaining wide acceptance for long 
periods, have collapsed under more searching investiga- 
tion. For example, the attribution of the phenomena 
connected with heat to the influence of an imponder- 
able medium known as caloric, supposed to be able to 
penetrate all forms of matter but also capable of 
independent existence, survived, like the corpuscular 
theory of light, until well into the Nineteenth Century. 
Those theories were then swept away before a flood of 
experimental evidence, only, in the latter case, to be 
eventually re-established in a modified form. 

By the end of the last century, however, a long 
period of blind groping after scientific truth appeared 
to have come to an end. Atomic theory and the 
doctrines of the conservation of matter and the con- 
servation of energy had gained universal acceptance 
and seemed to provide a solid basis on which to build 
a satisfactory structure of physical science. As late 
as the last decade of the century, a man of science of 
the highest eminence felt able to publish his opinion 
that all the fundamental discoveries in the field of 
natural science had already been made, and that, for 
the future, progress would be confined to refinements 
in detail. 

Seldom in the history of human affairs can any 
judgment have been so speedily or so dramatically 
overthrown. The discovery by Becquerel in 1896 of 
the wholly unexpected phenomena of radioactivity 
started a line of investigations in which J. J. Thomson 
and Rutherford played a leading part, but which 
quickly involved chemists and physicists all over the 
world, and resulted within an incredibly short space 
of time in incontrovertible proof that the atom, so 
far from being an ultimate indivisible unit, is a complex 
of smaller particles and that matter and energy are 
convertible the one into the other. 

There followed a veritable renaissance in which 
every branch of natural science, biological as well as 
physical, became involved. The course of my own 
life—and I hope I may be forgiven this personal 
allusion—was not unaffected, because I was privileged 
to go to Germany in 1903 to engage in postgraduate 
work in physical chemistry. Curiously enough, in 
view of subsequent events, the subject of my research 
was the radioactivity of uranium, and from that time 
my interest in atomic theory has been unflagging. 
But I did not there and then decide to follow a scientific 
career. This was, I suppose, due to a time factor. It 
was not until some years later that science—or at any 
rate academic science—became in this country a 
rewarding pursuit in any material sense. Let me 
quote the opening paragraphs of the introductory 
article in the series of ‘ Surveys on the Progress of 
Science ” published recently by The Times. 

“The outstanding feature of our civilisation in the 
present century is the intensity of the pursuit and 
development of scientific research, whether considera- 
tion is directed to material results or intellectual 
endeavour. When those who are now senior professors 
were youngsters, the study of science was a relatively 
unconsidered part of the activities of our universities. 
Practically the only prospect for a student who had 
let his devotion to a subject lead him to attempt 
original work was to become a university lecturer at a 
salary of 100/. a year or 80, which would be his lot for 
many years. There was practically no organised indus- 
trial research except perhaps in chemistry.” 

At the age of twenty-three, I could not afford to be 
altruistic, and having previously toyed with the idea 
of entering the Civil Service, I decided I had better 
try my luck in the First Division Examination, as it 
was called, before age ruled me out. The result of 
the examination determined for good or ill the subse- 
quent course of my life. Ten years later I might have 
followed a different path. Since the beginning of the 
century, developments in every field of scientific 
investigation have been spectacular, and their influence 
on our economic life profound. It is with those deve- 





* Forty-First May Lecture delivered before the Insti- 
u te of Metals, in London, on Wednesday, May 23, 1951. 
bridged. 





lopments and that influence that I wish to deal. 
In 1900, our traditional industries—engineering, 
metallurgy, heavy chemicals, cotton, woollen and linen 
textiles, tanning, brewing and distilling, to name only 
a few—were powerful and efficient. Of the newer 
industries based on science, now so prominent in the 
national economy, there was only a modest beginning. 
It is not generally realised that at the outset of the 
1914-18 war, we came near disaster because of our 
almost complete dependence upon Germany for fine 
chemicals of all kinds, including synthetic drugs 
needed in large quantity for the fighting forces and the 
civilian population, and means had to be improvised for 
securing essential supplies. But for the vigorous 
collaboration of university laboratories, under the 
guidance of the Royal Society and the Mediéal Research 
Council, the problem could not have been solved. 
There were similar grave shortages of optical glass and 
dyestuffs, and the discovery of these grave weaknesses 
in our industrial economy led quickly to far-reaching 
developments, so that to-day, in the resources available 
for the production of fine chemicals of all kinds, includ- 
jng dyestuffs, Britain occupies a leading position. 

In the comparatively short period that has elapsed 
since the first synthetic resin, known as Bakelite, was 
produced by a Belgian chemist by the condensation 
of formaldehyde and phenol, the production of plastics 
has become an industry of the first importance, provid- 
ing materials now regarded as essential for a great 
variety of purposes. In this field, polythene, produced 
from ethylene, and the most efficient insulating material 
known, without which radar, at any rate in its ultimate 
development, would probably have been impossible, 
and Perspex, have been Britain’s outstanding contribu- 
tions. Allied to plastics chemically, there are the 
synthetic fibres rayon, nylon, and more recently new 
fibres called terylene and ardil, of esthetic value and 
increasing economic importance in view of the mounting 
prices of natural fibres. Finally there is synthetic 
rubber in its various forms, some superior for certain 
purposes to the natural product. 

As a student, I was taught that there must be an 
absolute limit to the degree of magnification attainable 
by the most perfect microscope, a limit imposed by the 
size of the molecules of glass and the shortest wave- 
length of visible light. That seemed wholly reasonable. 
Now, however, by the use of the electron microscope, 
employing a beam of electrons instead of ordinary 
light, and by means of X-ray analysis and of X-ray 
and electron diffraction, it is possible to measure 
distances of an order of magnitude of a single molecule 
and also to determine the arrangement of molecules in 
a crystal, and even the disposition of atoms in a mole- 
cule. The results obtained are of the greatest practical 
value in metallurgy, and I need not remind members of 
the Institute of Metals that there are now available 
new metals with very valuable properties, such as 
titanium and zirconium, which are coming into use as 
rapidly as their present high price will allow. Assump- 
tions regarding the properties of various alloys can now 
be confirmed or disproved, and proportions and workin, 
temperatures can be determined with mathematica 
precision instead of by rule of thumb. 

The element carbon possesses the unique property 
of combining with itself to form chains, either straight 
or having side-chains and rings, with or without cross- 
linking, in endless variety, some of the larger molecules 
of, for example, proteins, containing a vast number 
running into thousands of atoms. The chemistry of 
such high polymers is now well understood. Silicon is 
another element occurring abundantly in nature which 
has a somewhat similar property, but in this case the 
combination takes place with intervening atoms of 
oxygen. The resulting products—known as silicones— 
have lately come into economic prominence because of 
their physical characteristics, notably their resistance 
to temperatures that would destroy any substance 
containing earbon. Their cost is at present the main 
deterrent to their wider use, but that will no doubt be 
overcome. 

While I was still a student at Edinburgh 52 years 
ago, the first experiments in radio-telegraphy were 
under way. I well recall the sensation created when 
iron filings in the detecter—it was then called a 
“* eoherer *’—arranged themselves in straight lines on 
the impact of an Socoumnaniilie wave emitted at the 
other end of the room and thus allowed an electric 
current to pass. There one had all the essentials of a 
radio-signalling apparatus. In the interval—a com- 
paratively short interval—between then and now, 
developments have occurred, powerfully stimulated, 
no doubt, by two world wars, which to the a oon 
must have seemed to belong to the region of fantasy. 
Let us remember, however, that it was a belief in the 
economic potentialities of electromagnetic waves that 
determined the character of Rutherford’s first work at 
the Cavendish Laboratory. 

Then there is the problem of atomic energy, springing 
from the discovery, made as recently as 1939, of the 
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fission of the uranium nucleus with accompanying 
release of energy, followed by conclusive evidence that 
the conditions conformed to the requirements of a 
chain reaction. That discovery opened up possibilities 
of military use and also of economic development. 
There is, I think, little doubt that, but for the war, 
investigations would have proceeded along. the line 
which they had already taken when war broke out. 
That is to say, they would have been concerned with 
possible industrial applications. If so, it is certain 
that even less progress would have been made than 
can be recorded to-day, when we have to recognise that 
the economic and industrial exploitation of nuclear or 
sub-atomic energy still lies many years ahead. There 
is one intriguing possibility which I should just like to 
mention. The splitting of the nucleus of a heavy 
element is not the only process attended by release of 
atomic energy. A — arge amount of energy is also 
released when the nuclei of some of the light elements 
are brought together. For example, four nuclei of 
hydrogen, or it might be two of deuterium, can 
theoretically be brought together to form one of 
helium. 

Scientists seem to be fairly well agreed that this 
sort of reaction is responsible for the emission of heat 
from the sun and the stars; but the reaction is not 
so simple as I have indicated. It is believed that the 
first thing that happens under conditions of very high 
temperature and pressure is that carbon in one of its 
isotropic forms is created. This splits up to form 
helium : one atom of carbon, atomic weight 12; three 
atoms of helium, atomic weight 4. There is, as I have 
suggested, the possibility that a way may yet be found 
to develop the production of energy by bringing the 
nuclei of the lighter atoms together. It has been done 
in the laboratory, and I believe work is proceeding on 
this aspect of the problem of nuclear energy. It is 
not impossible that important economic results may 
be derived from that line of approach sooner than 
from the older method of splitting the heavy atoms. 

I have said enough to show how tremendous a change 
has come about within the last half century in the part 
which science plays in our daily lives. In all parts of 
the world, new industries are being founded and carried 
on upon the basis of scientific discovery. In this 
country alone the amount of money devoted by 
industrial concerns to scientific research and develop- 
ment cannot be less than 50 million pounds a year, 
and in that connection the establishment of the indus- 
trial research associations has been a peculiarly British 
development of very great imporatnce. 

The output of science graduates from our universities 
has increased year by year since the end of the war, 
and will soon be at a level twice that of 1939. In the 
matter of technological education—which is no less 
important than training in pure science—clear lines 
of development are still lacking, despite more than 
one high-level investigation of the problems involved. 
In my opinion, no one solution of universal validity 
could be accepted. I should like to see some of our 
universities, particularly in recognised centres of some 
predominant industry, developing a_ technological 
faculty or faculties, but I should like also to see one 
or more specialised universities established on the lines 
of the famous Massachusetts Institute of Technology. 
At the same time, I think that some of our existing 
technical colleges should be encouraged to raise their 
academic standard. In this scientific age upon which 
we have entered I wish it could be universally recog- 
nised that scientific studies no less than the humanities 
have a cultural value and that applied science is not 
inferior academically to pure science. I should like 
to see a much wider dispersal of general scientific 
knowledge throughout the community, more particu- 
larly among public officials, teachers, and business 
managers. 

I make this plea because I am profoundly conscious 
of the fact that the material progress resulting from the 
developments of scientific knowledge which I have 
attempted briefly to outline has gone far ahead of 
man’s capacity to turn it to good account. The 
development of transport and communications has 
brought the peoples of the earth together physically, 
but not for more fruitful collaboration. Medical 
science can now combat plagues, but we have made little 
progress with the task of ensaring adequate sustenance 
for the steadily mounting populations. 

We have found a methed of releasing energy from 
atomic nuclei, but the only practical application so far 
devised is directed to destruction. I am not, of course, 
overlooking the immensely valuable results obtainable 
in medicine and industry by the use of the radio- 
active products of nuclear reactions. That is a romance 
in itself. Even a seemingly innocent diversion, such as 
television, appears to me to have social and economic 
Fe mee of a serious nature. Obviously we cannot 
call a halt to scientific progress, but at any rate let as 
high a proportion as possible of the people of the world 
be trained to think about these matters and the pros- 
pects of ultimate salvation will be vastly improved. 
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RESISTANCE AND PROPULSION.* 
By Sm Amos L. Ayre, K.B.E., D.Sc. 


(Concluded from page 767.) 

The modern practice of adopting a very largely 
rounded forefoot might also be questioned. While 
reducing the wetted surface, this also has the effect of 
shortening the lower waterlines, and, to some extent, it 
produces forms of vertical cross-sections that do not 
take kindly to pounding in heavy weather. Nor is the 
largely rounded forefoot helpful to the steering qualities. 
A reference to the bulbous bow may be appropriately 
made at this point. The author has for long held the 
view that, for speeds below the Alexander speed, it has 
no advantage. On the other hand, if conditions require 
that a vessel must be run at an ‘‘ overdriven ” speed, 
the bulbous bow provides the opportunity of trans- 
wo bee it some displacement from the vicinity of the 
waterline, reducing the angle of entrance and easing the 
conditions for a large bow wave. A further small 
feature concerns the practice of changing over from a 
rounded form of stem to an ordinary stem bar in 
app ing the forefoot. It would seem to be prefer- 
able, from the resistance aspect, to continue the rounded 
form into the keel. 

Some of the foregoing observations call to mind the 
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old model 56C* which gave remarkable results. This 
model, of twin-screw form, did not have the advantage 
of the modern cruiser stern, the handicap being possibly 
of the order of about 2} per cent. Its outstanding 
features, apart from the wall-sided sections of the fore- 
body, were the perpendicular stem and the very sharp 
forefoot. 

Before leaving the subject of resistance, there is a 
further feature that may be of sufficient importance for 
urgent study and exploration. It concerns the speed 


v 
range of approximately 7 0-75 to —= = 0-90, 
L 


L 
where considerable variation has been observed in E.H.P- 
results obtained by model experiments. The variation 
is so wide that, at such speeds, and having regard to the 
finer forms with which these are associated, it is un- 
likely that a large or major portion of it can arise from 
laminar flow. The feature 1s illustrated in the diagrams, 
Figs. 1, 2, 3 and 4, on this and the opposite pages, 
particularly Figs. 2 and 3, in which are included a large 
number of the Lindblad models. In these diagrams, 
values of C, are used, these having reference to the 
formula :t 
Ao-*4 x v3 


-H.P. 
E Cs 





* Paper presented at the Spring Meeting of the 
Institution of Nava] Architects, in London, on March 14, 
1951. Abridged. 





* Trans. I.N.A., vol. 56, page 53 (1914). 
+ Trans. N.E.C. Inst., vol. 64, pages 211, e seq. 
(1947-48). 




















ENGINEERING. 


801 . 








JUNE 29, I95I. 


RESISTANCE AND 






was Used 


that Trip 


(s73.c) 


o-64 


that Trip 


(373.4) 


The values which are plotted apply to the length- 
displacement ar ratios of 17,18, 19 and 20, respectively, 


and all are further reduced to the standard conditions 
of Alexander speed, breadth-draught ratio of 2-0, and 


L.C.B. positions given as standard for the various ‘am 


values for use in the C, method of estimating E.H.P. 
In some instances, where the actual = value lies 
between the values applying to two of the diagrams, 
adjustments in accordance with the corrections used 
with the method have been made, enabling the model 
to be entered on each diagram. The data are given 
over a wide range of speeds so that the general run of 
the standard curves can be observed. Vessels of from 
less than 1,000 tons displacement to over 30,000 tons 
are included. Such generalised diagrams are useful in 
showing up the abnormal instances, either good or bad. 
Most of the results that are illustrated refer to models 
which have been tank-tested for many United Kingdom 
shipbuilding firms, and others, indicated by references 
on the diagrams, are instances that have been published 
from time to time. 

In determining the curves of standard values, regard 
was, of course, had to the most definite trend of the 
great majority of the results, many of which referred to 
ships known to be successful; but no explanation is 
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available for the other apparently excellent instances 
that appear above the plus 3 per cent. band. As 
already stated, the major portion of the wide differences 
are not likely to be due to the influences of a laminar 
condition, and if they arise from some inherent feature 
of form, it would seem urgently desirable to ascertain 
the nature of this. In examining these unique results, 


L| over a range of speed, it has been interesting to observe 


how frequently it occurs that, after passing the Alexan- 
der speed, most rapid deterioration follows. The dotted 
curve on Fig. 3, which —- to model 56C of 1914, 
illustrates this point, as well as the fact that, at speeds 
lower than the Alexander speed, this model was even 
more remarkable. 

Although 56C shows an abnormal result, similar to 
those of a large number of the Lindblad models and a 
few others, it is of interest to note that the unusual 
features of the wall-sided form of the forward sections, 
the perpendicular stem and very sharp forefoot of 56C, 
are entirely reversed in the Lindblad models. It is of 
further interest to note that the Group A models of 
Lindblad (1946)—Fig. 3—follow closely the dotted 
curve representing 56C as corrected to the various 
standards, at speeds lower and higher than the Alexan- 
der speed. These abnormally good results occur in the 


near vicinity of the “hollow” speed at —v_, = 0-86, 
L 


In view of the fact that so many other models do not 
give such results, is it possible that this is a locality 


of some sensitive condition or undiscovered pheno- 
menon? The opportunity is taken at this point to 
draw attention to some results, with and without trip- 
wire fitted, that appear on Figs. 2 and 3. The spots 
marked x, y, and z show the difference between the 
condition with and without the device applied. It will 
be noticed that, in some other results, spots applying to 
the condition of trip-wire being fitted lie very close to 
the standard curve. 

On the propulsion side, the first thing that comes to 
mind concerns the location of the propeller in the 
aperture. Examination of the feature, either in the 
case of model or ship, indicates its important influence 
on propulsive efficiency. According to current prac- 
tice, an average location may be taken as being such 
that the minimum clearance between the trailing edge 
of the propeller blades and the forward edge of the 
stern-post or rudder—a in Fig. 5, page 802,—is about 
6 per cent. of the propeller diameter. In the case of 
the clearance at the forward side of the propeller (this 
being measured from the line of the leading edge of the 
propeller blades extended to the propeller boss, to the 
line of the aperture continued through the boss of 
the propeller-post)—/f in Fig. 5—the current average 
clearance would seem to be about 8 per cent. In the 
Nordstrém models of 0-575 Cy and 0-625 Cp, referred to 
in the Swedish Tank publications Nos. 14 and 16, respec- 
tively, this latter clearance was about 17 per cent. and 
seems to have contributed to the good results obtained. 
It may be recalled that, as long ago as 1865, William 
Froude, in a contribution to the discussion on a paper* 
by Professor W. J. M. Rankine, referred to the valuable 
feature of locating the propeller well abaft the propeller- 
post. To make the valuable provision of a me boss 
on the propeller-post increases the weight and cost of 
the stern-frame, but there is pers to be gained 
in saving some weight in the hull itself by moving the 
propeller-post forward. 

In the case of the after clearance, a, it has to be 
recognised that, for vessels which require to make 
voyages in ballast condition, with the propeller not 
fully immersed, it is not wise to reduce this clearance 
to the full extent that may be desirable from the sole 
point of view of propulsive efficiency. To do so will 
result in vibration when in the condition described. 
But, whenever the condition is such that the propeller 
will at all times be immersed, there is no doubt as to 
the advisability of locating the propeller far aft in the 
aperture. The author has knowledge of some highly 
efficient instances where the minimum clearance a was 
only 2-9 to 3-4 per cent. of the propeller diameter, and 
in which the propulsive coefficient was, respectively, 
about 5 to 34 per cent. higher than might have been 
expected from the more usual location. In these 
particular examples, the minimum clearance occurred 
towards the propeller tips, and was only slightly 
exceeded as the trailing edge of the blade approached 
the root. Under such conditions, the sectional form 
of the stern-post or rudder must be such as to receive 
the spiral race from the propeller in as kindly a manner 
as possible. The pro-propeller formation is to be 
preferred to that of contra-propeller or even the sym- 
metrical fin. The effect of the rudder in a single-screw 
ship is to straighten out the spiral race, the angle of 
which increases from zero at the axis to a maximum at 
the blade tips. It would seem that the gain resulting 
from the adoption of the smallest reasonable clearance 
at this position arises from the reduction in the amount 
of the spiral race which spills through the clearance. 

The examination of many data, applying to the full- 
size condition, has indicated that, as compared with the 
average condition of clearances of 6 per cent. and 8 per 
cent., aft and forward, respectively, the gain and loss 
in propulsive efficiency is approximately of the order 
shown in Table I, herewith. 








TABLE I. 
Trailing Leading 
Edge Effect on Edge Effect on 
Clearance Basis. Clearance " 
(a, Fig. 5). (f, Fig. 5). 
Per cent. Per cent Per cent. Per cent, 
3 + 5-2 6 — 0-5 
4 + 2-7 7 — 0-2 
5 + 0-7 8 
(basis) 
6 10 + 0°5 
(basis) 
10 — 2-3 15 + 1-6 
15 5-2 20 + 2-8 











It will be seen that a combination of 4 per cent. 
clearance aft, with 174 per cent. forward, should provide 
an improvement of about 5 per cent. as compared with 
those clearances which, for convenience, have been 
used as basis in the foregoing. This points to the 
desirability for tank experiment work on the subject 
of propeller location; provided, of course, that a 
scale effect would not arise. 








* Trans. I.N.A., vol. 5, pages 31 and 35 (1865). 
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The clearance of the propeller tips at the top of the 
aperture is a subject which could usefully be examined. 
That it influences propulsive efficiency is possibly seen 
in the fact that erosion of cast-iron propellers was 
rarely serious when the clearance was not less than 
12} per cent. of the propeller diameter, but generally 
became increasingly serious as that amount of clearance 
was reduced. This clearance should not be made 
larger than reasonably necessary, as an excessively high 
aperture influences the amount of water-line extension 
that can be provided in a cruiser stern. At the lower 
portion of the aperture no more than a practical reason- 
able minimum clearance would seem to be necessary, 
but instead of using the customary simple rectangular 


cross-section of the stern-frame in the vicinity of the | pq 


propeller tips, i.e., at C in Fig. 5, it is considered to be 
helpful to use the form illustrated in Fig. 6. 

It would seem that if conventional standards for 
the features referred to in the preceding paragraphs 
were adopted for methodical experimenting, much 
better comparisons, one model with another, would 
result from the omission of so many variables which, 
may, in the aggregate, be appreciable in their effect. 

The relationship of the diameter of the propeller, 
relative to the breadth and the form of the hull which 
it is to drive, is a feature of importance concerning 
which some dependable guidance should be made 
available. As to the form aspect, the block coefficient 
immediately suggests itself. It would seem that the 
block coefficient of the after-body should be preferable 
for the purpose, but this is not usually readily available 
in the early designing stages. The recent valuable 
experimental work by Nordstrém, to which reference 
has previously been made, covers a very wide range of 
L.C.B. positions—from amidships to 3 per cent. of L 
aft—with, in consequence, a large variation in the 
block coefficient of the after-body, but did not show 
any appreciable, or even orderly, variation in the values 
of the propulsive coefficients that resulted. From this 
it would seem that it would not be unreasonable to use 
the overall block coefficient for the present purpose. 

From examination of many ship trials and model 
experiments, it would appear that, to avoid loss in 
propulsive efficiency arising from the feature, the pro- 
peller diameter should not be less than breadth + z, 
the values of x being as shown in Table II. 


TABLE II. 





Block Coefficient at 
Propeller Draught. 








0-30 i 2°67 
0-70 3-70 
0-60 4-26 
0-50 4-51 








The question arises, what is the effect of adopting a 
propeller that is ‘‘ small ” as compared with the above 
‘*standard.”” And what is the effect of making it 
“large”? ? First of all, another condition should be 


taken into account. When : x (1:0 — Cy at pro- 


peller draught) (which, for convenience, is referred to 
as F) is less than 1-8, the loss effect of ‘‘ smallness” 
increases rapidly as F is reduced. At 1-8 and upwards, 
the effect would seem to bring about a reduction in the 
propulsive coefficient by one-fifth of the percentage by 
which the propeller is ‘‘ small.” When the propeller 
is ‘‘ large,” and F is 1-8 or over, no definite indication 
has been detected of an appreciable or general increase 
in the propulsive coefficient as might at first be expected. 
But when F is less than 1-8, the effect of making the 
propeller “large” is helpful in mitigating the fall in 
ropulsive efficiency that occurs with such difficult 
Soin. An approximate indication of the effect that 
occurs in the case of a propeller that is 20 per cent. 
‘* small,” as compared with the “‘ standard’ given in 
the preceding paragraph, and, when F is only 1-4, is a 
reduction in the propulsive coefficient by about 7 per 
cent. The same amount of corrections apply as 
additions to p in the formula* : 
D5 x N® 
108 
where D is diameter in feet, N the rate of revolutions 
per minute, and p is a coefficient varying with pitch- 
ratio. 

Another point is the effect of the vessel being ‘‘ over- 
driven,” i.e., beyond the Alexander speed. This is 
seen when D.H.P. is laid off to N*. The values of 
D.H.P. lie on a straight line only until the rate of 
revolutions cubed (N*), corresponding to the Alexander 
speed, is reached, or very near thereto. In other words, 
D.H.P. varies at a rate higher than N® after passing 
the Alexander speed. This feature also has the effect 
of reducing the propulsive coefficient. There is an 
additional effect on the latter when entering the vicinity 


x p = D.H.P. (delivered horse-power), 





* Trans. N.E.C. Inst., vol. 
(1944-45). 


61, page 351, ef seg. 





of the “hump” speed at we = 0-98. Full-size 
L 

examination points to a measure of these effects, and an 
example of this, in the case of the actual speed being 
10 per cent. higher than the Alexander speed, is an 
increase in D.H.P. as compared with the straight-line 
variation with N*, and a reduction of propulsive 
coefficient, of the following order : 


¥ 
meget 0-5 0-6 0-7 0-8 0-9 1-0 
L 
Percentage effect ... 1:0 2-0 3:0 4:0 5-0 6-0 
The same figures, of course, apply as additions to p in 
the formula for D.H.P. referred to in the preceding 


ragraph. 

It would not seem that there exists any generally 
accepted measure of the advantage resulting from the 
adoption of aerofoil sections for propeller blades. In 
fact, in some directions there is a disbelief in the claims 
for advantage. Full-size examination of the feature, in 
addition to that of model experiment data, has proved 
the value of the aerofoil for cargo-ship propellers. But, 
in the full-size examination, the author has been forced 
to the conclusion that, for some unexplained reason, 
the gain varies according to the diameter of the pro- 
peller. It would seem that, with aerofoil sections, the 


Fig. 5. 




















(3730) 


Fig. 6. 





(3738) 


reduction of D.H.P. that results for a given rate of 
revolutions is about 3 per cent. at 9 ft. diameter, varying 
to 84 per cent. at 20 ft. diameter. 

It has become almost a regular practice to reduce the 
pitch towards the blade roots, a feature for which there 
does not seem to be much supporting evidence. Full- 
size examination has not indicated any advantage ; and 
it may be asked “Is it worth while?” It would be 
useful if the variation of pitch throughout the blade 
was always given in published work; sometimes, at 
present, only the pitch at the tips is given. There is 
need for a universal method for use in determining the 
mean pitch in such cases. There is no consistency 
among propeller designers concerning the amount of 
wash-back given to the blade section at the traili 
edge of the face. This feature is equivalent to a | 
reduction of pitch, and variation of its amount can 
appreciably influence the rate of revolutions in other- 
wise similar propellers. 

Much can be learned from full-size trials when these 
have been carefully conducted during fine weather, with 
ample approach to the measured course, and avoiding 
the use of helm while on the course. The values of 
E.H.P. for the full-size ship, at the various speeds, and 
for the trial trip condition of loading, can now be 
deduced, this having been made possible by Mr. A. 
Emerson’s proposal* that 


Quasi-Propulsive Coefficient = 0-86'= VL x N 
18,000 ’ 


approximately. 


* Trans. I.N.A., vol. 85, page 182 (1943); also Trans. 
N.E.C. Inst., vol. 66, page 299 (1949-50). 








It may be possible to make a useful small amendment 
to the formula, although maintaining its fundamental 
structure; and, to obtain closer accuracy, other 
features must be taken into account, such as location 
of propeller, ‘‘ small ” diameter and the “ overdriven ” 
condition. When regard has been given to these 
features, many remarkably close results have been 
obtained. 

There are two questions concerning features which 
occasionally appear in the case of the single-screw 
cargo ship, for which it would be of interest to have the 
answers. Sometimes the values of the propulsive 
coefficients (Q.P.C.) given over a range of speeds, are 
such as to show an increase as higher speeds are ap- 
proached. Sometimes the curve of revolutions (N), 
laid off to a base of speed, is shown as concave to the 
base line. Can these be correct ? 

Further points for consideration are: the term 
shaft horse-power is often used without qualification 
as to where it applies, i.e., at the engine coupling or at 
the propeller ; it is most desirable that only D.H.P. be 
used as referring to the shaft horse-power delivered to 
the propeller. Also, may we now cease the use of the 
ugly term “ quasi-propulsive coefficient” and merely 
use “‘ propulsive coefficient ’’ for E.H.P. + D.H.P.? 

In conclusion, the author wishes to make it clear that 
nowhere is it his intention to be otherwise than help- 
fully critical of the work of the tank experimenters. 
We should extend to them our sympathy in the position 
they now find themselves since the advent of the 
problem of laminar flow. Rather has the purpose been 
to “‘ think aloud” as from the other end of the scale 
where certain aspects of the subject are at present 
looked upon with some perplexity. It is realised that 
much has been stated which does not conform to 
existing conventions, and may even be regarded by 
some as heresy. But many of the references and sug- 
gestions concern thoughts that arise from a long interest 
in the subject, with strong leanings to what has 
emerged from the analyses of full-size results. The data 
concerning the latter, together with model data, have 
largely been supplied to the author by many ship- 
builders over a long series of years, and this opportunity 
is taken to acknowledge their valuable assistance. 





LAUNCHES AND TRIAL TRIPS. 

M.S. “ Timor.”—Twin-screw cargo vessel, to carry 
64 first-class, 16 third-class, and about 488 unberthed 
passengers, built by Bartram & Sons, Ltd., Sunderland, 
for the Companhia Nacional de Navegacio, Lisbon, 
Portugal. Main dimensions: 404 ft. between perpen- 
diculars by 58 ft. 9} in. by 37 ft. to upper deck; dead- 
weight capacity, about 6,700 tons on a draught of 
25 ft. 3in. Two N.E.M.-Doxford four-cylinder opposed- 
piston Diesel engines, together developing 5,000 b.h.p. 
at 136 r.p.m., constructed by the North Eastern Marine 
Engineering Co. (1938), Ltd., Wallsend-on-Tyne. Speed 
on trials, 153 knots. Trial trip, June 6. 

M.S. “‘ BRITISH CRAFTSMAN.”’—Single-screw oil tanker. 
built and engined by Doxford and Sons, Ltd., Sunderland, 
for the British Tanker Co., Ltd., London, E.C.2. Last 
vessel of an order for four. Main dimensions: 490 ft. 
overall by 61 ft. 9in. by 34 ft. lin. ; deadweight capacity. 
12,250 tons on a draught of 27 ft. 74 in. Doxford four- 
cylinder opposed -piston oil engine, to develop 3,100 b.b.p. 
at 105 r.p.m. and give a speed of 11} knots. Trial trip, 
June 12. 


M.S. *‘ CaPpE St. Mary.”—Single-screw trawler, built 
by Hall, Russell & Co., Ltd., Aberdeen, to the order of 
the Crown Agents for the Colonies, London, 8.W.1, for 
fishery research work at Sierra Leone. Main dimensions : 
100 ft. between perpendiculars by 25 ft. by 12 ft. 6 in.; 
gross tonnage, 220. Seven-cylinder vertical four-stroke 
single-acting Diesel engine, coupled to the propeller 
shafting through reverse reduction gearing, and deve- 
loping 350 s.b.p. at 550 r.p.m., constructed by the 
National Gas and Oil Engine Co., Ltd., Ashton-under- 
Lyne. Maximum speed, 12} knots. Trial trip, June 13. 

M.S. “ BririsH Brrcu.”—Single-screw oil tanker, built 
by Sir James Laing & Sons, Ltd., Sunderland, for the 
British Tanker Co., Ltd., London, E.C.2. First vessel of 
an order for two. Main dimensions: 463 ft. 5} in. 
between perpendiculars by 61 ft. 9 in. by 34 ft. 1 in.; 
deadweight capacity, 12,160 tons on a draught of 
27 ft. 74 in. N.E.M.-Doxford four-cylinder opposed- 
piston oil engine, developing 3,100 b.h.p. at 105 r.p.m., 
constructed by the North Eastern Marine Engineering 
Co. (1938), Ltd., Sunderland. Service speed, 11} knots. 
Trial trip, June 13 and 14. 

M.S. “ Port NELSON.”—Single-screw cargo vessel, to 
carry twelve passengers, built and engined by Harland & 
Wolff, Ltd., Belfast, for the Port Line, Ltd., London, 
E.C.3. Main dimensions: 460 ft. between perpendicu- 
lars by 64 ft. 6 in. by 41 ft. 6 in. to upper deck; dead- 
weight capacity, about 12,000 tons on a draught of 
27 ft. 6in.; gross tonnage, 8,150. Harland-B. and W. 
seven-cylinder two-stroke single-acting opposed-piston 
oil engine. Launch, June 21. 
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LOCOMOTIVE AND TENDER 
WHEEL CENTRES. 


TuE illustrations on this page are of a new design 
of cast-steel wheel centre, with many advantages over 
the conventional centre with elliptical-section spokes, 
which has been evolved by the Steel Company of 
Australia, Pty., Limited, Coburg, Melbourne, as a 
result of a request from one of the State railways of 
Australia. A manufacturing licence has been granted 
to K. & L. Steelfounders and Engineers, Limited, 
Letchworth, England, with whom are associated the 
Vulcan Foundry, Limited, Newton-le-Willows, as de- 
signing engineers and consultants with responsibility 
for the design of all SCOA-P wheels fitted to locomo- 
tives built in territories other than Australia. 

The cross-section of th2 spokes is mid-way between 
a U and a V. as shown in detail in Fig. 2, and that of 
the rim is a channel. The chief advantages of this 
design, as compared with an orthodox wheel centre, 
are that it is lighter in weight for a given strength (or 
stronger for the same weight); that the channel- 
section rim is more resistant to defection between the 
spokes, thus reducing the tendency to loose tytes which 
is generally attributed partly to rim deflection ; that 
the spoke better resists lateral and radial thrusts, in 
addition to compressive loads due to rail loads; and 
that the danger of undiscovered cavities at the junc- 
tions between spokes and rims is eliminated by the 
blending of the casting at these points. The cost is 
usually no greater—if it is slightly greater the in- 
crease is outweighed by the advantages. As com- 
pared with the disc or plate type of wheel, the advan- 
tages are that the SCOA-P wheel is much lighter in 
weight ; it is very much cheaper ; and more accessible 
for maintenance. The name SCOA-P, it may be noted, 
is derived from the initials of the steel company and 
the initial letter of the designer’s name, Mr. F. C. 
Paynter. 

As typical of the improved characteristics of the 
wheel centre, we may instance those of a SCOA-P 
wheel designed by the Vulcan Foundry for the Gold 
Coast Railway, as shown in Figs. 1 to 4. The diameter 
of the centre is 3 ft. 6 in. and the axle load, on a pair 
of wheels, is 12-5 tons. With a conventional wheel 
there are 13 spokes, and with a SCOA-P wheel there 
are 12. The section modulus of the spoke near the 
boss, in the plane of the wheel, is 36-5 per cent. 
greater; and in the plane of the axle 187 per cent. 
Near the rim the corresponding ~ ye are 41-5 per 
cent. and 187 per cent. The modulus of the rim, in a 
circumferential plane, is 84 per cent. stronger, and the 
calculated weight of the centre, finish machined, for a 
leading or trailing whe2l, is 7 cwt. 2 qtr., which is 
3-3 per cent. lighter than the 7 cwt. 3 qtr. of the 
previous standard wheel. 





“* SPOTLIGHT ON SCIENCE.”—No. 1 of a small periodical 
with this title has been published recently by the Merrow 
Publishing Company, Limited, 23, Ganghill, Guildford, 
Surrey, at a price of 1s. 6d. It is intended for “‘ the Man 
in the Street—and his family”; it is written by one 
man—Dr. J. Gordon Cook; and it carries no advertise- 
ments. The first issue contains articles on bees, Ant- 
arctic research, radio, fluorine, etc., written in a rather 
facetious style that would make a scientist blush. But 
perhaps facetiousness appeals to the man in the street. 
The frequency of publication is not stated. 
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NOTES ON NEW BOOKS. 


Trigonometry. 

By A. PaGE, M.Se., Ph.D. University of London 

Press, Limited, Little Paul’s House, Warwick-square, 

London, E.C.4. [Price 18s, net.] 
ALTHOUGH the aim of this text-book is to meet the 
needs of those preparing for university scholarships 
and for general degree examinations, it will be wel- 
comed, no doubt, by other classes of readers. Particular 
care is taken to explain the fundamental idea of 
trigonometrical functions before the student’s attention 
is directed to the trigonometry of plane triangles, 
when he advances by easy steps to problems involving 
functions of angles of any magnitude, and then to the 
case of three dimensions. The second half of the book, 
or rather more than 100 pages, brings under con- 
sideration the more advanced topics of compound 
angles, solution of trigonometrical equations, and the 
general formule employed in analytical applications 
of the theory. The numerous diagrams and illustrative 
examples in the text should smooth the path of those 
approaching the subject for the first time, and they 
should experience no great difficulty in following the 
exposition given in the last three chapters, dealing 
with spherical trigonometry, expansion of the functions 
as power series, and the use of complex numbers in 
this branch of mathematics. The treatment, which is 
replete with examples and revision papers, can hardly 
fail to retain the reader’s interest, since Dr. Page has 
missed few opportunities to emphasise the attractive 
side of the subject. The effect of wind on the naviga- 
tion of aircraft, for instance, forms an instructive 
introduction to the theory which relates also to the 
work of surveying. Chapter VIII, on the construction 
of trigonometrical tables, is another novelty in a book 
of this scope, as is also the manner by which astro- 
navigation is discussed in connection with spherical 
trigonometry. In these days of broadcasts on popular 
science, listeners to lectures on astronomy must neces- 
sarily include many who would like to know the broad 
principles of measuring the distance of the sun or the 
nearest star from the earth, and the size of the moon 
and other celestial objects. Information on these 
points, which will satisfy most laymen, is given in 
Chapter XI, under the heading ‘ Measuring the 
Universe, and Further Three-Dimensional Problems.” 


Engineering Mechanics. 
By Proressors 8. TIMOSHENKO and D. H. Young. 
Third edition. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
{Price 5°50 dols.); and MoGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 478.] 
By adding about 300 new exercises for solution by the 
student, the authors have greatly extended the scope 
of the previous edition, in which the treatment was 
characterised by commendable qualities in the matter 
of presentation. From the simplest ideas on statics, 
the reader proceeds to isolate difficulties and surmount 
them one by one, without losing sight of the main 
problem in attending to details. The main problem is 
that of equilibrium or motion under prescribed forces, 
the details being such things as vector notation, the 
kinematics of a rigid body, or the theory of moments of 
inertia. The new exercises, with answers, as well as 
numerous diagrams, will be found of great help to the 
uninitiated, who may not recognise the need for com- 
promise in the exposition of the subject. A direct 
attack on the main problem often leads to entanglement 
in the details, and to the retracing of steps to deal with 
them. To settle all questions of detail first is little 
better, since they are apt to prove uninteresting and 
only remotely connected with the main problem. In 
this regard, Professor Timoshenko and his colleague 


illustrative example. The result is a logical develop- 
ment of the theory, to which meaning is given by 
emphasis on the significance of general principles in 
applications of a practical kind, and by the solution of 
typical problems. It is well to have it so in a book 
which covers the requirements of university courses of 
study on the subject, because the time is probably past 
when an undergraduate could readily rectify the short- 
comings of one text-book by purchasing another on the 
same subject. Moreover, the style facilitates the 
extension of concepts to the study of advanced 
dynamics, to the method of Lagrange, which will 
undoubtedly work its way from the end to the begin- 
ning of books on mechanics for engineers, for whom the 
easier, but more cumbrous, methods are becoming a 
luxury that can hardly be justified at the present time. 


The Story of One Hundred Years of Endeavour in the 
Service of the Gas Industry. 

W. C. Holmes and Company, Limited, Turnbridge, 

Huddersfield. [Printed for private circulation.] 
WiLt1am CARTWRIGHT HoLMgEs, the second of that 
name, was born in 1827, but the business which he 
founded at Whitestone Ironworks in 1850, the cen- 
tenary of which is marked by the production of this 
commemorative volume, was by no means the beginning 
of his family’s association with engineering. At least 
as early as 1800, one of the two ironfoundries then to 
be found in Huddersfield was that of Holmes and Price, 
and, by 1809, had passed into the ownership of John 
Holmes. He was eventually succeeded by his son, 
William Cartwright Holmes I, who, with his brother, 
John Francis Holmes, traded as ‘“‘ Holmes Brothers, 
whitesmiths and gas fitters.” William Cartwright 
Holmes II carried on business at the Whitehouse 
Ironworks until 1880, when the site was acquired by 
the London and North Western Railway. He then 
moved to Turnbridge, where a new works was built 
on ground previously occupied by blast-furnaces. 
Holmes died two years later, but his three sons con- 
tinued the business with continued and increasing 
success. The last of them, Mr. P. F. Holmes, died in 
1941, and in 1949 the whole of the share capital was 
taken over by a holding company, B.H.D. Engines, 
Limited, who also control the Bryan Donkin Company 
and British Furnaces, Limited, both of Chesterfield, 
George Waller and Son, Limited, of Stroud, and 
B. Thornton, Limited, Huddersfield. The book traces, 
with many illustrations and reproductions of old docu- 
ments, the development of the firm and of the plant 
that they manufacture, and contains also a full descrip- 
tion of their — resources and activities, and some 
particulars of their apprentice training scheme. 


The Royal Dutch Petroleum Company (N.V. Koninklijke 
Nederlandsche Petroleum Maatschappij) Diamond 
Jubilee Book. 

By PROFESSOR ‘F. C. GERRETSON. 
Company at The Hague. 
Tue Royal Dutch Petroleum Company was established 
on June 16, 1890, with a capital of 1,300,000 guilders, 
to work a concession obtained by Aeilko Jansz Zijlker 
from the Sultan of Langpat. The concession was to 
expire on August 8, 1958, which, at the outset, appeared 
to put a period to the life of the company; but the 
inspiring leadership of a succession of notable men— 

J. A. De Gelder, J. B. A. Kessler and, especially, 

Henri Wilhelm August Deterding—enabled the busi- 

ness, in the words of this book, to prosper, flourish and 

become great “‘as no other Dutch company has done 
since the days of Holland’s Golden Age.” They 
achieved this largely by a policy of combining with 
other oil companies, and through one of these, the 
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strike a nice balance between formal discussion and | 





schappij, they became associated with the Shell 
Transport and Trading Company. Both companies 
retained their identity, but they founded together the 
N. V. De Bataafsche Petroleum Maatschappij, to 
undertake exploration and production, and the Anglo- 
Saxon Petroleum Company, who were responsible for 
transport. Many other developments followed, which 
are duly set out in this book, wherein oil exploration, 
production, processing, chemistry, transport, research 
and marketing are all dealt with in turn. There are 
many in these days who, on principle, oppose the 
existence of big industrial combines, but there could 
be no better illustration than the story of the Royal 
Dutch-Shell Group that there are some activities that 
can only be pursued successfully in a big way. 
Bearing Lubrication. 

C. C. Wakefield and Company, Limited, 46, Grosvenor- 

street, London, W.1. [Price 21s.] 
Many books have been written on the theory of 
lubrication, but most of the practical data in the 
literature of the subject have originated with the 
suppliers of lubricating oils. The present publication, 
compiled by Mr. John Harrison, M.I.Mech.E., goes 
somewhat farther than the usual run of oil companies’ 
compendia—most of which have begun as guides to oil 
salesmen—in that it deals with the design and con- 
struction of bearings as well as the selection and use 
of oils, illustrating the various points by references, 
with diagrams, to the practice of firms in different 
branches of engineering. The theory is by no means 
overlooked, and the book includes a great deal of data 
on comparative methods of measuring viscosity, bearing 
metals, the calculation of loads on bearings and gears, 
etc.; but the greater part of it is devoted to practical 
applications, for which reason it should be of particular 
value to draughtsmen and machinery designers in 
general. Towards the end, a page is devoted to the 
various lubricants supplied by the Wakefield Company, 
but this is almost incidental ; the book is much more 
than a catalogue of the products of a single firm. 


De Schepen Die Wij Bouwden 1875-1950. 


Published by the N. V. Koninklijke Maatschappij 

“De Schelde,” Vlissingen, Holland. [For private 

circulation.] 
THE subtitles of this souvenir volume—‘“ The Ships We 
Built,” “‘ Les Navires que nous avons Construits”” and 
** Los Buques que hemos Construido”’—serve as re- 
minders that the Dutch, like the British, having lost 
much of their overseas Empire since the war, must 
(also like the British) make special endeavours to 
encourage trade in other directions as self-sufficiency 
and/or impecuniosity develop in the territories which 
they formerly administered. Practically the whole of 
the book consists of illustrations, except for an inter- 
esting historical introduction and a list of the ships 
built by the firm ; and almost the entire text, including 
the captions to most of the illustrations, is printed in 
Dutch, English, French and Spanish. Many of the 
reproductions are from photographs of early ships built 
by the firm and are of considerable historical interest, 
but there are also many which show modern vessels 
and work in progress in the yard, and such other 
activities as ship repairing, and the construction of 
aircraft, motor vehicles and bridges. A feature of 
value for reference, but which too often is missing from 
publications of this kind, is a complete list of the ships 
built since the yard was founded, giving in each case a 
brief description, the date, the owners, and (where 
necessary) the vessel’s eventual fate. The English 
translation is well done, and the occasional slips 
(such as “canal steamer” for ‘“‘ channel steamer ”) 
should not mislead anyone. 


END OF THE ONE HUNDRED AND SEVENTY-FIRST VOLUME. 
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Newbury Diesel Co. 
Newton & Co. Ltd. . 
| Newton, Chambers & C 0. - 


| Nitralloy, Ltd. 

1| Opperman, 8. E., Ltd. 
| Ormonde, Ashton, Ltd.. 
bo | Lid.” Samuel, & Co., 


Ma- 


37 
45 


6 
18 
28 


Ltd. 


21 | 


Parsons, 6. A. “& Co., 
Ltd. 


2 Paterson Eng’ g. Co., Ltd. 
8) Paterson ‘a Eng’ &. 
| Co., Lt 
14| Perfectair, Ltd. 
1) Pitman, Sir Isaac, & Sons 
Ltd. 


72} Platt, Samuel, Ltd. 
75 | Plus Gas Generator C 0., 


46 | 
60 | Power Plant Co., oe. 
| Pump Unit, Ltd. 
73 | Raliwes, Mine & Planta- 
| tion Equipment, Ltd. 
al Ransome & Maries Bear- 
8! ing Co., Ltd. 


Matthews & Yates, Ltd. “ 3| Reavell & Co., 


| Stanweld 


| Stephens 

| kaa, . 

Stewarts 
L 


2 | Positive Lock Washer Co. ’ 
Ltd. 


Ltd. ‘ 

Renold & C oventry Chain 
Co. 

Researc h Engineers, Led. 

A. € 


Rhodes, Brydon & Youatt, 
td. 


Reyrolle, oo 
td. 


Rive & Co. (Leeds), Ltd. 
Riley, Robt., Ltd. 
Robey & Co., Ltd. 
Rodgers Bros., Ltd. 
Royce, Ltd. 
Rushton, Edward, Son & 
Kenyon 
Russell, Geo. 1a 0. 
Serck, H. O., Ltd. 
Siegrist Orel, Ltd. 
Silentbloc, Ltd, 
Simmons& Hawker, Ltd. 
Simons, Wm.,&Co., Ltd. 
Simplifix Couplings, Ltd. 
Small & Parkes, Ltd. .. 


, Ltd. 


| Smedley Bros., Ltd. 
| Soag Machine Tools, Ltd. 
| Somers, Walter, Ltd. . 


Spear & Jackson, Ltd... 
Spencer-Bonecourt, Ltd. 
me eenamte: 
Co., Li 
Stein, J. G., & Co., Ltd. 
Belting Co., 
and Lloyds, 
Stone, J., & Co. (Charl- 
ton), Ltd. 
—o (Sheffield), 


stube, Peter, Lta. 
Sulzer Bros. (London), 

| on 
Swift, B. & P., Lta. 
Tangyes, Ltd. 


Tattersall & Sons, Lta.: 
Taylor & Challen, Ltd. . 


41 | Taylor & Hubbard, Ltd. 


PAGE 


44 


AGE 
Taylor Industrial Clute n- 
Telco, 


50 | Thomas & Bishop, Lta, 


67 | 


, Ltd. 
5|Unbrako Socket 





60 
38 

| 
20 | 
66 | 
75 


Thomas, Rich. & Bald- 
wins, Ltd. 


| Thompeon, , John (W’ton), 
ti 


| Tonks, John, & c 0., Ltd. 

Turner Bros. Asbestos 
Co a 

Screw 
Co., Ltd. 

United States Metallic 
Packing Co., Ltd. 

er Lift en g., = 


Vickers, Lid, 
Visco Eng’g. Co., 
Vokes, Ltd. 
Wailes, Geo., & 


Ltd, 
Ward, Thos. w., , Lta. 
Ward, Wm. ; Son (Shef- 
field), Ltd. 
Weir, G. & J., Ltd. 
ae Tube Works, 


Wellman Bibby Co., Ltd. 
Wellman Smith Owen 
Eng’g. Corp., Ltd. 
Westinghouse Brake & 

Signal Co., Ltd. 
Wharton Crane & Hoist 
Co., Ltd, 
White, Jacoby, & Co., 


Wickman, A. C., ‘Lta, 
Widnes Foundry & Eng’ g. 
Co 


Ltd... 


ote 


Ltd. 
Wigglesworth, Frank & 
Co., Ltd, ; 
Willford & Co., lta, . 
Williams & James (En- 
gineers), Ltd. 
Wiseman, A., & Co., Ltd. 
Worthington - Simpson, 


a & Co., Ltd. 





FAMOUS FOR SPRINGS 
AND PRESSWORK SINC 


ROBERT RILEY LTD., MILKSTONE SPRING WORKS, ROCHDALE, TEL. ROCHDALE 2237, "GRAMS “RILOSPRING” ROCHDALE 











BACKED BY* ONE .§HUNDRED- YEARS EXPERIENCE 























Sluice Valves up to 48” diameter, and parallel 




















Slide Valves up to 16” diameter for all conditions. 


ALSO 


requirements for close and normal pressure control. 




















‘“‘Foster’’ Reducing Valves covering all 






































Iron and Steel Globe Stop Valves with a wide range 




















of Trims up to 12” diameter. 

















Iron and Steel Check Valves for normal and 

















difficult conditions. 


























All types of Valves for Steam, Oil, Gases and other 




















mediums in Iron, Steel and Bronze. 






































V 


LTD. PATRICROFT - LANCASHIRE - 
16 Dartmouth Street, London, S.W.|. 


Phone ECCLES 3487-8-9 Grams BEACON, PATRICROFT 
Telephone: WHitehall 3988. 


IR W. H. BAILEY & CO. 


LONDON OFFICE: 
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CONVEYOR: ELEVATOR G 


BULL BRIDGE WORKS, 
Veaphone Hess 2779; 
Accrington, Lancashire. Telegram" Conveyor,” Acringtam 








SPIRAL CONVEYORS, 











ARTHUR HEATON & COMPANY LIMITED 


OFFER THEIR SERVICES 
TO SOLVE 
YOUR 


HEATING PROBLEMS 


SPECIALISTS IN 
THE HIGH PRESSURE HOT WATER’ HEATING SYSTEM — ALL CLASSES OF 
STEAM — WATER — GAS & AIR PROCESS PLANTS — DRYING — VENTILATING 
& AIR CONDITIONING INSTALLATIONS — PIPE FABRICATION — COILS, ETC. 


WRITE FOR ONE OF OUR ENGINEERS TO CALL AND GIVE YOU FURTHER DETAILS 


TO: HEATING & VENTILATING DEPARTMENT, 
VALLEY A sete 
ee GE 
YORKSHIRE 




















— 











REGISTERED 





TRADE MARK 





ONE OF A NUMBER OF SETS | 
IN A CHEMICAL PROCESS 
PLANT 





TURBO BLOWER SET ON TEST BED 
(BY COURTESY OF MESSRS. REAVELL & CO. LTO.) 


POWER PLANT SPEED INCREASING UNIT 


Transmitting 350 B.H.P. from motor at 1475 R.P.M. 
driving Turbo Blower at 12500 R.P.M. 










5The POWER PLANT CLT? WESTDRAYTON 


BUCKET ELEVATORS, Etc. 
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The construction of Marine Dredging 
Plant is a highly specialised business 
with which the name of SIMONS has 
become synonymous. Specially 
designed to meet every dredging 
problem, Simons Dredgers are oper- 
ating in every quarter of the globe. 


BARGE LOADIN|G, BUCKET AND 
PUMP HOPPER DREDGERS 


* 
RECLAMATION, RADIAL, TRAILING & 
CUTTER SUCTION HOPPER DREDGERS 
e 


ALLUVIAL RECOVERY DREDGERS 


REPLACE PARTS FOR EXISTING 
DREDGERS 





ji 





codes used ., eaition 
A. B. Cc. m eaition 


=. Simons 


weet INVENTORS AND FIRST CONSTRUCTORS OF HOPPER DREDGERS 
EgyP Telegrams: ‘* SIMONS, RENFREW." 
London Office: 157, VICTORIA ST., WESTMINSTER, S.W.|! 


Wh. SIMONS & co LTD ° RENFREW ° SCOTLAND 








ih 



























Yours the problem: 
Harveys the answer! 


Whenever it is a question: 
_ of “where to get” machin- | 
ery guards or any form of 
wirework—remember 
Harveys, for Harco Wire 
Machinery Guards are the 
ees SO) : ; most effective protection 
NG one Of aramaravavaracy wee fi against the risk of accidents 

ery i Kot from machinery, belts and 
pulleys. 


Write for folder EG 725 


























& Cw. (London) Ly 
i Woolwich Rd. London. 
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BURTONWOOD 


UNIVERSAL OIL SEAL 






Seals of 4} ft. 
diameter or a mere 
+ inch—seals for a giant 
steel rolling mill, or the 
smallest bearing. The 
Burtonwood Universal Oil Seal 
is today being specified for 
every branch of engineering. 
Write for detailed par- 
ticulars, reference 
US/EG. 










The seal of satisfaction 


BURTONWOOD ENGINEERING C0. LTD 


BURTONWOOD, WARRINGTON, LANCASHIRE Tet.: Newton-le- Willows 3311 (10lines ) 





* 8.W.18. VANDYKE 4706/8 


SOUTHDOWN WORKS * POINT PLEASANT - WANDSWORTH - LONDON 





SS a, 


<a 








osama 


The 
PRACTICAL 


ENGINEER 


POCKET BOOK 
1951 


With over 750 closely-packed pages of inform. 
ation, this pocket book is an amazing achievement 
at the price. Edited by N.P.W. Moore, it is fully 
illustrated, and includes Technical Dictionaries in 
German, French and Spanish. 

“A wealth of useful information.’”-—ENGINEER- 


B'G ner 
ING AND BOILER HOUSE REVIEW. 


| al P i TMAN Parker St., Kingsway, London, W.03 


now— 
A 750 pase 
reference | 
book for 
only 




















ELECTRIC PULLEY BLOCK HOISTS 


Matterson Hoists are compact 
and efficient, require but little 
attention to keep them in good 
condition and are made through- 
out by men taking a pride in 
their job. They will not let you 
down. 


Two-speed Hoists with instantly obtainable 
creeping speed are available as illustrated. 


MATTERSON LTD. 


ROCHDALE, ENGLAND. 
Telephone : 4194. 





Matlicity 





















In the many branches 

of Engineering, in every country, 
we serve Industry’s vital need 
for socket and square head 


high tensile screw products. 


The manufacturing range includes 
Whitworth, B.S.F. B.A. D.I.N. V.S.M. 
A.N.C. A.N.F. and the new Unified 
Threads. The British Standards 

are stocked in Coventry and at Depots 
throughout the U.K. Other threads 
are available in their appropriate 
Countries in a variety of 


sizes and lengths. 


NBR AK mae 


Stocked and Distributed by CHARLES CHURCHILL & CO., LTD., Coventry Road, Bir rmingham. 
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7 SIMPLIFIX COMPRESSION JOINTS 














ms FIT AULD’s PATENT 
a REDUCING VALVES 
om for all duties on Steam, 
Air or Water Services 
on, W.08 
— AULD’S PATENT 
— Full Bore Safety Valve 
— enables full area of seat 
to be utilised for 
discharge. 
Patent Full Bore Class “A” 

ct Safety Valve ceniniemenemnd Reducing Valve 
: We also manufacture 
- SURPLUS VALVES, COMBINED SURPLUS AND 
in REDUCING VALVES, {STOP VALVES, STEAM 
. TRAPS, | DE-SUPERHEATERS, |= COMBINED 
. REDUCING & DE-SUPERHEATING UNITS 
d. ee 

DAVID AULD & SONS Lt. 

Whitevale Foundry, GLASGOW, 

_ Telephone No.: Bridgeton 2124 Telegrams: “ Reducing,” Glasgow 





a 








s ryt 2 
i! thy f 
cS 


+ Sealing Ferrule 








Nut = Anti-Friction 
lar 


COMPRESSION JOINTS in BRASS and STEEL 
for OUTSIDE DIAMETER] and INTERNAL 
DIAMETER COPPER and STEEL TUBE. 


No Belling or Brazing Required. Joint made by Screwing up Nut. 


Standard Fittings B.S.P. Thread, Male and Female Ends. 
A.P.|. Thread when: required. 


In General Use by: 
ENGINEERING FIRMS, OIL REFINERIES, GAS INSTALLA- 
TIONS, OIL ENGINE MAKERS, SHIP BUILDERS, 
COMPRESSORS, MOTOR TRAILER MAKERS, INSTRU- 
MENT PANELS, PUMP MAKERS, OIL FUEL 
INSTALLATIONS, ETC., ETC. 


Catalogues and information on application, from : 


SIMPLIFIX COUPLINGS LIMITED 


157, VICTORIA STREET, LONDON, S.W.|I. 
Telephone :—ViCtoria 0273/0274/9579. 


























SENSITIVE RAD'AL DRILLING! MACHINE 
by Midgley & Sutcliffe. This masterpiece 
of precision engineering, one of the 
world-famous RICHMOND line, is of the 
non-elevating arm type. In two sizes— 
36in. and 48in. radius—the S.R.2. has 9 


0 spindle speeds (100 to 1500 r.p.m.) and MACHINE TOOLS 


a capacity of I} in. in mild steel. - 





MIDGLEY & SUTCLIFFE LTD., HUNSLET, LEEDS 10 (Tel. 76032/3) 
And at 39 St. James Street, London S.W.!. Tel. REGent 3445 














Here is a Dominion ‘‘Matchless” Conveyor Belt delivering coal irom barges at the MURSTON 
(Sittingbourne) WORKS of Associated Portland Cement Co.Ltd. The belt is exposed to al! weathers. 


Dominion also specialize in Hose for every industrial purpose 


DOMINION RUBBER COMPANY LTD. 


62 & 64, HORSEFERRY ROAD, LONDON, S.W.!) 
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HUGHES & LANCASTER LTD. 


“SHONE” 


PNEUMATIC AUTOMATIC 


EJECTOR q 



































The most efficacious method of raising sewage, sludge, trade wastes» sp 
chemical liquids, etc., from one or more points, and conveying to any mn 
other point. The construction is simple, using compressed air as motive Th 
power, with a minimum of moving parts, leading to absence of wear sp 
and continuous functioning for long periods without attention. Detailed of 
schemes submitted for any project. a 
by 
; AIR COMPRESSORS we 
9 eee “He SS eee For use with our ejectors, and also co 
Pp U M Pl N G WAT M R AT Bl R M | N G HA M for general purposes, we manufacture Th 
ie a complete range of vertical type no 
eae totally enclosed air compressors filt 
suitable for any form of drive. me 
Six vertical spindle centrifugal motors driving Sulzer pump} be 
i bs at Frankley Pumping. Station. 5 ENQUIRIES INVITED. . 
This illustration is ‘§ fue 
reproduced by Two of the motors are of 410 h.p., two of 340 h.p. and | A lat 
paeaen: ng sia ale A HUGHES & LANCASTER LTD. C 
BIRMINGHAM CITY These motors are supplied from the 400 volts side. of 1, ; Pe 
WATER DEPARTMENT kV/400 volt step-down transformers. The ce ACREFAIR ENGINEERING WORKS AU 
A idger Esq., i i . T. switchgear, 

| Cee ere tenet CUT ee es oi WREXHAM °° DENBIGHSHIRE cc 
Chief Engineer. and rectifiers for D.C. services in this station were supplied” LE, 

by E.C.C. London Office : 


20, ASHLEY PLACE, VICTORIA, 
S.W.1 








THE ELECTRIC CONSTRUCTION COMPANY LIMITED 
BUSHBURY | ENGINEERING. AS A MEMBER OF THE BUTTERLEY GROUP 


@ El 


ZS WOLWERHAMPTON 
‘ # ENGCLANL[ 





M 











Saves weight—Increases strength 





























Welded steel is being increasingly used instead of 

cast iron. It increases strength and decreases 

weight. The bedplate illustrated (made for export) 

is one of the many examples given in the 

catalogue “BOOTH WELDING” which will — 

be sent on request. 

B O OT H We shall be glad 

ALL ~ WELDED to help you with 
STE E LWO RK your . fabricating 
| problems. 

Write. 
ALFI 


JOHN BOOTH & SONS (BOLTON) LTD. HULTON STEELWORKS, BOLTON 
Telephone : Bolton 1195 _—- 
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PATENT 





Regd. Trade Mark 


tS 


e 
fof foo 
5 SA 
. ; ate 
Pe 


ee ae 


Lisa 


metal-element filters - 
=o 





The Purolator filter has filter 
spaces which are precision-made by a 
patented process. 


The completed element is made from 
specially formed wire and is therefore ———— 
of great mechanical strength : it is a 

permanent and being smooth, is pro- 
vided with a cleaning blade operated 
by an external handle, without in any 
way disturbing the filter or its pipe- as 
connections. & 


The construction is highly efficient, 
non-choking, and gives perfect edge 
filtration. The standard elements are 
made in brass, but other metals such 
as Monel metal or stainless steel can 
be used in quantity production, for 
fuel oil, lubricating oil, water circu- 
lation systems or other purposes. 
) Compact and light in weight. 

Permanent and ‘Cleanable’. 
AUTOMOTIVE PRODUCTS 


COMPANY LIMITED 
LEAMINGTON SPA. 





i Et N 

















MAAAAAAA 

Exaggerated view of = 
part of filter element. SOOO 
Ss 


ad NAN 






































NNAA 
“AN 








NOOO 
MSs 


FULLY PATENTED. 








O 
BOILER FEED REGULATORS 


AVAILABLE IN VARIOUS PATTERNS 


High pressure pattern with FORGED STEEL inclined 
power producer suitable for use where flow charts are 
kept. 


EXCESS PRESSURE REGULATORS 


for use with CROSBY feed Regulators ensure a constant 
differential across feed regulator and therefore accurate 
regulation. 


Pioneers of Feed Regulators 
and Automatic Controls 





HUNDREDS OF REPEAT ORDERS. 





BRITISH MANUFACTURE 


Pamphlet E197 on request to :— 


CROSBY VALVE & ENGINEERING Co. Ltd. 


CROSBY WORKS, EALING ROAD, WEMBLEY, MIDDX. 




















a gear-type coupling 

















In Wiseman gear type 
couplings provision is 
made for shaft misa- 
lignment. 
smoother running, 

less wear and correct 
tooth contact which in 
_ U turn gives minimum 


This means 





it 


- as 

%*The diagram shows how the teeth 
of the inner member are ‘‘crowned” 
by a special profile grinding process. 
These couplings are manufactured 
from high grade steel, in eleven 
standard sizes and two types. 


Write for leaflet C.40/EG 
, ALFRED WISEMAN & CO. LTD., Glover Street, Birmingham 9 
London Office—Carlisie House, Southampton Row, London, W.C.1. 












INSPECTION 
IN TOP CEAR 


got \LE PROYe 


‘ 
RS 





NEWTON & CO., LTD., 72, Wigmore Street, London, W.|. 


Associated with Metropolitan-Vickers Electrical Company Limited. 
A Member of the A.E.1. Group of Companies. 
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COPVOSCON- 

















PROTECT irreplaceable 
machinery with 





FORMULA “B” 
PROTECTIVE FLUID 


Steel is scarce, machinery valuable. Protect both with Plus-Gas Formula 
‘B’. The fluid is easily applied. It forms a tough, transparent film. 
Both new and existing machinery can be protected simply and inexpen- 
sively. Formula ‘B’ will protect all steel, whether in use or in store. 
It is supplied in five types, clear, red, gold, green, black. 


Approved by the Admiralty 
Well-known users include : 





British Electricity Authority 
British Railways 

National Coal Board 

Ministry of Works 

Ministry of Supply 

The Bristol Aeroplane Co. Ltd. 
The British Oxygen Co. Ltd. 
Butters Bros. & Co. Ltd. 
George Cohen, Sons & Co. Ltd. 








Richard Costain Ltd. 

E.M.I. Factories Ltd. 

Thos. Firth & John Brown Ltd. 

Fraser & Chalmers Engineering 
Works (The General Electric 
Co. Ltd.) 

Harland & Wolff Ltd. (London) 

Ilford Ltd. 

Leyland Motors Ltd. 

London Brick Co. Ltd. 

John Mowlem & Co. Ltd. 

Standard Motor Co. Ltd. 

Vickers-Armstrongs Ltd. 

Thos. W. Ward Ltd. 


Our fully qualified Consultants 
throughout the country are at your 
service to advise on all corrosion 
problems. Fully descriptive litera- 
ture on request :-— 


PLUS-GAS GENERATOR COMPANY LIMITED 


Plus-Gas House, 89 Cromwell Road, London, S.W.7. 
Tel : FRObisher 1048, 1049, 1889 


DRILLING, BORING, TAPPING 
and HONING SPECIALISTS 


Radials 2 ft. 6 in. to 12 ft. Radius 
Verticals | in. dia. to 5 In. dia. Capacity 

Horizontais 1} In. dia. to 4in. dia. Spindles 
Honers # in. dia. to 12 in. dia. bores 







Send for partieulars to: 


KITCHEN & WADE LTD. 


ARUNDEL STREET, HALIFAX, ENGLAND 
Telephone: HALIFAX 61173 













for the 
needs of 
the present 
an 
investment 
for the 
future 














A post-war develop- ~ 
ment embodying 
* many new features in 
calender design. 


















(WRITE DEPT. A) 





3 


PLASTICS 0U R 


DAVID BRIDGE CO. LTO. CASTLETON, ROCHDAL 
ENGINEERS TO T RUBBER & NODUST 
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JUNE 29, 


1951. ENGINEERING. 13 








dies 


\ 
(\ 
\ 


FULL RANGE 
from |1"-to 54” 
diameter. 











SEGMENTAL 
o  SAWS——_ 


For fast feeds and tough metals. 
*‘SPEARSEG’ Saws are produced 
to the highest standards of accuracy. 
Interchangeable spare segments can 
be supplied. 


Saw makers since 1774. 


SPEAR & JACKSON LIMITED 


SHEFFIELD ENGLAND 





@ ss.48 








British 


STOCK 
YOUR 











"Phone: SHIPLEY 53141 


70 BE SURE 









of a sound 
engineering job, ORDER 


WIGGLESWORTH 
‘“TEXROPE” 


V-DRIVES 


Completely finished 
in our up-to-date 
works, to suit your 
exact requirements. 


PULLEYS BORED TO SUIT 
SHAFT-SIZES, SAME DAY. 











FRANK 


WIGGLE SWORTH 
& C.0;1LTO 


EN GAMER S&S 


moe (ty YORKS 


Grams: CLUTCH, SHIPLEY 















(AMP) 


RAILWAY MINE E PLANTATION EQUIPMENT LTD 





e 
ha 


RAILWAY MINE & 
PLANTATION EQUIPMENT 


LTD. 


IMPERIAL HOUSE - DOMINION STREET - LONDON. E.C.2. 


Telephone: CLErkenwell 1777 (8lines) 


Cables: Minplan London 
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OR a long time the name of Robey of 





Lincoln has meant reliability and unexcelled 


workmanship. Examples are to be found in 





over fifty Universities and Colleges throughout the 
British Isles and Empire, where the engineers of 


tomorrow are being trained. This fact also explains 


the many testimonials received by us. | “nage BOLTS 
Steam Engines | eee SETSCREWS, 


From Gilbert Walker of Nakuru. Kenya — “Still going strong 
after 39 years work.” This refers to a Horizontal Medium Engine N U T S 
which was supplied to him in 1911. 


B.S.S. 916 
We manufacture Black Bolts with Hex., 


Oil Engines : Square, Cup and Csk. heads fitted with 

Hexagon oF Square Nuts; also Black 
Hexagon Setscrews. Our manufacturing 
range extends from }” up to I}” diameter:— 





From the Fife Redstone Quarry — “We should like to take 
this opportunity to convey to you our appreciation for the 
splendid service we have enjoyed from your engine. Installed 
in 1936, it has never let us down, not once having had a 
mechanical breakdown, in 134 years running, 84 hours per day.” 
Robey 120 b.h.p. Oil Engine. }” DIA.- up to and including 2” long 
#;” DIA.- up to and including 2” long 


Boilers - 7 3” DIA.- up to and including 4” long 


4” to 14” DIA.- any length supplied 
From Gestetner Ltd. —“Our Steam load, in spite of the heavy 
fluctuations which occur for twenty minutes every hour, and 
which is very necessary to the success of our processing work, ie mh ees Ce 

has been maintained for the past ten years at an average THE LANARKSH | RE 


Thermal efficiency of 75%, with an average Evaporation of ee 0 1TD 
7.8 ib. of water for each 1 Ib. of coal burned. The fuel being BO LT & R V ET C L 


50% Graded and 5!)% Opencast.” Five Robey Economic Boilers. 


Mining Equipment 


From “Colliery Engineering” —“A special feature of the new 
winders at these collieries.is a positive power brake designed 
by Robey and Co. Ltd. to overcome the limitations of the 
normal weight-operated brake without sacrificing the principal 
of failing to‘ safety.” 


Quarry Plant 


Extract from a letter to Robey and Co. Ltd. from a Quarry 
owner —"| am pleased to say the granulator is running sweetly 
and is producing the best sample of chippings | have ever seen.” 


B.S.S. 325 


BURNBANK - LANARKSHIRE - SCOTLAND 








The illustrations below are of some of the publications we have 
prepared on all our products. These publications are available 
to all genuinely interested persons and can be obtained by a 
letter to the address below. 


You will always find our fittings comply to the tolerances laid down 
by British and American Standards, whether they are I}” bore or 
12” bore, standard or extra heavy quality. 


In 45°, 90° and 180° long or short radius bends. 


MUNRO & MILLER LTD. 
Pinewor!l cn cinser -rors 


er onter 
" 4 a 


ROBEY & CO. LTD « LINCOLN 


aed 
= 
SZ 
%) 
SJ 
= 
Co 
uLy 
uy 
oe 
4 
— 
(Uy 
—I 
<r 
(UL) 
Co 
2. 
o 
=5 
— 


RICA SE’ KINGSWAY LONDON WC2 
ALSO MAKERS OF AIR COMPRESSORS e ROAD AFRICA HOUSE KINGSWiy 


ROLLERS e DECORTICATORS e SOIL iia 








9ST. 


dex., 
with 
slack 
iring 
ter:— 


long 
long 
long 


supplied 
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SHOT BLAST MACHINES 


for 


SHOT PEENING 
WORK HARDENING 








J.W. JACKMAN & CO., LTD, 


Vulcan Works, 
Blackfriars Road, MANCHESTER. 

















Telegrams : Telephone : 
“Blast,”” Phone, Manchester Deansgate 4648-9. 
ay 9? 
us 
pmersible pump Y° 





put it’ '* 

Th e5> ( “That makes a difference, does it? Let’s get this straight. 

¢ I know about the pump being direct coupled to the motor 

under water. I know you don’t get all that spindle-cum- 

-- bearing trouble. I can see you don’t need a pump house. 
, What else has the Electromersible got ?”’ 

‘3 “I'd have thought that was plenty — the headaches 

— ~> and money saved by cutting out the vertical shafting 

| ,, and its bearings as well as the cost of a pump house. 

, The Hayward-Tyler wet motor Electromersible 

pump is filled with fresh water before immersion. 

This water cools and lubricates the motor. The 

raw water is kept out by a seal. A flexible 


raesa: 

















, diaphragm permits pressure equalisation so 

, there is no limit to submersion depth. 

Furthermore — but read this leaflet — 

it explains it all better than I can” 

The leaflet is our issue 8.4901. May 
we send you a copy. 


HAYWARD-TYLER & CO. LTD., 


LUTON, BEDFORDSHIRE. TEL: LUTON 3951-5 
London Office : 20, Grosvenor Place, Westminster, S.W.1. Tel: SLOane 7552 
Makers ofa variety of Oil, Country, Cargo Oil Centrifugal Process, Reciprocating and Electromersible Pumps. 








THE SYMBOL OF SPECIALIZED DESIGN 








LIMITED 









FOR PNEUMATIC & HYDRAULIC CONTROL 


The useful characteristics of hydraulic or pneumatic mechanisms may be 
combined with the simplicity and flexibility of electrical controls through 
the medium of electrically operated valves. 


THREE-WAY CHANGE OVER 
FLAMEPROOF VALVE (fully covered 
by a Buxton Certificate). 


A Typical valve has a 2in. orifice con- 
trolling pressures up to 40 Ib. p.s.i. 
This is particularly suitable for the 
electrical control of large diaphragm 
pneumatically operated valves. It 
may be supplied either as a Nor- 
mally Open or Normally Closed 
valve. Larger or smaller orifices 
are available for correspondingly 
lower or higher pressures. 


The electrical windings are fully 
vacuum impregnated and are sealed 
against ingress of moisture. They are “flash” tested at 
2000 volts A.C. and are continuously rated for any derived 
D.C. voltage. Where A.C. only is available, suitable 
rectifiers may be supplied. 








FLAME-PROOF RECTIFIER 


for use with the Three-way Change over Flameproof 
valve (as above) when only A.C. voltages are available. 


Normal industrial direct operating valves are also supplied with orifices 
varying between | m/m to | in. dia. for ere higher or lower 
pressures, ranging between 6000 Ib. p.s.i. and 15 Ib. p.s.i. maximum 
respectively. 


For the control of high pressures with large orifices, pilot operated 
relay valves are available. 


We are prepared to design and manufacture valves to meet special 
requirements. 


LECTRO- 
YDRAULICS 


LIMITED 
ROAD - WARRINGTON 


Grams: “HYDRAULICS”, WARR. 
Ae 






LIVERPOOL 


Tel: WARrington 2244 
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B.M.B. 
STEEL 
BALLS ‘: | 

from .006" DIA. 4 if . 

+ 000025" <> 





We specialise in precision miniature steel balls in a range of sizes 
from .006”. Grade A25 are produced to a tolerance of +.000025’ 
and Grade Al to a tolerance of +.0001” in any one given batch. 
Both grades are fully A.I.D. approved and their precise accuracy is 
proving the answer to problems in many industries. 

We also manufacture precision miniature ball bearings from 
5/64” to 3/16” diameter bore and in all metric sizes from 
| mm. bore. 

The B.M.B. catalogue with complete specifications and quotations 
can be obtained from :— 


Sole Selling Agents for 
British Manufactured Bearings Co. Ltd. 


° IM ° Bsaau1/,/ 


2 BALFOUR PLACE, MOUNT STREET, LONDON, W.! 
Ete SO le 1.'9. «62606. 6.9 00s, Wp Oy ecb 08,4 GROsvenor 3155 (3 Lines* 

























eee We have 
no axe to grind ! 


If we made cast iron pulleys only we would recommend cast iron 
pulleys ...if we made aluminium pulleys only, the emphasis 
would be on aluminium. Since we make Soth we know the pros 
and cons of both metals. For unbiased advice on any transmission 
problem, consult Franber whose only speciality is transmission itself. 


@ FRANBERVEE ROPES = @ CAST IRON PULLEYS = @ ALUMINIUM PULLEYS 
FRANCIS W. BIRKETT 


AND SONS LIMITED. 
** Masters in Power Transmission"’. 


CLECKHEATON, YORKS. 
*Phone : Cleckheaton 961. 












CARDIFF, BIRMINGHAM, BRISTOL. 











AND LONDON, MANCHESTER, GLASGOw 









EQUIP ” Con WITH - 
AIRFLEX CU//CHf5 





% ol | . | noe | 
+ BRITAINS MOST VERSATILE CLUTCH - 


. and is undoubtedly, the greatest step forward in clutch design during the last twenty-five years. 
Simple in design and operation, this clutch enables even the largest machines or driven units up to 
2,000 h.p. to be set-in motion by no more than fingertip pressure. The illustrations shown indicate 
the versatility of the~Airflex’ clutch, these being but a few of its many successful applications. 


Weit fot Re tieubao ot Ask one Ch tA Speciahet Ta Calk +++ 


by Ly CROFTS encineers) LTD., BRADFORD 














Every item of ‘‘ Electro Dynamic ’’ Equipment is thoroughbred with a proud 
pedigree—watchdogs of quality. Here for example is a High Frequency 
Inductor Motor Alternator—8 kilowatt, 500 cycle. 


Typical of ‘‘ Electro Dynamic ’’ design and craftsmanship, it produces a really 
good wave form and is equally applicable to Radio, Marine and Engineering 
requirements. 


Lot us quote againet your detailed specifications. 


ypyniniil 


' ELECTRO DYNAMIC CONSTRUCTION 


Halll a 

\ COMPANY LIMITED 

Head Office and Works: ST. MARY CRAY * KENT 
Phone: ORPINGTON 2560-3 

CONTROL GEAR WORKS: BRIDGWATER - SOMERSET 


Manchester Office : 16/18 Russell Street, Manchester |. "Phone : Ardwick 2672 
Also at Glasgow and Wolverhampton. 
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ANEMOMETERS 


FOR ACCURATE MEASUREMENT OF 


AIR CURRENTS 


For Aerodromes To check the 
velocity of wind at various points 


For mines To check the ventilation 
in shafts, etc. 


For ventilators to measure the 
current of air 


For motor car builders to check 
the strength of radiator fans 


For Hospitals to measure ventila- 
tion and heating. For aeronautical 
and meteorological purpose or test- 
ing of air current in pipes, etc. 





PRESSURE GAUGES THERMOMETERS 
HYDROMETERS 
HYGROMETERS PRECISION MEASURING INSTRUMENTS 
INSTRUMENTS ‘FOR 


MEASURING THE FLOW OF WATER 
IN RIVERS, CANALS, LAKES, ETC. 


HYGROGRAPHS 


PYROMETERS 
ASK FOR CATALOGUE No. 73 EE 
SWISS MADE QUICK DELIVERY 


SIEGRIST OREL LTD., 39 BERNERS ST., LONDON, W.lI 

















Wherever the highest standard 
of efficiency is called for. 








WILLFORD & CO LTD * PARK HOUSE WORKS « SHEFFIELD. 













Paxman — pulp 
filtration plant in 


HOLLAND... 








A new Celdecor-Pomilio plant will be installed in 
this Mill at Sove, Arnhem, making it the largest 


straw pulp mill in Holland. The plant will include 
four 200 sq. ft. and one 250 sq. ft. Celdecor-Paxman 
Rotary Vacuum filters and one 91 ft. long Paxman- 
built Celdecor Continuous Digestion Tower. 

Enquiries for Paxman made pulp and paper filters 


should be made to Cellulose Development Corpn, 
Ltd., Hatch End, Middlesex, 


DAVEY, PAXMAN « CO. LTD.. 
COLCHESTER 


PAXMAN , COLCHESTER 


TELEGRAM 
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«...we have each of 


ae, 





us a trade and are in 


our proper position 


> | 


when exercising it... 


Wellington’s reply to Canning in 1827 


when asked to become Prime Minister. 


== 





ELLINGTON 
TUBE WORKS L™ 
te "Te ae 








Shh Waid | ’ w FOR STEEL TUBES AND 
Mae aii poles lR AAR si sienhen chad Asai Rit lal alas ar STEEL TUBE FABRICATION 





HEAD OFFICE & WORKS : GREAT BRIDGE -: TIPTON -: STAFFS 
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7 compact, portable and highly efficient unit not 

only quickly removes from the vicinity of the 
operator all fumes given off in the process of welding, 
but also filters the fumes before they are discharged to 
atmosphere at ground level. The flexible metallic hose 
allows the unit to be placed in the position most con- 
venient for the type of work and the welder. 

The special fire-proof cloth filter contains over 1000 
square inches of filtering surface, this ensuring a very low 
velocity through the filter, high efficiency and long life. 

This unit is particularly valuable where welding opera- 
tions inside large drums have to be carried out. 

In addition to removing welding fumes this unit also 


filters the smoke and removes the heat of welding s a 
INTERESTED? 


operations. 
KEITH-BLACKMAN 
SEND FOR FOLDER 


— Weldafume Uw7_ 


KEITH BLACKMAN LTD., Mill Mead Road, London, N.I7. TN : TOT 4522 TA : “ Keithblac Norphone London.” € 
Also at Manchester, Birmingham, Leeds, Newcastle-on-Tyne, Glasgow, Penarth near Cardiff, and Belfast : 


} 


ANN 






























By the use of an extra set of fins on the under 

side of the oil sump in the Fan Cooled (Standard 
Type) Worm Gear Unit illustrated, heat dispersal is 
greatly increased. This exclusive feature is 

but one of the many highly specialised devices 
which have made MOSS GEAR transmission 


units famous throughout industry: 






PEECROWN WORKS: TYBURN~: BIRMINGHAM 24 


Lendon Representative: Mr. H. Wheatley, 26, Woodyates Road, London, S.E.12 Phone: Lee Green 5158 SI41A 
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SULZER 


CENTRIFUGAL PUMPS FOR WATER SUPPLY 


BIRMINGHAM CITY WATER DEPARTMENT, FRANKLEY PUMPING STATION 
C, R, Risbridger, Esq., B.Sc., M.Inst.C.E., Chief Engineer. 


6 Sulzer Borehole Type Pumps having a total capacity of 24 million gallons per day. 


SULZER BROTHERS LIMITED HAVE OFFICES AT:— WINTERTHUR - PARIS - NEW YORK - MADRID - “CAIRO = {RIO DE JANEIRO = BUENOS AIRES = SHANGHAI - KOBE, 
Agencies at:— BRUSSELS - MILAN - AMSTERDAM - LISBON - COPENHAGEN - OSLO - STOCKHOLM - HELSINKI - ATHENS - ISTANBUL - ALGIERS - JOHANNESBURG ~ HAIFA - BOMBAY 
KARACHI - COLOMBO ~ SINGAPORE - BANGKOK - MANILA - MONTREAL - MEXICO CITY - BOGOTA - CARACAS - SANTIAGO (CHILE) - LIMA - LA PAZ - SYDNEY - MELBOURNE - WELLINGTON 











/ 
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Onder construction: Howden single~inlet 
induced dra ught fan with integral 
scroll~ type dust collector and steam 


turbine drive, for Vereeniging 
South Africa. 


HOWDEN 


JAMES HOWDEN & CO., LTD., 195 SCOTLAND STREET, GLASGOW, C.5 & CAXTON HOUSE, WESTMINSTER, 5.W.1 
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2! NORTHERN 
=== IRELAND 





POULAPHOUCA 
N 


? 














Poulaphouca, with this Hydro Electric Station, 
takes its place on the map as a landmark of 
progressive Eire. The surge tank, pen-stocks 
and 100 ton power station crane are part of an 
Arrol contract which also called for the 
provision of a 70 ton inclined platform hoist 
shown on the left of the illustration. 


Hydro Electric Station, Poulaphouca, Eire. Surge 
Tank, Pen-Stocks, 70 ton Inclined Platform Hoist and 
too Tox Power Station Crane manufactured and 
installed by Sir William Arrol & Company Limited. 


All types of Steel Framed Buildings, Fixed and 
Opening bridges, Cranes and Mechanical Engineering 
work, Dock Gates, Sliding and Floating Caissons, 
Compressed Air Locks, Hydraulic Machinery, Pipe 
Lines, Surge Tanks, Sluices and other equipment for 
Hydro-Electric Stations. 
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THE STEEL TUBE AGE 


An 18-inch S & L steel high-pressure gas main 
protected externally with seamless bitumen asbestos sheathing. 
The contractors are welding the sleeve joint on a 


curve alongside the Oxford by-pass. 


STEWARTS AND LLOYDS LIMITED 


GLASGOW - BIRMINGHAM - LONDON 


Sel] 


f 
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BEHIND EVERY KIND OF PRODUCTION: 
THE TIMKEN TAPERED-ROLLER BEARING 
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Seven standard sizes are available for sawing STANDARD 
iron and steel or non-ferrous materials. The COLD METAL 
three smaller machines can be supplied as fully SAWING 
Automatic Units for mass-production sawing. MACHINE — 
Several sizes of both standard and automatic __meeae 
types are obtainable from stock, and other ’ owt 
models are available for early delivery. 


STANDARD MACHINES 


For either ferrous or non-ferrous materials. 





Maximum 
Sawblade 243 39% 149 | 63 
dia., ins. 





Maximum 
Rounds, 83 142 | 183 
ins. : 


AUTOMATIC MACHINES 


For either ferrous or non-ferrous materials. 



































Maximum 
Sawblade 123 243 314 
dia., ins. 





Maximum 
Rounds, 
ins. 























Other Heller Sawing Machines include 
RAIL SAWING & DRILLING MACHINES 


For straight cutting rails to length or drilling and cutting 
off in. the one set-up. 
Maximum Sawblade dia., 242 ins. Maximum Square, 7 ins. 


VERTICAL MITRE SAWS with sawhead turning 
through 360°. 

For mitring beams and sections utilised in structural 
engineering, etc. 

Maximum Sawblade diameter, ins. 122 242 394 
Maximum Rounds .. oo, Va 4h 83 143 


UNIVERSAL FOUNDRY SAWS with sawhead 


turning through 180° and with revolving work table. 


For cutting off headers and for general foundry work. 
Maximum Sawblade diameter, ins. 243 394 782 
Maximum Rounds .. -» ins, 82 14% 294 


COMBINED CUT-OFF AND 
CENTRING MACHINES for special applications. 


Automatic machines for centre drilling and cutting off to 
specified lengths. 


COLD METAL CIRCULAR SAWING MACHINES 


are also available for special applications such as cutting out 
operations on crankshafts, cutting large castings, etc. 
Details on request. 











A. C. WICKMAN LTD., COVENTRY fall | eae 


LONDON ‘ BRISTOL . BIRMINGHAM . MANCHESTER 
LEEDS GLASGOW . NEWCASTLE ‘ BELFAST 


- 154F 32 
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FIRTH 












BOY 1837-1951 


EXPERIENCE & DEVELOPMENT 
IN HIGHEST QUALITY STEELS 
OF ALL GRADES 


As manufacturers of Alloy Steels 
for High Duty, Firth Brown’s con- 
tribution to industry is world | 
wide, whether it be steels for 
engineering, shipbuilding, auto- 
mobile, aircraft, road and rail 
transport or for the most minute 
mechanisms of the _ precision 
engineering industries. The 
illustration shows Hardened Steel 
Rolls manufactured from Firth 
Brown Steel. 


LIST OF PRODUCTS 
Forgings—light and heavy, for special 
and general engineering. 


Forged Steel Drums and Pressure 
Vessels. 


Hardened Steel Rolls. 

Carbon and Alloy Steel Bars and Billets. 
Tyres and laminated Springs. 

High Speed and Tool and Die Steels. 


Steel Castings. 


Write for Firth Brown Buyers’ 
Guide for further particulars. 


THOS. FIRTH & JOHN BROWN LTD., SHEFFIELD 
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Photograph by courtesy of Earl, Bourne & Company, Limited 


AIR HYDRAULIC ACCUMULATORS 


FOR THE MODERN WATER OR OIL HYDRAULIC SUPPLY SERVICE 


The advantages of the air-hydraulic accumulator over the older weight-loaded type, not least 
among which are the considerable savings possible in power consumption allied with the 
increased hydraulic power usage for the same size of accumulator, are now established for 
the majority of applications. Davy-United air accumulators are profitably serving a variety 
of trades and industries. They are built in standard sizes from 10 to 600 gallon capacities 
for pressures from 750 p.s.i. to 4,500 p.s.i.— with the alternative of larger or non-standard 
sizes if required‘— and can be fitted with any of three types of liquid level control gear. 


Reduction in maintenance costs — 
almost entire absence of moving parts. 


Complete absence of shock. 


Prominent visual indications of pres- 
sure fluid level — remote if required. 


@ Indoor erection, eliminating lengthy 


pipe runs and freeze-up, and ensuring 
cleanliness and minimum installation 
costs. 


@ Saving in installation space. 


The installation illustrated, a 220 gallon accumulator with a nominal working pressure of 
3,300 Ibs. per square inch in the works of Earl, Bourne & Co. Ltd., is fitted with Mercury 
Pot Control Gear. 


DAVY- UNITED 


SHEFFIELD * MIDDLESSROUGH * GLASGOW 


* Address enquiry for catalogue to Publicity Officer, Davy and United Engineering Company Limited, Park Iron Works, Sheffield, 4 


Full descriptions of the design, method 
of operation, control systems, use and 
application of the modern air hydraulic 
accumulator are contained in the 
Davy-United Publication No. 106, 
a publication which is not just another 


catalogue. A copy will be sent on request. 
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VALVES 


FOR THE CONTROL OF STEAM 


Mastery of the elements by the engineer is largely a matter 
of devising efficient methods of control. Hopkinsons have 
the very widest experience of the control of steam at all 
pressures and temperatures, in large installations and 
small, with highly-developed mechanisms and with the 
simplest form of stop valve. If you have to control steam, 


call in Hopkinsons. 


@) HOPKINSONS LIMITED - HUDDERSFIELD 





and HOPKINSONS 





LONDON OFFICE: 


34, 


NORFOLK STREET, STRAND, W.C.2 








@ a 
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ENGLISH ELECTRIC 


transformers 

















Mobile Mining Type Transformers — Robust and Reliable 


The 150-k VA unit shown above can be supplied Special features include the protection of 
suitable for dual voltages H.V. or L.V., and the cooling tubes and large diameter flanged 
fitted with a cable box, or a flit plug or a rollers easily adjusted for different gauges or 
circuit breaker on either the H.V. or L.V. sides. rail clearances. 











The ENGLISH ELECTRIC Company Limited | 


QUEENS HOUSE, KINGSWAY, LONDON, W.C.2. 


Transformer Dept., Liverpool 


WORKS: STAFFORD+- PRESTON+s RUGBY + BRADFORD +-LsVERPOOEB 





T.LA 
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‘UNIVERSAL’ ROLL 
FORMING MACHINE 


for section and tube 








JOSHUA 


BIGWOOD & SON LTD., 


This machine is composed of standardised units, four sizes of standard unit, 
alternative side roll units supplied. Variable horizontal distance between 
units—units may be very quickly removed for servicing and replacement 
without interference with main drive. 


There is positive location of roll units on the bed, and positive location of 
idle side roll housing, which is also adjustable for passline width for short 
or long rolls. Idle side roll housing is quickly detachable for roll change. 


The bed is of standard construction, and bed units can be added at a later 
date if required. 


Other features : variable-speed, change-speed or single-speed drives: ball 
and roller bearings throughout : upper shafts have wide range of adjustment, 
constant mesh gear train to upper shaft : built-in worm reducer in each uit. 


WOLVERHAMPTON 





Blu 
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TO THIS 


As the “grindstone” of the past developed into the amazingly accurate 
precision grinder of the present,so the wheel itself became more and more a 
matter for thescientist. As thescopeand accuracy ofthe machine advancedso 
had the wheel to keep pace, for the heart of the grinding machine is the grind- 
ing wheel. The machine will still advance—its performance approach nearer 
to perfection—and then, as now Carborundum will produce the right wheel. 


THE CARBURUNDUM CU. UTD. 


TRAFFORD PARK, MANCHESTER, 
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CHER COUNTRY 


through British Skill 


Capital and manpower cannot of themselves produce a thriving new industry. The missing 
element, although not easily described in one word, is often called technique; the right 
machines correctly designed and skilfully operated. How can this be acquired? The 
process of trial and error is costly and slow. Fortunately, there are organisations—such as 
the Vickers Group in Britain—able to provide not only the most up-to-date production 
The field that 
Vickers covers includes transport by land, sea and air; mining; and manufacturing of many 


machinery, but also advice on its operation based on long experience. 


kinds, both light and heavy. A cross-section of the Group’s work can be seen at an 
Exhibition now being held at Vickers House, Broadway. London, S.W.1. 


VICKERS | 
GROUP OF COMPANIES | 














Some of the Products: HEAVY TRACTORS 
SURVEYING INSTRUMENTS °- 


MINE WINDERS, SKIPS AND CAGES °- 


RAILWAY ROLLING STOCK 


‘CLEARING’ PRESSES 
CEMENT MACHINERY - 


OPTICAL MEASURING AND 
CONSTRUCTIONAL STEEL WORK. 
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C.A.PARSONS & C 


HEATON WORKS - NEWCASTLE UPON TYNE - 6 
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fa B RASé Abrasive substances such as this, a tile glaze with a frit 


content of 65%, could, by its nature, bring many difficulties 
to the engineer faced with a conveying problem—were it 
not for the Mono Pump. 

The unique rolling motion between rotor and rubber 
stator, together with the low velocity of fluid through 
the Mono Pump contribute towards considerable 
resistance to wear by abrasive compositions. 

Ceramic compounds, builders’ plaster, 
cement mixes, coal slurry, tile glaze and 
waste effluents are some of the normal 


applications of the Mono Pump. 


Chosen for 
Power & Production Section 
Festival of Britain. 


The 


pump 
MONO PUMPS LIMITED 


MONO HOUSE, 67 CLERKENWELL ROAD, LONDON, €E.C.1 
Tel.: Holborn 3712 (6 lines) Cables : Monopumps London Code: A.B.C. 7th Edition 


Branches at Birmingham, Dublin, Glasgow, Newcastle 
MP183dm 


. B “07 HERHOOD 
ateam TURBINES 


WIDE RANGE - ALL TYPES 


also 


GENERATING SETS 
with steam and diesel engines 
& 

Air Gas and Refrigerating 
COMPRESSORS 


COMPRESSOR & POWER PLANT SPECI/ALISTS FOR NEARLY A CENTURY. 
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More productivity 


“DON ” Friction Fabrics have proved their 
worth on countless applications in a wide 
variety of woven and molded types designed 
and developed to give positive performance, 
to handle heavy loads, and to give longer 
life, cutting out production losses. 





SAVE TIME AND MONEY— 
SPECIFY “DON” — THE LINING 
FOR YOUR LOADS. 


INDUSTRIAL 
BRAKE € CLUTCH 
LININGS 































































SERVICE DEPOTS 
LEEDS: ‘Phones 20664/5 
LIVERPOOL: ‘Phone Royal 5202 
LONDON—LEYTON: ‘Phone Leytonstone 6068 
WIMBLEDON: ee ea 
HESTER: ‘Phone Blackfriars 0: 
NEWCASTLE-ON.TYNE: "Phones 27142 & 27942 
NOTTINGHAM: ‘Phone 43646 
SHEFFIELD: ‘Phone 25579 
SOUTHAMPTON: ‘Phone 71276 
STOKE-ON-TRENT: ‘Phone Hartshill 1021 
t ow, ‘Phone 66597 





ST: ‘Phone 25103 
SMINGHAD: *Phone Aston Cross 1447 
BLACKBURN: ‘Phone 6581 
CARDIFF: ‘Phone 2326 
CARLISLE: ‘Phone 589 
CHESTER: ‘Phone 21280 
COVENTRY: ‘Phone 64914 
EDINBURGH: ‘Phone Central 4234 
GLASGOW: ‘Phone Central 4595 


: “Phone 32381 : 
Beran eenen REPUBLIC OF IRELAND: DUBLIN, 35 Westland R 








1BL40 SMALL 











& PARKES LTD. HENDHAM VALE, MANCHESTER 9 ‘Phone COLLYHURST 2511 
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Grouting Pans for 
Compressed Air 
Grouting Schemes, 
manufactured in two 
sizes, No. I, size 44 
cubic feet capacity, 
No. 2, 10 cubic feet 
capacity. Supplied 
complete with piping 
and fittings, as illus- 
trated. These pans can 
also be supplied with 
bolted-on ends. Also 
supplied, if necessary, 
mounted on bogey and 
fitted with air-driven 
motor to operate 
stirrers. 
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FREDERICK BRABY & COMPANY LTD 


ECLIPSE WORKS, PETERSHILL ROAD, GLASGOW, N. TEL: SPRINGBURN 5i/5! 
OTHER FACTORIES AT: 352 EUSTON ROAD, LONDON N.W.I TEL: EUSTON 3456 @ IDA WORKS, 
DEPTFORD, LONDON S.E£.8 TEL: TIDEWAY 1234 @ HAVELOCK WORKS, AINTREE, LIVERPOOL 10 
TEL: AINTREE 1721 @ ASHTON GATE WORKS, BRISTOL 3 TEL: 6404/ @ ALSO FALKIRK & MOTHERWELL 
OTHER OFFICES: 110 CANNON STPEET, LONDON E.C.4 (EXPORT) TEL: MANSION HOUSE 6034 @ QUEEN'S 
BUILDINGS, 10 ROYAL AVENUE, BELFAST TEL: 26509 @ PALACE STREET, PLYMOUTH TEL: 226! 
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@ MOTORS designed specifically for far 
duties ; liberally rated and robustly built. 


/ @ IMPELLERS designed to give a large air 
movement in relation to size and speed 


@ PATENT RESILIENT SUSPENSION 
contributes to quiet operation. 





@ PRESSED STEEL RINGS eliminate risk 


“ of fracture when bolted to rough surfaces. 
‘ ~ 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 























L.A.MITCHELL LTD 


iA Ie mical and Indus trial Drying ld ngineers 
37 PETER ST* MANCHESTER.2 
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For long and reliable service under arduous conditions 


““Nettle”’ and “Thistle” Firebricks are widely renowned. 


Made from selected fireclays by most modern methods 
under constant laboratory control “Nettle” and 


“*Thistle”’ have set a standard for consistency of quality. 


Full particulars of our Firebrick Brands, Refractory 
Cements, Castables and Concretes will be gladly sent 


on request. 
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C.S. Housing and Side Caps, 


Weight of Housing 6 tons 


\n the sure hands 
ot Experieng 





It may be a casting weighing a few 





pounds or fifteen tons ; it may be in 





plain carbon steel or high grade alloy 


steel ; it may be simple or intricate ; 


cnuytcoromtciee| EAD, WRIGHTSON: CL? 


but the wide experience of the Steel 
TH ORNABY-ON-TEES 
Castings Division of Head, Wrightson | 





& Co. Ltd. is an essential feature of 





its manufacture. 
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6-point Recorder 





QUICK-ACTING RECORDER 


(Electronic — British Patent No. 561632) 


A sensitive and high-speed instrument with a full scale 
response time of HALF A SECOND, for rapidly recording 
magnitudes of any phenomena that can be resolved as 
electrical resistance or voltage. It can be be employed, 
for example, to measure 


VOLTAGE CURRENT RESISTANCE 
TEMPERATURE LIGHT INTENSITY, etc. 


Single or Multipoint, up to 6 points. 


on our STAND No. 7-B at the 


Details are given in SHEET No. 261-G. May we send a copy? 


@ One of the many interesting instruments that will be demonstrated 


BRITISH INSTRUMENT INDUSTRIES EXHIBITION, Olympia, July 4-14 




















as EFFICIENT. 
bearings. 
Intermediate angles by lock. 
edges and are divided to order on two edges. 


"Grams: Mavitta, 


The MAVITTA Drafting Machine stamps your drawing office 
Made of steel tube with adjustable ball- 
The main angles are located automatically, 
Scales have inlaid celluloid 


* DELIVERY DATE NOW VERY CONSIDERABLY REDUCED 


HIGHLANDS RD., SHIRLEY, 
Nr. BIRMINGHAM, ENG. 
Phone: Solihull 2231/2 


Birmingham. 












Built with 50 years’ 
accumulated experience 


» 7 If your conveyor é 

load is heavy or 
| highly abrasive, or if diffi- 
cult conditions set you a 
problem — let Goodyear 
supply a belt specially 
for your job. It will give 
- you long years of worry- 
free service. 


This Goodyear hose 
3 is built from high- 

| graderubber tube wrapped 
in tough rubberized fabric 
for greater strength. A 
protective cover of bruise- 
and __ abrasion-resisting 
rubber assures lasting 
wear, and scientific arr- 
angement of the fabric 
plies minimises kinking. 


engineers; their 


SUPPLIED 


PETER STUBS LIMITED 
ENGLAND 


WARRINGTON 


THROUGH STOCKISTS 


FOUNDED IN 1773 





RUBBER EQUIPMENT FOR INDUSTRY 


When you need industrial rubber equipment it pays to get Goodyear on the 
job. They’ve been handling rubber for over 50 years ; their designers are 
belt and hose builders have years of experience in 
their fingers. As a result, you can rely on Goodyear products to save you 
money by reliability and length of service. 








Goodyear V-Belts > i 
are of uniform accu- j 
rate cross-section. The 
load-carrying high-tensile 
endless cords are in the 
neutral plane of the belt, 
where they avoid extremes 
of tension and compression 


GOODFYE 


TRANSMISSION BELTING - 





AR 


INDUSTRIAL RUBBER PRODUCTS 


V-BELTS 


CONVEYOR BELTING - INDUSTRIAL HOSE 




















ONLY 
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METROVICK TRANSFORMERS 

















Metrovick have been supplying large trans- 

formers for hydro-electric installations for 

many years, and a recent important installation 

was for 9 single phase transformers to form 

three 30 MVA 3 phase Groups — ratio 
; 11/165 kV. The top photograph shows the 
; transformer in its tank. The lower illustration 
shows the core and windings. 














METROPOLITAN-VICKERS ELECTRICAL Co! LTD., TRAFFORD PARK, MANCHESTER 17 
Member of the A.E.1. group of companies 





METROVICK Transformers for reliable service 


E/A102 
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No finer range of Drawing Office Furniture is available than the Halden range. 


Every up-to-date refinement making for greater accuracy, greater ease in 


MODERN 


use, and economy of space has been introduced to the Halden designs. 


DRAWING The range includes Drawing Tables, Cabinets, Drawing Boards, Filing 


Cabinets, Trestles . $988 and Glass Tracing Tables. Large size boards made to 


OFFICE : ‘ Z </} own specification. For all office furniture and 
ST rniture 7 accessories consult :— 





j 





Ti 
se o/}/0 


[ 











J. HALDEN & CO. LTD., 


Branches at :— 
London, Newcastle-on-Tyne, Birmingham, | Glasgow, Leeds, and Bristol. 


Oe 


RUBBER 
CONVEYOR 
BELTING 


A Turners rubber conveyor 
belt Grade Al, 30° wide x 6 
ply with &" face and &* back 
covers carrying face ballast at 
the Weeford Gravel pit in 
Staffordshire. This 180 ft. belt 
operates at 230 ft. per minute 
up a gradient of | in 4 


Photograph by courtesy of the 
Midland Gravel Company Limued 


TURNER BROTHERS ASBESTOS CO. LTD. 


ROCHDALE ENGLAND 
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THE BEARINGS THAT REDUCE 
FRICTION OF ALL REVOLVING 
AND OSCILLATING PARTS— 
SPEEDING PRODUCTION, AND 
ALL FORMS OF TRANSPORT 
THROUGHOUT THE WORLD... 


RANSOME & MARLES BEARING CO. LTD 


| RUN ey ee 9 ee ee ae mE N G-L-A Pee 


REBUILDING 


for the Ministry of Works 

ARCHITECT: Sir Giles Gilbert Scott, O.M., R.A. 
CONTRACTORS: John Mowlem & Sons Lid. 

CONSULTING ENGINEER: Oscar Faber, O.B.E., M.Inst.C.E. 


AN INSTALLATION OF ARENS GEAR 
FOR THE REMOTE CONTROL OF AIR- 
CONDITIONING BLENDERS 


Covered by Patents 


ARENS CONTROLS LTD., TUNSTALL ROAD, EAST CROYDON, SURREY. ’ Telephone : Addiscombe 3051/4 Telegrams : Unicontrol, Phone, London 
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A complex castin 





gin STONES 


The 3600 B.H.P. ‘‘Boving’® Water Turbine. 
Photograph by kind permission of the 
Tanganyika Electric Supply Co. & Balfour 
Beatty & Co. Ltd. 


This 12-cwt. turbine runner, manufactured by Stone’s 
to the order of Boving & Co. Ltd., is another 
example of the work of our foundries, and another 
application of Stone’s Manganese Bronze. Our 
metallurgists are always ready to advise on the 
selection of bronzes for applications involving high 
stresses, arduous bearing duties, exposure to elevated 
temperatures or to corrosion. 


J. STONE & CO. cuarttrony LTD 
CHARLTON, LONDON, S.E.7 


Telephone: GREenwich 3277 (14 lines) 




















MELLOPAD an be incorporated in the 
foundation of machines to reduce the vibration 
transmitted to surrounding ground and building. 


The above recording shows the vibration from a 
foundry moulding machine. 








ELLOWES 








MELLOPAD 


PATENTED ANTI-VIBRATION MATERIAL 





(b) 
Another Satisfactory Installation? 


(a) on an ordinary foundation. (b) the same 
machine on a new foundation with Mellopad. 


MELLOPAD an also be used to isolate 
precision grinders, lathes, etc., from external 
sources of vibration. 


Send your vibration inquiries to :— 


6 Go HD 


men, Benen, SHEFFIELD OLDHAM 
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From the odd corner 


They give reliable three-phase 


And very true this statement is. As those who are 
obtaining their three-phase from them will vouch, 
Westinghouse Static Phase Converters may be installed 
well out of anybody’s way and carry on their job 
efficiently and quietly without trouble. 


In the workshops illustrated here, 52 three-phase 

motors totalling 172 H.P. are all operating from a single- 

phase supply through Westinghouse Static Phase 
Converters. Those of you, therefore, who are bothered with 
conversion problems, may now realise you have no problem. 
Single phase mains can easily be converted to three-phase to 
drive all the motors in your factory. And should it be necessary 
to install more motors to drive extra machines, the bank of 
converters can be readily added to. 





STATIC PHASE CONVERTERS 


Write for publication E.E.1. to Dept. Engrg. 6. 


WESTINGHOUSE BRAKE & SIGNAL CO. Ev is 
82 York Way, King’s Cross, London, N.I. 





Can you AFFORD steam shunting ? 


When modern Fowler Diesel locomotives offer you all these advantages : 









@ WEIGHT FOR WEIGHT more tractive effort | @ Exert maximum tractive effort from 
than steam locomotives. starting and full power through all 

gear ranges. 

@ Always ready for immediate service. 

@ During a life extending to at least 25 


@ No steam raising, no de-scaling, and| years, savings in operating costs not 
no stand-by losses. only repay purchase price, but leave 
Ss you in addition a substantial hard 

@ Need only one rfhan to operate. cash benefit. 





@ Simple and easy to maintain. 








@ Carry at least a week’s fuel supply at 
a time. 


@ Positive starting and synchromesh 
gears. 


@ Improved equipment layout; greater | pjese, LocomoTIVEs 80 B.H.P. AND UPWARDS 
accessibility. FOR GAUGES FROM 2 FT. TO 5 FT. 6 INS. 









Products of the Marshall Organisation 


Full details and illustrated brochure from John Fowler & Co,, (Leeds) Ltd., Leeds. 
Telephone: Leeds 30731 (10 lines) 
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Speciry ‘SREAVELL”: — : 


FOR EFFICIENCY AND RELIABILITY 


RECIPROCATING COMPRESSORS 
ROTARY COMPRESSORS 
TURBO COMPRESSORS 


PRESSURES FROM 
1 TO 10,000 


LBS. PER SQ. INCH 
FOR 


AIR, HYDROGEN, 
OXYGEN, NITROGEN 






















AND OTHER 
GASES 
>— Soe "REAVELL & CO. LTD. 
«a eal IPSWICH ENGLAND 
Telegrams: Reavell, Ipswich. Telephone Nos. 2124-5-6 
























TURBINE PUMPS 


for 


HIGH PRESSURE 
PUMPING 


Multi-stage Ring Turbine 
Pumps are available in a range 
of sizes with capacities up 
to 3000 gallons per min. and 
heads up to 1200 feet for all 
medium and high pressure 
duties. 


MINE DRAINAGE 
BOOSTING - WATER SUPPLY 
FIRE FIGHTING - IRRIGATION 
HYDRAULIC SERVICE, ETC., ETC. 


Write for Illustrated Brochure TB.2. 


Drysdale make : 


CENTRIFUGAL AND ROTARY PUMPS FOR 
ALL LAND AND MARINE SERVICES 





— 
— 
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BENNIS 





EID, 


‘ 
~ 





STOKER 
and self-cleaning furnace 


wins on all points 


The ‘ Aries’ Stoker is the only Coking Stoker with Chain Grace 
characteristics, specially designed for efficiency, simplicity and 
low upkeep costs, 


angle 1he 
| 2) from anny" ARIE CcOKING 


* High Combustion > Unit Construction. 
Efficiency. 
* Fuel always observable 


* Flexibility of Control. at eye level. 

* Guillotine Fire Door, % Low maintenance costs. 
giving level fuel bed 
and all the advantages 
of Chain Grate Practice. 


% Small power consump- 
tion. 


%* Self-lubricating. 
% Can be used with Forced 


or Induced Draught. * Easy access to inside of 
furnace for boiler in- 
%* Silent in operation. spection. 








Upholding the great tradition of Bennis Patent Stokers is this 
latest development designed and produced at the Works of 

01 Bennis Combustion Ltd. Long standing disadvantages of coking 
QUADRUM WATER TUBE B LER for the industrial power plant stokers are eliminated by this latest Bennis development, which 
combines the advantages of both the chain grate stoker and 
reciprocating trough bar furnace. 








Bennis Combustion Ltd. provide a comprehensive service in the generation of 
steam power, from the inception of the plans to commissioning of the complete 
boiler plant. The Bennis Quadrum Water Tube Boiler for use in all industrial 


power plants is designed to give high thermal efficiencies in step with high boiler BENNIS COMBUSTION LTD - LITTLE HULTON: BOLTON 
availability and offering maximum ease of operation. Full details of the Bennis "Phone: Little Hulton 213 & 214. "Grams: “ Bennis” Phone, Little Hulton. 

i " LONDON OFFICE: 28 VICTORIA STREET, WESTMINSTER, S.W.1I. 
Quadrum Water Tube Boilers will be sent to you on request. we a gy AA Qaemems: “Bens” taen, . 




























HEAPS. s™ SCREWING MACHINES 
with TANGENTIAL DIES + 


@ They are designed from beginning to end as high-class Machine 
Tools and embody features not found in any other make of Screwing 
Machine. 






@ The Die Head is of our own Patented Design. 


@ All parts of the Head and also of the Die Holders which are 
liable to wear, are of Hardened Steel. 





@ The wall of metal which surrounds the Die Holders solidly 
supports them, and also eliminates the Danger of the Operator 
being caught by protruding Die Holders. 


@ The four-throw cam is fitted with Hardened Steel Strips. 


@ The Hardened Steel Contact Blocks of the Die Holders bear 
for their full width on the Cams. 


@ These features render the Die Head when closed as rigid as 


Catalogue free on ues a solid Die, and enable us to guarantee the Heads to screw 
¥ f = c perfectly parallel and uniform threads. 


JosHua HEAP co itp 


-—- & Uv @ oO 




























ASHTON-UNDER-LYNE ENGLAND 












46 


[SUPPLEMENT | ENGINEERING. JUNE 29, 1951. 





LLOYDS HIGH PERFORMANCE IRONS 


Maintaining our policy of casting High Duty Irons of outstanding 


technical excellence and good machineability, we are now casting 







the remarkable new Ductile Iron in large and increasing quantities. LLOYDS DUCTILE IRON 
Lloyds Ductile Iron has exceptional physical and mechanical properties 
which include spectacular ductility, a tensile strength of 30/40 t.s.i., 
good shock resistance, fluidity, castability, and easy machineability. 

It is a new engineering material with a wide field of applications, a 
new cast Iron that fills a void in the range of Ferrous Metals. It may 


well mark a new money making milestone in your 






material production methods. Write for your copy of 


LLOYDS ALLOY IRON 





“Iron Marches On.” 


LLOYDS 
HIGH DUTY IRONS 

















7... 
LLOYDS OF BURTON 


LLOYDS (BURTON) LTD., WELLINGTON WORKS, BURTON-ON-TRENT @ TELEPHONE: BURTON 3867 
A PRINT FOR INDUSTRY ADVERTISEMENT. 











V, 


JUNE 29, 1951. 


ENGINEERING. 

















For the control of water and_ liquids: 
available in a wide range of sizes for an equally 
wide range of pressures. 


Constructed in Meehanite—high grade Cast 
lron—or in Cast Steel, with faces in gunmetal 
or in stainless steel, and with screws or 
spindles in gunmetal, mild steel or stainless 
steel. 


Operated by electric motor of special design 
through all enclosed machine cut gearing 
running in an oil bath. 


Controlled by local or remote push buttons 


GLENFIELD 


Sluice 
Valves 








with 


ELECTRIC 


HYDRAULIC 
OPERATION 


mounted on contactor panel or separately, 
with or without position indicator. 


With Auxiliary Hand Operating Gear by 
which the operator is safeguarded against 
accidental switching on of the current. 


Or operated by Hydraulic Cylinder in cast 
iron lined with gunmetal or of solid drawn 
gunmetal tube. 

Controlled by hand or Solenoid Operated 
Valve. 


In sizes from 3 ins. to 120 ins. diameter for all 
Pressures. 











VALVE MAKERS FOR OVER 90 YEARS: SPECIALISTS IN WATERWORKS, 
HYDRO-ELECTRIC, IRRIGATION AND HYDRAULIC ENGINEERING 








| CME) & KENNEDY. LIMITED. KILMARNOCK J 





CALCUTTA : Fairlie House, Fairlie Place. 
P.O. BOX 2115 


BOMBAY : 9, Wallace Street. 
P.O. BOX 443 Head Office and Works : 


KILMARNOCK SCOTLAND 
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THE safe and efficient handling of costly plant places a heavy responsibility on the 
ON THIS WE STAND 
maintenance engineer, and the problem is one worthy of consideration by all concerned. 


The design of Crane individuality built to meet specific requirements can simplify the 





TRACE man® 


on fe problem, and our advice is available in this connection upon request. 
tL 


Catalogue W.H.101, on Overhead Electric Cranes, illustrates and describes many 


special lifting applications we have successfully solved. 


THE LUA ROU CRANE & HOIST Co. LTD 


R EDD tI Ss H se = BPS BT EN GLA N OD 
Phone: Heaton Moor 2227. Grams: “‘ Gallant, Manchester.” Code: Western Union. 
Scotland: E. C. Thomson & Harvey, 122 Wellington Street, Glasgow, C.2 Phone: Douglas 5608 Grams: Douglas 5608, Glas 
° > ’ ’ thee . . Ps 9 ‘Ow 
Midlands: A. R. Holland & Son, 89 Cornwall Street, Birmingham, 3. Phone: Central 1457, Grams: Central 1457, Birmin: 4 


Northern Ireland & Eire: Charles Nolan & Co., 2 Parker Hill, Lr. Rathmines Road, Dubli Phone: Dublin 93510. : Dubli 0 
South Wales : R. C. Collins, 48 Westbourne Road, Penarth, Glamorgan. Phone : Penarth 1s27. si en ee 
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NUMBER TWELVE 























SPLICE CORRECTLY=—THE EYE SPLICE 


THE CORRECT TOOLS FOR THE JOB 


It is essential that the correct tools should be to hand. These are of 
simple construction but effective in their application. 


I. MARLINE SPIKE, round in section, tapering to a point at one 
end. (Fig. |.) 

. HAMMER. 

. WIRE CUTTERS and PLIERS. 

. VICE, firmly fixed to a bench or trestle, and preferably having 
grooved jaws. 


MEASURE ROPES TO CORRECT LENGTH 

The length of splice will be determined by the number of tucks, 
but there must be an allowance of extra rope made to enable the splicing 
to be completed, and we suggest that the following guide should be 
followed when deciding this extra length— 

For each ‘‘inch’’ in the circumference of the rope, allow twelve 
inches of rope for splicing. 

Thus—a 2} in. circumference rope to have an eye at one end, and to 
be 100 ft. finished length, should be 102 ft. 6 in. before splicing. 


SPLICING 

For the purpose of this instruction let it be assumed that the eye has 
to be formed around a heart-shaped thimble. 

Mark the rope at the point where the extra splicing allowance has 
been measured from, and place the crown of the thimble against this 
mark (Fig. 2A); bend the rope around the thimble and lash tightly in 
position trig. 2B). 

Grip the thimble in the vice in the most convenient position for 
splicing (i.e., some splicers prefer to have the rope standing vertically 
from the vice, others find that by having the rope lying horizontally it is 
more accessible). 

Untwist the short end of rope to the ‘‘throat”’ of the thimble, 
ensuring that all strands are untwisted equally in order that there are 
no crossed strands (Fig. 4). 

The rope is now ready for the splicing tucks to be made, this can best 
be described by diagrams, therefore Fig. 3 is given to represent a cross- 
section of the two rope diameters at the throat of the thimble (Fig. 2C). 

Using the marline spike as in Fig. 5, pass strand end | between strands 
A and B, under strands AF and E and protruding from between strands 
E and D (note—the spike should be inserted far enough to open up the 
strands, and then the strand end should be passed underneath the spike). 

By rotating the spike with the lay of the rope (Fig. 6) force the tucked 
strand well down to the “‘ throat ”’ of the splice, this will ensure that the 
thimble is gripped tightly and should be done with each tuck made. 


AWN 





O° ORO OF: 
ORS CRE 


FIG.2 FIG. 3 





FIG.4 


“a 





Fic. | 


In a similar manner pass strand- 
2 between strands A and 

protruding from F and E. 
3 between strands A and 

protruding from A and F. 
4 between strands B and 

protruding from A and B. 
5 between strands D and 

protruding from B and C. 
6 between strands E and D 

protruding from C and D. 

This completed, each strand has 
been tucked once and there 
should be a strand protruding 
from each ‘‘ groove "’ in the body 
of the rope. 

Proceed with the second tuck 
by passing each strand end over 
the adjacent rope strand and 
under the following strand (Fig. 7) 
going crosswise to the lay of the 
rope. 

Repeat again to complete the 
third tuck 

Now split each strand into two 
halves and proceed again as above 
with one half of each strand and 
so complete the 4th and Sth tucks. 

The splicing is now finished and 
should be gently hammered from 
the throat forward, the rope being 
continually rotated during this 
process so that the splice gets 
hammered all round; this will 
bring out any slackness in the 
splice. 

Cut off the twelve protruding 
strand ends and the splice is ready 
for parcelling and serving. 


Parcel the splice by wrapping 
See ae 2 ae SOLID THIMBLE SPLICED INTO 10)" CIR. ROPE 


strong paper strip, this will act as Leak SHAPED THIMBLE ATTACHED TO 4” CIR. ROPE. 
a seating for the serving. 


Using either tarred marline twine or soft galvanised strand, put on a 
tightly wound serving, or binding along the full length of the splice. 


(ED (Rotate spike in direction 
of rope lay to force the 
tucked strand down to 


FIG.5 FIG. 6 throat of splice.) —_ 


THE FOREGOING IS A DESCRIPTION OF ONE OF THE SEVERAL 
CCEPTED METHODS OF EYE SPLICING. 
@ IT IS SUGGESTED THAT AN INEXPERIENCED SPLICER SHOULD 
HESITATE TO PUT IN A SERVICE SPLICE, BUT THAT HE SHOULD USE 
THESE NOTES AS A GUIDE WHEN LEARNING TO SPLICE. 





0 oO 8B BB 





MARTIN, BLACK & CO. (WiRE ROPES) Ltd. 


SPEEDWELL WORKS : COATBRIDGE : SCOTLAND 
Phone : 567 (4 lines) COATBRIDGE. *Grams & Cables : “ SPEEDWELL, COATBRIDGE” 


London Office—9/10 MARBLE ARCH, LONDON, W.! 

Tel. AMBASSADOR 1778 Telegrams: SPEEDWYROP, WESDO, LONDON § Cables: SPEEDWYROP, LONDON 

London Depot—MILROY WHARF, 2 UPPER GROUND, BLACKFRIARS BRIDGE, 
LONDON, S.E.! Telephone: WATERLOO 4553 





Copies of the full series of 
leaflets Nos. 1-12 ** Give your 
Ropes a chance”’ may be had 
on request. 


n i hy 


BELFAST— 
Sam McCormick, 14 Alfred Street 
Tel. 25625 


BIRMINGHAM— 

D. M. Stevenson & Co., Led. 

Ocean Chambers, 44 Waterloo Street, 2 
Tel. 646! 


NORTHUMBERLAND— 

F. C. Thompson, 59 Eastfield Avenue, 
Monkseaton, Whitley Bay 

Tel. WHITLEY BAY 20803 


IN BL 
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RENOLD 


HEAVY ROLLER CHAIN DRIVES. 


EFFICIENT DURABLE ADAPTABLE@ 


Write for Catalogue Ref 116/67/3C-29 


Pe Gee RENOLD & COVENTRY CHAIN CO. LTD. MANCHESTER 
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S.S. ‘* Tasmania Star” 
(Elue Star Line Ltd.) 
{built by Cammell Laird 

Co, Ltd, 








More than half a century’s experience has earned for The 
Darlington Forge a world wide reputation for ships’ struc- 
tural castings of first class quality. 









Continued development and plant modernisation enables 
us to keep pace with the exacting demands of ship 
designers. 


LINGTON FORGE LF 


DARLINGTON 
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At Furl folp 


THERE’S MORE WORK FOR Mr. THERM 


Not too hot, not too cold—that’s the Royal Festival Hall with Mr. Therm in charge. And it’s no small task 
looking after the comfort of those great audiences — it takes one of the largest gas-fired heating installations in 
the country to do it. The plant has 
an output of over 33 million 
B.Th.U. per hour — the 
equivalent of the capa- 

city of about 1,300 
ordinary domestic 
boilers—and it uses 

the largest gas-fired 


ft boiler in its class yet 
gw oe made. Five gas-fired 


boilers have been in- 


Hes yp stalled for the heating and 


air-conditioning of the audi- 











torium, which is supplied with warmed, cleaned air at the rate of 

1,280 cubic feet of air per hour per person. Three smaller boilers 
serve the hot water supply. The rest of the building is heated by 
radiators and floor panels augmented by plenum system. 
One of the South Bank exhibits, an experimental 
heat pump, is to be connected with the 
heating system within the Festival Hall. 
It will supply up to 30% of the maxi- 
mum heat required in the hall during 
the winter season, and during hot 
weather, it will supply 50% of the 
pp cold water required for full air 
conditioning. This will be the second 
oe heat pump operating on a practical 
scale in this country and the first to use 

gas to operate the plant. 













Ca 


AT YOUR SERVICE 





The Gas Council > 1 Grosvenor Place - London * SW1 Photograph shows the Hall 
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Internal view of the service span supported on its pontoons. 


Steelwork by , 


DORMAN LONG 


The service span, used as a temporary support for the 
permanent steelwork of the Vila Franca Bridge over the 
River Tagus, being floated into position in the second 
opening after completion of the first span. 
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The tale tells that there was a Dominion soldier over here during 

the war who, after three days of teeming rain, looked up at the barrage 
balloons and said: “‘ Why don’t they just cut the cables and let the 

whole darned country sink ?”’ Well, we admit to having weather 

of a rather wet kind and we make allowances for it. Take our Switchgear. 
Rain, snow or the hail they tell about as big as cricket balls. Let 

the weather do its worst. Reyrolle Switchgear does the job through it all. 
And anyone who knows switchgear for what it is will tell you just 


what a reliable job Reyrolle Switchgear does. 


REYROLLEY 7 
$s W 


A. REYROLLE & CO, LTD., HEBBURN, co. DURHAM. 





WROUGHT 
ALUMINIUM 
RAINWATER GOODS 


Fabricated to British Standard Specification from 
heavy gauge Aluminium Alloy Sheets. 

Light, Rigid, and Strong. No Breakage Losses. 
Great Durability. No painting necessary. 


Undamaged by frost. Non-staining. 


Large Industrial Gutters and Downpipes Fabricated 


to customers’ specifications. 
Also flat and corrugated sheets. 


RICHARD THOMAS & BALDWINS LIMITED 
Wern Works, Briton Ferry, Neath, Glam. 
Telephone: Briton Ferry 3211 

London Office: 82 Brook Street, W.1. Telephone: Mayfair 8432 
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THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX = 





















Ermeto joints are unaffected by vibration 
and, once made, remain pressure-tight 
for years without further tightening. 
The joints are capable of withstanding 
the highest industrial pressures, are 
quick and simple to use, require no 
skilled labour, and can be made and 
broken indefinitely. 

We are always pleased to forward copies 
of catalogues, price lists, etc., covering 
our standard ranges of pipe fittings and 
high-pressure valves. 





SELF-SEAL COUPLINGS 


BRITISH ERMETO CORPORATION LTD., MAIDENHEAD, BERIS. 
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ED that engine guiter 





Transport vehicles—tractors—contractors’ plant— 

these must at times work under the most unfavour- 

able conditions of grit-bearing dust. Only by the 
provision of scientifically proved and tested filters 
can damage to engines be avoided in such conditions— 
and in thirty years nothing has been found to improve 
upon the basic principles of VOKES filters for these applications. 
VOKES believe firstly that full protection of fuel and lubricating oil is best 
provided by two-stage filtration through a fine mesh wire gauze followed by a filter fabric 
mounted on a suitable wire gauze stiffener; secondly, that the ‘»/-pass must be so designed that, 
for instance, when starting from cold the by-passed oil cannot carry the accumulated sludge 
into the engine; thirdly, that only a full flow filter can prevent the damage caused by circulating 
partly filtered oil. And remember—full efficiency can always be assured if your VOKES 
filters are inspected at the stated intervals and elements replaced when necessary. Literature 
explaining more fully the principles of VOKES scientific filtration will gladly be supplied. 


VOKES LTD. Head Office : GUILDFORD, SURREY. London Office: 40 Broadway, Westminster, S.W.| 


Vokes (Canada) Ltd., Toronto. Represented throughout the world. Vokes Australia Pty. Ltd., Sydney. 


. 


A WORLD-WIDE FILTRATION SERVICE AT THE COMMAND OF INDUSTRY 
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THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LIMITED 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1. WORKS: DARLASTON, SOUTH STAFFS. 


58 [SUPPLEMENT | 


ENGINEERING. 





JUNE 29, I95I. 1 





REZ Pe 


BRIDGES PAST AND PRESENT 
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The simplest forms of transporter 
bridge, like the one illustrated above, 
are adequate, though formidable, 
methods of crossing a stream when 
there are no other means available. 
Modern engineering demands a more 
permanent form of bridge which will 
give free passage to river traffic. Such 
is the bridge over the river Usk, built 
by Cleveland, which gives a clearance 
of 180 feet above water level for 
passing ships, and at other times 
forms a vital land link. 


CLEVELAND 
builders of bridges 


NEWPORT BRIDGE 


Built by Cleveland over the River 
Usk for The County Borough 
of Newport, Monmouthshire. 
Clear span between towers of 
595 feet. 








Smedley Brothers [ 2525" 


REVOLVING or 
STATIONARY PAN 
PERFORATED or 
SOLID BOTTOMS 
Over or Underdriven 


Mixers 


AND 


Edge Runner Grinding Mills 


of all kinds for all purposes 
to drive by Belt or 
combined with 
Steam, Oil 












or 
Petrol Engine 





or 
Electric Motor 














For the DISCRIMINATING Engineer. 
“BSS 300” 
Union Bonnet Valves 


SUITABLE FOR 300lbs. STEAM W.P. 
AND TOTAL TEMP. OF 500° FAH. 
e@ HEAVY UNION BONNET WITH CONE 
GROUND SEATING. 
‘CAGE’ TYPE 


@ NICKEL CLACK AND 
NICKEL SEAT. 

e@ GUNMETAL BODY OF ROBUST 
CONSTRUCTION. 

Designed to give very long service 
under the most searching conditions. 
@ SEND FOR SAMPLE FOR INSPECTION AND TEST @ 
BRITISH STEAM SPECIALTIES LIMITED 


FLEET STREET, LEICESTER. 
* LIVERPOOL * GLASGOW * BRISTOL * MANCHESTER & NEWCASTLE-ON-TYNE, 





LONDON 





. INDUSTRIAL SUCTION 





The C.M.I. Pneumatic Vacuum Cleaner combines air blast and 
powerful suction in one light handy machine. 

Dust and grit are instantly removed in Service Garages, Factories, 
Textile Mills and other industries. 

Completely safe and foolproof. Needs no maintenance. 

Models from £5. §s. 

Write or ‘phone today for Catalogue to :— 


Cc. M. I. PRODUCTS LTD 


Finchley Road, Hampstead, London, N.W.3. 
veppenee : Primrose 6623. 
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SERKOOL 


| 






The Combined Unit is of special 
construction, and the Oil Cooler is | 
designed to withstand high initial 
Assembly includes Pulley, | 
and is entirely | 
vibration proof. Write for full 
particulars and descriptive pamphlet. | 


pressures. 
Fan and Cowl, 


H. O. SERCK, fe ana, 





Ardwick 76 Q Hines). — . 
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POSITIVE LOCK WASHER Co. Ltd. 


78, McALPINE STREET, GLASGOW, C.2 
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WASHERS 
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ALL NUTS & BOLTS 
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HARLAND & WOLFF 


CLYDE FOUNDRY. GOVAN. GLASCOW. 


TELEGRA S N 


EXTRUDED BARS 
“DELTA” sxc 


BRONZE, YELLOW METAL, BRASS, RED 
METAL, NAVAL BRASS, COPPER, &c. 


THE DELTA METAL CO., LTD. 


DELTA WORKS - EAST GREENWICH - LONDON, S.E.10 
And at BIRMINGHAM 



























TATE so tenoip-operatep 


SEMI-BALANCED 
VALVES 


RANGE: 

‘ 4 #" to 4 bore 
. 5 to 200 Ibs./sq. inch 

pressure. 


ENCLOSURES : 


TOTALLY 
DUSTPROOF. 


WEATHERPROOF. 
WATERTIGHT. 
FLAMEPROOF. 


FLUIDS : 


STEAM, WATER, AIR, SPIRITS, OIL 
AND CHEMICALS 





SRADFORD 20348/9 JONES, TATE & CO., LTD. 
VALVE, BRADFORD VICTORY WORKS BRADFORD 

















Prompt Deliveries of 


STUDDING - STUDS - TIE-RODS 


TELCO LTD 3 Newman Street London W.! WEseum sree 











PERFORATED 
METALS 






W. BARNS & SON 


Globe Works, Queensland Rd., HOLLOWAY, London, N.7 
Phone : Nerth 3347-8. ‘Grams : Perforation, Holway, London 














The Ropeway buckets 
in this picture tip 
automatically, 
discharging their loads 
at any selected points 


We specialise in Ropeways for moving 
materials mechanically over distances and diffi- 
cult terrain with speed, efficiency and economy. 
Write for illustrated brochure. 


BRECO 
i= 





BRITISH ROPEWAY ENGINEERING CO. LTD. 


Plantation House, Mincing Lane, London, E.C.3 
Telephone: MANsion House 4681/2 Telegraphic Address: Boxhauling, Fen, London 











SILENTBLOC 
Flexible 
COUPLINGS 


for MIS come 


Write for Technical Information to: 





SILENTBLOC LIMITED, VICTORIA GARDENS, LONDON, W.I! 
Tel. Park 9821 (Four Lines) 

















DIE-PRESSINGS 


HOT BRASS & BRONZE 
STAMPINGS. 


CAPSTAN & MACHINED WORK FROM STAMPINGS OR BAR 
BAKELITE MOULDINGS 
ZINC ALLOY DIE-CASTINGS. 


BROOKES & ADAMS Ltd. 


MAY WE ADVISE 
HOCKLEY, BIRMINGHAM: ENGLAND. OR QUOTE YOU? 
Tel.—NOR 2903-4. Tel. Add.—“Telebe™ 
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INCREASE AND SIMPLIFY 
YOUR PRODUCTION BY 


vc-Alrc 


S66. teaoe mate 








STUD WELDING. 


SAVE all drilling and 
tapping— 


SAVE perforation of 
the plate— 


SAVE expensive 
scaffolding— 


The @c-Aac portable 


stud-welding handtool 
welds steel, brass, alumin- 
ium studs in any position 
at .a rate far in excess of 
drilling, tapping, and stud 
driving. 





PROMPT DELIVERY 
OF STUDS. 





A75,000 K.V.A . Transformer Cyc-Arc stud 
welded, 
Photograph by courtesy of 
Messrs. Bruce Peebles k Co. Ltd., Edinburgh. 








* * * + 


27-29 NEW NORTH RD., 
LONDON, N.I 
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Plastic dust can cost a lot 
more than gold dust — when it gets 
into a workman’s eyes. So can wood shavings getting 


under driving belts; grinding dust skittering into the 


bearings of a machine. Yes, dust can be very expensive stuff. We prevent the 


expense. Whatever the type of dust we believe we can find the best 
way to whisk it away as soon as it forms — before it can damage man 
or machine. In short we keep machines and the air round them clean. 


It has saved a lot of people a lot of money. 






DAUOW anni SAA TIS 


HEAD OFFICE: SPALDING STREET» 
LONDON OFFICE: 20 


YOUR EYE? 


DALLOW LAMBERT & COMPANY, LIMITED (DUST CONTROL EQUIPMENT FOR INDUSTRY) 


FTZROY SQUARE, LONDON, W.!. 
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TELEPHONE: LEICESTER 27832°4 


TELEPHONE: EUSTON 5796/7 
cCRCS 


LEICESTER, 


















WANTED 


Herbert No. 4 Capstan Lathes, later 
than Inspection No. ET. 5800 for 
reconditioning. Your own machines 
rebuilt to Grade | standard and 

aranteed. Attractive prices and 
eliveries. 


“DIAMOND” 


EXPANSION SHIELD 


with or without Lag Screws to Suit 





Communicate with 


ALFRED HERBERT LTD. 
FACTORED DIVISION, 
Red Lane Works, Coventry. 
Tel. 89221. 


H. LUKE, LIMITED 
12 & 14 BRAZENNOSE STREET 
MANCHESTER, 2 























PHONE: 
SHEFFIELD 36222 - 3 
GRAMS STRINGER 


FORGINGS 


Crankshafts Rings 






Plain & Bossed 
Gears etc. 









COMPLETE FOR 
ASSEMBLY 






STRINGER&Co 
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Plate Valves 
for 


AIR COMPRESSORS 
GAS COMPRESSORS 
REFRIGERATING ditto. 
SCAVENGE PUMPS 


VACUUM PUMPS AND 
RECIPROCATING PUMPS 
FOR ALL SERVICES 


pa and carriages, hot metal peocirekiga xi: nS 

“metal ladles and transfer cars, casting ladles and ingot — 
cars. With our facilities as ‘ironfounders, engineers and 
steel fabricators we are able to manufacture almost all 
parts in our own workshops and thus'control progress and 
quality. May we advise you on the type ot : care 
best suited to meet your needs. - 





> 


Proprietors of Kinghorn Patents 
Licensees of Hoerbiger Patents 


> 


THE METALLIC VALVE CO. LTD. 
117/125, Bridge Street, 
Birkenhead 


Telegrams : Valve, Birkenhead 
Telephone: Birkenhead 1356 


FREDERICK W. EVANS LTD. 


PLASTIC WORKS - LONG ACRE BIRMINGHAM 7 - Jez. FAST /286(2ima) 


GODDARD & SMITH 


VALUERS and AUCTIONEERS 
are prepared to undertake 


VALUATIONS for all PURPOSES OF 
PROPERTY, PLANT MACHINERY 
AND EQUIPMENT 
and to conduct 


SALES BY AUCTION IN THEIR 
AUCTION HALLS 


or on Clients’ Premises. 


Bineering Products in Cast Iron and Milde 
wgsure Vessels, Welded Fabrications, General §j 
Equipment, also Gas Works and Ch 
qd Blast Furnace and Stee 














EVERYTHING IN GENERAL ENGINEERING 





CRAVEN BROTHERS 
CRANE DIVISION LTD LOUGHBOROUGH 





No! Not everything, but we have 
varied in a year from an article 
weighing $4 ounce to a machine 
weighing 20 tons. 

IF IT’S SPECIAL — TRY 


THOMAS HUNT & SONS, LTD. 
132 WESTBRIDGE ROAD, BATTERSEA, S.W.11 














Enquiries should be addressed to Industrial Department 


GODDARD & SMITH 
22, King Street, St. James’s, 8.W.1 


Telephone: WHitehal! 272! (20 liner) 


SCRIVEN 


MACHINE TOOLS 


STHWAITE FURNACES 
& SCRIVEN MACHINE TOOLS LTD 
YORK STREET IRONWORK ’ 











PAINT SPRAYING BOOTHS sy 


JSTR 4 
o BOLTS - NUTS : SCREWS 
: pPERFECTAIR 
LIMITED 

“a DESIGNERS AND MANUFACTURERS 
. OF WET AND DRY TYPE SPRAY 

PAINTING BOOTHS AND 
) COMPLETE CONVEYORISED METAL 
¥ FINISHING PLANTS. 





By courtesy AVERY HARDOLL LTD. 


PERFECTAIR LTD. - - 
314, ag HIGH RD., 
LONDON, S.W.17. 


PHONE:— 
BAL. 6162 





PRICE LIST AVAILABLE UPON REQUEST. 


G. F. BRIDGES LTD. 


gol SNOW HILL, BIRMINGHAM, 4 


whe) 
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LLOYDS SAWMILLS 





CROSS 


EXPORT PACKING | 


g 


LEY-PREMIER | 


DIESEL ENGINE GENERATING SETS 


engines totalling 13,200 b.h.p. operate 
the Bremang Gold Dredging Plant. 
One of the two latest is illustrated below 








MACHINERY OF EVERY 
DESCRIPTION 


MOTOR VEHICLES 
HARDWARE ETC.ETC 


SPECIALISTS 
IN TROPICALISATION 


Goods recerved,, packed s deli d F.0.B. Manch 
Liverpool, Birkenhead or CLF to any part of the world 


(Private railway sidings.) 

















LANGWORTHY 
WEASTI 
MANCHESTER 


‘MORRIS 
}CRANES 


ROAD SOUTH 





"s Ayes 
| WE HERBERT MORRIS LTD 
¥ LOUGHBOROUGH 
ENGLAND 
Te ~ sextce 
an & == 
SERVICE 


ORMONDE ASHTON LTD. 
ORMONDE S8T., ASHTON-U-LYNE, LANCS. 














Netto 


JOSEPH BOOTH & BROS | NEWBURY - ENGLAND 
RODLEY: LEEDS | MARINE & INDUSTRIAL 














SLOW SPEED, MULTI-CYLINDER 
HORIZONTAL VIS-A-VIS ENGINES 
ASSURE RELIABILITY FOR LONG 
CONTINUOUS PERIODS OF RUNNING 
WITH LOW MAINTENANCE COSTS 


CROSSLEY-PREMIER ENGINES LTD. SANDIACRE Nr. NOTTINGHAM 


LONDON OFFICE: LANGHAM HOUSE. 308 REGENT STREET. W.|I. 





DAWSON & DOWNIE 
CLYDEBANK LTD 
PUMPS 

FOR LAND and MARINE PLANT 


SEE ILLUSTRATED ADVERT., PAGB 74, June 22 


INT IV 


PATENTED SCREW FANS 
for drying films in production. 


A. K. FANS Ltd., 20 Upper Park Road, London, N.W.3, 





























BRIEF REASONS WHY THE TAYLOR CLUTOHES | 
GIVE MAXIMUM PERFORMANCE AND | 
DEPENDABILITY 


RELIABILITY @ Owing to the fact of having 
stood all tests under the meet 
severe conditions of service. 

LONG LIFE @ As proved by its extensive 
adoption and numereus testi- 
monials. 


TAYLOR 


INDUSTRIAL CLUTCHES 






SAFE @ No chance of re-en 


gagement, 
ample clearance when out of 


WORKING 
gear. 
OPERA- Easy, smooth 

Gmegnive TION. e trolled by light eperating 
range oo 
eseetees NO END @ Self locking both in and out 
For efficis THRUST gear. 
power trans- SERVICE. @ The fullest co-operation with 
mission to designers and manufacturers of 
all classes of inery to ensure that the 
machinery. right type of clutch is put in 
Made in capeci- the right place. 

trom to CLUTCH 
500 H.P., single EVERY GUARANTEED. 
and owe and 
chee wAYROR INDUSTRIAL CLUTCHES 
en 2 TROWS UPPER WORKS, CASTLETON, LANCGS. 





ushes. 


Phone: 57830 CASTLETON ROCHDALE 








F, K, @, L, 8 
M, & N. TYPES 





of single worm reduction § gears 


FAN COOLED - SIGHT OIL LEVEL 
BALL BEARINGS - HARDENED AND 
GROUND WORMS. 


Inclusive Ratios 74-60. Embodies the very 
latest engineering gearbox practice and 
precision workmanship. 










IMustrated details from :— 


@y S.E.OPPERMAN LT? 


STIRLING CNR., BOREHAM WOOD, HERTS., ENGLAND. PHONE: ElStree 202/ 
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IMPORTANT 
ANNOUNCEMENT 
WE ARE NOW MAKING 


SOLID . 
STEEL 
STANDARDS 


FOR ALL PURPOSES 
IN OUR OWN 
LONDON 
WORKSHOPS 


PROMPT DELIVERY 
GUARANTEED 


Enquiries will be given 


IMMEDIATE 
ATTENTION 


6, W. FARMER & SON LTO 


COURTHILL RD. LEWISHAM 
LONDON - - SEI3 
Telephone : 

LEE Green 4334 (9 Lines) 
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—it can wear out the toughest material. 
But this B.T.R. Long-Life elevator belt at 
the works of the Kent Sand & Ballast 
Company, Sevenoaks, has lifted ONE AND 
A HALF MILLION TONS of it to a height 
of 65 feet. — Life : 45,000 working hours. 


Our strong point is jobs such as these | 
that we have already done. Let us add MACHINE CUT GEARS 
yours to the list to our mutual benefit. SPUR, BEVEL, WORM 
SPIRAL, RA 


CK 
COMPLETE GEARS 


BRITISH TYRE & RUBBER CO. LTD. CUTTING YOUR BLANKS. 











MERGA HOUSE-VINCENT SQUARE RODGERS BROS. LTD. 
BLACKWELL STREET 
3 es 0 fe BRIXTON ROAD, 3.W.8. 











TELEPHONE: RELIANCE 2851 (2 lines) 


8s37 
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OIL STORAGE TANKS 


CYLINDRICAL, SPHERICAL AND SPHEROIDAL 


RAIL AND ROAD BRIDGES 


peve: ROOFS « STEEL FRAME BUILDINGS 


sor mnt#® == CRANE GIRDERS - CRANE GANTRIES PIERS - JETTIES » PONTOONS Above : 
Erected for the DOCK GATES - CAISSONS Three Cosl-On 


STORAGE TANKS - TROUGHING - AND baile loncne 
L.N.E.R. Installed 
WELDED FABRICATIONS OF ALL KINDS — 0¢ Edinburgh 


THE MOTHERWELL BRIDGE & ENGINEERING CO. LTD 


Shanghi Hangchow RIVETTED AND WELDED PIPES 
Ningpo Railway 
CHIMNEYS AND TOWERS 








Meed Offs and Whortns: REPRESENTATIVES ABROAD London Address: 
MOTHERWELL NEW ZEALAND EGYPT @2 VICTORIA STREET * $.WJ 
SOUTH AFRICA | Pert Seid Engineering Works Telegroms : 





Felegrams : “ Moet a” Neill Cropper & Ca. 
Toechone? 0° Aukinad 


Dowsea & Dobson * Johannesburg * Mobricolim, Sowest, Leadeo ” 
: = —— Tereshone: 4183 Vieworta 
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GRAFTON 


STEAM & ELECTRIC 


CRANES 


ESTABLISHED 1880 








Telephone: 
BEDFORD 2490 


Telegrams: . 
“GRAFTON” BEDFORD 





GRAFTON CRANES LTD., 
BEDFORD. 

















Springs & Spring Washers 
FOR ENGINEERING PURPOSES 
Manufactured by 
JOHN TONKS 
& CO. LTD. 


CENTRAL SPRING WORKS 


Furnace Hill, 
SHEFFIELD, 3. 


Telegrams: 
TONKS, SHEFFIELD 





24at9 PIEPMELD 
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FABRICATION : MILD...STAINLESS STEELS. 


ae kaa oe ES aoe Fs ae a ee a 


The engineering service offered by WIDNES 
FOUNDRY includes fabrication in mild and 
stainless steels of specialised plant and equip- 
ment for the chemical, gas, oil and allied 
industries. The fabrication of Coolers, Con- 
densers, Storage Tanks and similar construc- 
tional work is the logical parallel to production 
of cast iron vessels in heat and acid resisting, 


The upper illustration shows a mild The inset illustration shows a high duty and alloy irons for the industries 

steel fractionating column 4 ft vertical boring mili recently installed i j ica- 

inside diameter by 55 ft. overall in the Machine Shop at Widnes. The mentioned. In foundry work and in fabrica 

—? the supporting cone flared Table is 18fc. Sin. in dia. with a clear tion in steel, WIDNES offer a skilful compre- 
ft. 10 in. diameter in 10 ft. height under the crossrail of 13ft. 

Approx. weight 124 tons. lin. 


hensive service to industry. 


FOUNDRY € ENGINEERING 
oaane ect CO.LTD vounony evenes 


LUGSDALE ROAD - WIDNES - LANCS 




















FOR 


STEAM 
ENGINES 





PACKIN 


Over 600,000 Supplied 











The most extensively used Automatic Self- 


Supplied te British, United States, Japanese, Dutch, 
Adjusting Metallic Packing in the World. 


French, Spanish, Brasilian, &c., Navies. 
Also to Principal Electricity Stations, 


Cellieries, Iron Works, Textile, 
Railway, Steamship Concerns. 


The United States Metallic Packing Co., Ltd., 
“Meum Beane SOHO WORKS, BRADFORD. poe eee pe 


BRA@ford 41264-41285. 


Friction Decreased. 
Power and Fuel Saved. 
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Materials - 


LAA 


on the 





Complete Handling Plants designed and 
: manufactured by Fraser & Chalmers Engineering 
& Works, incorporating the Robins’ system, are 
in operation in mines, collieries, power stations, 
& gas works, docks and harbours and all types of 
factory everywhere. No other British manu- 
facturer has greater experience in solving the 
& handling problems of vital heavy industries. 


FRASER & CHALMERS 


@ee¢ee@¢@¢¢%¢ @ @ 


ENGINEERING WORKS 








ASSOCIATED WITH HEWETT ROBINS INC. & o. 
: Erith,Kent 
Proprietors : THE GENERAL ELECTRIC CO. LTD. 
cg 
SB 
LONDON OFFICE MAGNET HOUSE KINGSWAY we2 















ce CG 
Fur OIN TLE WENTS 


Two Refractory Bricks join- 
ted with “ONX Cement. 
Fired at 1500°C. Cleaved: 
at white heat showing 
bricks fractured with joints 
intact. Set your furnace bricks 
with “ONX and protect the joints. 


A.L.CURTIS £CO., WESTMOOR WORKS 
CHATTERIS, CAMBS. 


Electric Cranes 
of every type 


1) (os ae & 8») 


Loughborough 
















LOUGHBOROUGH 











STAND 
Mees P UNRIVALLED 
TRADE et MARK For PUMPING and 


Sole Manufacturers CIRCULATING 
RHODES, BRYDON & YOUATT 
Ltd. - btockport, ENGLAND. 





CLYDE, CRANES 


FOR ALL 
INDUSTRIAL 
REQUIREMENTS 


CLYDE CRANE & ENGINEERING CO 
MOSSEND nr. GLASGOW 





ccl 


HYDRAULIC 


PUMP SETS Self-contained 
UNIT PUMPS Single stage 





'PUMP UNITS Two stage 


Special Presses 
Control Valves 


PUMP UNIT LTD., 
25, Coptic Street, London, W.C.| 





' 


1} 
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w 
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Particulars from 


GRAMS ; “‘NETRALLOY SHEFFIELD." 


25, TAPTONVILLE ROAD, SHEFFIELD t@ 





ore : Pp vee $4.” 
Codes : wi ath and Sth Editions. NEWARK, Notts, En gland . 
Marconi International. 


Makers of 
STEAM BOILERS, AIR RECEIVERS, VULCANIZERS 
JACKETED PANS, CIRCULAR AND RECTANGULAR 
TANKS OF RIVETED OR WELDED CONSTRUCTION. 










FLANGED and WELDED WORK of every description. 
MOTOR VAN BOILERS, HYDRO’ CASINGS, REPAIR FIRE-BOXES, EVAPORATOR 
SHELLS. CHEMICAL PLANT. EXPANSION PIECES 






















Contractors to the-— 
Admiralty, Air Ministry,War Office, India Office, Board 
o 


f Customs, Crown Agents, etc., etc. 
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='\COCKBURN Ses 


The World Renowned Steam Valve Specialists. 




























Improved 
Emergency 
Shut-off 
Valve 
(Cockburn- MacNicoll Patent) 


Fitted with Oil Cylinder 
suitable for Aspinall’s Patent 
Turbine Speed and Emergency Governor 
and forced Lubrication Control. 


ENSURES PERFECT CONTROL. 







Improved High Lift Combined Regulating Throttle 
Safety Valve and Emergency Valve 
(Cockburn-MacNicoll Patent) COCKBURNS LTD., CARDONALD, GLASGOW. eehchiadete eacte e e 
. 0/ ; ; rows light duty on Governor. Simpleand 
Approved: at 50% reduction in Telegrams: “Cockburn, Glasgow.” Codes: A.B.C. (Sth Edition) Liebers, most effective combination in the world. 


Area of ordinary Safety Valves. Telephone : Govan 2381-2 (2 lines). Marconi International 





THE MODERN GEAR UNITS FOR THE MODERN PLANT 


A WIDE RANGE OF 
REDUCTION GEARS 
FOR EVERY PURPOSE 


Used on Conveyors, Loaders, Compressors, 

Pumps, Agitators, Mixers, Rotating Furnaces, 

© Hoists, Furnace Door Controls, Tobacco 

RATIOS; 2: I Drying Machines, Welding Machines, Quarry 
fees Machinery, etc. 


Excellent deliveries. Write today for further aii 


B. & P. SWIFT LTD., AIRPORT WORKS, ROCHESTER, KENT 


GRAMS: AUTOSWIFT CHATHAM. PHONE: CHATHAM 3404-7 


Soleited jr the 


FESTIVAL of BRITAIN EXHIBITION 


KELVIN HALL - GLASGOW MAY 28th to AUGUST [5th 















SQ 


MODEL H.D. 
CENTRE LATHE ALSO AVAILABLE IN 15” CENTRE 
HEIGHT BEDS 12’ 9” TO 25’ 3” LONG 








12° 








The HEADSTOCK 


Twelve spindle speeds 
with centralised gear 
change control. 33” 
hollow spindle on Timken 
bearings. The clutch in- ¢ 
corporated in the driving 
pulley is operated by 
conveniently placed 
levers. 


* Complete specification on request 


cROW|HORN 


CROWTHORN ENGINEERING CO. LTD. 


REDDISH - STOCKPORT - ENGLAND 
"Phone: STOCKPORT 2067 ‘Grams: CROWTOOL REDDINS 
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CLASSIFIED ADVERTISEMENTS SECTION. 


For all advertisements classified under the headings of Tenders, Appointments Open, Situations Wanted, Patent Agents, Partnerships, Wanted, &c., Auction Sales, Publications 
For Sale, Miscellaneous and Public Notices, &c., the charge will be 10s. for the first four lines or under and 2s. 6d. por line up to one inch. When an advertisement measures an 
fo] 


inch or more, the charge will be at the rate of 30s. per inch. 5% allowed on 6, 124% on 13, 25% on 26 and 334 





the extra charge is Is. per insertion with the exception of advertisements appearing under Situations Wanted. Prospectuses £80 per 


on 52 Weekly insertions. 
pag 
Address to the Manager, ENGINEERING LTD., 35 and 36, Bedford St., Strand, W.C.2. 


If use is made of a box number 


e or per column. Copy instructions 








must be in our hands first post Wednesday for the oe Friday’s issue. Inclusion 
of advertisements must be dependent on space being available. 
4 RITISH ELECTRICITY AUTHORITY NGINEER j 
ee ae PUBLIC APPOINTMENTS. (LONDON DIVISION), REQUIRE HENGE SUPPLY In the Inspectorate of Arma- 
spemaier (a) SENIOR ~— ELECTRICAL ~— DIAGRAM| ments, London, QUALIFICATIONS AND EX- 
CHANGE OF ADDRESS. ' (0) sunion Dateatees ieniemenianeass PERIENCE : Recognised apprenticeship and either 
SEN MECE AL DRAUG N. > corporate members of one of the Institutions o 
Applications TECTRICAL end ee “ ae py Rg and | Civil, Mechanical or Electrical Engineers or have 


BUTTERS BROS. & CO. LTD. 
announce that from 25th June 
they will occupy NEW LONDON 
OFFICES and WORKS at THE 
CRANE WORKS, LONG LANE, 
HILLINGDON, MIDDLESEX. 

Telephone : 


UXBRIDGE 925 and 2288. p 148 





EXPERIMENTAL WORK. 


RESEARCH ENGINEERS 
LIMITED, 


Northampton Grove, Canonbury, London, 
N.1. Canonbury 4244/5/6. We have over 
25 years’ experience of experimental work 
and prototypes. We design, develop and 
manufacture special purpose and labour 
saving machines, all at the above address. 
Our range is from the smallest scientific 
instruments to 3 or 4-ton machines. After 
a prototype machine has been made and 
found satisfactory we can manufacture as 
many as are required in our works. 


PROTOTYPE MANUFACTURE 
is undertaken by 
F. B. ELCOM LIMITED, 


London Office, 25, Oxford Street, W.1. 
Gerrard 7333 (6 lines). Work includes the 
design and development of new products 
through experimental stages, the making of 
special-purpose machines, the design and 
manufacture oi jigs, tools and fixtures. 
Full scale mock-up models of new products 
and scale architectural models are also pro- 
duced. The manufacture of small quantity 
production work or details of a special 
nature is also undertaken. 





DESIGN DEVELOPMENT. 


DESIGN AND DEVELOPMENT 


of all types of products and machines 
undertaken by 


F. B. ELCOM LIMITED, 
London Office, 25, Oxford Street, W.1. 
Gerrard 7333 (6 lines). Work includes 
design research, the evolution of special- 
purpose machinery, its design and full 
detail drafting for production, the re-design 
of existing products with special regard for 
appearance and aesthetics, particularly for 
overseas markets. Thorough drafting and 
drawing office work of both mechanical and 
electrical nature is undertaken. Prototypes, 
full-scale mock-up models of products 
designed by ELCOM is also carried out. 
See announcement under heading ‘‘ Experi- 

mental Work.” 





yoets FOR ENGINEERING. 
Metal or 


Wood. 
SEND BLUE PRINTS FOR ESTIMATES TO :— 
I. R. AMIS, 536, Kingston Road, London, wate 





CONSULTANTS. 


ADVICE AND DESIGNS FOR ALL PROJECTS 

in Structural and Civil Engineering. Special- 
ising in Factory Extensions.—BOX C 700, Offices of 
ENGINEERING. 


ILENCING, FILTRATION AND LIGHT 
ENGINEERING. Your problems in exhaust 

and intake sii , noise sup ion, air and iiquid 
filtration, light mechanical and electrical engineering 
competently dealt with by SOUTHERN CONSULT- 
ING ENGINEERS, 90, Francis Road, London, E.10. 
Elmbridge 3147. D112 





RAUGHTSMEN FOR TEMPORARY SER- 
vice in Admiralty Departments at Bath. 
Candidates must be British subjects of 21 Bn ng 
of age and upwards, who have had practical Work- 
shop and Drawing Office experience. 
will be assessed according to age, qualifi- 
cations and experience within the range £320-£545 


annum. 
Applications, giving age and details of technical 


— apprenticeship (or equivalents), 
orkshop and Drawing Office experience, should be 
sent to ADMIRALTY (C.E. II, m 88), Empire 


Hotel, Bath. Candidates required for interview 
will be advised within TWO WEEKS of receipt of 
application. G16 





MANCHESTER CORPORATION 
WATERWORKS. 


HAWESWATER AQUEDUCT. 


APPOINTMENT OF 
ASSISTANT ENGINEERS. 


PPLICATIONS ARE INVITED FOR THE 
undermentioned ENGINEERING APPOINT- 
MENTS in connection with the su sion, etc., of 
the work of construction of the Haweswater Aque- 
duct, now in active progress :— 





Salary 
per annum. 
ASSISTANT ENGINEERS (CLASS I) £780/1100 
ASSISTANT ENGINEERS (CLASS II) £570/760 
ASSISTANT ENGINEERS (CLASS I11) £470/575 

Commencing salaries will be fixed within the above 
limits according to qualifications and experience. 
Where Assistant Engineers (Class 1) possess appro- 
priate specialised experience, e.g., tunnelling, the 
commencing salary will be not less than £900 per 
annum. 

Assistant Engineers (Classes I and II) will be pro- 
vided with housing jation at a ble 
rental. Accommodation may be available in some 
cases for Assistant Engineers (Class I11). 

The appointments will be to the temporary staff 
of the Corporation and for the period required in the 
construction of the Haweswater Aqueduct, which 
will extend over a further 3 to 34 years and com- 
prises tunnels, covered channels, pipelines and 
special works. 

The successful applicants will be required to pass 
a medical examination, to contribute to the Man- 
chester Corporation Superannuation Fund, and 
to conform to the Standing Orders of the Council. 

Applications stating (1) age, (2) education and 
training, (3) professional] qualifications, (4) experi- 
ence in the preparation of plans and construction 
of Waterworks or other Civil Engineering Works, 
also indicating the class of appointment applied for, 
must be accompanied by copies of two recent testi- 
monials and addressed to me, endorsed “ Applica- 
tion for Engineering Appointment—Haweswater 
Aqueduct,” so as to be received not later than the 
16th JULY, 1951. 

Canvassing in any form is prohibited, and rela- 
tionship to any Member of the Council or Senior 
Officer must be disclosed in writing to me. 

PHILIP B. DINGLE, 
Town Clerk. 


D 123 





Town Hall, 
MANCHESTER, 2. 
June, 1951. 


NATIONAL COAL BOARD. 
Applications are invited for the appointment in the 
Production Department ai London Headquarters of a 

IVIL ENGINEERING DRAUGHTSMAN 

with experience in Sanitary Engineering. The 
selected candiaate will be engaged on design and 
preparation of layouts for water treatment plants 
and sewage disposal plants of up to 30,000 gallons 
capacity per day, ana the design and preparation of 
drawings for distribution schemes and drainage. 

Salary on appointment, up to about £600 per 
annum in Lonaon, according to qualifications and 
experience. The post is superannuable. 

Apply in writing, giving full particulars (in 
chronological order) of age, education, qualifications 
and experience (with dates), to NATIONAL COAL 
BOARD, Establishments (Personnel), Hobart House, 
Grosvenor Place, London, 8.W.1, marking envelope 
TT/352. Original testimonials should NOT be 
forwarded. Closing date 1jth JULY, 1951. D150 


BRITISH ELECTRICITY AUTHORITY. 


JUNIOR ENGINEER (CONTROL)— 

(a) LITTLEBROOK POWER STATION, Appli- 
cants should have had suitable training and 
experience in the operation of K.H.T. Switchgear 
and parallel running of alternators. 
(b) ASSISTANT ENGINEEK = (Mechanical)— 
CROYDON “B” POWER STATION. Respon- 
sible for the planning of mechanical plant main- 
tenance and associatea labour. Practica! experience 
of Power Station layout, operation and maintenance 
essential. 

(c) GENERAL ASSISTANT ENGINEER (Trans- 
mission). To take charge of gang of titters engaged 
on major overhauls in 132-kV Substations. Appli- 
cants should have had the training and experience 
to enable them to organise and supervise this type 
of work. N.J.B. Conditions of Service and salary 
for all positions (a) Class J, between Grades 18 and 
14, commencing at £400 per annum; (b) Class J, 
Grade 11, £597 ¥s. per annum ; (c) Class AX, Grade 8, 
£432 per annuim. Salaries quoted includs London 
Allowance. Applications on forms obtainable from 
DIVISIONAL SECRETARY, B.E.A., 8.E. Division, 
Lower Ham Road, Kingston-upon-Thames, to be 








received by 7th JULY, 1951. D 156 





Applicants for (a) should be experienced in 
originating and checking the associated diagrams 
and protective systems for Main Generating Plant 
in Power Stations and Sub-Stations. 

The duties of (b) consist of layout and general 
design of Generating Stations, Coal-handling Plants, 
Ash and Dust-handling systems and all pipework 
required for complete installations, and applicants 
should be familiar with one or more of these. 

Applicants for (c) should have wide experience in 
the preparation of working drawings for: (1) Re- 
inforced concrete, (2) heavy structural steelwork 
and/or (3) building works in connection with 
Generating Stations. 

Candidates for all these posts should either be 
obtaining or in possession of Higher National 
Certificate, or equivalent, and practical training will 
be an added advantage. 

The salaries will be in accordance with N.J.B. 
Schedule ** D ”’ Class 4/5, i.e., £525 p.a. to £735 p.a., 
inclusive of London Allowance. The commencing 
salary will be according to the candidate's age, 
experience and qualifications. 

The posts are superannuable. 

Applications, stating age, qualifications and 
experience, should be addressea to THK DIVI- 
SLONAL SECRETARY, BRITISH ELECTRICITY 
AUTHORITY, London Division, Ergon House, 
Horseferry Road, Westminster, 8.W.1, so as to be 
received within 14 days of the publication of this 
advertisement. D174 

J. N. WAITE, Divisional Controller. 


UNIVERSITY OF ABERDEEN, 
NATURAL PHILOSOPHY DEPARTMENT. 


Applications are invited for the post of 

ECTURER ENGINEERING MATHE- 

MATICS (including Pure and Applied Mathe- 
matics and Mathematical Physics). ‘ithe Lecturer’s 
main duties will be to teach Honours students in 
Engineering Science, and to advise on Mathematical 
aspects of the research of the Engineering Depart- 
ment. Salary in the range of £1100 by £5v to £1300 
with F.S.8.U. and Children’s Allowances. Initial 
placing according to qualifications and experience. 
he University pays a proportion of turniture 
removal expenses, 

Applications should reach THE SECRETARY 
TO THE UNIVERSITY (from whom torms of 
application and conditions of appointment may be 
obtained) not later than Ist AUGUST, 1951. 

J. BUTCHART, 


The University, Secretary. 





Aberdeen, D 180 
UNIVERSITY OF ABERDEEN, 
ECTURESHIP IN ENGINEERING. 


Applications are invited fora LECTURESHIP 

IN ENGINEERING, Salary £550 by £50 to £800, 

with F.S.8.U. and family allowance. ‘The University 

ays a part of removalexpenses. Candidates should 

hold an honours degree in mechanical engineering 

and have had industrial and/or research experience, 

Applications should reach THE SECKETARY 

TO THE UNIVEKSITY (from whom forms of 

application and conditions of appointment may be 
obtained) not later than 27th JULY, 1951. 
H. J. BULCHAR?, 

Secretary. 

D175 


The University, 
Aberdeen. 


EGYPTIAN GOVERNMENT. 
FAROUK 1 UNIVERSITY, ALEXANDRIA, 





Applications are invited for the following 

ROFESSORSHIPS AT THE FACUL1T\: OF 

ENGINEERING: NAVAL ARCHITECTURE 
and MARINE ENGINEERING; POWEK pTA- 
TIONS (Mechanicai); STRENGTH OF MATE- 
KIALS and SANITARY ENGINEERING. 

Candidates must possess Ph.D. or higher quali- 
fication. University teaching, practical experience, 
original researches and publications. The appoint- 
ments will be on contract for two years, renewable, 
at a salary to be fixed according to qualifications 
and experience, and become effective trom date of 
taking-up duties, Travelling expenses to Kgypt 
and return on completion of a specified convract 
period will be paid. 

Applications, giving full details, should he sub- 
mitted to THE DIRECTOK-GENEKAL, EGYP- 
TIAN EDUCATION BUREAU, 4, Chesterfield 
Gardens, Curzon Street, Lonaon, W.1, so as to be 
received not later than 25th JULY, 1951. D171 





NGINEER I (UNESTABLISHED) 
required by MINISTRY OF SUPPLY 
ESTABLISHMENT in LANCASHIRE, Candidates 
British, of British parentage, should have served a 
regular engineering apprenticeship and either be 
corporate members of one of the Institutions of 
Electrical, Mechanical or Civil Engineers or possess 
exempting qualifications. Considerable experience 
in an executive capacity in heavy or medium elec- 
trical industry and very wide electrical background 
essential ; knowledge of instrumentation and high 
vacuum testing an advantage. DUTIES: To be 
responsible for the organisation and technical 
administration of the inspection of electrical and 
allied equipment ordered by Atomic Energy Divisiox. 
SALARY : £997-£1192 p.a. There will be periodical 
competitions for establishment. APPLICATION 
FORMS from MINISTRY OF LABOUR AND 
SERVICE, Technical and Scientific Register (K), 
York House, W.C.2. Quoting D.288/514. Closing 
date, 3lst JULY, 1951. D 163 








poet examinations recognised by any of these 
nstitutions as granting exemption from sections 
“A” and “ B” of their examinations for associate 
membership. Should have a good knowledge of the 
design of “ special to contents *’ containers and be 
familiar with the latest P.I.P. methods in the 
packaging of Military stores to meet all climatic 
conditions ; experience of the preparation of speci- 
fications, knowledge of various methods of packing 
and types of materials involved and the testing of 
prototype packs, A sound knowledge of all types 
of armament stores an advantage. DUTIES: 
Responsible to the Chief Inspector for inspection of 
all preservation, identification and packaging of 
armament equipments and stores (general policy, 
design and technical direction). SALARY: £1050 
to £1270 p.a. Not established, periodical com- 


petitions for establishment. APPLICATION :— 
FORMS from MINISTRY OF LABOUR AND 


NATIONAL SERVICE, Technical and Scientific 


Register (K), York House, Kingsway, W.C.2, 
quoting C.363/51A. Closing date, 3ist JULY, 1951. 
D 162 


HIS MAJESTY’S COLONIAL SERVICE. 
MALAYA. 


There are several vacancies in the DEPARTMENT 
OF DRAINAGE AND IRRIGATION, MALAYA, 


for 
ASSISTANT CIVIL ENGINEERS. THE 
duties include surveys and preparation of 
designs for irrigation works and water control, 
execution of works by comtract and direct labour. 

Appointment will be on probation for permanent 
and pensionable employment in the incremental 
scale $440 by $30 to $1000 per month (£614 by £42 
to £1400 per annum at present rates of exchange), 
initial salary depending on experience and war 
service. Cost-of-living allowance is payable at 
approved Government rates subject to the following 
maxima :—£707 r annum for married officers 
with dependent children, £602 per annum for married 
officers without dependent children, £336 for single 
officers. Expatriation pay, which is pensionable, 
is paid at rates varying from £126 to £231 per annum. 
Free passages for officers, and if married, for their 
wives and children, are granted on first appointment 
and on leave. Generous home leave on full pay is 
granted after a first tour of 3 to 4 years, the length 
of tour decreasing with length of service. Malayan 
Income Tax is payable at low rates. 

Candidates must be British subjects, aged prefer- 
ably between 24 and 35. They must be exempt 
from, or have passed, Sections “A” and “ B” of 
A.M.L.C.E, and have had at least two years’ civil 
engineering experience. Preference will be given to 
those with experience gained in River Catchment 
Boards. 

_ Engineers employed by local authorities in the 
United Kingdom can preserve superannuation rights. 

For a form of application and further information, 
write, giving brief particulars of age, qualifications 
and experience, to THE DIRECTOR OF 
RECRUITMENT (Colonial Service), Colonial Office, 
Sanctuary Buildings, Great Smith Street, London, 
S.W.1. Please mention this paper and quote 
No, 27329/24. ib 147 


GOVERNMENT OF NORTHERN IRELAND. 


MINISTRY OF HEALTH AND LOCAL 
GOVERNMENT. 


CIVIL ENGINEERS. 
Applications are invited for a 
IVIL ENGINEERING POST IN THE 
Ministry of Health and Local Government. 
The appointment will be unestablished, and, so far 
as can be foreseen, will last for several years. 

Remuneration—Successful candidate will be 
remunerated within the range £500-£750, and the 
commencing salary within this range will be fixed 
according to qualifications and experience. 

Qualifications—Candidates must be Corporate 
Members of the Institution of Civil Engineers or 
other approved professional Institution and prefer- 
ably should possess a University Degree in Civil 
Engineering. They must be capable of undertaking 
or checking complete designs and estimates for water 
and sewerage works, including initial investigation 
and surveying, carrying schemes to the contract 
stage and supervising the werks to completion. 
A knowledge of contract documents and procedure 
is essential and a knowledge of Housing Schemes and 
Town Planning is desirable. 

Preference will be given to suitably qualified 
candidates who served with H.M. Forces during 
war-time, providing the Ministry is satisfied that 
such candidates can, or within a reasonable time 
will be able to discharge the duties efficiently. 

Applications, stating date of birth and full 
particulars of qualifications and experience, with 
copies of two recent testimonials must reach THE 
DIRECTOR OF ESTABLISHMENTS, Ministry of 
before the 

D 137 





Finance, Stormont, Belfast, on or 


9th JULY, 1951. 





UNIVERSITY COLLEGE OF SWANSEA. 


Applications are invited for the post of 

ECTURER IN METALLURGY. SALARY 
on the scale £550, rising annually by £50 to 
£1100 per annum with an efficiency bar at £850. 
Further rticilezs may be obtained from THE 
REGISTRAR, JNIVERSITY COLLEGE, Singleton 
Park, Swane- hw whom a: pications must be 
received witout vey. D126 


: ublic Appointments continued on Page 68 
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HIS MAJESTY’S COLONIAL SERVICE. 


BRITISH HONDURAS. 


A vacancy has occurred in the Public Works 
Department, British Honduras, for an 
XECUTIVE ENGINEER. APPOINTMENT 
will be on probation for permanent and pen- 
sionable employment at a salary of $3840 per annum 
(£960 at current sterling equivalent of $4.00 to the £1). 
A cost-of-living allowance of $144 per annum is at 
present payable. Local Government Superannuation 
rights can be preserved. 
Conditions of service include: free passages on 
os for the officer, ais wife and children, 
not exceeding four in all, and on leaves for the 
officer and his wife; home leave on full pay at the 
rate of five days for each month of resident service ; 
tours of two to three years approximately. 
Candidates should be under 40 and should be 
A.M.1.C.E, or exempt from Sections “ A” and “ B” 
of the A.M.I.C.E. examinations. They should have 
had some years’ practical experience on civil 
ae ee work. 
or a form of application write, giving brief 
iculars of age, qualifications and experience, to 
HE DIRECTOR OF RECRUITMENT (Colonial 
ce), Colonial Office, \ Buildings, 
Great Smith Street, London, 8.W.1. Please mention 
this paper and quote No. 27322/138. D 146 








HIS MAJESTY’S COLONIAL RESEARCH 
SERVICE. 


Auptestions are invited for the post of 
IRECTOR (SENIOR PRINCIPAL SCIEN- 
TIFIC OFFICER) of the WEST AFRICAN 
BUILDING RESEARCH ORGANISATION which 
* is to be established to serve the needs of the four 
British West African Territories (Nigeria, Gold 
Coast, Sierra Leone and the Gambia). The 
Organisation, which will cover all fields of building 
research, will probably have its Headquarters in the 
Takoradi area, Gold Coast, and its scope will, in the 
first instance, be confined to building questions 
as opposed to engineering). The first duty of the 
irector, on appointment, will be to draw up, in 
consultation with the four Governments concerned, 
a scheme for the establishment and future work of the 
Organisation, including estimates on which future 
expenditure will be based. 

Candidates, who must hold a good honours degree 
in science or civil engineering, or equivalent 
qualification, must ess considerable experience 
in research and have held a post which would qualify 
them to initiate, direct and supervise investigations 
into building problems with which the Organisation 
will be called upon to deal. 

The salary will be in the scale of Senior Principal 
Scleatific Officer, £1500 by £75 to £1750 per annum, 
plus overseas research allowance at the rate of £125 
on a salary of £1500; £100 on a salary of £1575 
and £75 on salaries of £1650-£1750. In addition, 
a bas ag cost-of-living allowance is at present 
payable to officers serving in West Africa. The 
allowance in the Gold Coast is 15 per cent. of basic 
salary. If furnished Government quarters are 
provided a rent of 10 per cent. of basic salary 
(maximum charge £150) will be charged. Outfit 
allowance of £60. Free ages on appointment 
and on leave for selected candidate and his wife and 
children under 13 years. Superannuation will be 
— under the Colonial Superannuation Scheme. 

orms of application may be obtained from THE 
UNDER-SECRETARY OF STATE, Colonial Office, 
Research Department, Sanctuary Buildings, Great 
Smith Street, Westminster, 8.W.1 D4 


UNIVERSITY OF EDINBURGH. 

Applications are invited for the post of 
SSISTANT IN THE DEPARTMENT OF 
ENGINEERING. Salary £450 to £550 per 
annum, depending on qualifications. Candidates 
should possess an Honours Degree in Engineering 
and be particularly interested in Applied Mechanics. 
Applications, containing the names of two referees, 
should reach THE SECRETARY T® THE 
UNIVERSITY by 2ist JULY, 1951, from whom 
further details may be obtained. D144 


OLDHAM EDUCATION COMMITTEE. 
MUNICIPAL TECHNICAL COLLEGE. 


Principal: E. M. STODDART, B.Sc., 
Ph.D, London), Ph.D.(Dunelm), F.R.1.C. 
Applications are invited for the appointment of a 

E A ASSISTANT IN THE DEPART- 
MENT OF MECHANICAL ENGINEERING. 
Candidates should be qualified to teach Workshop 
Theory and Practice up to the final year of the City 
and Guilds Course and National Certificate subjects 
up to at least the second year of the course. The 
minimum qualifications required are either a Higher 
National Certificate in Production Engineering or 
the City and Guilds Final in Machine Shop Engineer- 
ing, together with the Ordinary or Higher National 
Certificate in Mechanical Engineering. Toolroom 
experience in industry will be an advantage. 
Salary will be in accordance with the Trae 
Technical Report, 1951, for Grade A Assistants, 
namely, £375, rising to £630 per annum together with 
approved additions for degree and training: allow- 
ance is made for previous teaching and industrial 
service. Forms of application and further »arti- 
culars may be obtained from the UNDERSIGNED, 
to whom they should be returned within 
FOURTEEN DAYS of the appearance of this 


advertisement. 
MAURICE HARRISON, 
Education Offices, Director of Education. 
Union Street West, Oldham. 


OthgJune, 1951. D 127 





UNIVERSITY COLLEGE OF SWANSEA. 
Applications are invited for a 

ENIOR RESEARCH STUDENTSHIP IN 
ENGINEERING, tenable for one year from 
ist OCTOBER, 1951, with the possibility of renewal 
for a second year. Applicants should have quali- 
fications in Mathematics, Physics, Chemistry, 
Engineering or Metallurgy. The value of the 
Studentship wil! be within the range £400 to £500 
annum. Further particulars may be obtained 


CITY OF COVENTRY EDUCATION 
COMMITTEE. 


COVENTRY TECHNICAL COLLEGE 
Principal: H. V. FIELD, B.Se., Wh. Seb. 
MLEE’ 


Applications are invited from suitably qualified 
persons for appointment as FULL-TIME 

EACHER O MECHANICAL ENGIN- 

EERING. 

Candidates should preferably be Graduates in 
Engineering or hold good technical qualifications and 
have had Industrial or equivalent Service experience. 
Previous teaching experience would be advantageous. 

Salary in accordance with 1951 Burnham Technical 
Scale for Assistant Grade A. 

Duties to commence on Ist SEPTEMBER, 1951, 
or as soon as possible after that date. 

Application forms and further particulars obtain- 
able hem the UNDERSIGNED, to whom completed 
forms should be returned within 14 days of the 
appearance of this advertisement. 

W. L. CHINN 


Council House, Director of Education. 
COVENTRY. 
D 201 


June, 1951. 


THE UNIVERSITY OF MANCHESTER. 


PPLICATIONS ARE INVITED FOR THE 

following its :-— 

ONESENIOR LECTURER IN ENGINEERING, 

ONE LECTURER IN ENGINEERING. 

Salary scales for Senior Lecturers, £1150 by £50 
to £1500 and for Lecturers, £500 by £50 to £900 by 
£50 to £1100. Initial salary according to quali- 
fications and experience. Membership of F.S.8.U. 
and Children’s Allowance Scheme. Applications to 
be submitted not later than 15th JULY, 1951, to 
THE REGISTRARS, THE UNIVERSITY, 
MANCHESTER, 13, from whom further particulars 
and application forms may be obtained. D 204 





BRITISH ELECTRICITY AUTHORITY. 


SENIOR DRAUGHTSMEN. 
DRAUGHTSMEN. 
TRACERs. 


CHIEF ENGINEER’S DEPARTMENT. 


PPLICATIONS ARE INVITED FOR THE 
following vacancies in the Drawing Office at 
Headquarters in London :— 

SENIOR DRAUGHTSMEN and DRAUGHTS- 
MEN with experience in (a) Power Station Layout 
and Plant ip connection therewith, or (6) Civil 
Engineering or Building details. 

TRACERS with experience in the above or General 
Engineering work. 

Salaries will be in accordance with age and 
experience within the following ranges, which include 
London Allowance :—Senior Draughtsmen, Grade 4, 
£630-£735 p.a., Grade 5, £525-£630 p.a. Draughts- 
men, Grade 6, £400-£525 p.a. Tracers, £123 p.a. 
at 16, rising to a maximum of £338 p.a. 

The appointments are superannuable. 

Application forms may be obtained from THE 
SECRETARY'S OFFICE (Establishments), Appli- 
cations Section, BRITISH ELECTRICITY 
AUTHORITY, British Electricity House, Great 
Portland Street, London, W.1, and should be com- 
pleted and returned to D. MOFFAT, Director of 
Establishments, at the above address, not later 
than 13th JULY, 1951. 

Please quote Reference A E/182. 





D135 


GATESHEAD EDUCATION COMMITTEE. 


THE TECHNICAL COLLEGE, DURHAM ROAD, 
GATESHEAD. 





Principal: J. 8. ELLIOTT, B.Sc.( Hons.) Eng., 
A.M.1.Mech.E., M.I.Prod.E. 





Applications are invited for the post of 

SSISTANT GRADE B IN THE DEPART- 

MENT OF ENGINEERING to take work up 
to National Certificate standard. 

Candidates should be graduates of a British 
University, or possess equivalent qualifications, and 
have had suitable industrial and some teaching 
experience. They will be expected to teach Heat 
Engines and Applied Mechanics, together with 
Engineering Science and Engineering Drawing. 
Duties to commence on Ist September, 1951, or as 
soon thereafter as possible. 

Salary scale :—Grade B: £450 by £25 to £725, 
together with appropriate allowances for degree and 
training. Approved industria] experience after the 
age of 21 years will rank for incremental purposes 
up to a maximum of 12 increments. 

An application form may be obtained on receipt 
of a stamped addressed foolscap envelope and should 
be returned to the UNDERSIGNED within a 
FORTNIGHT of the appearance of this advertise- 


ment. 
W. N. HOWARD, 
Education Office, Director of Education. 
Prince Consort Road 8., 
GATESHEAD, 8. 


18th June, 1951. D 125 


RRITISH ELECTRICITY AUTHORITY. 
SOUTH-EAST SCOTLAND DIVISION. 


SENIOR CIVIL ENGINEERING 
DRAUGHTSMAN. 


ENIOR CIVIL ENGINEERING DRAUGHTS- 

MAN, Grade 5, in the Department of the 
Generation Engineer (Construction) at Portobello. 
Applicants should hold a University Degree or 
equivalent qualification and be experienced in the 
design and construction of Civil Engineering works. 
The salary for the appointment, which is super- 
annuable, will be within the range £500-£600 per 
annum, according to qualifications and experience. 
Applications, stating age, qualifications and 
experience, should be addressed to THE DIV1- 
SIONAL CONTROLLER, BRITISH ELECTRI- 
CITY AUTHORITY, South-East Scotland Division, 
British Electricity House, Portobello, Edinburgh, 





rom THE REGISTRAR, UNIVERSITY 
COLLEGE, Singleton Park, Swansea, by whom} 
applications must be received without delay. D 205 


not later than MONDAY, 9th JULY, _—., 
Divisional Controller. ” D133 


AIR MINISTRY 
Bg appointments as 

TATION ENGINEERS IN THE DIREC- 

TORATE GENERAL OF WORKS AT B.A.F. 

STATIONS. 

The salary rises to a maximum of £560 per annum 
and starting pay depends upon age, experience and 
qualifications. Annual increases will be granted for 
satisfactory service where salary is below the 
maximum. 

Candidates, who should be natural born British 
subjects, should have suitable practical experience 
and possess the following qualifications :— 

(a) Ordinary National Certificate in Electrical 
Engineering or show that they have reached an 
equivalent standard of technica] education ; 

(b) have served a recognised apprenticeship in 
electrical engineering with a firm or establishment 
of good repute ; 

(c) have had three years’ employment in 
electrical engineering, preferably on the operation 
and maintenance of mine factory or workshop 

lant and services. 
ference will be given to applicants who, 
subsequent to (b) and (c), have had experience of 
supervising staff. 

he work consists of the installation, operation 

and maintenance of high or medium voltage elec- 
trical distribution systems, electrical installations, 
steam and hot water heating systems and mis- 
cellaneous works plant, tools and equipment. 

Applicants should state ifin addition to experience 
on above work, they have had responsibility for the 
maintenance and operation of Diesel engined 
generating plant. 

Appointments to locations at or nearest to those 
specitied in applications will be arranged as far as 
possible. 

Applications, stating age, qualifications and all 
previous appointments (with dates), to be addressed 
to THE AIR MINISTRY DIRECTORATE 
GENERAL OF WORKS (W.9), Bush House 
(S.E. Wing), Strand, W.C.2. D 161 


invite applications for non- 


COMMONWEALTH TECHNICAL 
CO-OPERATION SCHEME. 





Applications are invited by the COMMONWEALTH 
RELATIONS OFFICE for the post of 

XPERT DESIGNING ENGINEER UNDER 
THE GOVERNMENT OF INDIA, in India, 

at a salary of £3000 to £3500 per annum plus 
subsistence allowance, travelling facilities and free 
medical attention. Other facilities, including those 
for families, to be discussed. Applicants, preferably 
between the ages of 45 and 50, should be corporate 
members of the Institution of Civil, Mechanical or 
Electrical Engineers and must have considerable 
experience in the design of extra high tension 
transmission lines, including tower structures, 
The selected applicant will be responsible to the 
Chairman, Cei..al Waterpower, Irrigation and 
Navigation Commission, for the mechanical and 
electrical design of such transmission systems as will 
be required for grid supply connecting super-hydro 
power stations and long-distance power transmission 
projects. He will be expected to guide and train 
the Indian Engineers under his control. The contract 
is for two years in the first instance. Forms of 
application may be obtained from THE MINISTRY 
OF LABOUR AND NATIONAL SERVICE, 
Technical and Scientific Register (K), York House, 
Kingsway, W.C.2, quoting D.280/51/A.0. Closing 
date, 28th JULY, 1951. D 159 


PROFESSIONAL MECHANICAL AND 
ELECTRICAL ENGINEERS. 





Applications are invited for appointments to the 
SSISTANT ENGINEER GRADE IN THE 
ENGINEERING DEPARTMENT in the 
OFFICE OF THE RECEIVER FOR THE 
METROPOLITAN POLICE DISTRICT. 
MINIMUM QUALIFICATIONS. 

Candidates must be Corporate Members of the 
Institution of Mechanical or Electrical Engineers, 
and must have served an engineering apprenticeship 
and have had at least three years’ professional 
experience on the appropriate engineering work. 
POSTS AVAILABLE. . 

One Mechanical Engineer to undertake heating, 
ventilating, steam and auxiliary mechanical plant 
as applied to modern buildings. Knowledge of 
electrical work an advantage. 

One Mechanical Engineer to undertake automobile 
engineering, repair workshops, fleet operation and 
maintenance. 

One Electrical Engineer to undertake lighting, 
power, lifts, communications as applied to modern 
buildings. Knowledge of heating work an advantage. 
SALARY SCALE 

£475 by £25 to £750 per annum. Minimum 
linked to age 25 with weighting of entry salary 
according to age up to £600 per annum at age 30. 

Appointments will be temporary, but there may 
be prospects of permanent pensionable posts. 

Hours, leave, sick leave and extra duty allowance 
similar to those in the Civil Service Engineering grade. 
Applications, stating age, experience and quali- 
fications, should be addressed to THE CHIEF 
CLERK, ENGINEERING DEPARTMENT, NEW 
SCOTLAND YARD, LONDON, 8.W.1. No testi- 
monials to be sent. D 160 





CITY OF NOTTINGHAM. 

WATER DEPARTMENT. 
APPOINTMENT OF CIVIL ENGINEERING 
ASSISTANT (PERMANENT). 








APPLICATIONS are invited for the appointment of 
“IVIL ENGINEERING ASSISTANT AT A 

salary in accordance with Grade APT. IV of 
the National Scale, commencing at £530 per annum, 
rising by annual increments of £15 to £575. 
Candidates should be not more than 45 years of 
age, must possess an engineering degree and should 
have had experience with a Water Undertaking, a 
firm of consulting engineers, or in the Engineer and 
Surveyor’s Department of a Local Authority. _ 
The appointment will be subject to the provisions 
of the Local Government Superannuation Act, 1937, 
and the successful candidate will be required to pass 
a medical examination. 7 ‘ 
Applications, stating age, qualifications and 
experience, and giving names of two persons to whom 
reterence can be made, should be enclosed in an 
envelope endorsed * Civil Engineering Assistant— 
Water Department "” and delivered to me not later 
than MONDAY, the 16th JULY, 1951. 

tT. 3. OWSS, 

The Guildhall, Town — 


NOTTINGHAM. 57 





DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 
SENIOR PRINCIPAL SCIENTIFIC OFFICER. 


THE CIVIL SERVICE COMMISSIONERS invite 
applications for a eee, for a 
ENIOR PRINCIPAL SCIENTIFIC OFFICER 
in the Building Operations Research Unit of 
the Building Research Station. The officer appoin- 
ted will, for the present, be stationed in South 
Kensington, but it is expected that the Unit wil) 
eventually be transferred to the headquarters of 
the Building Research Station at Garston, near 
Watford, Herts. 

The successful candidate will be expected to direct 
and take charge of staff engaged on the study of 
productivity and costs of building. This will 
include the application of research methods to the 
study of building processes and to site and factory 
operations. 

All candidates must have been bern on or before 
lst August, 1916, and have a First or Second Class 
Honours Degree in some branch of science or 
engineering or an equivalent qualification. Good 
experience in research is essential. Experience of 
operational research is a distinct advantage, although 
a lack of such experience would not preclude the 
appointment of an otherwise suitable candidate. 
Knowledge of statistical methods is an advantage. 

Inclusive salary scale (London), £1500 by £75 to 
£1750 (men) £1340 by £75 to £1580 (women). 
Exceptionally a starting salary above the minimum 
may be granted according to qualifications and 
experience. 

he post is superannuable under the Federated 
Superannuation System for Universities. 

Further particulars and application forms from 
THE CIVIL SERVICE COMMISSION, Scientific 
Branch, Trinidad House, Old Burlington Street, 
London, W.1, quoting $4042/51. Completed appli- 
cation forms must be returned by 2nd ro 

951. 158 





APPOINTMENTS OPEN. 


It is advisable when sending testimonials to forward 
copies and NOT originals. 


A™ OLD-ESTABLISHED LIGHT ENGIN- 

eering Public Company with works in London, 
employing 1300 workpeople (50 per cent. female) 
and 150 office and sales staff, invites applications 
from ENGINEERS aged 35-45 for the post of 
ASSISTANT TO THE MANAGING DIRECTOR. 
Applicants must be cf good address and strong 
personality, with practical sales outlook and experi- 
ence. Experiepce in batch production of small 
parts and sound knowledge of autematics essential. 
A minimum commencing salary of £2000 per annum 
is offered for this progressive appointment, leading 
to early appointment of Genera) Manager and, later, 
to the Managing Directorship at commensurate 
remuneration. Appiications, which will be treated 
in strict confidence, should give full details of 
education, qualifications, posts held, numbers of 
workpeople and staff controlled, and salaries earned. 
—wWrite, quoting FBS/1062, to BOX No. 8229, 
c/o WHITK’S LTD., 72/8, Fleet Street, E.C.4. D 134 


THE DE HAVILLAND ENGINE CO., LTD., 
require 
NGINEERS FOR PERFORMANCE 


analysis and design calculation for gas turbine 
engines. Knowledge of Thermodynamics essential, 
and preferably with a knowledge of fluid aero- 
dynamics.—Write, giving age, full details of previous 
experience, qualification and salary expected, to 
THE PERSONNEL OFFICE, Stag Lane, Edgware, 
Middlesex. D 164 


/pravorraas REQUIRED BY THE 

BRITISH SOCIETY #®OR RESEARCH IN 
AGRICULTURAL ENGINEERING. The work 
includes design of prototype machinery and testing 
apparatus and candidates should have experience in 
good class general mechanical engineering. Minimum 
professional qualifications: Higher National Certi- 
ticate. Works training desirable. Salary in the 
following scales :—Draughtsman, £283 to £394 on 
entry, rising to £495. Leading Draughtsman, 
£470 by £20 to £595. These rates will probably be 
increased in the near future. Apply to SECRETARY, 
N.1.A.E., Wrest Park, Silsoe, Beds. D 167 


NGINEER TO TAKE CHARGE OF 
TENDERING DEPARTMENT’, accustomed 
handling commercial correspondence home and 
export, preparation of composite tenders and 
specifications, fan experience desirable but not 
essential, non-contributory superannuation.—Apply 
in writing to AEREX, LYTD., Fan Engineers, 
46, Rutland Park, Sheffield. D 132 


COURTAULDS, LIMITED, Coventry, Chemical 
Engineering Section, require 
RAUGHTSMEN FOR DESIGN OF 
chemical plants and development work 
including instruments. Experience of chemical 
plant is desirable, but not essential as work covers & 
wide range. Consideration will be given to all 
applicants with satisfactory technical training, but 
candidates should preferably hold a Higher National 
Certificate in Engineering. D 139 


CONSULTING ENGINEERS, Park Lane area, 
require 

ETAILING DRAUGHTSMAN FOR 

reinforced concrete or structural steelwork. 

Good salaries offered to experienced applicants. 

Five-day week.—Apply, stating age, experience and 


salary required, to BOX D151, Offices of 
ENGINEERING. 
LECTRICAL ENGINEER, WITH 3-5 


years’ t-graduate experience is required 
for tike design of special types of small motors and 
generators to form part of a complete electro- 
mechanised system.—Applications, in writing, to be 
sent to THE STAFF MANAGER (Ref. GBLU/43; My 
RESEARCH LABORATORIES OF THE 
GENERAL ELECTRIC CO., LTD., East Lane, 
North Wembley, Middlesex, stating emma XT 
age and experience. D 





Appointments Open continued on Page 69 
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Appointments Open continued from Page 68 


NGINEER, PREFERABLY UNDER 40 

and unmarried, to take charge of sales and 

service of High Pressure Boiler Mountings and 
Valves in INDIA for well-known Company. 

A minimum of 9 months’ training in Great Britain 
would be given to successful applicant. Applicants 
who should be European, should forward full details 
of qualifications and appointments held, together 
with age and salary required, to BOX D 172, Offices 
of ENGINEERING. 


RAUGHTSMAN, ACCUSTOMED TO 
taking site dimensions and _ setting-out, 
required by old-established London tiling and 
terrazzo contractors. Permanent position.—Write 
fully, experience and salary required, BOX D 131, 
Offices of ENGINEERING. 


BELLISS & MORCOM, LTD., Birmingham, have 

vacancies for RECIPROCATING ENGINE 
RAUGHTSMEN, HAVING GOOD DESIGN 
experience with any of the following— Steam 
Engines, Oil Engines, Air Compressors. Interesting 
work with good prospects for suitable applicants. 
Write, stating age, experience, salary required, etc. 
138 


ESIGNER - DRAUGHTSMEN, WITH 
Higher National Certificate, University Degree 

or similar qualifications and with 2-4 years’ experi- 
ence, are required for work with experimental 
research teams in mechanical and radio engineering. 
Applications, giving age and record, should be sent 
to THE STAFF MANAGER a GBLC/437), 
RESEARCH LABORATORIES OF THE 
GENERAL ELECTRIC CO., LTD., East Lane, 
North Wembley, Middlesex. D 185 


LECTRICAL AND MECHANICAL 
ENGINEERS AND METALLURGISTS are 
required for experimental work at the Research 
Laboratories of THE GENERAL ELECTRIC 
cO., LTD., East Lane, North Wembley, Middlesex. 
Graduate staff are needed for work on radio- 
communications, domestic heating appliances, 
illumination, light mechanical engineering problems 
and in the metallurgical field. Applications, givin 
age and record, should be sent to THE STAFF 
MANAGER (Ref. GBLC/432). D 165 


APPLICATIONS are invited for the new post of 
SSISTANT CHIEF ENGINEER OF A 
modern heavy Chemical Works ss 
Caustic Soda, Chlorine, Hydrochloric Acid, etc., by 
electrolytic methods. Experience in design and 
development is essential, and previous knowledge of 
the industry and modern methods of Engineering 
Organisation and Planning would be recommenda- 
tions. Pension and Housing Scheme.—Please reply, 
in confidence, giving full particulars, to BOX D 130, 
Offices of ENGINEERING. 


RAUGHTSMEN REQUIRED FOR 
experimental and research work in mechanical 
engineering and aircraft design. H.N.C. standard. 
A.E.S.D. rates.—_TILTMAN LANGLEY LABORA- 
TORIES, LTd., Redhill Aerodrome, Surrey. D 187 


A well-known Company requires 
UNIOR ENGINEERS FOR THEIR STEAM 
Turbine Division in the Midlands. Applicants 
should have good drawing office experience and a 
background of practical engineering, preferably 
directly connected with Steam Turbines.—Please 
write, stating age, experience and qualifications, 
quoting ref. HJD(1) to BOX D179, Offices of 
ENGINEERING. 


HYSICISTS AND ENGINEERS FOR 
INSTRUMENT WORK. IMPERIAL CHEM- 
ICAL INDUSTRIES have vacancies in_ their 
Billingham Division for PHYSICISTS and ENGIN- 
EERS, to carry out research and development on 
measuring, recording and automatic control instru- 
ments and to supervise Works’ use of them; also 
for experimental] stress analysis. Candidates should 
be between 22 and 45 years of age. They must have 
an Honours Degree and preferably some practical or 
research experience.—Please write, giving full 
details of qualifications and experience, etc., quoting 
tef. A.6, to THE STAFF MANAGER, IMPERIAL 
CHEMICAL INDUSTRIES LIMITED, Billingham 
Division, Billingham, Co. Durham. D 182 


PLANNING ENGINEER REQUIRED, TO 
_ Specialise in schemes for the promotion of 
Aircraft Gas Turbine Component interchangeability 
for the simplification of overhaul in quantity. 
Experience of component manufacture and poms 
is essential—Apply, giving age, experience and 
salary required, to BOX D184, Offices of 
ENGINEERING. 


ENGINEERS REQUIRED FOR WORK ON 
_ quality control in building and civil engin- 
eering. Successful applicants will be employed 
initially at the Company’s Central Laboratory on 
Tesearch and testing concerned with concrete, and 
other materials and techniques used in building and 
civil engineering. They must, however, be prepared 
when trained, to travel to any part of Great Britain 
or abroad. The appointments offer an excellent 
opportunity of gaining a wide experience of building 
and civil engineering technique.—Write, stating age, 
experience, qualifications, and salary required, to 
G. WIMPEY & CO., LIMITED, Central Laboratory, 
Lancaster Road, Southall. D 188 


PROGREsS SUPERVISOR REQUIRED IN 
+ the Machine Shop of Large Light Engineering 
Company situated in the eastern suburbs of London. 
Applicants must have experience in progress and 
production control and should be competent to 
undertake the control of progress in a machine shop 
using batch production methods. The position is 
permanent and offers excellent opportunities.— 
Please state full details to BOX D 190, Offices of 
ENGINEERING. 


ORKS MANAGER, WITH PREVIOUS 
successful administrative and _ technical 
experience for very high-grade engineering products. 
Internal combustion engines and vehicles, also 
aircraft components. Expanding Company of high 
reputation employing nearly 400. Very modern 
plant including many multi-spindle lathes and 
drills.—Please write, giving full details of experience 
and salary required, BOX D141, Offices of 
ENGINEERING. 


(TeCaCAL MANAGER REQUIRED BY 
Company manufacturing Water Tube Boilers. 
State age, qualifications, experience, etc. Salary 
offered, £1800-£2000 per annum.—aApplications 
should be addressed to BOX D142, Offices of 
ENGINEERING. 


ENIOR DRAUGHTSMAN FOR POWER 
Plant arrangement, foundations, piping, etc. 
Preferably with experience of steam turbines or 
compressors. Good working conditions, canteen, 
five-day week. oem f according to ability.— Apply 
DANIEL ADAMSON & CO., LTD., Engineers, 
Dukinfield, Cheshire. D114 


CHIEF PLANNING ENGINEER, WITH 

experience of operational planning, Jig and 
Tool design, sheet metal manipulation, plant layout 
and modern machine tools technique is required by 
Frigidaire division of general Motors, Ltd. The post 
is a progressive one and offers considerable scope to 
the right man.—Application, which should state 
age, experience and salary required, should be made 
to the PERSONNEL MANAGER, FRIGIDAIRE, 
Stag Lane, N.W.9. D12 





Guaon DRAUGHTSMAN REQUIRED FOR 
development work special purpose machines, 
light and medium heavy. Applicant must be 
capable of complete design from Engineers’ data and 
sketches. Knowledge of glass an advantage. 
Minimum salary A.E.S.D. Excellent opportunity 
for right man.—BOX G 25, Offices of ENGINEERING. 


ASSISTANT ENGINEER REQUIRED FOR 

development work on medium light special 
purpose machinery. Candidate must have drawing 
office and works experience, and must be capable of 
accepting responsibility. Higher National Certificate 
or equivalent necessary. Knowledge of glass or 
glass machinery would be helpful. Good salary and 
permanent post for right man.—BOX G 26, Offices 
of ENGINEERING. 


SSISTANT PLANT ENGINEER’ RE- 
quired by modern plant, N.W. London. 
Previous experience in a similar capacity and good 
knowledge of machine-tool work essential—Reply, 
stating age, experience and salary expected, to 
PERSONNEL MANAGER, FRIGIDAIRE DIVI- 
gy OF GENERAL MOTORS, LTD., Stag Lane, 
D 169 


Wants FOR ENGINEERING WORKS 

in Western District of Glasgow, enterprising 
young man with first-hand knowledge of work on 
modern machines, particularly Combination Lathes 
and Boring and Facing Machines. It is preferred 
that applicant has knowledge and would carry out 
Ratefixing duties. When replying, state previous 
experience, and salary expected. The appointment 
is covered by a Superannuation Scheme. 1t provides 
scope for organising ability, and opportunity for 
rapid promotion.—Address, 2166, WM. PORTEUS 
AND CU., Glasgow. D170 


Ambitious men with suitable experience are invited 
to apply for posts as 
ENIOR DESIGN ENGINEERS WITH THE 
STEAM TUKBINE Division of a well-known 
Company in the Midlands. Excellent salary and 
prospects of promotion are offered in a department 
which is expanding and working on advanced design 
and development in this fielau.—Please write, in 
confidence, giving full details of experience and 
qualifications, quoting ref. HJD, to BOX D 166, 
Uffices of ENGINEERING. 


Ca NEEDS ENGINEERS. 





Members of all branches of the profession required 
by great number of industries, educational institu- 
tions, municipalities, and government agencies. 
THE ENGINEERING INSTITUTE OF CANADA 
is endeavouring to find persons to fill these openings. 

Are YOU interested ? 

The General Secretary of the Institute, 
L. AUSTIN WRIGHT, will be in England by 
2ist JUNE to interview interested parties. He wili 
give information on openings, working conditions, 
salaries, transportation, etc. 

Address: Care of INSTITUTION OF CIVIL 
ENGINEERS, Great George Street, London, 8.W.1. 

Issued under the authority of the Department of 
Citizenship and Immigration, Ottawa, Canada. D 168 


RITISH OXYGEN co. REQUIRE 
HUNUOURS GKAUVUATE IN CHEMICAL 
ENGINEERING OK ALLIED SCIENCUK, with 
at least five years’ experience on the production 
side of the chemical or process industries for 
technical work connected with production of indus- 
trial gases.—Apply, giving full details of age, 
qualifications, aua experience, to BRIVGEWATER 
HOUSb, CLEVELAND KOW, sI. JAMES’p, 
b.W.1. D154 


VACANCIES FOR 
ECHANICAL DRAUGHTSMEN- EXIST 
with the Kesearch and Development group of 
a major Industrial. Company in the West Wna of 
London, Experience of chemical plants desirable 
but not essential. Initial salary according to 
experience and qualitications.—Reply, giving full 
details of age ana experience, to Lepr. M.83, THE 
BRITISH OXYGEN CO., LTD., Bridgewater 
House, Cleveland Row, St. James's, London, ea 
155 


NGINEER BUYER REQUIRED BY 
Company manufacturing heavy engineering 
equipment. Salary £600 to £750 per annum.— 
State age, and give full details of experience and 
positions held, to BOX D192, Offices of 





ENGINEERING. 


NAPIER & SON, LIMITED, HAVE A 
e number of VACANCIES in their RESEARCH 
DEPARTMENT for TECHNICAL and MECHANI- 
CAL STAFF fcr work of a very interesting nature, 
offering good ———. on researches connected with 
both internal combustion engines and industrial 
projects covering a wide field in mechanical engin- 
eering and allied branches. 
The work offers applicants exceptional oppor- 
tunities to apply their existing knowledge and 
experience to new fields and to enlarge their present 


“—. 
tails of the particular vacancies are :— 
SECTION LEADER. 

To take charge of a section engaged upon fluid 
sealing researches. Applicants, who should be over 
25 years of age, must have had previous experience 
of controlling a small team of technical assistants 
engaged upon experimental work, and should 
preferably have an engineering degree or equivalent 
qualification. The ability to prepare satisfactory 
technical reports is of considerable importance. 

Salary will be in accordance with qualifications 
and experience. 

TECHNICAL ASSISTANTS. 

Applicants should be over 21 years of age and 
have a minimum qualification of Ordinary National 
Certificate. Preference will be given to those with 
Higher National Certificate, B.Sc., or equivalent 
engineering qualifications, together with an appren- 
ticeship and some industrial experience. Ability to 
render clear, concise and well reasoned reports will 
be considered an advantage. 

The work involves scheming of special research 
equipment, the layout of test programmes, con- 
ducting of tests and the analysis and reporting of 
results. 

In particular, applicants are required for 
work in :— 

(a) General mechanical engineering. 

(6) Hydraulics and fuel injection. 

(c) Vibration measurement and analysis. 

(d) Thermo-dynamics and heat transfer. 

(e) Bearings, os and fluid sealing. 

Salaries will in accordance with age, 
qualifications and previous experience. 
MECHANICAL ASSISTANTS. 

Duties include the fitting, assembling and testing 
of research test equipment, and applicants, 24 years 
of age and over, should have served an apprenticeship 
in mechanical engineering followed by some industrial 


experience, ‘we! including testing work, 
experience in fuel injection equipment is an 
advantage. 


Salary according to age and experience. 

Applicants in all categories should apply in 
writing to the PERSONNEL MANAGER, D. 
NAPIER & SON, LIMITED, Acton, W.3, marking 
envelope “‘ RESEARCH,” and stating qualifications, 
previous career and salary required. D 128 


| DRAUGHTSMAN RE- 

quired for General Engineering Works in 
West London. Experience in medium and heavy 
Power and Hydraulic Plant essential. Applicants 
with Higher National Certificate preferred. Com- 
mencing salary £10 p.w. Superannuation Scheme.— 
Apply BOX D 152, Offices of ENGINEERING. 


VACANCIES FOR THREE 

ENIOR DRAUGHTSMEN EXIST] WITH 

THE BRITISH OXYGEN COMPANY 
LIMITED for work in the West End of London. 
Experience of plant layout or design or compressors/ 
pumps an advantage. Duties also include site 
visits.—Keply, giving full details and salary 
required, to Dept. M.1u0, THE BRITISH OXYGEN 
CU., LYD., Bridgewater House, Cleveland Row, 
St. James’s, London, 8.W.1. D 153 


SSISTANT PLANT ENGINEER 
required, aged 25-30 years, for West London 
Factory, knowledge heavy presses, electrical 


installations and training in general factory main- 
tenance essential.—Write, stating age, experience 
and salary required, to BOX EG 111, L.P.K., 
110, St. Martin’s Lane, W.C.2. D 196 


SSISTANT WORKS MANAGER _ RE- 
quired for large Kngineering Works, com- 
prising Machine Shops, rabricating Shop, Press 
phop and large Iron Foundry, situated in the North 
ot tsngland, and employing about 1500. Products 
include Karth-moving equipment, Mining Machinery, 
Machine ‘tools, Heavy Castings and various General 
Kngineering Work. 

it is essential that applicants should have experi- 
ence in medium/neavy plant and be well versed in 
modern production metnods. 

‘They shoulda, preferably, possess University Degree 
in Engineering or equivalent, and be 40 to 40 years 
of age. ‘The successtul applicant may be required to 
visit America tor short periods. - 

The firm has a Pension Scheme in operation, and 
a good salary will be pala to une right wian.—Apply 
BUX DL 198, Offices of ENGINEERING. 


Guec DIE DESIGNERS REQUIRED BY 

all steel automobile body manufacturers, 
West London district, experienced in design of 
single and double action, light and heavy dies for 
auto body pressings, aiso Senior Jig Designer, 
experienced in design of detail and assembly jigs tor 
ali steel auto body manufacture. Five-day, 4U-hour 
week, good canteen, library and social club tacilities. 
—Wnite, stating details of age, experience and salary 
required, to BUX EG 108, L.P.K., 110, St. Martin’s 
Lane, W.C.2. D194 


Guaen ESTIMATOR REQUIRED BY ALL 
steel automobile body manufacturers, West 
London district, to compile production estimates and 
cost brochures for auto body detail, assembly 
manufacture and treatments; to control cust 
achievement records, and advise on methods of 
eiticiency. Estimator with similar experience to 
above, also required. Five-day, 4U-nour week, 
good canteen and social club facilities. — Write, 
stating details of age, experience and salary requirea, 
te BUX EG 1u9, L.P.b., 110, St. Martin’s Lane, 
W.C.2, D195 


ROCESS PLANNER AND RATEFIXER, 
with experience of Capstar and Automatic 
machining operations, required by Engineering 
Firm, Home Counties. Must be works trained, 
perterably between 25 and 30. Salary £475-£500,— 
Apply, stating age and experience, BOX D 193, 
Omces of ENGINEERING. 





| pRopuctioN CONTROLLER REQUIRED 


by Engineering Company situated in the London 
area. Applicants should have experience of material 
control and progress as applied to large quantity 
production in the engineering industry. Applicants 
must have initiative and drive with determination 
to overcome difficulties. The position is permanent 
and the company operates a pension fund.—State 
full particulars of experience, with age and salary 
required, to BOX D 191, Offices of ENGINEERING. 


RAUGHTSMEN NEEDED FOR THE 
FOLLOWING DEPARTMENTs. MEN 
HAVING HIGHER NATIONAL CERTIFICATE 
AND QUALIFIED TRAINING PREFERRED :— 
(a) Experienced in Shell Boiler Design, boiler 
plant layout, brickwork settings, pipework, etc. 
(6) Experienced in Structural Steelwork Design, 
ie., bunkers, general platework and structural 
work in connection with boiler installations. 

(c) For Industrial Plant Department, experi- 
enced in pressure vessel design, welded or riveted, 
conversant with construction of Oil Refinery 
equipment and knowledge of American Standards 
an advantage. 

(d) For Works Engineering Department, ex- 
perienced in factory layout and services, including 
steam, water, hydraulics, etc. 

Salary commensurate with ability, interesting 
work, good conditions, canteen facilities, permanent 
position for right men, staff superannuation scheme. 


Particulars of technical education, experience, a 
and sala: required, to CHIEF NGINEER, 
EDWIN ANKS & COMPANY (OLDBURY) 


LIMITED, Oldbury Boiler Works, near —— 
213 


IECHNICAL ABSTRACTORS OF FOREIGN 
JOURNALS, regular free-lance work, all 
languages and subjects. Also translators. Please 
state full particulars and fees.—BOX D 211, Offices 
of ENGINEERING. 


RAUGHTSMAN REQUIRED, WITH 

General Engineering experience for works in 
Sheffield district. Good prospects for man_with 
some imagination and flair for design.—_ BOX D 212, 
Offices of ENGINEERING. 


Dae plan ng (JUNIOR), PREFERABLY 
with pump experience, in London area,— 
Apply, GWYNNES UMPS, LIMITEI:, 64, Chan- 
cellors Road, Hammersmith, W.6. C 920 


SPERRY GYROSCOPE O©O., LTD., Great West 
, Brentford, Middlesex, require 
LECTRONIC ENGINEER. D ACA- 
demic qualifications and recognised apprentice- 
ship desirable. Required for development work on 
control systems. Experience of D.C. amplifiers and 
computing devices an advantage.—Apply, with full 
detalls of experience and salary required, to the 
PERSONNEL MANAGER. 


SPERRY GYROSCOPE O©O., LTD., Great’ West 
Road, Brentford, Middlesex, require 
gg me tpoee 7 ENGINEER. D ACA- 
demic qualifications and recognised apprentice- 
ship desirable. Preferably experienced in one or 
more of the following: precision mechanical design ; 
hydraulics or pneumatic servo systems; servo 
theory, aerodynamics.—Apply with full detalls of 
experience and salary requ’ to the PERSONNEL 
MANAGER. A100 


SPERRY GYROSCOPE O©O., LTD., Great West 
Road, Brentford, Middlesex, require 

LECTRO - MECHANICAL ENGINEER. 

Good academic qualifications and recognised 

a ticeship desirable. Experience in electrical 

and electro-mechanical methods of computations ; 

t design preferred.— 


servo theory and ins 
Apply with full details of experience and “a 
required to the PERSONNEL MANAGER. Al 


RAUGHTSMEN REQUIRED—EXPERI- 
ENCED senior also junior—knowledge of 
dust, fume and wood refuse removal plants.—Write 
full details AIR CONTROL INSTALLATIONS, 
LTD., Ruislip, Middlesex. B874 


RAUGHTSMEN. FIRST CLASS MECH- 
ANICAL DESIGNERS are required by a 
large and progressive manufacturing company in 
the Midlands. Electrical experience and a know- 
ledge of large quantity production methods is 
an advantage. Secure positions are offered for men 
with initiative and a flair for small mechanisms. 
Exceptionally high salaries will be paid to really 
first-class men.—Please give details of experience, 
So and age, to BOX G 20, Offices of 
GINEERING. 


IG AND TOOL DRAUGHTSMEN RE- 

quired. Previous aircraft experience not essen- 
tial. Pension and life Assurance scheme,—Appl 
EMPLOYMENT MANAGER, VICKERS-ARM- 


STRONGS, LTD. (Aircraft Section), wee. 


RAUGHTSMEN. MARINE ENGIN EER- . 
ing Firm on Clydeside requires SENIOR 
DRAUGHTSMEN with wey Experience of — 
(a) Marine Water Tube Boilers. 
(b) Marine Turbines, or 
(c) Pipe Arrangements. 

Financia! assistance given for house purchase if 
required. Pension Scheme in operation.—Write, 
stating age and giving particulars of previous experi- 
ence, to BOX K.209, c/o STREET'S, 110, Old Broad 
Street ,E.C.2. D 106 


[occas ASSISTANT REQUIRED WITH 
experience in designing and estimating gas- 
works, by-product and chemical] plant. Applicants 
should be about 30 years of age, preferably in 
possession of a degree in Gas or Chemica! Kngineering 
or an equivalent qualification. Good prospects for 
the right type of applicant with participation in 
bonus scheme ae ee ere — 
stating age, training, experience and sa) re 

to, THE PERSONNEL OFFICER, NEWTON 
CHAMBERS & CO., LTD., Thorncliffe, near Shef- 
field. C958 


tinued on Page 70 
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Cmmances, ENGINEER. TO BE RESPON- 
sible for the design and construction of metal- 
urgical plant. Knowledge and experience of high 

vacuum techn que essential. First class position 

with leading Company and excellent prospects 
offered. All information, which should be detailed, 

will be treated in strict confidence.—BOX D 109, 

Offices of ENGINEERING. 


RAUGHTSMEN AND ENGINEER DE- 

SIGNERS required for traction control gear. 

Men having good mechanical experience would be 

considered. remuneration for men of first 

class een quoting “‘ SWITCHGEAR” 

to STAFF MANAGER, THE GENERAL ELEC- 
TRIC CO., LTD., Witton, Birmingham, 6. D 


Yours MANAGER REQUIRED BY AN 

old established engineering firm in the South- 
West. Experience in the complete manufacture of 
steam locomotives essential, and Diesels desirable. 
Contributory pension scheme. Applications to state 


experience, age, and salary required.—Address BOX 

D 60, Offices of ENGINEERING. 

QUALIFIED ENGINEER UIRED TO 
fill the ition of PRODUCTION CON- 


TROLLER. uties would be to co-ordinate the 
work of planning, progress and material control 
Departments in a large West Riding engineering firm. 
Applicants should have sound knowledge of modern 
roduction methods as — to medium engineer- 
ng.— Write giving age, full particulars of qualifica- 
tions, previous experience and salary required to 
BOX D 95, Offices of ENGINEERING. 


NGINEER. FULLY QUALIFIED MAN 
with practical, technical and drawing office 
experience in Marine and General Engineering to be 
trained by Sales Manager for position in the Sales 
Department of an Engineering Firm near London. 
Must be of good education and appearance and 
capable of making contacts. Apply in writing 
giving age and full particulars of education, quali- 
fications and experience.—BOX D 96, Offices of 
ENGINEERING. 


The Advertising Department of a large engineering 
organisation in the North-West has a vacancy for a 


oung 
COPzWaITER FOR DUTIES CONNECTED 
with technica] catalogues, leaflets, and adver- 
tisements: essential qualifications are engineering 
knowledge and writing experience: some knowledge 
of advertising practice would be an advantage: a 
pension scheme is in operation, holidays are generous 
and working conditions and prospects are good: 
salary according to experience, but not less than 
£400 per annum.—Full details, BOX D 58, Offices 
of ENGINEERING. 


N ECHANICAL ENGINEERS REQUIRED 
by large oil company for service overseas. 
Candidates must have :— 
(A) 5 years’ > and possess the Higher 
National Certificate in Mechanical Engi- 


neering, or 
(B) 2 a practical experience with the follow- 
ig — 


D 
(i) an engineering degree and/or 
(ii) be graduates or associate members of the 
Institute of Mechanical Engineers. 
Candidates under (A) age limit 23-28, under cate- 
gory (B) between ages 23-30; married men under 
26 years of age will not be considered for either 


—-. 

Initial contracts, 3 to 4 years ; commencing salary 

£620 p.a. upwards according to age and qualifica- 

tions; pensions scheme benefits and local cost-of- 

living allowances, £85 outfit allowance ; first-class 

passages provided. Excellent prospects of pro- 
ve career. 

Apply in writing, giving age, with full particulars 
of education, qualifications and experience to BOX 
Z.V. 894, DEACON’S ADVERTISING, 36 Leaden- 
hall Street, E.C.3. G 24 


HREE SENIOR MECHANICAL AND ONE 
ELECTRICAL CRANE DRAUGHTSMEN 
required. Excellent opportunities and prospects.— 
Apply in strict confidence to JOSEPH ADAMSON 
AND Co., LTD., Hyde, near Manchester. 


DP RAUGHTSMAN- DESIGNER REQUIRED 
.¥ in Engineer’s Office of Canning Fact in 
East Anglia preferably with knowledge of 

or similar processing plant. Permanency and 

Jp owe or man with constructive ideas. rite 
ull particulars of experience and salary required.— 
BOX D 91, Offices of ENGINEERING. 


ECHANICAL ENGINEER, INTERNAL 
Degree (or equivalent), workshop training, 
experience in Applied Physics. Candidates should 
var writing, giving full details, to: CONSUL- 


ENGINEER, ILFORD LIMITED, Romford, 
Essex. D783 
NGINEERING DRAUGHTSMAN _ RE- 


— accustomed to the lay-out and con- 
struction of new plant and also general Steel Works 
ractice, for firm situated in Sheffield, Yorkshire.— 
rite stating full details of career, qualifications and 


salary required to BOX D100, Offices of 
ENGINEERING. 
RAUGHTSMAN, ELECTRICAL, _  RE- 


quired for installation of modern new Rolling 
Mills, situated in Sheffield, Yorksire.—Write stating 
full details of career, qualifications and salary 
required o BOX D 101, O of ENGINEERING. 


ONTRACTS ENGINEER FOR LARGE 
Pump and Valve Tenders and Contracts, with 
knowledge of B.E.A. and similar work. Preferably 
with Drawing Office experience. Must be respon- 
sible, accurate and capable of taking full charge of 
a Contract thro ut. Salary according to age, 
ability and experience.—SIR W. H. BAILEY anp 
co., LTD., ALBION WORKS, PATRICROFT, 
Lancs. D 28 


Pprevaaraeas REQUIRED WITH EX- 
perience in Machine design. Write stating 
age, mene and sala desired to E.M.A., 
CADBURY BROTHERS LIMITED, oon oe 


Dee DRAUGHTSMAN (AGE 30/35) 
required for Diesel Engine design work, pre- 
ferably with some 2-stroke experience. Permanent 
ition, five-day week, staff pension scheme. East 
diand district.—Apply stating age, experience, 
and salary required, BOX 34, Offices of 
ENGINEERING. 


CARB eeesING FOREMAN REQUIRED FOR 
British owned gas company in BRAZIL to 
take charge under works superintendent of Gibbons 
horizontal retort house with charging machinery. 
Experience of resetting Gibbons retorts. Married 
or single man aged about 35. Superannuation 
scheme. Unfurnished house available with free gas, 
water and electric light. Three year agreement 
subject to renewal with passage paid both ways. 
Salary in line with present-day living costs. Appli- 


cation giving education, training and experience will 
be treated in strict confidence.—Write BOX E.107, 
at 191, Gresham House, E.C.2. D 46 


ABMATURE WINDERS REQUIRED FOR 
D.C. and A.C. work. London district. Five- 

day week. Applicants should give full details of 

experience.—B D 48 Offices of ENGINEERING. 


SSISTANT TIME STUDY ENGINEER 
required by BRITISH CELLOPHANE 
LIMITED, Bridgwater, Somerset. Age 25/35. 
Must have had engineering workshop experience 
(preferably as an apprentice) and obtained Ordinary 
or Higher National Certificate.—Write giving fuii 
details and salary required to THE PERSONNEL 
OFFICER, D116 


Crm ENGINEER REQUIRED BY FIRM OF 

Consulting Engineers. Applicants should have 
a good knowledge of heavy foundations, steelwork, 
industrial rome drainage such as are met with 
in large industrial plants. Applicants should have 
passed sections A and B of the A.M.1.C.E. examina- 
tion, They should be prepared to live abroad for 
two or three years if required, be preferably un- 
married and between 30 to 35 years of age.—Reply 
BOX D 113, Offices of ENGINEERING. 


Experienced 
eSstmsaTor 


required for LARGE IRON and 
STEEL WORKS in NORTH LL- 
COLNSHIRE. 

Should be capable of preparing com- 
plete estimates for civil, structural and 
mechanical work for major extension 
projects from scheme drawings. 

Drawing Office experience essentia 
and Technical qualifications to Higher 
National Certificate desirable. 

Applicants should reply stating age, 
salary required and full details of 
training and experience to— 

BOX D 43, 
Offices of ENGINEERING. 


paceverion CONTROL MANAGER RE- 

quired for light engineering factory near Leeds 
to control materials, production flow, and records 
in modern factory. Assistance with housing if 
required. Apply stating age, qualifications, experi- 
ence and salary required.— BOX D 111, Offices of 
ENGINEERING. 


Crm ENGINEER, AGE 30-40, REQUIRED 

for PLATEAU, NIGERIA, to superintend 
erection pipeline and construction Power House 
4000 kW, 400 ft. head, also new apron spillway to 
earth dam. 18 months’ engagement, salary £80 per 
month.—Applications BOX D75, Offices of 
ENGINEERING. 


oe LIMITED, ENGINEERING’ RE- 

search and Development Department have 
VACANCIES for DRAUGHTSMEN in the following 
categories :— 

(1) ELECTRICAL—Drawing Office and Work- 
shop experience of power and lighting layouts 
is essential. 

(2) SERVICES—Experience in practical schemes 

' for boiler plant, refrigeration and air con- 
ditioning is necessary. 

(3) MECHANICAL DESIGN—A wide experience 
with mechanisms of all types is required. 

Permanent and well paid positious in good working 

| conditions will be offered to competent men.— Write 
|fully to ILFORD LIMITED, P.O. Box No. 10, 
mford, Essex. D 66 














RAUGHTSMEN REQUIRED FOR FABRI- 
cating Department drawing office. Experience 
in design of welded ure vessels and general 
welded fabrications ble but not essential. 
Excellent working conditions with canteen and 
|8 8 ground.—Apply BOX D27, Offices of 

NGINEERING. 














UIRED FOR AIRCRAFT ENGINEER- 

NG DEVELOPMENT LABORATORY. 
THE BRISTOL AEROPLANE COMPANY, 
LIMITED have vacancies for TEST ASSISTANTS 
for general duties in connection with structural and 
mechanical testing, design of test rigs, test analysis, 
etc. Higher National Certificate and experience in 
this class of work desirable——Applications to THE 
PERSONNEL MANAGER ( aft Division), 
Filton House, Bristol. D77 


A MECHANICAL ENGINEER IS REQUIRED 
by a major British Oil Company for service 
in the MIDDLE EAST on maintenance of Turbo- 
driven pumps from 100 h.p. to 3000 h.p., Turbo- 
driven Alternators from 500 to 3000 kW and Gas 
Combustion turbine-driven Alternators. Applicants 
must have served a full Mechanical Engineering 
gn aca A with one of the leading manufacturers 
of turbines and have had experience in the turbine 
test room on motor balancing. Experience of 
outside erection of turbines from 100 to 10,000 h.p. 
isrequired. Higher National Certificate in Mechani- 
cal Engineering is essential. Age :imit 35 years.— 
Write, giving persona) particulars and full details of 
qualifications and experience, quoting Dept. F.51/F., 
to BOX 3922, at 191, Gresham House, E.C.2. 5 


NDUSTRIAL CONSULTANTS INVITE 

applications for VACANCIES ON CONSULT- 
ING STAFF. Essential requirements highest 
technical qualifications in mechanical or electrical 
engineering and executive positions in control of 
—, Age 30 to 40 years. First year salary 
1200 with excellent scope for advancement.— 
Chronological details of career to date, technical 
ualifications, etc., to BOX B850, Offices of 
NGINEERING. 


RAUGHTSMEN, SENIOR AND JUNIOR— 
for design and detailing of commercial and 
passenger vehicle chassis, units and components, 
required by A.E.C. LIMITED, SOUTHALL, 
MIDDLESEX. Applications in writing to STAFF 
RECORDS OFFICE, stating age, experience and 
salary required. C 908 


ESIGNERS WITH EXPERIENCE OF COM- 
mercial and passenger vehicle chassis, diesel 
enginés, and vehicle transmissions, etc., required by 
A.E.C. LIMITED, SOUTHALL, MIDDLESEX. 
Applications in writing to STAFF RECORDS 
OFFICE, stating age, experience and salary “re 
«909 


NSTRUMENT ENGINEER OF DEGREE 
STANDARD required by Chemical Engineering 
contractors in Greater London area, for specification 
and purchasing of process contro] instruments and 
supervision of installation and servicing.—Applica- 
tions to BOX C 947, Offices of ENGINEERING. 


Chemical Manufacturers in London area require 
Gaon DRAUGHTSMEN (AGE OVER 35 

years) and a Draughtsman (age 25-35 years). 
Experienced design and lay-out chemical or allied 
plant and pipework requirements. Salary according 
to qualifications and experience. Contributory pen- 
sion scheme.—Apply initially in writing giving full 
details and quoting BOX C966, Offices of 
ENGINEERING. 


TeCICAL ARTIST, PRZFERABLY WITH 
aircraft experience, able to produce perspective 
line drawings from blue prints.-Writeto HAYWARD 


AND PARTNERS, 1614, High Street, Bromley, 
Kent. Cc 
ESIGNER (AGED 25-32 YEARS) WITH 


experience of basic design of specialised steam 

lant and equipment; knowledge of fluid flow and 
wat transfer desirable. Workshop training and not 
less than five years’ drawing office expevience essen- 
tial. H.N.C. or above,—Write fully to BOX 4979, 
c/o CHARLES BARKER & SONS, LTD., 31, Budge 
Row, London, E.C.4. C 928 


[pPsvaarrssdEss REQUIRED FOR LARGE 

Chemical Factory in North Manchester. Ex- 
perience in Plant Maintenance and Development 
essential Apply stating age, qualifications, posi- 
tions held and salary required to BOX C 990, Offices 
of ENGINEERING. 


oe are invited for position of 
We MANAGER IN_ LARGE CON- 

structional and Genera] Engineering Works. 
Applicants who have served Works Apprenticeship 
preferred but first-class qualifications and practical 
shop experience in the Heavy Structural and Plate- 
work Industry essential. Sa commensurate with 
duties and responsibilities. Pension Scheme.— 
Apply, giving particulars of er and experi- 
ence, and age, to THE SECRETARY, THE TEES 
SIDE BRIDGE & ENGINEERING WORKS, LTD., 
Middlesbrough. C 985 


Applications are invited from 

ENIOR AND INTERMEDIATE DRAUGHTS- 
MEN for work in connection with Gas and Coke 

Oven Plants. Experience in one of the following is 

desirable :— 

1. Design and detailing of Steel Structures. 

2. General Engineering and layout of Mechanical 

Equipment. 

3. Layout and detail of tanks, pipework and 

special apparatus. 

Good conditions of employment. Five day week. 
Canteen. state ai and details of experience to 
THE PERSONNEL OFFICER (D.0.), THE 
WOODALL-DUCKHAM CO., 63/77, — 
Road, London, S.W.3. 183 


QUALIFIED and EXPERIENCED MECHAN- 
ICAL, CIVIL and CHEMICAL 


phonwens, FOR SENIOR POSTS WITH 


excellent prospects, are req to work in 
the Greater London area by leading firm of mech- 
apical engineering contractors a plant manu- 
facturers. Minimum qualifications are te 
Membership of Institution of Mechanical, Civil or 


Chemical neers, plus engineering degree or 
equivalent diploma. commensurate with 
ex ce.—Applications, with fullest details, in 


perien P 
confidence to BOX C 830, Offices of ENGINEERING. 





G=son TECHNICIANS WITH HONOURS 
Degree, having served an apprenticeship with 
subsequent experience both in the operation of 
machinery and in machinery design. Age over 30 
years. These positions offer — opportunities for 
experienced men. Ref.: Techn. 2. 
UNIOR TECHNICIANS with Honours Degree, 
wee _ two years’ practical apprenticeship, 
. Tech, 3. 

JUNIOR TECHNICIAN with University Degree 
for specialisation in instrumentation. Applicants for 
this position should have some experience in elec- 
tronics. Ref.: Tech. 4. 

SENIOR and JUNIOR TEST ENGINEERS with 
University Degree. Previous experience on test rig 
work in pn Aa advantage. Ref.: Tech. 5 


DRAUGHTSMEN with good general experience, 
in Mechanical Engineering, preferably marine. 
Good salaries paid to suitable men. Ref.: D.O. 6, 


Applications giving full particulars of qualifications 
and experience, quoting reference number, should be 
PERSONNEL OFFICER, 


forwarded to SENIO 
VICKERS-ARMSTRONGS, LTD.,  Barrow-in- 
Furness. C 977 


HANDLEY PAGE, LTD., have vacancies for 
G=on. AND JUNIOR TECHNICAL 
ASSISTANTS in the Mechanical and Structural 
Test Department at Radlett or Cricklewood. Quali- 
fications should include a Degree or Higher National 
Certificate. Previous experience is desirable but not 
essential.— Write, stating age, qualifications and 
details of experience to STAFF OFFICER, HAND- 
LEY PAGE, LTD., Cricklewood, London, N.W.2. 
C 865 


| Nappa a pm WITH DEGREES IN MECH- 

anical or Chemical Engineering are required 
for THE BAHREIN PETROLEUM COMPANY, 
LTD., Persian Gulf, who have openings for (a) men 
not over 40 years of age with t or more years’ 
experience in oil refining, coal tar or chemica) distil- 
lation plants. (b) Graduates with experience to train 
in various phases of their process, design and de- 
velopment work. Living costs are low, the company 
providing free board, air-conditioned accommodation 
and medical attention. Kit allowance, and pension 
plan.— Write with full particulars of age, experience 
and education, to BOX 4035, c/o CHARLES 
= & SONS, LTD., 31, Budge Row, —, 

.C.4. 586 


THE DE HAVILLAND ENGINE CO. 
LTD. 
have vacancies in their 

Design Office at Stag Lane for 
ENIOR DESIGN DRAUGHTSMEN 
for work on GAS TURBINE DE- 
VELOPMENT and _ other projects. 
Good salaries and prospects for suitable 
applicants. Superannuation scheme. 
—Apply, giving details of previous 
experience and salary required to 
THE PERSONNEL OFFICER, Stag 
Lane, Edgware, Middlesex. G4 


_————? STRUCTURAL OR 
genera! GINEERING DRAUGHTSMEN 
wanted for aircraft works. Previous aircraft experi- 
ence not essential. Pension and life assurance 
a 2 ® EMPLOYMENT MANAGER, 
VICKERS- RMSTRONGS LTD. (Aircraft Section), 
Weybridge. G21 


PPLICATIONS ARE INVITED FROM 
DESIGN DRAUGHTSMEN and STRESS- 
MEN, also TECHNICAL ASSISTANTS with 
combined design and performance experience, to 
work on both Reciprocating and Gas Turbine Aero 
Engines. Applications should state full particulars 
of experience and a and should be 
addressed to THE PERSONNEL MANAGER, THE 
DE HAVILLAND ENGINE CO., LTD., Stonegrove, 
Edgware, dilesex. 8 127 


RAUGHTSMEN REQUIRED WITH EX- 
perience in one or more of the following: 
Earthmoving machinery and equipment, gearbox and 
industrial gear transmission design, general mech- 
anical engineering, jig and tool design, mine car 
design. Permanent situations and good working 
conditions. Five-day 37}-hour week, canteen 
facilities, pension fund. Applications, stating ex- 
rience and salary — to DISTINGTON 
NGINEERING COMPANY, LIMITED, Chapel 
Bank Works, Workington, Cumberland. C 878 


PEonan DRAUGHTSMAN (AGE 30/50 

years) required to take charge of small drawing 
office in light engineering works. Must be fully 
experienced and qualified technically to degree 
standard ; mainly mechanical engineering, but sound 
electrical knowledge essential. South London dis- 
trict. —BOX G 2, Offices of ENGINEERING. 


MAJOR OIL COMPANY requires 

ECHANICAL DRAUGHTSMEN FOR 
work at their London Headquarters, with 
occasional visits overseas. nary Nativnal 
Certificate essential, Higher National Certificate 
desirable. Applicants must have served a full 
apprenticeship, followed by two years’ drawing 
office experience with reputable engineering firm. 
A knowledge of plant installations, pipe layouts, 
pressure vessels design, struetura] steelwork and 
mass and reinforced concrete foundations, is desirable. 
Salary according to age, qualifications and experience 
—Applicants should write, stating age, qualifications, 
etc., quoting Department M.1296, to BOX 5764, at 
191, Gresham House, E.C.2. W 566 


CCOMMODATION AVAILABLE FOR 
applicants selected to fill further vacancies 
arising for capable DESIGN ENGINEERS and 
SENIOR DRAUGHTSMEN, having extensive 
electronic, electro-mechanical or instrument experi- 
ence. Successful candidates will be employed on 
work of great National importance. ttractive 
terms and working conditions.—Write in first in- 
stance, quotin; EF. CHC/106 and giving full 
details to PERSONNEL OFFICER, GENERAL 
ELECTRIC CO., LTD., Spon St., Coventry. B 851 


Appointments Open continued on Page 71 
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Appointments Open continued from Page 70 


pETER SESCEEEENSS, LTD., Peterborough, 


Te 
RAUGHTSMEN (SENIOR AND JUNIOR), 
D hg! with experience in design of com- 
, turbines and steam engines. Permanent 
Preitions, five-day week, staff pension scheme.— 
Write ‘on full details, age, experience and ez 


~ lications are invited from 

ENI INTERMEDIATE DESIGN 
S DEAUGHTSMEN. Experience of Aero Engine 
design desirable, but not essential. Please write, 
stating age, and giving — 4 -— experience, 
in chronological wre, te E PERSONNEL 
OFFICER, THE D HAVILLAND ENGINE CO., 
LIMITED Stag aay Edgware, Middlesex. U 135 


ESIGNER DRAUGHTSMAN SENIOR FOR 
D Paper Converting machinery knowledge cello- 
— wrapping and printing cunndoery with work- 

experience and able to work on own initiative. 
Gadel np .—Apply giving full details BOX 
G 3, Offices of ENGINEERING. 


ENIOR JIG DESIGNERS 
REQUIRED. Aiute, giving inp full details of 
— 4 ence, to THE ONNEL O OFFIC. R, 

TH 


HAVILLAND ENGINE co., LTD., 
Stag Lane, Edgware, Middlesex. X 694 


A MECHANICAL ENGINEER IS UIRED 
by a A gtr roe Oil Company for service in 
the MID on Rey oe of Turbo- 

a, umps jm Toh Ay 3000 b.p., Turbo- 

driven Alternators from to 3000 kWs and Gas 

Combustion turbine driven om, a 

must have served a full Mechanical Engineering 

Apprenticeship with one of — leading manufac- 

turers of turbines and have had experience in the 

turbine test room on motor balancing. Experience 

¢ ae erection of turbines from 100 to 10,000 h.p. 

Higher National Certificate in - 
oY nee Engineering is essential. Age limit 35 
write, giving persona! particulars and full 

of qualifications and experience, quoting Dept. 

F.51/F to BOX 3730, at 191, Gresham House, E, oa 


A GRADUATE ELECTRICAL ENGINEER, 
under 40 years of age, with a minimum of 
five years’ experience in design and operation of 
modern power generation, transmission and distri- 
bution —_ pent is re oa! by THE BAHREIN 
PETROLEUM COMPA NY LTD. The living costs 
are low, the Company providing free board, air- 
conditioned accommodation and oneal attention. 
A pension plan is in operation and a kit allowance is 
pt a for initialtour. Agreements are for two ee 
with paid re and —: Lape —Write, penn ae 
jiculars of age, ex 


BOX 4188, c/o © BLES oe and salary a Tons, 
LTD., 31, Budge Row, London, E.C.4. 


— PLANT SHIFT ENGINEERS ARE 
Tequ 4 THE BAHREIN PETROLEUM 
COMPANY YLT Applicants must have thorough 
understanding of electrical power distribution — 
educational qualifications to minimum sta: 
G.1.E.E. Practical experience in Power Plant 
operation desirable, but not essential. Salaries 
according to technica] attainment and experience. 
plus free board, air-conditioned accommodation and 
medical attention. Living costs are low and there 
are a pension plan and kit allowance. Agreements 
are for two years with paid local and home leaves.— 
Write, with full particulars o! education and 
experience, to BOX 4160, c/o CH. ELES BARKER 
and SONS, LTD., 31, Budge Row, London, E, re 4 


Enzo DRAUGHTSMAN REQUIRED IN 
London Office experienced in Mechanical 
Handling project and contract design. 


sig tlaatt dl wdp 205% Seoupa’ OMPANY 
um Dashwood House, 69, Old Broad 


RAUGHTSMEN REQUIRED, 

ably with light electro-mechanical, gt tn 

or instrument experience for work of great Nati ional 
importance. Applications from ex-employees wel- 
comed.—Write in first instance, quoting REF. 
oe and ‘on full details, to PERSONNEL 
L ELECTRIC CO., LTD., 

Spon S8t., oh, cuss B 852 


/ANTED, MECHANICAL ENGINEERING 

DRAUGHTSMEN AND DESIGN 

DRAUGHTSMEN for work on Textile Machinery. 
Textile knowh not essential. ALSO JUNIO. 


Ee MONNEL MANAGHE, Arr 


PERSONNEL 
BROTHERS & CO., LTD., Hartford by] 


Featherstall Road, Oldham. 





ESIGN ENGINEER REQUIRED BY 
successful old-established Company in the 
North of England, particularly in the 


manufacture of Hea Duty D. Do. 8 Swi 
He should have BI and co tales: 
tions as well as practical ae 

and initiative. He would have unlimited o portunity 
for developing his ability at a good 

without limit according to his ormance. Tot the 
tight man the future prospects are bright.— 
BOX G 22, Offices of ENGINEERING. 


SPERRY GYROSCOPE CO., LTD., Great West 
, Brentford, Middlesex, juire 
ENIOR DRAUGHTSMEN : H (a) O- 
nics, and (b) wi recision electro-mechanical 
experience. JU. of RAUGHTSMEN ; for de- 
tail and assembly work.—Write with full details, Ne 
one salary required, to THE PERSONNEL = 


AIRCRAFT =STRESSMEN REQUIRED. 
Write, ote ualifications, and A rd 

to EMPLOYMENT MANAGER, VICKERS- 
ARMSTRONGS, LTD. (Aircraft Section), Weybridge. | ¢ In. 
91 


BRITISH OXYGEN CO. has vacancies in this 
Country and Overseas for 

NGINEERS. APPLICANTS SHOULD BE 
aged 22-30 and Graduates in Mechanical 
Engineering or hold equivalent qualifications. 
Should preferably have one or two years’ industrial 
experience. These posts offer very good salaries.— 
Apply, giving full details of age, qualifications and 
experience, to BRIDGEWATER HOUSE, Cleveland 
Row, St. James’s, 8.W.1. D 200 


THE ANDERSTON FOUNDRY CO., LTD., Railway 
Permanent Way Engineers and _ Ironfounders, 


re gd the services of an 
DN pert ep WORKS MANAGER. APPLI- 
cants should have sound trainingin Mechanical 


Engineering, with practical Foundry experience. 
Administrative experience an advantage. Good 
prospects for the right man.—Apply, stating age, 
experience and salary required, to THE SECRE- 
TARY at PORT CLARENCE, MIDDL a 

» 202 


HE BRITISH INSTITUTE OF MANAGE- 

MENT invites applications for a SENIOR 
STAFF APPOINTMENT in the field of education 
for management. Applicants should have had 
experience of management in industry or commerce 
and of the administration of professional and national 
education schemes, as well as an understanding of 
educational method (technical and vocational) 
and an aptitude for research therein. Salary 
according to qualifications —Apply to: THE 
DIRECTOR, Management House, 8, Hill Street, 
London, W.1. D 207 


RAUGHTSMAN UIRED, WITH 

knowledge of Heat Exchange Apparatus for 
Distillation Plants and other Boiler Feed Auxiliaries 
for Marine and Industrial Installation.—Write 


full details: CAIRD & RAYNER, LTD., 
777, Commercial Road, LONDON, E.14. D 208 
URBINE DESIGN DRAUGHTSMEN 


Tequired, must be experienced job-leaders. 
Good salary for right men. Apply, stating full 
particulars of training, qualifications, experience 
and salary required, to PERSONNEL MANAGER, 
FRASER & CHALMERS ENGINEERINGWORKS, 
Erith, Kent. D 210 





SITUATIONS WANTED. 


ECH. ENGINEER (27), PASSED A.M.I.- 

Mech.E. Exam., G.I. Prod.E., resident London, 

12 years’ design, works, tech. sales, admin. experi- 

ence, seeks post where ability to — new pro- 

ducts and organise sales is required. Min. salary 
£750 p.a.—BOX C 968, Offices of ENGINEERING. 


as QUALIFIED ENGINEER (31) SEEKS 

an appointment as Works Manager, or as 
assistant to Executive which will cail for responsi- 
bility and provide an opportunity to see the results 
of hard work.—bOX D 149, Offices of ENGINEERING, 


REDGING.—ADVERTISER, 40, WITH 

wiae experience of dredging. Contract work, 

at home and abroad. BUCKET, CUTTER- 

SUCTION, SPUD DREDGERS, REUVLAMATION, 

KTC, Good working knowledge French and Dutch, 
—BUX D 173, Offices of ENGINEERING. 





NGINEER, 27, MECHANICAL /ELECTRI- 
CAL, B.8c., full b1H apprenticeship and 
subsequent foreign erection/commerciai experience, 
seeks position, home or abroad. Languages.— 
BOX D 197, Offices of ENGINEERING. 


STIMATOR, 41, EXPERIENCED IN ALL 

branches of general engineering, maintenance, 

and plant installations, aiso ail graues from trades- 

man to works manager.—BOX Db 203, Offices of 
ENGINEERING. 








WANTED. 


LUMINIUM, BRASS AND COPPER IN 
SHEETS, RODS or TUBES, BEST PRICKS 
OFFERED FUR ANY QUANTIT1KS.—DYAS 
AND FOWLE, 41, Loudoun Koad, London, N. oy 3. 
Maida Vales 8641. G ls 


Altumaum AND ALUMINIUM ALLOY, 
Sheets, Kods, Tubes and Sections any quantity 
large or small, purchased for or cash. 
ALCOB METALS, LTD., 367, Edgware yr} 
London, W.2. 


W* BUY USED OR UNSERVICEABLE 

—, FILES at good prices, in lots of 
2 cwt. —THOs. W.. WARD, LIMITED, 
B.3. DEPT, “ALBION WORKKs, SHEY FIELD. com 





— STRIP. WANTED, REGULAR 
su) of LOW CARBON —— Rs 


8TE. STRIP, with sheared edges 0.032 in. by 
% in, wide and 1} in. wide. Also 0.042 in. by jin. 
wide.—BOX B 969, Offices of ENGINEERING. 
URPLUS STAINLESS PUR- 
CHA oF Tubes. 
Please quote sizes, finish ag <r 


COMP. St. John 
London, E.C.1, Tel.: CL trkenwel 8356-7-8, 





WORK WANTED. 


RAWING OFFICE—OLD ESTABLISHED 

Service available at all times for Designing 
and Detailing. Mechanical and Structural work 
of all kinds. ~~ 


up Machines—maki 
working drawi ee ~4 


— Illustrating 
Perspectives, ME Printing, etc., 
etc. ee rASSOCIATED ENGINE NG PRO UCTS, 
Arcade Chambers, Eltham High Street, 8.E.9. 
(Telephone : ELTham 3736.) 8042 


C ASTINGS.— 


FISHER FOUNDRIES LTD., GREET, BIRMING- 
HAM, HAVE CAPACITY for BRASS GUN METAL, 
and SOFT GREY IRON MACHINE MOULDED 
REPETITION CASTINGS weighing 1-30 Ib. 
LOOSE PATTERN WORK up to 3 cwts. Delivery 
by road to all parts. B’ham: VICtoria 0197. 


APSTAN CAPACITY AVAILABLE— 
WAKDS, HERBERTs, TAYLORS—1} inax. 
precision work preferred in non-ferrous. Also light 
welding and sheet metal work accepted. Capacity 
for meval painting, lining-out, lettering, etc. Space 
tor light bench assembly. Long-term contracts 
preferred, with free issue material. Overheads 
small—keen quotations. Highly skilled staff.— 


BOX D 136, Otfices of ENGINEERING. 


HE TECHNICAL SERVICE BUREAU IS 


prepared to accept all classes of mechanical 
desigu, aevelopment, deta.] draughting and tracing. 
—Full particulars from tHE PRINCIPAL, 2, 
Harley Avenue, Manchester, 14. (Telephone: 


Kusholme 541.) D177 





WORK TO PLACE. 


N ULTI-SPINDLE AND SINGLE-SPINDLE 
AUTUMATICL CAPACITY KEQUIRED, ¢ in. 
\o 2 in. capacity. — Apply SUB-CUNTRACTS 
UBPT., C.A.V. LIMITED, Acton, an, we . 
Y 34 





MACHINERY WANTED. 


talking of machinery 
think of Edwards ! 


We are buyers of—and carry the largest stocks in 
the country of 

MACHINE TOOLS, 

PRESS Ks, 

PLATE AND SHEET METAL WORKING 

MACHINERY, 

TIN BOX MAKING MACHINERY, 

WOODWORKING MACHINERY, 

We offer the highest prices for surplus Machines 
or outright purchase, or in part exchange. 

If you require any new or secondhand, it will pay 
you to send for our Lists. 


F. J. EDWARDS, LTD 


359-361, EUSTON ROAD, LONDON, N.W.1. 
Telephone: KUSton 4681-3771. 
Telegrams: Bescotools, Norwest, London. 
Also at Lansdowne House, 41, Water Street, 
m 4, CENtral 7606-7. 


/ANTED.—HERBERT NO. 7 AND/OR 

No. 9 COMBINATION TURRET LATHES 

or similar, in first-class condition —BOX D 17s, 
Offices of ENGINEERING. 


ANTED, GOOD USED PLANING 
MACHINE, min. planing length 14 ft. by 
approx, 3 ft. 6 in. to 4.1t., with two boxes on the 


cross rail, preferably motorised for 3-phase supply. 

Keasonavly modern 4 ft. 6 in. to 5 ft. LOW 
BASE KADIAL DRILLING MACHINE, Motorised 
3-phase supply. 





BOX D z09, Offices of ENGINEERING. 





MACHINERY FOR SALE. 
KENDALL & GENT 
PLANO MILLER 
Capacity : 

12 ft. by 6 ft. by 5 ft. 


Motor driven through gearbox. 


Expected to be available in September. 
BOX 8887, Offices of ENGINEERING. 





NE FLOOR TYPE 

BORING MACHINE by 
Column moving on bed. Latest ty machine. 
Electric drive. Traversing spindle 5g I. diameter. 
ONE FLOOR TYPE HORIZONTAL BORING 
MACHINE by WETZEL. Latest type. Spindle 
diameter 3§ in. Complete with 7 late. 

ONE ARMOUR PLATE ONSTRUCTION 
DOUBLE STANDARD PRESS yo PELS. Self- 
contained motor drive. Double crank. Pressure 
400 tons. Table 72 in. by 50 in. Built 1944. As 
new. 

ONE = PRESS, as above, 500-ton table, 
40 in. by 401 

ONE POWERFUL GUILLOTINE SHEAR, 
German construction armour plate frame, self- 
contained drive, latest design, will cut plates 8 ft. 4 in. 
by 1 in. thick. Depth of throat 30 in. 

Full details and quotations :— 
LOUIS DEMERY & SONS, LIMITED, 


HORIZONTAL 
OERLIKON. 


Rotherham. ‘D176 
NEW 
HIGH SPEED 
PLANING MACHINES 


Double Column Type 
for 
SEPTEMBER DELIVERY. 


Capacity : 
13 ft. by 3 ft. 4in. by 3 ft. 4in 
and 
13 ft. by 5 ft, 3in, by 4 ft. 9 in, 


Write for full details to: 
SOAG MACHINE TOOLS LIMITED, 
JUXON STREET, LAMBETH, LONDON, 8.E.11 


"Phone: RELiance 3373 (5 lines). 
"Grams: sotoolsag, London. 





V ERNET Rotary Three-head Hand Lever Ratchet 

Action Notching Machine, on stand; fitted 

with notching tool for window casement sections; 
capacity up to 2 in. by ¢ in. angles and tees. 


OWER ‘fin Box Trimming Machine, round or 
oval caus. Capacity to 1§ in. deep, smallest 
diameter with present cutters 2 in. Weight 
about 200 lb, 

NEW LIDOUT Tin Can Opener, hand-lever 
operated. Will take cans up to 4§ in, dia, 
by 7¢ in. high. 

TEWSUM 27 5. Sheet Varnishing Machine, belt 
drive or hand, diameter of rollers 54 in. top 
and 44 in, bottom, screw adjustment. Weight 
1Z cwt. 


M.B. Flexipres, No. 6 Straightening Press, 
e hydraulic operated with tie rod construction, 


pressure about 7V tons, stroke about 1vU In., 
centre to back 8 in., height under guiae 47 in., 
dia. of ram 8 in., tabie 304 in. by 17§ in., 


size of straightening tabie 1zu in. by 184 in. by 
16in. deep, u.ax, dia. aamitted 26in, ; motorised 
400/3/50. Weignt 74 tons. 

UCAS Wouble-siued Power Arbor Press, ram 
operated by worm gearing through rack and 
piniou, pressure about 4u tons, max, stroke 


36 in., max. daylight 44 in., between uprights 
30in,. Weight 25 cwt. 
MACHINE TOOLS, NEW AND USED, 


Of Every Description, Attractive Prices. 


F. J. EDWARDS, LTD., 


359-361, EUSTON ROAD, 
LONDON, N.W.1. 
Telephone : EUSton 4681-3771, 
and at 
LANSDOWNE HOUSK, 41, WATER STREET, 
BIRMINGHAM, 3. 
Telephone : Central 76v6-7. 





FOR SALE. 


IVE ONLY, PRACTICALLY NEW PORT- 
ABLE DIESEL ENGINE DRIVEN TWO- 
STAGE AIR-COOLED ALR COMPRESSORS by 
CHICAGO PNEUMATIC TOOL CU., LTD., having 
a capacity of 500 cub. ft. of free air actually delivered 
per min, against 1UU Ib. p.s.i. pressure; with cylin- 
ders 3g in. dia. low pressure and 4; in, dia. nigh 
pressure by 5 in, stroke, driven through clutch by 
Caterpillar Vertical Six-Cylinder Radiator Cooled 
Diesel Engine, speed 1U00U r.p.m.; complete with 
i air receiver, radiator, inter- 
cooler, fuel tank, all mounted on steel chassis with 
sheet steel canopy, side shutters, road wheels and 
tow bar. 
‘The above compressors are packed in their original 
cases as supplied by the manufacturers and are for 
all practicai purposes equal to new. 


THOS. W. WARD, LIMITED, 








ALBION WOKKs, SHEFFIELD, D 117 


For Sale continued on Page 72 
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For Sale continued from Page 71 


ALBION WORKS 


PUMPING SETS. 
ALL TYPES AND SIZES: 


NEW MOTOR-DRIVEN CENTRIFUGAL PUMP- 
ING SETS AVAILABLE FOR [IMMEDIATE 
DELIVERY :— 

Capacity 
(g.p.m.) 
80 


140 
175 


Motor 
(h.p.) 
30 


50 
44 split casi 

Split casing. 
Nas 


NG3 
NG3 
LL 
NA5a 


woOweocwcrwos) 


10 
All fitted with Motors wound for 400/440 volts, 

8 phase, 50 cycles. 

TWO DRYSDALE “ PERVAC”’ MOTOR DRIVEN 
VERTICAL SPINDLE PUMPS, 4 in. suction 
and delivery, 184 gpm, 175 ft. head, 960 r.p.m. 
BRUSH 21 h.p. Induction Motor 400/3/50, 960 


T.p.m. 

NEW BERESFORD STORK MOTOR DRIVEN 
SELF PRIMING CENTRIFUGAL PUMP, 300 
g.p-h. 50 ft. head, ¢ b.h.p. Motor 400/440/3/50. 

NEW MOTOR DRIVEN DOMESTIC TYPE 
MONO PUMP, } in. suction, 150 g.p.h. capacity 
against 50-ft. head, driven by 4 h.p. Motor, 230 
volts, single phase, 50 cycles, 1425 r.p.m. 

MOTOR DRIVEN 14 in. HIGH SPEED ROTARY 
GEAR PUMP by ALBANY ENG., 25 gallons 
petrol 30-ft. head, 960 r.pm. 1 h.p. Totally 
Enclosed Flameproof Motor 400/3/50. 

HAMWORTHY HORIZONTAL TREBLE RAM 
PUMPS, 1 in. dia. guided ram by 1} in. stroke, 
250 g.p.h. 100 Ib. p.s.i., 24 in. bare shaft extension. 


PETROL AND DIESEL ENGINE 
DRIVEN PUMPS: 

in. PORTABLE DIESEL ENGINE DRIVEN 

SELF PRIMING CENTRIFUGAL PUMP, 3820 

-p.m. at 70-ft. head, direct coupled to 13 h.p. 

'win Cylinder Diesel Engine, mounted on disc 

wheels with tow bar. 

SEVERAL NEW Iifin., 2in. and 3in. PORTABLE 
PETROL ENGINE DRIVEN SELF PRIMING 
CENTRIFUGAL PUMPING SETS, driven by 
J.A.P. PETROL ENGINES ex stock. 

SEVERAL PORTABLE PETROL ENGINE 
DRIVEN SEWAGE PUMPS, Type 3 in. Suction 
and Delivery, 18 hp. MEADOWS PETROL 
ENGINE on four wheeled chassis with draw bar. 


STEAM PUMPS: 
WORTHINGTON SIMPSON f 6in. by 4in. by 6 in. 
HORIZONTAL STEAM < 
PUMPS ( 3in. by 2in. by 3in. 


THO* W. WARD LIMITED, 
ALBION WORKS, SHEFFIELD. 

»Phone: 26311. ‘Grams: “ Forward.” 
Remember Wards have it! 


might 


600 


AIR COMPRESSORS. 


1000-c.f.m, TILGHMAN Low Pressure Set, type 
CE.3B, vert., twin cyl., single stage, water cooled, 


12 Ib. W.P., 320 r.p.m. Direct eoupled 75-h.p. 
8/R Met-Vck motor 415/3/50. 

600-c.f.m. TILGHMAN, vert., singie cyl., single 
stage, water cooled, type F.C.9. Speed 365 r.p.m. 
W.P. 60 Ib 


Two 550-c.f.m. KARL WITTIG Two-stage Rotary 
Compressors, type DV 190, 100 Ib. W.P., 725 r.p.m., 
with intercooler and aftercooler. 130 h.p. required. 

400-c.f.m. TILGHMAN, type GBS, vert., 2 stage, 
water cooled, 100 Ib. W.P., 320 r.p.m., with inter- 


cooler. 
300-c.f.m. TILGHMAN, type FC6DY, vert., 2 stage, 
single crank, water csuled, 100 lb. W.P., speed 
360 r.p.m., fitted intercooler and floor mounting 
aftercooler. Belt driven. 
300-c.f.m. ALLEY & McLELLAN, type 233, vert., 
single crank, 2 stage, water cooled, fitted inter- 
cooler and unloader, 100 Ib. W.P., direct coupled 
Crompton 75-h.p. 8/R Motor 415/3/50, 365 r.p.m. 
300-c.f.m. BROWETT LINDLEY, makers No. 
2792099, vert., 2 crank, 2 stage, water cooled. 
100 Ib. W.P., “* V" belt driven from 75-h.p. E.E.C. 
8/R Motor 400/440/3/50, 1460 r.p.m. 
250-c.f.m. ALLEY & MCLELLAN, Sentinel series 
28A, vert., single cyl., water cooled, 100 Ib. W.P., 
360 r.p.m., belt driven from 50-h.p. L.D.M. 8/R 
Motor 440/3/50, 1460 r.p.m. 
140-c.f.m, FULLERTON, HODGART & BAR- 
CLAY, 2stage, 2 crank, water cooled, 100 1b.W.P., 
600 r.p.m., fitted intercooler and with automatic 
unloader, arranged vee rope drive from 30-h.p, 
Alpha Harris S/R Motor 400/3/50. 
GEORGE COHEN SONS & CO. LTD., 
WOOD LANE, LONDON, W.12. 
Tel. : Shepherds Bush 2070, and 
STANNINGLEY, NR. LEEDS. 
Tel: Pudsey 2241. 


Continued at toy of nert column, 


Geo. Cohen Sons & Co., Ldd., continuation from 


preceding column, 


DIESEL ENGINES. 

Unused 180-h.p. WAUKESHA, type 6NKH, vert., 
6 cyl., 4 stroke, radiator fan cooled, speed 900 
r.p.m. American Bosch injection. Inbuilt Petrol 
engine driven starting set. 

180-h.p. FAIRBANKS MORSE, vert., 2 stroke, 
3 cyl., speed 360 r.p.m., fitted with Makers fuel 
injection system. Compressed air starting. Fitted 
shaft extension supported in outer bearing. 
Engine has been run for 300 hours only. 

144-h.p. TANGYE, type KLB.9B, horiz., twin cyl., 
4 stroke, speed 265 r.p.m. Compressed air start- 


ing. 
130-h.p BLACKSTONE, type KSIT, horiz., twin 
cyl., 4 stroke, speed 230 r.p.m. Compressed air 


starting. 
110/122-h.p. CROSSLEY, type OVD 4, vert., 4 cyl., 
4 stroke, 450 r.p.m. disc type flywheel. Air 


em | a 
110-h.p. RUSTON, type 2VE, vert., twin cyl., speed 
300 r.p.m. Fitted shaft extension and outer 


bearing. 

104-h.p. CROSSLEY, type FOE.4, horiz., 4 cyl. 
4 stroke, speed r.p.m. Quantity spares 
available. 

80/88-h.p. CROSSLEY BROS., type 2HD10, horiz., 
4 stroke, speed 310 r.p.m. 

Three 84/102-h.p. unused CROSSLEY Marine, 
type BWM.6, vert., 4 cyl., 4 stroke, 1000/1200 
r.p.m., with reverse reduction gearbox ratio 8:5, 
and air om equipment. 

75/140-h.p. CROSSLEY, type BWC6, vert., 6 cyl., 
4 stroke, 800/1750 r.p.m. 

Nine latest type unused 45/60-h.p. ATLANTIC 
ENG. CO. of Wishaw, type 6BE, vert., 6 cyl., 
4 stroke, developing 45/48-h.p. at 800 r.p.m., 
60 h.p. at 1000 r.p.m. Air starting. 

60-h.p. FIELDING. & PLATT, vert., twin cyl., 
4 stroke, 400 r.p.m. flywheel 57 in. dia. by 94 in. 
face, extension to take driving pulley supported 
by outer pedestal ring oil bearing. Air starting 
equipment. 

52/57-h.p. CROSSLEY BROS., type FO2, horiz., 
twin cyl., 4 stroke, speed 400 r.p.m. Compressed 
air starting. 

Two unused 44-h.p. MCLAREN, type MR, vert., 
twin cyl., 4 stroke, radiator fan cooled, speed 
1000 r.p.m. Hand starting. 


GEORGE COHEN SONS & CO. LTD., 
WOOD LANE, LONDON, W.12. 
Tel.: Shepherds Bush 2070, and 
STANNINGLEY, NR. LEEDS. 
Tel.: Pudsey 2241. 


MACHINE TOOLS. 

9-in. GAP BED 8.8. & 8.C. CENTRE LATHE, 
single pulley drive from geared head. 9 ft. 
between centres No. 4 M.T. Swing in gap 34 in., 
dia. by 11} in. in front of faceplate. 9 spindle 
speeds 8-280 r.p.m. 

Le Blond Regal 13 in. by 20 in. STRAIGHT BED 
LATHE, motorised 415/3/50. Centre height 64 in. 
Bed length 50in. 9 spindle speeds 37-750 r.p.m. 

Churchill Redman 13 in. by 12 ft. heavy duty 
STRAIGHT BED 8. & 8. LATHE, arranged 
motor drive, spindle speeds 3°8-118 with pulle 
at 700 r.p.m. (16 changes) and 11°4-228 with 
pulley at 233 r.p.m. (14 changes). 

Darling & Sellars 12} in. by 12 ft. 6in. STRAIGHT 
BED 8.8. & 8.C, LATHE, arranged single pulley 
drive, motor avaiiable 400/3/50. 12 spindlespeeeds 
10-226 r.p.m, 

Darling & Sellars 124 in. by 10 ft. heavy duty 
STRAIGHT BED 8. & S. LATHE, with D. & S. 
patent double tier bed. Estimated spindle speeds 
16-500 r.p.m. Drive by 3-step cone pulley, double 
back geared. 

Darling & Sellars 7 in. by 7ft. STRAIGHT BED 
S. & 8. LATHE, with D. & 8. patent double tier 
bed. Estimated spindle speeds 16-500 r.p.m. 
Drive by 3-step cone pulley, single back geared. 

Darling & Sellars 7 in. by 7 ft. STRAIGHT BED 
heavy duty LATHE, 8.8. & S.C., with D. & 8. 
patent double tier bed. Countershaft drive. 

Swift 6 ft. RADIAL DRILL, F. & L. pulley drive. 
Encl. base mounted gear box 16 speeds 20-290 
r.p.m. Working space of “ T”’ slotted base 5 ft. 
8in. by 3ft.6in. Spindle bored No. 5 M.T. 

Asquith 5 ft. RADIAL DRILL, low base, 16 spindle 
speeds, 18-450 r.p.m. 4 power feeds, 35-120 C.P.I. 
Spindle No.5 M.T, Arranged for motor drive. 

Corona single spindle PILLAR DRILL, spindle 

-T. 4 spindle speeds 445-1455 r.p.m. 

fall table 154 in. by 13 in. Mororized 


400/3/50. 

Cincinnati-Bickford 33 in. heavy duty PILLAR 
DRILL. 4 step cone to double back geared 
Oe Hand and auto. feed. Spindle No. 5 

.T. F. & L. pulley drive. 

Jones & Shipman 15 in. 6 spindle PILLAR DRILL. 
All spindles 3 ——- by 3-step flat belt cones, 
sliding heads. H. spindle only No. 3 M.T., 
others No. 2 M.T. Working space rise and fall 
slotted table 62 in. by 14in. Motorized 400/3/50 
driving common rear shaft. 

Five Herbert 15 in. 4 spindle sensitive PILLAR 
DRILLS, motorized 400/3/50. Flat belt drive 

one “. giving 6 speeds 230-2050 

2 M.T. orking space rise and fall 


No. 2 
Rise and 


to spindles, 
r.p.m. No. 
table 39 in. by 15 in. 


GEORGE COHEN SONS & CO. LTD., 
SUNBEAM ROAD, LONDON, N.W.10. 
Tel.: Elgar 7222, and 
STANNINGLEY, NR. LEEDS. 

Tel.: Pudsey 2241. 


80 TONS SECONDHAND RELAYABLE 
F.B, Rails, 60 Ib. per yard. Length 20-24 ft. 
—Details from THOMAS THOMAS & CO., 29, 
Wilson Street, Middlesbrough. D 183 


fos SALE, 24,000 GALLON SECTIONAL 

STEEL TWO COMPARTMENT TANK, with 
weatherproof cover, mounted on 30 ft. Tower, com- 
= with all ladders, cat walk, various piping, etc. 
xcellent condition and quick despatch. Inspection 


Berkshire 
THOS. W. WARD, LTD. 





BRETTENHAM HOUSE, LANCASTER PLACE, 
STRAND, LONDON, W.C.2. D90 


ay Ta Yh a 
DAVIES of BRISTOL 


BOILER—=30 ft. by 7 ft. LANCASHIRE type by 
MARSHALL & SONS. In splendid condition. 
Insured. Inspection cert. available. 


ARMSTRONG- 
Immediate 


ENGINE BRAND NEW 
SIDDELEY 6/6 h.p. Diesel. 
delivery. Maker’s list price. 


ENGINE—21 h.p. LISTER Twin-cyl. Diesel type 
18/2/33. On bedplate. Rad. cooled. £180. 


ENGINE—22 h.p. BLACKSTONE s.c. Horizontal 
Diesel, totally enclosed. Cold start. £210- 


ENGINE—20/25 h.p. TANGYE Horizontal Diesel 
Hot and cold start. With compressor. £190. 


ENGINE—48 h.p. DAVEY PAXMAN 4-cyl. Ver- 
tical Diesel 1100 r.p.m.  . 


Enquiries to: 


ALAN R. DAVIES, 
Clyde Lane, Bristol, 6. 
Tel.: 38312. 


OULDABLE WRAP FOR SALE EX STOCK. 
Approx. 400 reels CREPE WAXED KRAFT, 
40in. by 50 yds. and 44in. by LP ge 
Approx. 300 reels WAXED FLEX SCRIM, 463 in. 
by 130 yds. 
SANTOR PAPER _LTD., 32, Pratt Street, London, 
N.W.1. D 9 


ETERS, A.C. AND D.C., NEW AND RE- 
CONDITIONED, all types. Quarterly, single 

and three phase. 3 and 4 wire, 2} to 1000 Amps. 
Prepayment, single and double tariff, single, dual 
and triple coin, fixed and variable tariff, 24 to 50 
Amps. M.D.I., Billiards Switches, Rent Collectors. 
Prices from 5/- Carriage Paid, Guaranteed for ever. 
Immediate Delivery.—Lllustrated catalogue from 
THE ELECTRIC MEIER COMPANY, Castor 
Road, Brixham. G19 


OWSON & MASON, ANTHRACITE GAS 

GENERATOR, complete with cleaning plant 

2°35 therms. capacity with Booster for delivering 

the gas at 15 in. water pressure, almost new, £300.— 
BOX C 967, Offices of ENGINEERING. 


* 


om O.H. ELECTRIC TRANSPORTER 

CRANE. Cage control, three motor, 400/3/50. 
Span 27 ft. 8} in., floorto rail15ft.9in. VAUGHAN 
make. Perfect working condition.—WHITEHEAD 
IRON & STEEL CO., LTD., NEWPORT. D7 








PATENTS. 


OCCA’S CRANKSHAFT GEAR, WHICH 
enables smooth output torque to be obtained 
without loss of power trom reciprocating engines, 
is the subject of a pending British Patent Application 
and is available for exploitation in the United 
Kingdom.—Manufacturers genuinely interested and 
requiring further information are invited to com- 
municate with SELONDO ZOCCA, 3 rue Mirabeau, 
Leers (Nord), France. D 206 





PLANT FOR HIRE. 


L Atte STEEL ERECTION MASTS 
boy and ——- © ft. to 180 ft. h, FOR 
IATE Hl —BELLMANS, erminal 

House, London, 8.W.1. ‘Phone: Sloane aa n 





AUCTION SALE. 


EDWARD RUSHTON, SON 
AND KENYON (Est. 1855.) 


AUCTIONEERS, VALUERS AND 
FIRE LOSS ASSESSORS OF 
ENGINEERING WORKS, 
PLANT AND MACHINERY. 
YORK HOUSE, 12, YORK ST., MANCHESTER, 2. 
Telepbone: Central 1937/8, 
Telegrams: Russonken, Manchester. 





BUSINESS FOR SALE. 


UTON.—EQUIPPED PRECISION AND 
REPETITION LIGHT ENGINEERING 
WORKS, floor space nearly 6500 ft. Long lease 
at low rent. For Sale £10,000 all at.—HILLIER 
PARKER MAY & ROWDEN, 77, Grosvenor 





Street, W.1. MAYfair 7666. D181 


FACTORY TO LET. 


ACTORY TO LET, NO PREMIUM, — 
modern. Clear floor space 12,500 sq. ft, ~ 
£2500 p.a.—JOHN SWAIT, LTD., 34, The Mall, 
Ealing 2866. D 189 








FACTORY REQUIRED. 


MODERN FACTORY 
(Approx. 100,000 square feet) 


REQUIRED 
WITHIN 
100 MILES OF LONDON 


for important Firm of 
RADIO MANUFACTURERS 


RENT OR PURCHASE 


Send full particulars please to the Surveyors 


CHAMBERLAIN & WILLOWS 
23, MOORGATE, E.C.2 CITY 6013 





THE NEW 


PENNER 


MARK 5 V-BELT 
for heavy drives j 
J. H. FENNER & CO. LTD..HULL. YORKSHIRE 








HYDRAULIC 
MACHINERY 
THE LEEDS ENGINEERING 


& HYDRAULIC CO.LTD 
RODLEY - LEEDS 


TRADE MARK) 
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6s : ”9 TLL LT 
LC compou¥® 


CLEANS AND TINS ALL DIRTY 
METALS IN ONE OPERATION 
THOMAS & BISHOP LTD I | 


>» For ELECTRIC (@ 
WIRE ROPE BLOCKS 


WAUGH AN 
LIFT ENGINEERING Lt° 


S CROMPTON WAY, CRAWLEY, SUSSEX. Je CRAWLEY 1220.1.2 














THOMAS HART LIMITED 


LAMBETH ROPE WORKS 
CKB 


COTTON ROPES 


FOR POWER TRANSMISSION 


The Lambeth three and four 

strand driving ropes unlike 

our slings, are noted for a 
low extension factor 


Please write for data 
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LONDON OFFICE : 
49, Queen Victoria Street, 


ng Sh 


ELLAND ROAD 








Telegrams: “Press, Leeds.” 
Telephone: 75305. 
CODES: A.B.C. 5th & 6th EDITIONS 
FLANGING PRESSES 
OF 
ANY SIZE OR 






















BEAR RIVETTER 


VARIOUS GAPS 
AND POWERS 











FLANGING PRESS. 
FOR FLANGING 
ON THE 
PROGRESSIVE SYSTEM 


ADAPTABLE FOR 
MANY PRESSING 
OPERATIONS, 





LOCOMOTIVE — 
FIRE-HOLE DOOR ' 
RIVETTER. 



























RUBBER BELTING 
HOSE, SHEET, VALVES, 

SPECIAL MECHANICALS, 
ASBESTOS CLOTH, 
MILLBOARD, LAGGING 












CONTACT 


GEORGE MACLELLAN & Co. LTD, 


THE GLASGOW RUBBER AND ASBESTOS WORKS 
MARYHILL - GLASGOW - N.W : SCOTLAND 
Telephone: Maryhill 2255 Grams: ‘* Caoutchouc " Glasgow. 


LONDON : 
2, LAWRENCE LANE, 
CHEAPSIDE, E.C.2. 












the name for good air in Industry and Entertainment... 















@ FANS, FILTERS. HEATERS, AIR WASHERS, FUME REMOVAL PLANT hn 
| el 


@ AIR CONDITIONING INSTALLATIONS, DUST AND REFUSE COLLECTING PLANT, ETC. 
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MATTHEWS & YATES LTD 5 UNTON | (MANCHESTER) AND LONDON 


Phone: SWINTON 2273-4-5-6. 
) Me . LONDON, CHANCERY 7823-4-5, 
mber of the fax Manufacturers’ Association Limited GLASGOW ‘ LEEDS e BIRMINGHAM ° CARDIFF 

















The Right Start...for a Fine Finish @ 








Start right when you apply the Let an Aerograph engineer give you expert advice on 
finish if you want products that the selection of the correct spray system for the finish 
possess both “ eye appeal ” and “* buy of your particular product. 





appeal.” 

Aerograph:De Vilbiss spray systems 
start you right because they apply 
the most beautiful, durable finishes 


obtainable to-day—and at low cost. a) & 
(De 
THE —-" s 


AEROGRAPH 


Co. LTD. 


| 
Lower Sydenham, London, S.E.26 - ) . enNe ‘T eye 
Telephone: Sydenham 6060 (8 lines) SPRAY EQUIPMENT + AIK COMPRESSORS + EXHAUST SYSTEMS 








W We manufacture Lancashire, Cornish, 

Economic and Super-Economic and 
other shell-type boilers. 
We also manufacture and erect 
complete boiler house plants, with 
mechanical stokers, superheaters, 
coal and ash handling equipment, 
pipework, chimneys; brickwork, 
water-treatment plant, etc. 


JOHN THOMPSON 


MANAGERS 


(WOLVERHAMPTON) 


FOR JOHN 


LTD. 











